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(7) ABSTRACT

An LCD device using LEDs as light sources provided herein
is capable of reducing the manufacturing cost and the power
consumption by a reduction in the number of LEDs used. A
backlight according to the present invention includes LEDs
mounted on a wiring board and a light guide plate having a
matrix array of light guide plate blocks assigned the LEDs.
The number of LEDs assigned to the block located in a
peripheral area is smaller than the number assigned to the
block located around the center to reduce the number of LEDs
used in the backlight. Ifaratio of the brightness in a peripheral
area of the screen to the brightness in a central area is 60% or
higher, the human eye does not perceive non-uniform lumi-
nance. Thus, the manufacturing cost and the power consump-
tion of the LCD device can be reduced.
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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP 2009-124149 filed on May 22,
2009 and Japanese Patent Application JP 2009-174306 filed
on Jul. 27, 2009, the content of which is hereby incorporated
by references into this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a liquid crystal display
device using a LED backlight and, more particularly, to a
relatively large size, thin liquid crystal display device with
reduced power consumption used in a television set and the
like.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display device includes a TFT sub-
strate on which pixel electrodes, TFTs (Thin Film Transis-
tors) and the like are arranged in a matrix form, an opposite
substrate which faces the TFT substrate and on which color
filters and the like are arranged corresponding to the pixel
electrodes on the TFT substrate, and liquid crystal which is
sandwiched between the TFT substrate and the opposite sub-
strate. The liquid crystal display device controls the light
transmittance through the liquid crystal molecules on a pixel-
by-pixel basis to generate an image.

[0006] The liquid crystal display device is employed in
various fields for the reason that it can provide a reduction in
thickness and weight. Because the liquid crystal itself does
not emit light, a backlight is placed on the rear surface of the
liquid crystal display panel. A liquid crystal display device
with a relatively large size screen such as a television set
employs a fluorescent tube as a backlight. However, LEDs
(Light Emitting Diodes) have been increasingly employed in
response to requests for a further reduction in thickness of a
liquid crystal display device, an increase in a color reproduc-
tion range, and the like.

[0007] The backlightis divided into two types according to
the position of a light source, namely a direct-lit backlight
having alight source disposed directly under the liquid crystal
display panel and an edge-lit backlight having a light source
disposed on a side edge of a light guide plate. In many cases,
a liquid crystal display device with a relatively large size
screen employs a direct-lit backlight with a light source dis-
posed directly under the liquid crystal display panel, in order
to increase the brightness of the screen.

[0008] A related-art CRT television set or the like delivers
a uniform brightness of the screen. However, in a television
set or the like using the liquid crystal display device, the
brightness of the screen is not necessarily required to be
uniform, and the luminance may be set smaller in a peripheral
area of the screen than that in a central area. W0O2004/038283
discloses a structure of a direct-lit backlight using a fluores-
cent tube as a light source in which the dot patterns are
respectively printed at different dot densities between central
and peripheral portions of the reflecting surface such that the
brightness level of the central area of the screen is lower than
that of the peripheral area of the screen. W02004/038283 also
describes a structure of a direct-lit backlight using LEDs as
light sources in which the density of the LEDs is varied
depending on location in order to adjust the brightness of the
screen.
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[0009] JP-A No. 2002-75038 describes a structure of a
relatively small size liquid crystal display device using an
edge-lit backlight in which LEDs are arranged on a side edge
of a light guide plate such that the LED density is varied
between portions close to the center and close to an end of the
side edge in order to adjust the luminance of the screen.
[0010] JP-ANo.2001-93321 describes astructure ofalight
guide plate of an edge-lit backlight in which plural light guide
plates are seamlessly arranged in a first direction. The light
guide plate described in JP-A No. 2001-93321 is a single light
guide plate extending in a second direction perpendicular to
the first direction.

SUMMARY OF THE INVENTION

[0011] Ina direct-lit backlight, the brightness of the screen
can be easily increased, but the thickness of the liquid crystal
display device cannot be easily decreased. FIG. 39 is a sche-
matic cross-section view of a liquid crystal display device
including a direct-lit backlight using LEDs as light sources.
LEDs 30 are disposed on a back cover 90. A direct-lit back-
light uses a diffuser plate, diffuser sheets or the like which are
omitted in FIG. 39.

[0012] In FIG. 39, the distance d from the bottom of the
LED 30 to the underside of the liquid crystal display panel is
required to range from about 25 mm to about 35 mm. In FIG.
39, if the distance d between the liquid crystal display panel
10 and the LED 30 is decreased while the pitch P between the
LEDs 30 remains constant, luminance nonuniformity occurs.
For a decrease in the distance d without the occurrence of
luminance nonuniformity, a decrease in the pitch P between
the LEDs 30 is required. However, to decrease the pitch P
between the LEDs 30 requires a larger number of LEDs 30,
implying manufacturing-cost disadvantages.

[0013] FIG. 40 is a schematic cross-section view of a liquid
crystal display device with an edge-lit backlight. In FIG. 40,
alight guide plate 50 is situated on a back cover 90. LEDs 30
are disposed on an edge face of the light guide plate 50. The
light emitted from the LED 30 is directed toward the liquid
crystal display panel 10 by the light guide plate 50. Diffuser
sheets and the like are in fact provided between the liquid
crystal display panel 10 and the light guide plate 50, but they
are omitted in FIG. 40.

[0014] In FIG. 40, the distance d from the underside of the
light guide plate 50 to the underside of the liquid crystal
display panel 10 is in a range from 10 mm to 15 mm, which
can be set smaller than the distance in the direct-lit backlight.
However, since the light of the LED 30 enters from the edge
of the light guide plate 50, the light-use efficiency is low as
compared with that in the direct-lit backlight. An edge-lit
backlight as illustrated in FIG. 40 needs to be equipped with
a larger number of LEDs 30 than that in the direct-lit back-
light in order to offer a screen brightness level equal to that in
the direct-lit backlight.

[0015] For example, in a 42-inch screen liquid crystal dis-
play device, the direct-lit backlight needs to include 500
LEDs 30 to offer a predetermined brightness level. On the
other hand, the edge-lit backlight needs to include 700 LEDs
30 to offer the brightness level equal to the brightness level by
the direct-lit backlight. That is, although the use of the edge-
lit backlight enables a reduction in thickness of the liquid
crystal display device, an increased number of LEDs 30 is
required, leading to an increase of the power consumption of
the LEDs 30.
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[0016] The present invention has been made in view of the
above circumstances and provides a liquid crystal display
device which is reduced in thickness without an increase in
the number of LEDs and also an increase in power consump-
tion as compared with the use of a direct-lit backlight.
[0017] Accordingly, a liquid crystal display device accord-
ing to one aspect of the present invention includes a liquid
crystal display panel and a backlight. The backlight includes
a rectangular light guide plate that includes rectangular light
guide plate blocks each arranged in a matrix form, and light
sources arranged corresponding to the light guide plate
blocks. Each of the light guide plate blocks receives light
emitted from a corresponding light source of the light
sources, and redirects the light toward the liquid crystal dis-
play panel. An intensity of light exiting a light guide plate
block of the light guide plate blocks located in a central area
of the light guide plate is higher than an intensity of light
exiting a light guide plate block of the light guide plate blocks
located in a peripheral area of the light guide plate.

[0018] More specifically, a liquid crystal display device
according to another aspect of the present invention includes
a liquid crystal display panel and a backlight. The backlight
includes a rectangular light guide plate that includes rectan-
gular light guide plate blocks each arranged in a matrix form,
and LEDs arranged corresponding to the light guide plate
blocks. The number of LEDs assigned to light guide plate
blocks of the light guide plate blocks located in a central area
of the light guide plate is greater than the number of LEDs
assigned to light guide plate blocks of the light guide plate
blocks located in a peripheral area of the light guide plate.
[0019] A liquid crystal display device according to another
aspect of the present invention includes a liquid crystal dis-
play panel and a backlight. The backlight includes a rectan-
gular light guide plate that includes rectangular light guide
plate blocks each arranged in a matrix form, and LEDs
arranged corresponding to the light guide plate blocks. Each
of light guide blocks of the light guide plate blocks located in
an end area of the light guide plate has a size greater than a
size of each of light guide plate blocks of the light guide plate
blocks located in a central area of the light guide plate.
[0020] According to the present invention, since a light
guide plate has light guide plate blocks arranged in matrix
form and the number of LEDs assigned to the light guide plate
block located in a peripheral area is smaller than the number
of LEDs assigned to the light guide plate block located in a
central area, a reduction in the number of LEDs used in the
backlight and a reduction in the power consumption of the
backlight are made possible without causing thehuman eye to
perceive reduced luminance.

