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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP 2010-064321 filed on Mar. 19,
2010, the content of which is hereby incorporated by refer-
ence into this application.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal dis-
play device with LED as a backlight. More particularly, the
invention relates to a liquid crystal display device that ensures
high efficiency of the use of light from a light source with less
uneven brightness.

BACKGROUND OF THE INVENTION

[0003] A liquid crystal display device includes a TFT sub-
strate and a color filter substrate. The TFT substrate is con-
figured such that pixel electrodes, thin film transistors
(TFTs), and the like, are arranged in a matrix form. The color
filter substrate is disposed opposite to the TFT substrate, in
which color filters, and the like, are formed at locations cor-
responding to the pixel electrodes of the TFT substrate. A
liquid crystal is interposed between the TFT substrate and the
counter substrate. Thus, the liquid crystal display device
forms animage by controlling the transmittance of light of the
liquid crystal molecules for each pixel.

[0004] Liquid crystal display devices can be made thin and
light weight, and are used in a wide range of applications. The
liquid crystal does not emit light by itself] so that a backlight
1s provided in the back surface ofa liquid crystal display panel
to emit light. Fluorescent tubes have been used as a backlight
for liquid crystal display devices having a relatively large
screen such as TV. However, the fluorescent tube is filled with
mercury vapor, imposing a heavy burden on the environment
of the Barth. In particular in European countries, the use of
such a fluorescent tube tends to be prohibited.

[0005] Under these circumstances, the fluorescent tube has
been replaced by LED (light emitting diode) as a light source
ofthe backlight. More and more liquid crystal display devices
with LED light source are used every year also in large dis-
play devices such as TVs. The backlight of the liquid crystal
display device requires a planar light source. However, the
LED s apoint light source. Thus, it is necessary to provide an
optical system to form a planar light source by point light
source LED:s.

[0006] JP-A No. 236701/2006 describes a configuration of
a light guide panel formed directly under a liquid crystal
display panel. The light guide panel includes concave por-
tions arranged in line. Then, LEDs are placed in line in the
concave portions. In other words, the configuration of JP-A
No. 236701/2006 uses an optical component to diffuse light
emitted from each LED from a side surface of the LED. A
reflective sheet part of the optical component includes a dif-
fusereflection area 41DR having a diffuse reflection function,
and a mirror reflection area 41R having a mirror reflection
function. In this way, the light from the LEDs is intentionally
diffused and reflected ata predetermined ratio, to improve the
efficiency of the use of the light while preventing uneven
brightness.

[0007] Thetechnology describedin JP-A No. 236701/2006
requires the reflective sheet part to include the diffuse reflec-
tion area 41DR having a diffuse reflection function, as well as
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the mirror reflection area 41R having a mirror reflection func-
tion. For this reason, the optical design is complicated. Fur-
ther, when LEDisused as alight source, heat generated by the
LED is an important problem. However, there is no descrip-
tion of the problem of heat generation in JP-A No. 236701/
2006.

SUMMARY OF THE INVENTION

[0008] It is desirable to have a configuration that can use
LED as a backlight of a liquid crystal display device and can
prevent heat generated by the LED, with a relatively simple
configuration.

[0009] The present invention overcomes the above prob-
lems by means described in detail below.

[0010] (1) There is provided a liquid crystal display device
including a liquid crystal display panel and a backlight. The
backlight includes a light guide panel, an optical sheet, and a
light source having a plurality of LEDs. The light guide panel
includes a concave portion extending parallel to a side of the
light guide panel. The plurality of LEDs are placed in the
concave portion, arranged on a line in an extending direction
of the concave portions of the light guide panel. The plurality
of LEDs emit light parallel to a main surface of the light gnide
panel. First LEDs of the plurality of LEDs emit light in a first
direction. Second LEDs of the plurality of LEDs emit light in
a direction opposite to the first direction. The first LEDs and
the second LEDs are arranged alternately in the extending
direction of the concave portion.

[0011] (2) There is provided a liquid crystal display device
including a liquid crystal display panel and a backlight. The
backlight includes a light guide panel, an optical sheet, and a
light source having first LEDs and second LEDs. The light
guide panel includes a concave portion extending parallel to a
side of the light guide panel. The first LEDs and the second
LEDs are placed in the concave portion. The first LEDs are
placed on a first line. The second LEDs are placed on a second
line. The first and second lines are parallel to each other. The
first LEDs emit light in a first direction. The second LEDs
emit light in a direction opposite to the first direction. The first
LEDs and the second LEDs are arranged alternately in an
extending direction of the concave portion.

