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BACKLIGHT DEVICE AND LIQUID
CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to a sidelight-type
backlight apparatus for a liquid crystal display, and a liquid
crystal display using the same.

[0003] 2. Description of the Related Art

[0004] Recently, the reduction of thicknesses, sizes and
weights of liquid crystal displays, the increases of their
brightness and the savings of their power consumption have
been demanded. In order to respond to these demands, a
backlight apparatus using a light emitting diode (hereinafter,
simply called an “LLED”) as a light source, instead of using a
fluorescent lamp, has been developed. A backlight apparatus
using an LED as alight source can reduceits size and can save
its power consumption because of its structure, compared
with the case of using a fluorescent lamp. Moreover, the
backlight apparatus does not contain mercury that is con-
tained in a fluorescent lamp, and thus has excellent environ-
mental friendliness. Thus, the backlight apparatuses using
LEDs as the light sources are increasingly applied to liquid
crystal displays that have small-sized screens for portable
terminals such as mobile phones and PDAs, in particular.
[0005] As a representative example of the backlight appa-
ratus using the LED as the light source, a sidelight-type
backlight apparatus isknown. See, for example, JP 11 (1999)-
353920 A (Patent Document 1) and JP 2001-43717 A (Patent
Document 2). FIG. 16 is a perspective view showing an
example of a structure of a conventional sidelight-type back-
light apparatus. Moreover, FIG. 17 is a perspective view
showing another example of the structure of the conventional
sidelight-type backlight apparatus.

[0006] As showninFIG. 16, in the sidelight-type backlight
apparatus, a plurality of channels are provided on one lateral
face 53 of a light guide plate 51 such that an inside face of the
channel serves as an incident face 54. Moreover, a main face
on one side of the light guide plate 51 (an upper side in the
figure) serves as alight exit face 55. In the example of FIG. 16,
in order to suppress a brightness irregularity and a color
irregularity of the display screen, a plurality of LEDs 52 are
disposed as the light sources. The plurality of the LEDs 52 are
arranged along a thickness direction of the light guide plate 51
and a direction perpendicular to the thickness direction, on
the incident face 54 side of the light guide plate 51. An
emitting direction of each LED 52 is directed to the incident
face 54. It should be noted that a structure of the attachment of
the LED 52 is not illustrated in FIG. 16.

[0007] Moreover, on a lateral face on which the incident
face 54 is not provided and on a main face opposed to the light
exit face 55, a reflection plate or a reflection sticker is
attached, which is not illustrated in FIG. 16. Thus, emitting
light from the LED 52 is incident from the incident face 54 to
an inside of the light guide plate 51, repeats reflection inside
the light guide plate 51, and thereafter, exits from the light exit
face 55 of the light guide plate 51.

[0008] As astructure of arranging the plurality of the LEDs,
a structure using a substrate shown in FIG. 17 is known. See,
for example, JP 2002-75038 A (Patent Document 3). As
shown in FIG. 17, on the substrate 56, the plurality of the
LEDs 52 for irradiating with light toward a normal line direc-
tion of a substrate face are mounted. This substrate 56 on
which the LEDs 52 are mounted is disposed so as to be

Aug. 27,2009

parallel with the lateral face 53 of the light guide plate 51.
According to this structure, the plurality of the LEDs 52 can
be arranged easily.

[0009] The backlight using such LEDs as the light sources
can contribute to the reductions of a thickness and a weight of
a liquid crystal display, the use of less mercury (environmen-
tal friendliness) because of not using a fluorescent lamp, and
the saving of the power consumption. Thus, the application of
the backlight apparatus to liquid crystal displays that have
large-sized screens, for example, liquid crystal monitors for
personal computers and liquid crystal televisions is also
expected in the future.

[0010] By the way, in the light guide plate constituting the
backlight apparatus, the main face (the light exit face) is
required to have a larger area, as the screen size of the liquid
crystal display is larger. Whereas, in the light of the reduction
of the thickness of the liquid crystal display, an increase of a
thickness (an area of the lateral face) of the light guide plate
is required to be suppressed as much as possible.

[0011] Accordingly, a ratio of the area of the lateral face of
the light guide plate with respect to the display area of the
liquid crystal display is decreased, as the screen size of the
liquid crystal display is increased, and as a result, a ratio of a
mounting area of the substrate for mounting the LED with
respect to the display area is also decreased, as the screen size
of the liquid crystal display is increased. Moreover, an
amount of light that can be emitted by one LED is limited.
Thus, in order to secure sufficient brightness by using the
backlight apparatus having the LED as the light source in a
liquid crystal display that has a large-sized screen, a mounting
density ofthe LEDs to be mounted on the substrate is required
to be higher, as the area of the main face of the light guide
plate in the backlight is a larger.

[0012] However, for example, in the example of FIG. 17, a
pitch between the LEDs 52 to be mounted on the substrate 56
is limited by a function of a mounter and securing of a sol-
dering region. Moreover, even when the plurality of the LEDs
52 are arranged and mounted also in the thickness direction of
the light guide plate 51 so as to increase the number of the
LEDs 52 as shown in FIG. 16, a pitch between the LEDs 52
that are adjacent in the thickness direction is also limited
similarly to the above-described case.

[0013] Because of these reasons, the mounting density of
the LEDs 52 that can be mounted on the substrate 56 has a
limitation. Thus, in the case where the sidelight-type back-
light apparatus that has the conventional LEDs as the light
sources is applied to a liquid crystal display that has a large-
sized screen, it is extremely difficult to secure sufficient
brightness.