[0021] According to the present invention, since the light
guide plate is made up of light guide plate blocks arranged in
a matrix form, a reduction in the thickness of a backlight is
made possible. In addition, according to the present inven-
tion, since the light guide plate is made up of light guide plate
blocks arranged in a matrix form, area control for brightness
can be implemented.

[0022] According to the present invention, by use of the
light guide plate having light guide plate blocks arranged in a
matrix form, the light guide plate block located in the periph-
eral areais increased in size to reduce the total number of light
guide plate block. As a result, the total number of LEDs used
in the backlight can be reduced. Thus, a reduction in the total
number of LEDs leads to a reduction in the poser consump-
tion of the liquid crystal display device.
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[0023] According to the present invention, since there is no
need to actively change the number of LEDs for each light
guide plate block, the area control for brightness is facilitated.
The implementation of the area control for brightness leads to
a reduction in the poser consumption of the liquid crystal
display device. In addition, according to the present inven-
tion, since the light guide plate is made up of light guide plate
blocks arranged in a matrix form, a thinner backlight can be
achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Embodiments of the present invention will be
described in detail with reference to the following drawings,
wherein:

[0025] FIG. 1 is a schematic overview diagram of a liquid
crystal display device;

[0026] FIG. 2 is an exploded perspective view illustrating
exemplary embodiment 1 according to the present invention;
[0027] FIGS. 3A and 3B are a perspective view and a dia-
gram illustrating a divided light guide plate;

[0028] FIG. 4 is an exploded perspective view illustrating
exemplary embodiment 1;

[0029] FIG. 5 is a detail cross-section view illustrating
exemplary embodiment 1;

[0030] FIGS. 6A and 6B are schematic diagrams illustrat-
ing the relationship between a light guide plate block and
LEDs;

[0031] FIG. 7 is a plan view illustrating a first example of
the relationship between positions of the light guide plate
blocks and the number of LEDs;

[0032] FIG. 8 is a plan view illustrating a second example
of the relationship between positions of the light guide plate
blocks and the number of LEDs;

[0033] FIG. 9is a plan view illustrating a third example of
the relationship between positions of the light guide plate
blocks and the number of LEDs;

[0034] FIG. 10 is a plan view illustrating a light leak from a
particular light guide plate block into an adjacent light guide
plate block;

[0035] FIGS.11A,11B and 11C are plan views illustrating
brightness area control;

[0036] FIG. 12 is an exploded perspective view illustrating
exemplary embodiment 2 according to the present invention;
[0037] FIG. 13 is a perspective view illustrating a light
guide plate according to exemplary embodiment 2;

[0038] FIG. 14 is a cross-section view illustrating the rela-
tionship between the light guide plate and the LEDs accord-
ing to exemplary embodiment 2,

[0039] FIG. 15 is a cross-section view illustrating an
example of the relationship between the light guide plate and
a reflective sheet;

[0040] FIG. 16 is a cross-section view illustrating the loca-
tion of a reflective sheet according to exemplary embodiment
3;

[0041] FIG. 17 is an exploded perspective view illustrating
exemplary embodiment 3 according to the present invention;
[0042] FIG. 18 is an exploded perspective view illustrating
exemplary embodiment 4 according to the present invention;

[0043] FIG. 19isaperspective view ofa divided light guide
plate;
[0044] FIG. 20 is a cross-sectional exploded view illustrat-

ing exemplary embodiment 4;
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[0045] FIGS. 21A and 21B are schematic diagrams illus-
trating the relationship between a light guide plate block and
LEDs;

[0046] FIG. 22 shows a light guide plate of a comparative
example of the present invention;

[0047] FIG. 23 isacircuit diagram illustrating a method for
performing brightness area control on each light guide plate
block;

[0048] FIG. 24 is a plan view illustrating a light guide plate
according to exemplary embodiment 4;

[0049] FIG. 25 is a partial enlarged plan view illustrating
the light guide plate according to exemplary embodiment 4;
[0050] FIG. 26 is a schematic diagram of a large-size light
guide plate block according to exemplary embodiment 4;
[0051] FIG. 27 is a plan view illustrating a light guide plate
according to exemplary embodiment 5 of the present inven-
tion;

[0052] FIG. 28 is a partial enlarged plan view illustrating
the light guide plate according to exemplary embodiment 5;
[0053] FIG. 29 is a schematic diagram of a large-size light
guide plate block according to exemplary embodiment 5;
[0054] FIG.30is aplan view illustrating a light guide plate
according to exemplary embodiment 6 of the present inven-
tion;

[0055] FIG. 31 is a plan view illustrating a first example of
the light guide plate according to exemplary embodiment 7,
[0056] FIG. 32 is aplan view illustrating a second example
of the light guide plate according to exemplary embodiment
7,

[0057] FIG.33isaplan view illustrating a third example of
the light guide plate according to exemplary embodiment 7,
[0058] FIG. 34 is a plan view illustrating a fourth example
of the light guide plate according to exemplary embodiment
7,

[0059] FIG. 35 is a plan view illustrating a fifth example of
the light guide plate according to exemplary embodiment 7,
[0060] FIG. 36 is a plan view illustrating a sixth example of
the light guide plate according to exemplary embodiment 7,
[0061] FIG. 37 is an exploded perspective view illustrating
exemplary embodiment 8 according to the present invention;
[0062] FIG. 38 is a perspective view of a light guide plate
according to exemplary embodiment 8;

[0063] FIG. 39 is across-section view of a direct-lit back-
light; and
[0064] FIG. 40 is a cross-section view of an edge-lit back-
light.
DETAILED DESCRIPTION OF THE
EMBODIMENT
[0065] Embodiments according to the present invention

will be described below in detail with reference to the accom-
panying drawings.

[0066] The embodiments describe a liquid crystal display
device which has a backlight including a rectangular light
guide plate having rectangular light guide plate blocks
arranged in a matrix form and light sources arranged appro-
priately for each light guide plate block, in which the intensity
of the light emitted from a light guide plate block located at
the center of the light guide plate is set stronger than the
intensity of the light emitted from a light guide plate block
located in a peripheral area of the light guide plate. In other
words, the intensity of the light emitted from a light guide
plate block located in a peripheral area of the light guide plate
is set weaker than the intensity of the light emitted from a light
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guide plate block located at the center of the light guide plate.
Thus, a reduction in power consumption of the backlight is
achieved. The intensity of the light from the light guide plate
block described here refers to, for example, an average light
intensity over the light emission surface of the light guide
plate block.

[0067] Inthe embodiment, the difference between the light
intensities from the light guide plate blocks which are located
in a peripheral area and a central area as described above is
achieved by the following two structures. Specifically, (1) the
number of LEDs assigned to a center light guide plate block
of the light guide plate is set greater than the number of LEDs
assigned to a peripheral light guide plate block of the light
guide plate. (2) The size (area) of a central light guide plate
block of'the light guide plate is determined to be greater than
that of a peripheral light guide plate block of the light guide
plate. The structure (1) will be described in detail in the
following exemplary embodiments 1 to 3 and the structure (2)
will be described in detail in exemplary embodiments 4 to 8.

EXEMPLARY EMBODIMENT 1

[0068] FIG. 1 shows an example when a liquid crystal
display (hereinafter referred to as “LLCD”) device according
to the embodiment of the present invention is employed in a
liquid crystal TV. In FIG. 1, a display frame 2 surrounds the
periphery of an LCD panel except for a display screen 1. A
backlight 3 is mounted on the rear surface of the LCD panel.
The backlight 3 shown in FIG. 1 includes a light guide plate
made up of plural light guide plate blocks and LEDs assigned
to each of the light guide plate blocks.

[0069] FIG. 2 is an exploded perspective view of an LCD
panel 10 and a backlight without the display frame and the
like in the LCD device shown in FIG. 1. In FIG. 2, a TFT
substrate 11 and an opposite substrate 12 on which color
filters and the like are formed are bonded together with an
adhesive not shown. On the TFT substrate, a display area with
matrixes of TFTs and pixel electrodes formed therein is
defined and scan lines, video signal lines and the like are
formed. Liquid crystal (not shown) is sandwiched between
the TFT substrate 11 and the opposite substrate 12.