[0012] (3) There is provided a liquid crystal display device
including a liquid crystal display panel and a backlight. The
backlight includes a light guide panel, an optical sheet, and a
light source. The light source includes a first wiring substrate
having first LEDs and a second wiring substrate having sec-
ond LEDs, the first wiring substrate and the second wiring
substrate being bonded to both sides of a metal plate. The first
LED:s are arranged on a first line, and the second LEDs are
arranged on a second line. The light guide panel includes a
concave portion extending parallel to a side of the light guide
panel. The light source is placed in the concave portion. The
first LEDs emit light in a first direction, and the second LEDs
emit light in a direction opposite to the first direction. The first
LEDs and the second LEDs are arranged alternately in an
extending direction of the concave portion.

[0013] (4) In the light source described in (3), the first
wiring substrate and the second wiring substrate are bonded
to a thermal conductive sheet.

[0014] (5) Thereis provided a liquid crystal display device,
in which aleader line for supplying current to LEDs is formed
on the outside of the LEDs arranged on a line, so that a
connector for supplying current to the LEDs is provided only
in one end portion.
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[0015] According to the present invention, the LEDs
arranged on a line are placed in the concave portion of the
light guide panel, in which light is emitted from the LEDs
alternately in opposite directions. As a result, the backlight
without uneven brightness can be formed with a simple con-
figuration.

[0016] Further, according to the present invention, the light
guide panel is divided into a plurality of areas to facilitate area
brightness control in the screen. Also, according to the
present invention, heat generated by the LED can be easily
discharged to the chassis or other components of the liquid
crystal display device.

[0017] Sdll further, according to the present invention, the
connector can be formed only in one end portion of the liquid
crystal display device. As a result, the overall size of the liquid
crystal display device can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is an exploded perspective view of a liquid
crystal display device;

[0019] FIG. 2 is a perspective view of a light guide panel
according to the present invention;

[0020] FIG. 3 is a cross-sectional view in which LEDs are
mounted in the light guide panel;

[0021] FIG. 4 is a perspective view in which LEDs are
mounted in the light guide panel;

[0022] FIG.5isatop view of the arrangement of LEDs with
emission directions according to a first embodiment;

[0023] FIG. 6 is awiring diagram in a wiring substrate with
LEDs according to the first embodiment;

[0024] FIG. 7 is another wiring diagram in the wiring sub-
strate with LEDs according to the first embodiment;

[0025] FIG. 8 is a cross-sectional view showing the tem-
perature distribution in the wiring substrate on which LEDs
are mounted;

[0026] FIG. 9 is a detailed view of copper wiring in the
wiring substrate according to the first embodiment;

[0027] FIG. 101s a top view of the arrangement of connec-
tors to supply current to the LEDs, according to the present
mvention;

[0028] FIG. 11 shows an example of area division for area
brightness control;

[0029] FIG.12isaview ofthearrangement of LEDs for the
area brightness control;

[0030] FIG. 13 is a top view of the arrangement of LEDs
with emission directions according to a second embodiment;
[0031] FIG. 14 is a cross-sectional view in which LEDs are
mounted in the light guide panel according to the second
embodiment;

[0032] FIG. 15 is a wiring diagram in the wiring substrate
with LEDs according to the second embodiment;

[0033] FIG. 16 is another wiring diagram in the wiring
substrate with LEDs according to the second embodiment;
[0034] FIG. 17 is a detailed view of copper wiring in the
wiring substrate according to the second embodiment;
[0035] FIG. 18 is a top view of alight source with LEDs
according to a third embodiment;

[0036] FIG. 19 is a side view of LEDs and a leader line
according to the third embodiment;

[0037] FIG.201s a cross-sectional view in which LEDs are
mounted in the light guide panel according to the third
embodiment; and
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[0038] FIG. 21 is a top view of a light source according to
a fourth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0039] Hereinafter, preferred embodiments of the present
invention will be described in detail.