[0070] InFIG.2,alower polarizer plate 14 is attached to the
underside of the TFT substrate 11 and anupper polarizer plate
13 is attached to the topside of the opposite substrate 12. An
LCD panel 10 refers to one having the TFT substrate 11, the
opposite substrate 12, the lower polarizer plate 14 and the
upper polarizer plate 13 bonded together. A backlight is dis-
posed on the rear surface of the LCD panel 10. The backlight
includes a light source unit and various optical components.
[0071] InFIG.2, thelight source unithas LEDs 30 arranged
on a wiring board 40. The LEDs 30 are arranged at different
densities on a portion close to the center and a portion close to
the perimeter of the wiring board 40. This is because the
luminance is intentionally reduced in the peripheral portion
ofthe display screen. A light guide plate 50 having guide light
plate blocks 51 is disposed on the wiring board 40 with the
LEDs 30 arranged thereon. The LEDs 30 are arranged on the
wiring board 40 in correspondence to the light guide plate
blocks 51.

[0072] The light guide plate 50 shown in FIG. 2 is made up
of four rectangular divided light guide plates 53. FIGS. 3A
and 3B illustrate the shape of a divided light guide plate 53.
FIG. 3A is a perspective view of the divided light guide plate
53. The divided light guide plate 53 is made up of four light
guide plate blocks 51. FIG. 3B is a cross section view taken
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along the line K-K in FIG. 3A, which shows a cross-section
shape of a groove 52 which is formed in the divided light
guide plate 53 to form a boundary between adjacent light
guide plate blocks 51. Each of the light guide plate blocks 51
is defined by the grooves 52. Because of the grooves 52, each
of the light guide plate blocks 51 functions as an independent
light guide plate. As shown in FIG. 3B, the groove 52 is
formed in an approximate V shape having a depth dd of
approximately 0.5 mm.

[0073] Returning to FIG. 2, three diffuser sheets 15 are
disposed on the light guide plate 50. Because each of the
diffuser sheets 15 has a thickness of approximately 60 um, the
three diffuser sheets 15 are placed on the light guide plate 50
in actual fact. Microscopic aspetities are formed on the sur-
face of the diffuser sheet 15 to diffuse the light from the light
guide plate 50. The microscopic asperities on the surface play
arole as a form of'a prism and serve to change the direction of
the light entering the diffuser sheets 15 at a diagonal angle to
a direction toward the LCD panel 10.

[0074] The use of the three diffuser sheets 15 is one
example, and the number of diffuser sheets used may be one
or two, or alternatively more than three, as necessary. If
necessary, a prism sheet may be arranged in addition to the
diffuser sheets 15. A prism sheet serves to redirect the light
entering at a diagonal angle from the backlight toward the
LCD panel 10 to improve the screen luminance.

[0075] The LCD panel 10 is located on the uppermost dif-
fuser sheet 15. After the assembling process, an interval of,
for example, approximate 50 um is kept between the LCD
panel 10 and the diffusion sheet 15. Such an interval is pro-
vided for preventing the diffusion sheet 15 and the lower
polarizer sheet 14 from rubbing against each other to damage
each other.

[0076] FIG.41isanexploded cross-section view ofthe LCD
device shown in FIG. 2. In FIG. 4, the LCD panel 10 and the
three diffuser sheets 15 are provided as described in FIG. 2. In
FIG. 4, the light guide plate 50 is located under the diffuser
sheets 15. The light guide plate 50 is made up of four divided
light guide plates 53. As described in FIGS. 3A and 3B, each
of the divided light guide plates 53 includes four light guide
plate blocks 51.

[0077] Eachofthedivided light guide plates 53 is formed in
a wedge shape in cross-section, which has a thick end of
approximate 3 mm in thickness and a thin end of 1 mm or less
in thickness. The thin end of the divided light guide plate 53
is fitted into a stepped stage formed in the thick end of a
divided light guide plate 53 located at the front of the divided
light guide plate 53, so that the outline of the divided light
guide plates 53 appears as a single light guide plate 50.

[0078] In FIG. 4, the light guide plate 50 is placed on a
wiring board 40 having LEDs 30. The LEDs 30 are placed
along the face of the thick end in a cross section of each
divided light guide plate 53. The light emitted from the LED
30 enters the light guide plate 50 through the face of the thick
end, and then exits after being redirected within the light
guide plate 50 toward the LCD panel 10.

[0079] FIG.5is a cross-section view of the assembly of the
components shown in FIG. 4. FIG. 5 illustrates a cross-sec-
tionof one light guide plate block 51 of the divided light guide
plate 53.In F1G. 5,a LED 30 on the wiring board 40 is placed
corresponding to the face of the thick end of the light guide
plate block 51. A combination of LEDs 30 is determined with
respect to each divided light guide plate 53. The combination
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is not required to be determined with respect to each LED 30
or each light guide plate block 51.

[0080] InFIG.S5, the light incident from a LED 30 through
the side face into the light guide plate block 51 reflects off, for
example, the bottom surface of the light guide plate block 51
to be redirected toward the LLCD panel 10. However, since the
bottom surface of the light guide plate block 51 is formed as
adiffusing surface, the light incident from the LED 30 travels
in many directions, but much of the reflected light travels
toward the LCD panel 10.

[0081] The light guide plate block 51 is required to have a
bottom surface inclined at a predetermined angle for effi-
ciently redirecting the light emitted from the LED 30 toward
the LCD panel 10. Accordingly, as the light guide plate 50 is
larger in size, the light guide plate 50 has a thicker end along
which the LEDs 30 are arranged. Since the light guide plate
50 is divided, the present invention can reduce the thickness
of the thick end of the light guide plate 50.

[0082] FIGS. 6A and 6B are a schematic cross-section view
and a perspective view showing the relationship between the
light guide plate block 51 and the LEDs 30. FIG. 6 A shows a
cross-section of the light guide plate block 51 in a simplified
triangle shape. The LEDs 30 are arranged along the face of the
thick end of the light guide plate block 51. For convenience of
understanding, F1G. 6A shows the LED 30 separated from the
end face of the light guide plate block 51. In actual fact,
however, the LED 30 is placed as close as possible to the end
face of the light guide plate block 51 for an increase in use
efficiency of the light emitted from the LED 30.

[0083] In FIG. 6B, two LEDs 30 represented by the solid
line and two LEDs 30 represented by the dotted line are
arranged along the end face of the light guide plate block 51.
In the present invention, the number of LEDs 30 assigned to
a light guide plate block 51 is changed on a block-by-block
basis in order to ramp the screen luminance to a degree
without an image looking unnatural by human visual sense,
resulting in a reduction in the number LEDs 30 used in the
entire LCD device.

[0084] For example, the light guide plate block 51 located
around the center of the screen is assigned four LEDs 30, and
the light guide plate block 51 located in a peripheral area of
the screen is assigned, for example, the two LEDs 30 repre-
sented by the solid line without the two LEDs 30 represented
by the dotted line. The number of LEDs 30 is determined in
accordance with the size of the screen, the size of light guide
plate block 51 and an intended luminance ramp for the screen.
[0085] In a related art CRT TV, the luminance is also
changed in a central area of the screen and a peripheral area of
the screen. In the case of a TV set employing the LCD panel
10, studies of the relationship between screen luminance and
human visual sense show that non-uniform luminance is not
visually perceived when a ratio of the brightness in a periph-
eral area of the screen to the brightness in a central area of the
screen is approximate 60%.

[0086] FIGS.7to 9 show examples of the number of LEDs
30 assigned to each light guide plate block 51. In the example
of FIG. 7 the light guide plate 50 is divided into 16. In FIG. 7
a vertical line represents the boundary between the divided
light guide plates 53 and a horizontal line represents the
groove 52 between the light guide plate blocks 51. In FIG. 7,
the light guide plate blocks 51 located in the peripheral area
are each assigned two LEDs 30, while the four light guide
plate blocks 51 located in the central area are each assigned
three LEDs 30.
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[0087] The diagonally shaded area in FIG. 7 is the area in
which each light guide plate block 51 is assigned the two
LEDs 30. The luminance in this area is lower than that in the
central area. It appears that a difference of brightness is
caused on the boundary between the light guide plate block 51
assigned the three LEDs 30 and the light guide plate block 51
assigned the two LEDs 30 in FIG. 7. In actual fact, however,
since light leakage occurs between the light guide plate
blocks 51 as described later, a difference of brightness is not
caused.