First Embodiment

[0040] FIG. 1 is an exploded perspective view of a liquid
crystal display device. The liquid crystal display device in
FIG. 1 is divided into two parts: a liquid crystal display panel
10 and a backlight. In FIG. 1, a TFT substrate 11 includes a
display area in which TFTs and pixel electrodes are arranged
in a matrix form, scan lines, and image signal lines. A counter
substrate 12 includes color filters and the like. The TFT sub-
strate 11 and the counter substrate 12 are bonded together by
an adhesive not shown. There is a liquid crystal, not shown,
interposed between the TFT substrate 11 and the counter
substrate 12.

[0041] A lower polarization plate 14 is attached to the
underside of the TFT substrate 11, and an upper polarization
plate 13 is attached to the upper side of the counter substrate
12. The state in which the TFT substrate 11, the counter
substrate 12, the lower polarization plate 14, and the upper
polarization plate 13 are bonded is called the liquid crystal
display panel 10. The backlight is provided on the back side of
the liquid crystal display panel 10. The backlight includes a
light source unit and various types of optical components.
[0042] In FIG. 1, the backlight includes an optical sheet
group 16, a light guide panel 20, and a wiring substrate 31 on
which LEDs 30 are arranged, in order from the side of the
liquid crystal display panel 10. The optical sheet group 16 in
FIG. 1 uses three diffusion sheets 15. Here, the so-called
prism sheet may be included in the optical sheet group 16. The
number of diffusion sheets 15 may be one or two.

[0043] The optical sheet group 16 is placed on the light
guide panel 20. The light guide panel 20 has a role to direct the
light from a large number of LEDs 30, as a uniform planar
light source, to the side of the liquid crystal display panel 10.
The light guide panel 20 has a thin planar shape. A concave
portion 21 is formed on the underside of the light guide panel
20, extending in the lateral direction.

[0044] The wiring substrate 31 is provided under the light
guide panel 20. The LEDs 30 are arranged in line on the
wiring substrate 31. In the following description, it is
assumed that the LEDs 30 according to this embodiment are
white LEDs 30. However, the present invention described
below can also be applied to the use of monochrome LEDs 30
with a careful mixture of the three colors.

[0045] When the light guide panel 20 and the wiring sub-
strate 31 are combined together, the LEDs 30 arranged in line
are placed in the concave portion 21 extending in the lateral
direction on the lower surface of the light guide panel 20.
Because of this arrangement of the LEDs 30, it is possible to
reduce the area of the frame part around the display area of the
liquid crystal display device, compared to the case of the
conventional side-light type backlight. In addition, such an
arrangement allows for area brightness control in the screen.
[0046] FIG. 2 is a perspective view of the light guide panel
20 used in FIG. 1. In FIG. 2, the concave portions 21 extend
in the lateral direction of the light guide panel 20. The thick-
ness t of the light guide panel 20 is, for example, 3 to 5 mm.
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The height hl of the concave portion 21 is about 2 to 3 mm.
The width d of the concave portion 21 is about 3 to 4 mm. The
LEDs 30 arranged in line on the wiring substrate 31 are placed
in each of the concave portions 21.

[0047] FIG. 3 1s a cross-sectional view in which the LEDs
30 are placed in the concave portions 21 of the light guide
panel 20. The height h2 of the LED 30 is, for example, 1.6
mm. The width w of the LED 30 is, for example, 1.2 mm.
Although not shown, the length in the depth direction of the
LED 30 is about 3 mm. In FIG. 3, the light from the LEDs 30
is diffused in a planar direction of the light guide panel 20, as
indicated by arrow 32 in the figure.

[0048] FIG. 4 is a perspective view in which the LEDs 30
arranged in line are placed in the concave portions 21 of the
light guide panel 20, with the light emission direction from
each LED 30. In F1G. 4, the LEDs 30 that emit light in a first
direction, and the LEDs 30 that emit light in the direction
opposite to the first direction are arranged alternately in the
light guide panel 20. In other words, FIG. 4 shows the LEDs
30 placed in the concave portions 21 of the light guide panel
20 in such a manner that the side-by-side LEDs 30 emit light
in opposite directions to each other. Because of this arrange-
ment, it is possible to cover almost all the area of the light
guide panel 20 by two rows of the LEDs 30.

[0049] FIG. 5isaschematic view showing an emission area
40 of the light emitted from the LEDs 30 arranged in line. The
LEDs emit light alternately in the same direction. The light
emitted from each LED 30 is mixed with the light from the
other LEDs 30. Thus, it is possible to ensure the uniformity of
the brightness.

[0050] FIG. 6 is a circuit diagram of an example of wiring
for supplying power to the LEDs 30 arranged in line. In FIG.
6, the anode-cathode direction of the LEDs 30 is different for
each light emitting direction of the LEDs 30. The feature in
FIG. 6 is that leader lines 1012 for the power supply to the
LEDs 30 are formed on the outside of the row of the LEDs 30.
With the wiring described above, it is possible to increase the
width of the electrode portions of the LEDs 30. As a result,
heat generated by the LEDs 30 can be discharged more effec-
tively. In addition, a connector 200 for supplying current to
the LEDs can be provided only in one direction.

[0051] FIG. 7 is a circuit diagram of another example of
wiring for the power supply to the LEDs 30 arranged in line.
InFIG. 7, both the two leader lines 1012 for supplying power
to the LEDs 30 are provided in the lower side of FIG. 7. Also
with the wiring described above, it is possible to increase the
width of the electrode portions of the LEDs 30. As a result,
heat generated by the LEDs 30 can be discharged more effi-
ciently. In addition, the connector 200 for supplying current to
the LEDs can be provided only in one direction.

[0052] FIG. 8 is a schematic view of an example of the
temperature distribution in the wiring substrate 31 in which
current flows through the LEDs mounted on the wiring sub-
strate 31. In FIG. 8, the wiring substrate 31 is formed in such
a manner that wiring of copper is formed on a glass epoxy
substrate 102. The copper wiring is formed on the front and
back sides of the glass epoxy substrate 102. Copper wiring
101 on the front side and copper wiring 103 on the back side
are electrically coupled by a through hole not shown.

[0053] Thewiring substrate 31 and a chassis 105 formed of
metal are bonded by a thermal conductive sheet 104. The
chassis 105 is formed of metal as a heat sink. In FIG. 8, the
front-side copper wiring 101 includes copper electrodes for
the LED 30 in the connection part of the copper wiring 1011
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and the LED 30. The copper electrode 1011 and the LED 30
are connected by solder, which is omitted in FIG. 8.

[0054] Inthecross-sectional view of the wiring substrate 31
in FIG. 8, the areas A and B represent the temperature distri-
bution. The area A is the portion of the highest temperature.
As shown in FIG. 8, the area A is a very narrow part in the
vicinity of the copper electrode 1011. The area B of the next
higher temperature also appears in the vicinity of the copper
electrode. In other words, taking into account the heat dis-
charge from the LEDs 30, it is more efficient to use the
configuration for discharging heat in the part of the LED 30
connected to the electrodes.

[0055] FIG. 9 is a top view of the LEDs 30 mounted in the
wiring substrate 31 with the wiring connecting the LEDs 30.
The wiring is formed of copper. In FIG. 9, the portions 1011
of the wiring correspond to the electrodes for the LEDs 30.
The width u of the electrode portion 1011 is greater than the
width v of the leader portion 1012. In other words, as shown
in FIG. 8, the heat generated by the LED 30 is discharged in
particular in the vicinity of the electrode. For this reason, the
width of the copper electrode portion 1011 of the LED 30 is
increased as much as possible to increase the efficiency of
discharging heat from the LED 30. The heat from the LED 30
propagates to the glass epoxy through the cupper electrode
1011, and is absorbed by the chassis 105.

[0056] FIG.10isatop view of the light guide panel 20 seen
from the top. In FIG. 10, the wiring substrate 31 provided
under the light guide panel 20 is seen through the light guide
panel 20. In FIG. 10, four wiring substrates 31 are formed for
the concave portions 21 formed in the light guide panel 20.
The LEDs 30, not shown, are mounted on the wiring substrate
31 and placed in the concave portion 21 of the light guide
panel 20.

[0057] In FIG. 10, two of the four wiring substrates 31
arranged side by side are connected by the connector 200, and
connected to an external circuit by the connector 200 pro-
vided in the wiring substrate 31 on the right side. As shown in
FIG. 10, the connectors 200 are provided only on the right
side. In order to achieve this, as shown in FIG. 6 or 7, the
leader lines 1012 for supplying current to the LEDs 30 extend
outside the rows of the LEDs 30 to the side of the connector
200.

[0058] Theshorter theleader line the better, considering the
resistance to the current flowing through the LEDs 30. From
this point of view, it is preferable that the connector 200 is
provided on both sides of the wiring substrate 31 to supply
current to the LEDs 30. In this embodiment, however, the
length of the leader line 1012 is intentionally increased to
provide the connector 200 in one portion. In this way, it is
possible to reduce the overall size of the liquid crystal display
device.