[0088] InFIG.7,any light guide plate block 51 correspond-
ing to the A-A line is assigned the two LEDs 30, and likewise
any light guide plate block 51 corresponding to the B-B line
is assigned the two LEDs 30. Of the light guide plate blocks
51 corresponding to the C-C line in FIG. 7, the light guide
plate blocks 51 located at the opposite ends are each assigned
the two LEDs 30 and the central light guide plate blocks 51
are each assigned the three LEDs 30.

[0089] In other words, the same number of LEDs 30 are
assigned to each of the light guide plate blocks 51 which are
arranged along the short sides and the long sides of the light
guide plate 50 (that is, which include the upper, lower, right
and left side edges of the light guide plate 50). On the other
hand, for each of the light guide plate blocks 51 which are
arranged along the long axis or the short axis passing through
the center of the light guide plate 50, the number of LEDs 30
assigned is greater in a central area on the long axis or the
short axis than that in an edge area on the long axis or the short
axis. The light guide plate blocks 51 arranged along the long
axis or the short axis of the light guide plate 50 described here
include the light guide plate blocks 51 arranged on both sides
of the long axis or the short axis.

[0090] Although placement of the LEDs 30 as shown in
FIG. 7 results in a reduction in luminance in the peripheral
area of the screen, the luminance in the peripheral area of the
screen has little effect on human visual sense if the luminance
in the central area of the screen is equal to or higher than 60%.
On the other hand, a reduction in the number of LEDs 30
assigned to the peripherally located light guide plate blocks
51 enables a reduction in component cost of the LED 30 as
well as a reduction in power consumption of the backlight.
[0091] FIG. 8 shows an example of the light guide plate 50
divided into 36 for a TV set with a screen larger than that in
FIG. 7. In FIG. 8, a vertical line represents the boundary
between the divided light guide plates 53 and a horizontal line
represents the groove 52 between the light guide plate blocks
51. In FIG. 8, two LEDs 30 are assigned to each of the
outermost light guide plate blocks 51 which are arranged
along the periphery and of the light guide plate blocks 51
which are adjacent to the outermost light guide plate blocks
51 on the inward side. On the other hand, three LEDs 30 are
assigned to each of the four light guide plate blocks 51 located
in the central area.

[0092] The diagonally shaded area in FIG. 8 is the area in
which each light guide plate block 51 is assigned the two
LEDs 30. The luminance in this area is lower than that in the
central area. In FIG. 8, there is a negligible difference in
brightness between the peripheral area of the screen repre-
sented by the diagonally shaded area and the central area of
the screen, as described later.

[0093] InFIG.8, any light guide plate block 51 correspond-
ing to the D-D line is assigned the two LEDs 30, and likewise
any light guide plate block 51 corresponding to the E-E line is
assigned the two LEDs 30.
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[0094] A reduction in the number of LEDs 30 assigned to
the peripherally located light guide plate blocks 51 enables a
reduction in component cost of the LED 30 as well as a
reduction in power consumption of the backlight. Since the
example described in FIG. 8 employs a large screen, the
reduction in the number of LEDs 30 produces a greater reduc-
tion in cost and a grater reduction in power consumption as
compared with the example described in FIG. 7.

[0095] FIG. 9 shows an example in which the light guide
plate 50 is used for a TV set with the same screen size as that
in FIG. 8 and the distribution of brightness on the screen is
different from that in FIG. 8. The light guide plate 50 in FIG.
9 is divided into 36. In FIG. 9, a vertical line represents the
boundary between the divided light guide plates 53 and a
horizontal line represents the groove 52 between the light
guide plate blocks 51. In FIG. 9, two LEDs 30 are assigned to
each of the four light guide plate blocks 51 which are located
in the four corners of the light guide plate 50. Three LEDs 30
are assigned to each of the light guide plate blocks 51 which
are located around the center, the long axis and the short axis.
[0096] The diagonally shaded area in FIG. 9 is the area in
which each light guide plate block 51 is assigned the two
LEDs 30. The luminance in this area is lower than that in the
central area. In FIG. 9, there is a negligible difference in
brightness between the peripheral area of the screen repre-
sented by the diagonally shaded area and the central area of
the screen, as described later.

[0097] InFIG. 9, regarding the light guide plate blocks 51
corresponding to each of the F-F and G-G lines, each of the
light guide plate blocks 51 at the opposite ends is assigned the
two LEDs 30, and each of the central light guide plate blocks
51 is assigned the three LEDs 30. On the other hand, any light
guide plate block 51 corresponding to the H-H line is assigned
the three LEDs 30.

[0098] In other words, the same number of LEDs 30 is
assigned to each of the light guide plate blocks 51 which are
arranged along the short axis or the long axis of the light guide
plate 50. On the other hand, for the light guide plate blocks 51
which are arranged along the long side or the short side of the
light guide plate 50, the number of LEDs 30 assigned is
greater in the central area of the long side or the short side than
that in an end area of the long side or the short side. The light
guide plate blocks 51 arranged along the long axis or the short
axis of the light guide plate 50 described here include the light
guide plate blocks 51 arranged on both sides of the long axis
or the short axis.

[0099] InFIG.9, the light guide plate block 51 correspond-
ing to a corner of the screen is assigned a reduced number of
LEDs 30. The reduction effect is less than the case in FIG. 8.
However, the design in FIG. 9 much greater effective in
reducing the component costs relating to the LED 30 and the
power consumption as compared with the case when the
present invention is not used.

[0100] Theexamples of the division of the light guide plate
50 have been described. The light guide plate 50 may be
divided into any number, rather than the division numbers as
illustrated in FIG. 7 or 8, in accordance with a screen size and
the necessity of precision for controlling the screen. Regard-
ing the arrangement of the LEDs 30, the examples of assign-
ing two LEDs and three LEDs to the light guide plate block 51
have been described, but an LED or four or more LEDs may
be assigned to the light guide plate block 51 as required.
[0101] FIG. 10 shows an example of luminance when, in
the light guide plate 50 divided into blocks, the LED/LEDs 30
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assigned to a light guide plate block 55 alone is lit. As shown
in FIG. 10, although a light guide plate block 55 alone is
actually turned on, the light guide plate blocks 56 around the
light guide plate block 55 are made bright. This is because the
light leaks from the light guide plate block 55 into the other
light guide plate blocks 56.

[0102] Because of such a light leak, a difference in lumi-
nance does not take place on the boundary between the light
guide plate block 51 assigned the two LEDs 30 and the light
guide plate block 51 assigned the three LEDs 30 as shown in
FIGS. 7 t0 9. Thus, even when a white image is displayed on
the screen, non-uniformity of luminance does not occur.
[0103] Inthe presentinvention, since the brightness can be
controlled for each light guide plate block 51, brightness area
control can be achieved. The brightness area control refers to,
for example, a control method for turning on the LED 30
corresponding to a bright portion ofthe screen and turning off
the LED 30 corresponding to a dark portion.

[0104] Such area control is executed by storing video infor-
mation in a frame memory, then discriminating a bright por-
tion and a dark portion on the screen from each other, and then
turning on the LEDs 30 located in an area corresponding to
the bright portion. The execution of the brightness area con-
trol yields a reduction in power consumption and an improve-
ment in contrast.

[0105] On the other hand, since the present invention
employs the light guide plate blocks 51, the light guide plate
blocks 51 and the precision of the brightness area control may
possibly become a problem. FIGS. 11A, 11B and 11C are
diagrams illustrating how the light guide plate blocks 51
affect an actual image when the brightness area control is
performed. FIG. 11A shows an image desired to be actually
displayed. FIG. 11A illustrates, for example, the case of dis-
playing a bright portion 70, e.g., the moon, against the dark
background.

[0106] FIG. 11B shows an example of luminance of the
background when the bright area control is performed in
accordance with the image in FIG. 11A. In FIG. 11B, the
LEDs 30 assigned to the light guide plate blocks 51 corre-
sponding to the moon on the screen are turned on. FIG. 11C
shows the image in conjunction with the luminance of the
backlight subjected to the brightness area control. The light
guide plate blocks 51 corresponding to the moon on the
screen are bright. As shown in FIG. 11C, the LEDs 30
assigned to the plural light guide plate blocks 51 are turned on
in accordance with the bright portion, thus achieving appro-
priate luminance.

EXEMPLARY EMBODIMENT 2

[0107] Inexemplary embodiment 1, the light guide plate 50
is formed by use of the divided light guide plates 53 having
plural light guide plate blocks 51. On the other hand, all the
light guide plate blocks 51 may be joined to form a single light
guide plate 50. FIG. 12 is a perspective view of an LCD device
when one light guide plate block 51 serves as a light guide
plate 50. The LCD device shown in FIG. 12 is similar to the
device in FIG. 2, except the light guide plate 50. In FI1G. 12,
the light guide plate 50 includes four light guide plate blocks
51 arranged in the y direction and the four light guide plate
blocks 51 arranged in the x direction.

[0108] FIG.13is aperspective view of the light guide plate
50 formed in one piece. In FIG. 13, a groove 52 extends in the
x direction and represents a boundary between the light guide
plate blocks 51. The shape of the groove 52 is the same as that

Nov. 25,2010

shown in FIG. 3. The dotted line extending in the y direction
in FIG. 13 corresponds to a portion having a reduced thick-
ness in the light guide plate block 51. A boundary between the
light guide plate blocks 51 is formed in the portion. Each of
the light guide plate blocks 51 is formed in a wedge shape in
cross-section, which has a thick end of approximate 3 mm in
thickness and a thin end of 1 mm or less in thickness.

[0109] Theboundaries between the light guide plate blocks
51 are formed by the grooves 52 extending in the x direction
or areas extending in the y direction in which the light guide
plate block 51 is reduced in thickness. In any boundary the
light from a certain light guide plate block 51 is not com-
pletely blocked, so that the light of the certain light guide plate
block 51 leaks into the light guide plate blocks 51 adjacent
thereto. This act eliminates a luminance difference between
the light guide plate blocks 51 to achieve smooth luminance
distribution.

[0110] FIG. 14 is a cross-section view of assembly of the
light guide plate 50 according to exemplary embodiment 2
and the wiring board 40 having the LEDs 30 mounted
thereon. An optical sheet and the LCD panel 10 are mounted
on the light guide plate 50 shown in FIG. 14, but they are
omitted in FIG. 14. In FIG. 14, the LED 30 is placed on the
face of the thick end of the light guide plate block 51 formed
in a wedge shape in cross-section.

[0111] AsshowninFIG. 14, the thinend of a wedge-shaped
cross-section light guide plate block 51 is joined to the light
guide plate block 51 located at the front thereof. Since this
joining portion is provided, the light emitted from the LED 30
leaks into the light guide plate block 51 located at the front,
thus preventing an acute change in luminance between the
light guide plate blocks 51. As shown in FIG. 12, a number of
LEDs 30 are mounted on the wiring board 40. All the light
guide plate blocks 51 are formed in one piece. Accordingly,
the light guide plate 50 and the LEDs 30 can be associated in
one process.

EXEMPLARY EMBODIMENT 3

[0112] Exemplary embodiments 1 and 2 has described on
the assumption that a reflective sheet 80 is provided on the
bottom surface, i.e., the inclined surface, of the light guide
plate block 51 as illustrated in FIG. 15. The reflective sheet
80, which is formed of a sheet having one surface coated with
high reflectivity metal such as Al, reflects the light traveling
downward from the light guide plate 50 toward the LCD panel
10.

[0113] Inthe casein FIG. 15, since the reflective sheet 80 is
attached to the bottom surface of each of the light guide plate
blocks 51, the number of man-hours needed to attach the
reflective sheets 80 is large. After the light guide plate 50 has
been formed, the reflective sheets 80 are affixed to the light
guide plate 50 on a line-by-line basis. Since the reflective
sheet 80 is affixed on an inclined surface of a recessed portion,
the affixing mechanism is made complicated and the affixing
accuracy is important.

[0114] Asshownin FIG. 16, in the exemplary embodiment,
the reflective sheet 80 is provided on the wiring board 40
mounted with the LEDs 30, instead of the light guide plate 50.
The reflective sheet 80 shown in FIG. 16 is formed of a single
sheet with holes formed corresponding to the LEDs 30. The
reflective sheet 80 shown in FIG. 16 may be attached either
before or after the LEDs 30 are mounted on the wiring board
40. In FIG. 16, the reflective sheet 80 is bonded to the wiring
board 40 with an adhesive. According to exemplary embodi-
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ment 3, since the reflective sheet 80 is affixed is a flat surface,
the affixing accuracy can be advantageously ensured.

[0115] FIG. 17 is an exploded perspective view of an LCD
device employing the wiring board 40 with the reflective
sheet 80 affixed thereto. In FIG. 17, a circuit region of the
wiring board 40 is covered with the reflective sheet 80, but the
LEDs 30 protrude from the holes formed in the reflective
sheet 80 toward the light guide plate 50. The remaining struc-
ture in FIG. 17 is similar to thatdescribed in FIG. 2or FIG. 12.
[0116] According to exemplary embodiment 3, as
described above, since the reflective sheet 80 may be formed
of a single sheet, a reduction in the number of man hours for
the attaching process can be achieved. In addition, since the
reflective sheet 80 is affixed to the flat surface, a complicated
affixing mechanism is not necessary.

EXEMPLARY EMBODIMENT 4

[0117] Next, exemplary embodiment 4 according to the
present invention will be described. In exemplary embodi-
ments 1 to 3, the number of LEDs assigned to the light guide
plate block located in the peripheral area is smaller than the
number of LEDs assigned to the light guide plate block
located in the central area. In exemplary embodiments 4 and
later, a light guide plate block located in the peripheral area is
greater in size (area) than that of a light guide plate block
located in the central area. The light guide plate blocks
located in the peripheral and central areas are assigned the
same number of LEDs (three LEDs in the exemplary embodi-
ment 4).

[0118] FIG. 18 is a perspective exploded view illustrating
the structure of the LCD device according to exemplary
embodiment 4, in which the light guide plate 50 is made up of
four rectangular divided light guide plates 53. Fach of the
divided light guide plates 53 located at the opposite ends of
the light guide plate 50 (of the display surface of the LCD
panel 10) has a length L.2 longer than the length L1 of each of
the two divided light guide plates located in the central area of
the light guide plate 50 (of the display surface of the LCD
panel 10). The length 1.2 of the end-located divided light
guide plate 53 is 1.5 times longer than the length L1 of the
center-located divided light guide plate. Hence, the use of the
divided light guide plates 53 having a longer length located at
the opposite ends of the light guide plate 50 reduces the total
number of divided light guide plates 53 from five, required in
a regular form, to four.

[0119] FIG. 19 shows the shape of the divided light guide
plate 53. FIG. 19 is a perspective view of the center-located
divided light guide plate 53 shown in FIG. 18. The centet-
located divided light guide plate and the end-located divided
light guide plate have different lengths but are essentially
identical in shape. The divided light guide plate 53 has four
light guide plate blocks 51 formed therein. Each of the light
guide plate blocks 51 has a length equal to the length 11 of the
divided light guide plate 53, and a width W1. Accordingly, the
divided light guide plate 53 has a width 4W1.

[0120] A cross-section view taken along the K-K line in
FIG. 19 is the same as that shown in FIG. 3B, and the details
are omitted.

[0121] Returning to FIG. 18, the same number of LEDs is
assigned to each light guide plate block. As a result, the
luminance in the opposite ends of the screen in FIG. 18 is
lower than that in the center. However, in an application of the
LCD device to a TV set or the like, if the luminance in the
peripheral area is approximate 60% of the luminance in the
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central area, there is negligible visual difference on the screen
from uniform luminance. As shown in FIG. 18, by reducing
the width of the light guide plate block located in the periph-
eral area, the total number of light guide plate blocks is
reduced. In addition, the LEDs assigned to any light guide
plate block are constant in number. In consequence, a reduc-
tion in the total number of LEDs used in the LCD device is
made possible, resulting in a reduction in power consumption
of the LEDs.

[0122] The LCD panel 10 and the diffuser sheet 15 have
been described in detail in exemplary embodiment 1, and a
description of these elements is omitted in exemplary
embodiment 4.

[0123] FIG. 20 is a cross-sectional exploded view of the
LCD device shown in FIG. 18. In FIG. 20, the LCD panel 10
and the three diffuser sheets 15 are structured as described in
FIG. 2. In FIG. 20, the light guide plate 50 is disposed under
the diffuser sheets 15. The light guide plate 50 is made up of
the four divided light guide plates 53. Here, the length L2 of
each of the end-located divided light guide plates is greater
than the length L1 of each of the two center-located divided
light guide plates.