[0059] In the configuration of the present invention, the
LED:s 30, each of which is a point light source, are arranged
in line inside the light guide panel 20 in order to control the
brightness in each area of the screen. As for the area bright-
ness control, for example, there is a control method for light-
ing the LEDs 30 in bright parts of the screen but not lighting
the LEDs 30 in dark parts.

[0060] Such an area control can be performed by storing
image information in a frame memory, differentiating
between bright parts and dark parts in the screen, and lighting
the LEDs 30 only in the area corresponding to the bright part.
By performing this area brightness control, it is possible to
reduce power consumption and to increase contrast.
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[0061] FIG.111isaview of thelight guide panel 20 divided
into 36 areas. The number of division blocks 300 of the light
guide panel 20 is equivalent to the number of divisions of the
screen. Itisto be noted that the lines of the division blocks 300
in FIG. 11 show the state of division in the figure. Such lines
are notactually present in the light guide panel 20. In F1G. 11,
the LEDs 30, not shown, are placed in the concave portions 21
of the light guide panel 20.

[0062] AsshowninFIG. 4, thelight is emitted from the row
ofthe LEDs 30 placed in the concave portion 21 to both sides
of the light guide panel 20. In this way, the entire area of the
screen can be covered by two rows of the LEDs 30 placed in
the concave portions 21. FIG. 12 shows an example of the
arrangement of the LEDs 30 for area control. FIG. 12 is an
example of the LEDs 30 placed in the concave portion 21 of
the light guide panel 20. In FIG. 12, six LEDs 30 are one
group. Then, electrode pads 301 are provided for each group
of six LEDs 30.

[0063] Each group of six LEDs 30 in FIG. 12 is assigned to
blocks above and below the concave portion 21 of the light
guide panel 20 shown in FIG. 11. In other words, light is
supplied from three of the six LEDs 30 to the block 300 on the
upper side of the concave portion 21, in FIG. 12, of the light
guide panel 20 shown in FIG. 11. While light is supplied from
the other three LEDs 30 to the block 300 on the lower side of
the concave portion 21 of the light guide panel 20 shown in
FIG. 12. As described above, according to the present inven-
tion, the entire area of the screen can be controlled by the
LEDs 30 arranged in two rows.

Second Embodiment

[0064] In the first embodiment, the LEDs 30 are arranged
onasingle line. In this case, as shown in FIG. 5, a dark part 50
occurs in the vicinity of the portion not irradiated by the light
from the LED 30. The dark part 50 like this may cause uneven
brightness. In a second embodiment, a positional offset is set
alternately for each of the LEDs 30 arranged in line to reduce
the area of the dark part 50, thereby reducing the uneven
brightness.

[0065] FIG. 13 is a schematic view of the arrangement of
the LEDs 30 with the light emission area according to this
embodiment. As shown in FIG. 13, an offset Sis set according
to the light emitting direction. As can be seen by comparing
with FIG. 5, the offset S set as described above substantially
reduces the area of the dark part 50 not irradiated by the light
of the LED 30. In FIG. 13, first LEDs are arranged on a first
line, and second LEDs are arranged on a second line. Then,
the first LEDs emit light in the direction of the second line,
and the second LEDS emit light in the direction of the first
line.

[0066] FIG. 14 is a cross-sectional view in which the LEDs
30 are placed in the concave portions 21 of the light guide
panel 20 in the manner described above. In FIG. 14, the LEDs
30 arranged in the same concave portion are displaced in the
direction perpendicular to the paper.

[0067] The light emission direction of each LED 30 is
indicated by the arrow 32. FIG. 15 shows an example of
wiring for such an arrangement of the LEDs 30. Also in FIG.
15, the leader lines 1012 for supplying current to the LEDs 30
are formed on the outside of the rows of the LEDs 30. In this
way, the connector 200 can be provided only on one side of
the wiring substrate 31. FIG. 16 shows another example of
wiring for the arrangement of the LEDs 30 according to this
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embodiment. Also in FIG. 16, the leader lines 1012 are
formed on the outside of the respective rows of the LEDs 30.
[0068] FIG.171sa top view of the LEDs 30 mounted in the
wiring substrate 31, showing wiring for connecting the LEDs
30 according to this embodiment. The wiring is formed of
copper. In FIG. 17, the portions 1011 of the wiring correspond
to the electrodes for the LEDs 30. The width u of the electrode
portions 1011 is greater than the width v ofthe leaderportions
1012. As described in the first embodiment, the heat gener-
ated by the LED 30 is discharged, in particular, in the vicinity
of the electrodes. For this reason, the width of the portion of
the cupper electrodes 1011 of the LED 30 is increased as
much as possible to improve the efficiency of discharging
heat from the LED 30.