[0124] As described in FIG. 19, each of the divided light
guide plates 53 in turn includes the four light guide plate
blocks. Each of the end-located divided light guide plates 53
includes light guide plate blocks 511 having a length 1.2,
while each ofthe two center-located divided light guide plates
includes light guide plate blocks 51 having a length 1. The
length 1.2 of the light guide plate block 511 included in the
end-located divided light guide plate 53 is 1.5 times greater
than the length L1 of the light guide plate block 51 included
in the center-located divided light guide plate 53. For this
reason, the five divided light guide plates are required in a
regular form, but the four divided light guide plates suffice.
The shape, functions and the like of the divided light guide
plate 53 are designed as described in exemplary embodiment
1, and the details are omitted.

[0125] InFIG. 20, the light guide plate 50 is placed on the
wiring board 40 having the LEDs 30. The intervals at which
the LEDs 30 are arranged are changed according to the length
of the light guide plate block. The LEDs 30 are placed along
the face of the thick end in a cross section of each divided light
guide plate 53. The light emitted from the LED 30 enters the
light guide plate 50 through the face of the thick end, and then
exits after being redirected within the light guide plate 50
toward the LCD panel 10.

[0126] FIGS. 21A and 21B are diagrams illustrating the
relationship between the light guide plate block 51 and the
LEDs 30 according to exemplary embodiment 4. The rela-
tionship between the shape of the light guide plate block and
the LEDs has been described in exemplary embodiment 1
(FIG. 6), but in exemplary embodiment 4 the three LEDs 30
are arranged along the end face of the light guide plate block
51 as shown in FIG. 21B. FIG. 21B shows the light guide plate
block 51 located close to the center of the light guide plate 50
in FIG. 20, but the light guide plate block 511 located at the
end of the light guide plate 50 shown in FIG. 18 is assigned
the three LEDs 30.

[0127] Assuming that a ratio between the length L1 of the
light guide plate block 51 located close to the center and the
length 1.2 of the light guide plate block 511 located at the end
in FIG. 20 is setto L.2/L1=1.5, and the fixed number of LEDs,
which are three LEDs, are assigned to each light guide plate
block. The brightness in each of the opposite end area of the
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screen is approximately 1/1.5=67% of the brightness in the
central area of the screen. However, since such a level of the
difference in brightness is produced in a related art CRT TV
set, a visual difference on the screen from uniform luminance
is not produced. As described later, since light leaks from
between the light guide plate blocks, an abrupt brightness
change does not occur between the light guide plate blocks.
[0128] FIG. 22 shows a comparative example and is a plan
view of a light guide plate 50 partitioned into light guide plate
blocks 51 in a TV set with a 42-inch screen. In FIG. 22, the
light guide plate block 51 is sized ina length L1 of 66 mm and
a width W1 of 59 mm. The light guide plate is sized in a
horizontal length XL of 944 mm and a vertical length YL of
528 mm. As aresult, in the light guide plate in FIG. 22, the 128
light guide plate blocks in total are arrayed in a matrix with 16
rows and 8 columns. The light guide plate 50 includes 8
columns of the horizontally long divided light guide plates
arranged in the vertical direction and each having 16 light
guide plate blocks 51 which are arranged in the horizontal
direction. However, a method of making the light guide plate
50 is not limited to the above-describe method. That is, a
shape of the divided light guide plate may be arbitrarily
selected. The following description is given basically of the
light guide plate block.

[0129] In FIG. 22, the 42-inch screen has a horizontal
length XD of 930 mm and a vertical length YD of 523 mm.
Thus, the light guide plate has the horizontal length 14 mm
longer and the vertical length 5 mm longer than those of the
screen. The outside size of the light guide plate 50 is slightly
larger than the screen size in consideration of accuracy
required for combining the LCD panel 10, the light guide
plate 50 and the LEDs 30, and the like.

[0130] As shown in FIG. 22, when the light guide plate
blocks 51 of the same size are used and each of them is
assigned the same number of LEDs 30, the luminance of the
screen is uniform. However, the number of LEDs 30 assigned
to the light guide plate blocks 51 corresponding to the periph-
eral area of the screen can be reduced, as a possible measure
to reduce the luminance in the peripheral area for reducing the
power consumption of the back light. In this case, the number
of LEDs for each light guide plate block is different from one
location to another on the screen.

[0131] Methods for driving an LCD device include an area
control method of controlling the brightness of the backlight
on a location-by-location basis in accordance with an image
to be displayed on the screen. If the area control is performed,
what is required is only to turn on the backlight or the LEDs
corresponding to a necessary area. In consequence, a reduc-
tion in power consumption of the backlight and also an
improvement in contrast can be achieved.

[0132] Such area control is executed by storing video infor-
mation on one frame in a frame memory, then discriminating
a bright portion and a dark portion on the screen from each
other, and then turning on the LEDs 30 located only in an area
corresponding to the bright portion. For the light guide plate
partitioned into light guide plate blocks, the area control can
be performed from one light guide plate block to another.
[0133] FIG. 23 shows an example of a circuit of the LEDs
30 for each light guide plate block 51 for performing the area
control. In the example in FIG. 23, the three LEDs 30 are
assigned to a light guide plate block 51. In FIG. 23, a DC
power supply 110 is used for the LEDs 30. The electric
current passing through the LEDs 30 is controlled by a signal
supplied from a control circuit 100. In this case, when the
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number of LEDs 30 assigned is different for each light guide
plate block 51, a control signal needs to be changed in asso-
ciation with the number of LEDs 30, giving rise to a disad-
vantage of complicated area control system.

[0134] As illustrated in FIG. 18, FIG. 20 or exemplary
embodiments described later, since the fixed number of LEDs
30 is assigned to each light guide plate block, the present
invention additionally has an advantage of facilitating the
area control. The following description is given of an example
of applying exemplary embodiment 4 to a large-size TV set.

[0135] FIG. 24 shows an example of use of large-size light
guide plate blocks placed corresponding to the upper and
lower areas of the 42-inch TV screen to reduce the total
number of light guide plate blocks. The hatching area in FIG.
24 is an area in which the large-size light guide plate blocks
511 is placed, which is the same in the drawings described
later. In FIG. 24, the 112 light guide plate blocks are used and
arrayed in 7 columns in the vertical direction and 16 rows in
the horizontal direction. In this way, as compared with the
case in FIG. 22, the number of light guide plate blocks is
reduced by 16 and therefore the number of LEDs is reduced
by 48. As a result, a reduction in costs for the LEDs 30 and a
reduction in power consumption of the LEDs 30 can be
achieved.

[0136] FIG. 25 shows an example of showing the lower
three blocks in the light guide plate 50 in FIG. 24. Regarding
the width of the light guide plate block, the regular light guide
plate block 51 and the large-size light guide plate block 511
have the same width W1 of] for example, 59 mm. The large-
size light guide plate block 511 has a length 1.2 of, for
example, 99 mm, while the regular light guide plate block 51
has a length L1 of, for example, 66 mm.

[0137] The three LEDs 30 are assigned to any light guide
plate block. Since the intensity of the light delivered from a
light guide plate block is inversely proportional to the area of
the light guide plate block, the luminance in the large-size
light guide plate block is 67 when the luminance in the regular
light guide plate block 51 is 100. However, since the light in
a light guide plate block leaks from a boundary 520 between
the regular light guide plate block 51 and the large-size light
guide plate block 511, an abrupt luminance change does not
occur in the boundary 520.

[0138] The luminance in the large-size light guide plate
block 511 is approximately 33% lower than the luminance in
the regular light guide plate block 51, but an abrupt luminance
change does not occur in the boundary, so that a visual dif-
ference on the screen from uniform luminance is not pro-
duced. For further reducing the luminance difference, as illus-
trated in FIG. 26, grains 57 (or dots) are formed as light
diffusing pattern on the large-size light guide plate block 511,
and the density of the grains 57 may be changed.

[0139] Thegrains 57 are arranged on the rear surface of the
light guide plate block 511, that is, on the side opposite to the
LCD panel 10. A larger amount of light is delivered from a
portion of the surface of the light guide plate block 511 in
which the grains 57 are arranged at higher density. Accord-
ingly, in F1G. 26, the light to be delivered from the light guide
plate block 511 is reduced in amount as shown by the arrow E
by being affected by the grain density. In this manner, the
grain density is increased toward the regular light guide plate
block 51, so that the luminance is gradually changed within
the large-size light guide plate block 511 to make a change in
luminance more unobservable.
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[0140] As described in exemplary embodiment 1 (FIG. 10),
in exemplary embodiment 4, the light leaks from a certain
light guide plate block into other light guide plate blocks.
Because of such a light leak, an abrupt change in screen
luminance does not occur in an area in which the regular light
guide plate block 51 is adjacent to the large-size light guide
plate block 511 as shown in FIG. 24. Thus, even when a white
image is displayed on the screen, non-uniformity of lumi-
nance does not occur.

[0141] In exemplary embodiment 4, an appropriate lumi-
nance for each light guide plate block can be provided by
performing the area control as in the case of exemplary
embodiment 1 (FIG. 11).

EXEMPLARY EMBODIMENT $

[0142] FIG. 27 shows an example of use of large-size light
guide plate blocks placed corresponding to the right and left
end areas of the 42-inch TV screen to reduce the total number
of light guide plate blocks. In FIG. 27, the 120 light guide
plate blocks are used and arrayed in 8 columns in the vertical
direction and 15 rows in the horizontal direction. In this way,
as compared with the case in FIG. 22, the number of light
guide plate blocks is reduced by 8 and therefore the number of
LEDs is reduced by 24. As aresult, a reduction in costs for the
LEDs 30 and a reduction in power consumption of the LEDs
30 can be achieved.

[0143] FIG. 28 shows an example of showing the lower
right four blocks in the light guide plate 50 in FIG. 27.
Regarding the length ofthe light guide plate block, the regular
light guide plate block 51 and the large-size light guide plate
block 511 have the same length L1 of, for example, 66 mm.
The large-size light guide plate block 511 has a width W2 of,
for example, 88.5 mm, while the regular light guide plate
block 51 has a width W1 of, for example, 59 mm.

[0144] The three LEDs 30 are assigned to any light guide
plate block. Since the intensity of the light delivered from a
light guide plate block is inversely proportional to the area of
the light guide plate block, the luminance in the large-size
light guide plate block is 67 when the luminance in the regular
light guide plate block 51 is 100. However, since the light in
a light guide plate block leaks from a boundary 522 between
the regular light guide plate block 51 and the large-size light
guide plate block 511, an abrupt luminance change does not
occur in the boundary 522.

[0145] The luminance in the large-size light guide plate
block 511 is approximately 33% lower than the luminance in
the regularlight guide plate block 51, but an abrupt luminance
change does not occur in the boundary, so that a visual dif-
ference on the screen from uniform luminance is not pro-
duced. For further reducing the luminance difference, as illus-
trated in FIG. 29, grains 57 (or dots) are formed as light
diffusing pattern on the large-size light guide plate block 511,
and the density of the grains 57 may be changed.

[0146] The grains 57 are arranged on the rear surface of the
light guide plate block 511, that is, on the side opposite to the
LCD panel 10. A larger amount of light is delivered from a
portion of the surface of the light guide plate block 511 in
which the grains 57 are arranged at higher density. Accord-
ingly, in FIG. 29, the light to be delivered from the light guide
plate block 511 is reduced in amount as shown by the arrow F
by being affected by the grain density. In this manner, the
grain density is increased toward the regular light guide plate
block 51, so that the luminance is gradually changed within
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the large-size light guide plate block 511 to make a change in
luminance more unobservable.

EXEMPLARY EMBODIMENT 6

[0147] FIG. 30 shows an example of use of large-size light
guide plate blocks 511 placed corresponding to the upper,
lower, right and left end areas of the 42-inch TV screen to
reduce the total number of light guide plate blocks. In FIG.
30, the 105 light guide plate blocks are used and arrayed in 7
columns in the vertical direction and 15 rows in the horizontal
direction. In this way, as compared with the case in FIG. 22,
the number of light guide plate blocks is reduced by 23 and
therefore the number of LEDs is reduced by 69. As aresult, a
reduction in costs for the LEDs 30 and a reduction in power
consumption of the LEDs 30 can be achieved.

[0148] The examples of luminance distribution in the
boundary between the regular light guide plate block 51 and
the large-size light guide plate block 511, uniformity of lumi-
nance distribution, and the like are the same as those
described in exemplary embodiments 4 and 5. Exemplary
embodiments 1 and 2 need the use of one type of the large-size
light guide plate block 511 in addition to the regular light
guide plate block 51 is required. Exemplary embodiment 6
needs the use of three types of the large-size light guide plate
blocks 511 in addition to the regular light guide plate block
51

[0149] That is, in FIG. 30, vertically-long light guide plate
blocks 511 are used for the upper and lower areas of the
screen, and horizontally-long light guide plate blocks 511 are
used for the right and left side area of the screen. In addition,
a light guide plate block 511 having a vertical length and a
horizontal length greater than those of the regular light guide
plate block 51 is required to be used for each corner of the
screen. The light leaking into the large-size light guide plate
block 511 for the corner leaks only from the large-size light
guide plate blocks with low luminance in the upper (or lower)
direction and the traverse direction. Thus, the luminance in
the corner is further reduced.

[0150] In this manner, the vertical length L2 and the hori-
zontal length W2 of the large-size light guide plate block 511
and the vertical length 1.1 and the horizontal length W1 of the
regular light guide plate block 51 need to be determined to
allow for a reduction in luminance in the corner.

EXEMPLARY EMBODIMENT 7

[0151] Exemplary Embodiments 4 to 6 has described the
example of the arrangement of the light guide plate blocks
such that the screen exhibits vertically or laterally symmetri-
cal luminance distribution. However, there are various screen
sizes in actual fact, and therefore the large-size light guide
plate blocks cannot always be mounted for such a screen. That
is, it is disadvantageous in terms of cost to design and manu-
facture light guide plate blocks for each screen size. For this
reason, a light guide plate block designed and manufactured
for a certain screen size may be required to be used as a light
guide plate block for another screen size.

[0152] On the other hand, if a ratio of luminance of the
regular light guide plate block to the large-size light guide
plate block is approximate 40%, non-uniform luminance
caused by the light guide plate blocks is hardly perceived.
Exemplary embodiment 7 relates to examples of the large-
size light guide plate blocks 511 placed in an asymmetrical
form on the screen.

[0153] FIG. 31 shows an example of placing the large-size
light guide plate blocks 511 along the upper end of the screen.
In FIG. 31, the regular light guide plate block 51 and the
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large-size light guide plate block 511 have the same width
W1. The length L2 of the large-size light guide plate block
511 1is 1.5 times longer than the length Li of the regular light
guide plate block 51. In this case, the amount of light exiting
from the large-size light guide plate block 511 is 67% of the
amount of light exiting from the regular light guide plate
block 51.

[0154] A change in luminance distribution is substantially
unobservable until the length 1.2 of the large-size light guide
plate block is approximately 1.67 times longer than the length
L1 of the regular light guide plate block 51. In addition, for
improving the luminance distribution, the density distribution
of the grains formed on the bottom surface of the light guide
plate block 511 as illustrated in FIG. 26 may be changed. In
this way, a row of the light guide plate blocks can be omitted
and the number of LEDs can be decreased by the number of
corresponding LEDs.

[0155] FIG. 32 shows an example of placing the large-size
light guide plate blocks 511 along the lower end of the screen,
which is an example of reducing the luminance in the lower
side area of the screen. In this case, similarly to the example
described in FIG. 31, the structure capable of making a
change in luminance unobservable can be achieved. In this
way, a row of the light guide plate blocks can be omitted and
the number of LEDs can be decreased by the number of
corresponding LEDs.

[0156] FIG. 33 shows an example of using the large-size
light guide plate blocks 511 for the left side area of the screen.
In FIG. 33, W2/W1 is set to 1.67 or the less, thereby making
luminance distribution substantially unobservable. For mak-
ing luminance distribution even less unobservable, for
example, the grains 57 may be formed with density distribu-
tion as shown in FIG. 29 on the rear surface of the large-size
light guide plate block 511. FIG. 34 shows an example of
using the large-size light guide plate blocks 511 for the right
side area of the screen. The operation is quite the same as that
described in FIG. 33.

[0157] FIG. 35 shows an example of using the large-size
light guide plate blocks 511 for the upper side area and the
right side area of the screen. The examples described in FIG.
31 to FIG. 34 only require one type of large-size light guide
plate block 511. However, exemplary embodiment 7 requires
three types of large-size light guide plate blocks 511. How-
ever, when another large-size light guide plate block 511 for
use in another screen size can be used, the arrangement of the
light guide plate blocks as shown in FIG. 35 is advantages in
some cases.