Third Embodiment

[0069] The LEDs 30 used in the first and second embodi-
ments are the LEDs of the so-called side view type in which
the light is emitted in the lateral direction. This embodiment
describes a configuration of the backlight using the LEDs 30
of the so-called top view type in which the light is emitted
from the top side of the LEDs 30.

[0070] The configuration of the liquid crystal display
device is the same as described in FI1G. 1. Further, the light
guide panel 20 used herein is also the same as described in
FIG. 2. This embodiment uses the top view type LEDs 30 to
be placed in the concave portions 21 of the light guide panel
20 shown in FIG. 2. FIG. 18 is a top view of a light source
placed in the concave portion 21 of the light guide panel 20.
In FIG. 18, the wiring substrate 31 of glass epoxy on which
wiring is formed is attached to both sides of an Al substrate
35. The LEDs 30 are mounted on the wiring substrate 31. This
configuration is hereinafter referred to as a light source
assembly.

[0071] InFIG. 18, the LEDs 30 are the top view type. The
LEDs 30 are attached to both sides of the Al substrate 35 and
emit light in a lateral direction indicated by the arrow 32. In
FIG. 18, the Al substrate 35, which 1s formed in the central
portion of the light source assembly, discharges heat from the
LEDs 30 in an efficient manner.

[0072] FIG. 19 is a schematic view of the side of the light
source shown in FIG. 18. The LEDs 30 are provided on the
upside of the wiring substrate 31 formed of glass epoxy. The
leader line 1012 for supplying current to the LEDs 30 is
provided below the LEDs 30. With this configuration, the
connector 200 can be provided only on one side of the light
guide panel 20.

[0073] FIG. 20 is a cross-sectional view in which the LED
arrays shown in F1G. 18 are placed in the concave portions 21
of the light guide panel 20. In FIG. 20, the light from each
LED is emitted in the direction of the arrow 32. In FIG. 20,
shows that the light source assemblies are placed in the con-
cave portions 21 formed in the light guide panel 20. The
configuration of the light source assembly is as follows. The
wiring substrate 31 formed of glass epoxy is provided on both
sides of the central Al substrate 35. The LEDs 30 are mounted
oneach of the wiring substrates 31. The LEDs 30 are arranged
alternately on both sides of the central Al substrate 35 as
shown in F1G. 18. The light source assembly is connected to
the wiring substrate 31 provided below the light guide panel
20.

[0074] TheLEDs 30 are the top view type. Thus, in the light
source assembly, the LEDs 30 emit light in a lateral direction
as indicated by the arrow in FIG. 20. According to this
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embodiment, the Al substrate 35 is provided in the central
portion of the light source-assembly, so that the heat gener-
ated by the LEDs 30 can be discharged in an efficient manner.

Fourth Embodiment

[0075] This embodiment also describes the light source
assembly using the LEDs 30 of the so-called top view type.
FIG. 21 is a top view of the light source assembly according
to this embodiment. In FIG. 21, the top-view type LEDs 30
are mounted on the wiring substrate 31 formed of glass epoxy.
The light from the LEDs 30 is emitted in the direction of the
arrow 32. Two wiring substrates 31 formed of glass epoxy on
which the LEDs 30 are mounted are bonded together by the
thermal conductive sheet 104. An example of the thermal
conductive sheet 104 is Si resin with relatively good conduc-
tion of heat.

[0076] As showninFIG. 21, the LEDs 30 on the two wiring
substrates 31 are arranged alternately in the extending direc-
tion of the light source assembly. Here the LEDs 30 are the top
view type, so that in the light source assembly the light is
emitted in a lateral direction as indicated by the arrow in FIG.
21. The fourth embodiment is the same as the third embodi-
ment, except that the thermal conductive sheet 104 is pro-
vided in the central portion of the light source assembly. The
fourth embodiment uses the thermal conductive sheet 104
instead of the Al substrate 35, in order to reduce the thickness
of the light source assembly. In this way, the effect on the
uneven brightness can be reduced.