[0158] FIG. 36 shows an example of using the large-size
light guide plate blocks 511 for the lower side area and theleft
side area of the screen. The large-size light guide plate blocks
511 can be used in quite the same manner as that described in
FIG. 35. Moreover, it should be understood that it is possible
to implement, in exactly the same manner, the use of the
large-size light guide plate blocks 511 for the upper side area
and the lower side area of the screen, and the use of the
large-size light guide plate blocks 511 for the lower side area
and the right side area of the screen.

EXEMPLARY EMBODIMENT 8

[0159] In exemplary embodiments 4 to 7, the light guide
plate 50 is formed using the divided light guide plates 53 each
having plural light guide plate blocks 51 or plural large-size
light guide plate blocks 511. There are various modifications
for the method of forming the divided light guide plate 53. For
example, the example in FIG. 37 can use a combination of the
divided light guide plates 53 each made up of a row of 16
large-size light guide plate blocks 511 in the horizontal direc-
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tion and the divided light guide plates 53 each made up of a
row of 16 regular light guide plate blocks 51 in the horizontal
direction.

[0160] On the other hand, all the light guide plate blocks 51
or all the large-size light guide plate blocks 511 may be
formed as a single light guide plate 50. FIG. 38 is an example
of forming all the light guide plate blocks as a single light
guide plate 50. FIG. 37 is the same as FIG. 18 except the light
guide plate 50. In FIG. 37, the light guide plate 50 has four
light guide blocks 51 formed therein in the y direction and
four light guide blocks 51 formed therein in the x direction.
The large-size light guide plate blocks 511 are formed in the
columns at the opposite ends, while the regular light guide
plate blocks 51 are formed in the central two columns.
[0161] FIG. 38 is perspective view of the light guide plate
50 formed in one piece. In FIG. 38, a groove 52 extends in the
x direction and represents the boundary between the adjacent
light guide plate blocks 51 or the large-size light guide plate
blocks 511. The shape the groove 52 is the same as that shown
in FIG. 3B. The dotted line extending in the y direction
corresponds to a portion having a reduced thickness in the
light guide plate block 51 or the large-size light guide plate
block 511. A boundary between the light guide plate blocks
51 or the large-size light guide plate blocks 511 is formed in
the portion. Each of the light guide plate blocks is formed in
a wedge shape in cross-section, which has, for example, a
thick end of approximate 3 mm in thickness and a thin end of
less than 1 mm in thickness.

[0162] Theboundaries between the light guide plate blocks
are formed by the grooves 52 extending in the x direction or
areas extending in the y direction in which the light guide
plate block is reduced in thickness. In any boundary the light
from a certain light guide plate block is not completely
blocked, so that the light of the certain light guide plate block
leaks into the light guide plate blocks adjacent thereto. This
act eliminates a luminance difference between the light guide
plate blocks to achieve smooth luminance distribution.
[0163] Assembly of the light guide plate 50 formed in one
piece and the wiring board 40 having the LEDs 30 mounted
thereon is the same as that in FIG. 14, and a description is
omitted.

[0164] As described above, regarding the light guide plate
having light guide plate blocks of different sizes, the divided
light guide plate including plural light guide plate blocks may
be constructed, or the light guide plate including plural light
guide plate blocks may be formed in one piece.

What is claimed is:

1. A liquid crystal display device, comprising:
a liquid crystal display panel; and

a backlight including:

a rectangular light guide plate that includes rectangular
light guide plate blocks each arranged in a matrix
form, and

light sources arranged corresponding to the light guide
plate blocks,

wherein each of the light guide plate blocks receives light
emitted from a corresponding light source of the light
sources, and redirects the light toward the liquid crystal
display panel, and

an intensity of light exiting a light guide plate block of the
light guide plate blocks located in a central area of the
light guide plate is higher than an intensity of light
exiting a light guide plate block of the light guide plate
blocks located in a peripheral area of the light guide
plate.
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2. The liquid crystal display device according to claim 1,

wherein the light sources include LEDs, and

the number of LEDs assigned to the light guide plate block

located in the central area of the light guide plate is
greater than the number of LEDs assigned to the light
guide plate block located in the peripheral area of the
light guide plate to cause the intensity of the light exiting
the light guide plate block located in the central area of
the light guide plate to exceed the intensity of the light
exiting the light guide plate block located in the periph-
eral area of the light guide plate.

3. The liquid crystal display device according to claim 1,
wherein the light guide plate block located in the central area
of the light guide plate has an area smaller than an area of the
light guide plate block located in the peripheral area of the
light guide plate to cause the intensity of the light exiting the
light guide plate block located in the central area of the light
guide plate to exceed the intensity of the light exiting the light
guide plate block located in the peripheral area of the light
guide plate.

4. A liquid crystal display device, comprising:

aliquid crystal display panel; and

a backlight including:

arectangular light guide plate includes rectangular light
guide plate blocks eacharranged in a matrix form, and

LEDs arranged corresponding to the light guide plate
blocks,

wherein the number of LEDs assigned to light guide plate

blocks of the light guide plate blocks located in a central
area of the light guide plate is greater than the number of
LEDs assigned to light guide plate blocks of the light
guide plate blocks located ina peripheral area of the light
guide plate.

5. The liquid crystal display device according to claim 4,
wherein the light guide plate is made up of a plurality of
divided light guide plates each including a plurality of the
light guide plate blocks.

6. The liquid crystal display device according to claim 4,
wherein the light guide plate including the light guide plate
blocks arranged in a matrix form is formed in one piece.

7. The liquid crystal display device according to claim 4,
wherein the LEDs are mounted on a wiring board, and a
reflective sheet is provided integrally on the wiring board.

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

wherein the number of LEDs corresponding to the light

guide plate blocks arranged along a short axis and a long
axis passing through a center of the light guide plate is
greater around a center of the short axis and a center of
the long axis than the number of LEDs around an end of
the short axis and an end of the long axis, and

the number of LEDs corresponding to the light guide plate

blocks arranged along a short side of a periphery of the
light guide plate is equal to the number of LEDs corre-
sponding to the light guide plate blocks arranged along a
long side of the periphery of the light guide plate.

9. The liquid crystal display device according to claim 4,
wherein the number of LEDs assigned to each of the light
guide plate blocks located in the central area of the light guide
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plate is greater than the number of LEDs assigned to each of
the light guide plate blocks located in four corners of the light
guide plate.

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

wherein the number of LEDs corresponding to the light

guide plate blocks arranged along a short side and a long
side of a periphery of the light guide plate is greater
around a center of the short side and a center of the long
side than that around an end of the short side and an end
of the long side, and

the number of LEDs assigned to the light guide plate blocks

arranged along a short axis passing through a center of

the light guide plate is equal to the number of LEDs

assigned to the light guide plate blocks arranged along a

long axis passing through the center of the light guide

plate.

11. A liquid crystal display device, comprising:

a liquid crystal display panel; and

a backlight including:

a rectangular light guide plate that includes rectangular
light guide plate blocks each arranged in a matrix
form, and

LEDs arranged corresponding to the light guide plate
blocks,

wherein each of light guide blocks of the light guide plate

blocks located in an end area of the light guide plate has

a size greater than a size of each of light guide plate

blocks of the light guide plate blocks located in a central

area of the light guide plate.

12. The liquid crystal display device according to claim 11,
wherein the size of the light guide plate block located in the
end area of the light guide plate in a horizontal direction is
greater than the size of the light guide plate block located in
the central area of the light guide plate.

13. The liquid crystal display device according to claim 11,
wherein the size of the light guide plate block located in the
end area of the light guide plate in a vertical direction is
greater than the size of the light guide plate block located in
the central area of the light guide plate.

14. The liquid crystal display device according to claim 11,

wherein large-size light guide plate blocks are arranged in

the end area of the light guide plate, each of the large-
size light guide plate blocks having a size and an area
greater than the size and an area of the light guide plate
block located in the central area of the light guide plate,
and

the number of LEDs assigned to the light guide plate block

1s equal to the number of LEDs assigned to the large-size

light guide plate block.

15. The liquid crystal display device according to claim 14,
wherein, when the area of the light guide plate block in the
central area is S1 and the area of the large-size light guide
plate block is S2, S2/S1 is greater than 1 and equal to or less
than 1.67.

16. The liquid crystal display device according to claim 14,
wherein electric power applied to a plurality of the LEDs
assigned to the light guide plate block in the central area is
equal to electric power applied to a plurality of the LEDs
assigned to the large-size light guide plate block.
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