Fifth Embodiment

[0077] In the first to fourth embodiments, the light source
according to the present invention is used for the backlight of
the liquid crystal display device. However, the light source
according to the present invention can be used not only in the
liquid crystal display device but also in general lighting. For
example, as shown in FIG. 4, the concave portions 21 are
formed in the light guide panel 20. A plurality of the LEDs 30
described in the first embodiment are placed in the concave
portions 21. Then, the light guide panel 20 in FIG. 4 is placed
downward on a ceiling or other surface. In this way, a planar
light source can be formed.

[0078] Further, by using the wiring substrate 31 shown in
FIG. 6 or 7, it is possible to provide the connector 200 only on
one side of the light guide panel 20 to supply current to the
LEDs 30. This arrangement can make the current supply
substantially the same as the current supply to conventional
fluorescent tubes. The light guide panel 20 can be a plate of
resin such as polycarbonate. Further, the concave portion 21
can be easily formed by press working.

[0079] Theabove description of the lighting has been given
according to the first embodiment. However, the backlight
with the configuration of the second or third embodiment can
also be used in lighting equipment.

What is claimed is:
1. A liquid crystal display device comprising a liquid crys-
tal display panel and a backlight,

wherein the backlight includes a light guide panel, an opti-
cal sheet, and a light source having a plurality of LEDs,

wherein the light guide panel includes a concave portion
extending parallel to a side of the light guide panel,

wherein the plurality of LEDs are placed in the concave
portion, arranged on a line in an extending direction of
the concave portion of the light guide panel,
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wherein the plurality of LEDs emit light parallel to a main

surface of the light guide panel,

wherein first LEDs of the plurality of LEDs emit light in a

first direction,
wherein second LEDs of the plurality of LEDs emit light in
a direction opposite to the first direction, and

wherein the first LEDs and the second LEDs are arranged
alternately in the extending direction of the concave
portion.

2. A liquid crystal display device comprising a liquid crys-
tal display panel and a backlight,

wherein the backlight includes a light guide panel, an opti-

cal sheet, and a light source having first LEDs and sec-
ond LEDs,

wherein the light guide panel includes a concave portion

extending parallel to a side of the light guide panel,
wherein the first LEDs and the second LEDs are placed in
the concave portion,

wherein the first LEDs are arranged on a first line and the

second LEDs are arranged on a second line,

wherein the first and the second lines are parallel to each

other,

wherein the first LEDs emit light in a first direction, and the

second LEDs emit light ina direction opposite to the first
direction, and

wherein the first LEDs and the second LEDs are arranged

alternately in an extending direction of the concave por-
tion.

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

wherein a direction in which the light is emitted from the

first LEDs is a direction of the second line, and
wherein a direction in which the light is emitted from the
second LEDs is a direction of the first line.

4. A liquid crystal display device comprising a liquid crys-
tal display panel, a backlight, and a connector to supply power
to the backlight,

wherein the backlight includes a light guide panel, an opti-

cal sheet, and a wiring substrate with a light source
having a plurality of LEDs,

wherein the plurality of LEDs are supplied with power

from the connector,
wherein the light guide panel includes a concave portion
extending parallel to a side of the light guide panel,

wherein the plurality of LEDs are placed in the concave
portion, arranged on a line in an extending direction of
the concave portion of the light guide panel,

wherein the plurality of LEDs emit light parallel to a main

surface of the light guide panel,

wherein first LEDs of the plurality of LEDs emit light in a

first direction,
wherein second LEDs of the plurality of LEDs emit light in
a direction opposite to the first direction,

wherein the first LEDs and the second LEDs are arranged
alternately in the extending direction of the concave
portion,
wherein a leader line for connecting one terminal of the
first LEDs in the wiring substrate with the connector
exists outside the first LEDs arranged on the line,

wherein a leader line for connecting one terminal of the
second LEDs in the wiring substrate with the connector
exists outside the second LEDs arranged on the line, and

wherein the connector for supplying power to the backlight
exists on one side of the light guide panel, and not on
other sides of the light guide panel.



US 2011/0228196 Al

5. A liquid crystal display device comprising a liquid crys-
tal display panel, a backlight, and a connector to supply power
to the backlight,

wherein the backlight includes a light guide panel, an opti-

cal sheet, and a wiring substrate with a light source
having first LEDs and second LEDs,

wherein the first LEDs and the second LEDs are supplied

with power from the connector,

wherein the light guide panel includes a concave portion

extending parallel to a side of the light guide panel,
wherein the first LEDs and the second LEDs are placed in
the concave portion,

wherein the first LEDs are arranged on a first line and the

second LEDs are arranged on a second line,

wherein the first and second lines are parallel to each other,

wherein the first LEDs emit light in a first direction, and the

second LEDs emit light in a direction opposite to the first
direction,

wherein the first LEDs and the second LEDs are arranged

alternately in an extending direction of the concave por-
tion,
wherein a leader line for connecting one terminal of the
first LEDs in the wiring substrate with the connector
exists outside the first LEDs arranged on the first line,

wherein a leader line for connecting one terminal of the
second LEDs in the wiring substrate with the connector
exists outside the second LEDs arranged on the second
line; and

wherein the connector for supplying power to the backlight

exists on one side of the light guide panel and not on the
other sides of the light guide panel.

6. A liquid crystal display device comprising a liquid crys-
tal display panel and a backlight,

wherein the backlight includes a light guide panel, an opti-

cal sheet, and a light source,

wherein the light source includes a first wiring substrate

with first LEDs and a second wiring substrate with sec-
ond LEDs, the first wiring substrate and the second
wiring substrate being bonded to both sides of a metal
plate,

wherein the first LEDs are arranged on a first line, and the

second LEDs are arranged on a second line,

wherein the light guide panel includes a concave portion

extending parallel to a side of the light guide panel,
wherein the light source is placed in the concave portion,
wherein the first LEDs emit light in a first direction, and the
second LEDs emit light in a direction opposite to the first
direction, and
wherein the first LEDs and the second LEDs are arranged
alternately in an extending direction of the concave por-
tion.

7. A liquid crystal display device comprising a liquid crys-
tal display panel and a backlight,

wherein the backlight includes a light guide panel, an opti-

cal sheet, and a light source,

wherein the light source includes a first wiring substrate

with first LEDs and a second wiring substrate with sec-
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ond LEDs, the first wiring substrate and the second
wiring substrate being bonded to both sides of a resin
sheet,
wherein the first LEDs are arranged on a first line, and the
second LEDs are arranged on a second line,
wherein the light guide panel includes a concave portion
extending parallel to a side of the light guide panel,
wherein the light source is placed in the concave portion,
wherein the first LEDs emit light in a first direction, and the
second LEDs emitlight ina direction opposite to the first
direction, and
wherein the first LEDs and the second LEDs are arranged
alternately in an extending direction of the concave por-
tion.
8. The liquid crystal display device according to claim 6,
comprising a connector to supply power to the backlight,
wherein a leader line for connecting one terminal of the
first LEDs in the first wiring substrate with the connector
exists outside the first LEDs arranged on the first line,
wherein a leader line for connecting one terminal of the
second LEDs in the second wiring substrate with the
connector exists outside the second LEDs arranged on
the second line, and
wherein the connector for supplying power to the backlight
exists on one side of the light guide panel and not on
other sides of the light guide panel.
9. The liquid crystal display device according to claim 7,
comprising a connector to supply power to the backlight,
wherein a leader line for connecting one terminal of the
first LEDs in the first wiring substrate with the connector
exists outside the first LEDs arranged on the first line,
wherein a leader line for connecting one terminal of the
second LEDs in the second wiring substrate with the
connector exists outside the second LEDs arranged on
the second line, and
wherein the connector for supplying power to the backlight
exists on one side of the light guide panel and not on
other sides of the light guide panel.
10. Lightning equipment comprising a light guide panel
and a plurality of LEDs,
wherein the light guide panel includes a concave portion
extending parallel to a side of the light guide panel,
wherein the plurality of LEDs are placed in the concave
portion, arranged on a line in an extending direction of
the concave portion of the light guide panel,
wherein the plurality of LEDs emit light parallel to a main
surface of the light guide panel,
wherein first LEDs of the plurality of LEDs emit light in a
first direction,
wherein second LEDs of the plurality of LEDs emit light in
a direction opposite to the first direction, and
wherein the first LEDs and the second LEDs are arranged
alternately in the extending direction of the concave
portion.
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