SUMMARY OF THE INVENTION

[0014] The object of the present invention is to solve the
above-described problems, and to provide a backlight appa-
ratus, which can increase a light amount by increasing the
number of light emitting devices that can be disposed, and a
liquid crystal display using the same.

[0015] In order to attain the object described above, a first
backlight apparatus of the present invention is a backlight
apparatus of a sidelight type including: a light guide plate
having an incident face on a lateral face; and a light source
unit having a plurality of substrates, wherein the plurality of
the substrates are respectively disposed on the incident face
side of the light guide plate such that each of substrate faces
of the substrates is parallel with a main face of the light gnide
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plate, and the substrates are adjacent to one another in a
thickness direction of the light guide plate, and a plurality of
light emitting devices that emit light along the substrate faces
are mounted in columns on each of the substrate faces of the
plurality of the substrates such that emitting directions of the
light emitting devices are directed to the incident face.
[0016] In order to attain the object described above, a sec-
ond backlight apparatus of the present inventionis a backlight
apparatus of a sidelight type including: a light guide plate
having an incident face on a lateral face; and a light source
unit having a flexible substrate, wherein the flexible substrate
includes a plurality of mounting regions, and is folded at a
part except for the mounting regions such that mounting faces
of the plurality of the mounting regions are parallel with a
main face of the light guide plate, and a plurality of light
emitting devices are mounted in columns on each of the
mounting faces of the plurality of the mounting regions such
that emitting directions of the light emitting devices are
directed to the incident face.

[0017] Moreover, in order to attain the object described
above, a liquid crystal display of the present invention is
provided with the first backlight apparatus or the second
backlight apparatus of the present invention.

[0018] As described above, in the first backlight apparatus
of the present invention, the light source unit is structured
such that the plurality of the substrates on which the plurality
ofthe light emitting devices are mounted are superimposed in
the thickness direction of the light guide plate. Moreover, in
the second backlight apparatus of the present invention, the
light source umit is structured such that the flexible substrate
on which the plurality of the light emitting devices are
mounted in each mounting region is folded at a part except for
the mounting regions, and the mounting regions are superim-
posed in the thickness direction of the light guide plate.
[0019] Thus, according to the backlight apparatus of the
present invention, since a pitch between the light emitting
devices in the thickness direction of the light guide plate can
be shorten, it is possible increase the light amount by increas-
ing the number of the light emitting devices that can be
disposed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIGS. 1A and 1B are views schematically showing
a structure of a first example of a backlight apparatus accord-
ing to Embodiment 1 of the present invention, FIG. 1A is a
perspective view thereof, and FIG. 1B is a side view thereof
seen from an incident face side.

[0021] FIGS. 2A and 2B are views schematically showing
a structure of a second example of the backlight apparatus
according to Embodiment 1 of the present invention, FIG. 2A
is a perspective view thereof, and FIG. 2B is a side view
thereof seen from the incident face side.

[0022] FIG. 3 is an exploded perspective view showing a
structure of a liquid crystal display according to Embodiment
1 of the present invention.

[0023] FIGS. 4A and 4B are views schematically showing
astructure of a backlight apparatus according to Embodiment
2 of the present invention, FIG. 4A is a perspective view
thereof, and FIG. 4B is a side view thereof seen from an
incident face side.

[0024] FIGS. 5A and 5B are views schematically showing
a structure of a first example of a backlight apparatus accord-
ing to Embodiment 3 of the present invention, FIG. 5A is a
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perspective view thereof, and FIG. 5B is a side view thereof
seen from an incident face side.

[0025] FIGS. 6A and 6B are views schematically showing
a structure of a second example of the backlight apparatus
according to Embodiment 3 of the present invention, FIG. 6 A
is a perspective view thereof, and FIG. 6B is a side view
thereof seen from the incident face side.

[0026] FIGS. 7A and 7B are views schematically showing
a structure of a third example of the backlight apparatus
according to Embodiment 3 of the present invention, FIG. 7A
is a perspective view thereof, and FIG. 7B is a side view
thereof seen from the incident face side.

[0027] FIGS. 8A and 8B are views schematically showing
a structure of a first example of a backlight apparatus accord-
ing to Embodiment 4 of the present invention, FIG. 8A is a
perspective view thereof, and FIG. 8B is a side view thereof
seen from an incident face side.

[0028] FIG. 9is a perspective view showing a flexible sub-
strate constituting a light source unit of the backlight appara-
tus shown in FIGS. 8A and 8B.

[0029] FIGS. 10A and 10B are views schematically show-
ing a structure of a second example of the backlight apparatus
according to Embodiment 4 of the present invention, FIG.
10A is a perspective view thereof, and FIG. 10B is a side view
thereof seen from the incident face side.

[0030] FIGS. 11A and 11B are plan views showing an
example where a connection portion is formed on the flexible
substrate shown in FIG. 9, and FIGS. 11A and 11B respec-
tively show examples where positions for forming the con-
nection portion are different from each other.

[0031] FIGS. 12A and 12B are plan views showing an
example where a positioner is provided on the flexible sub-
strate shown in FIG. 11B, and FIGS. 12A and 12B respec-
tively show examples where the positioner have different
forms.

[0032] FIGS. 13A and 13B are views schematically show-
ing a structure of a first example of a backlight apparatus
according to Embodiment of the present invention, FIG. 13A
is a perspective view thereof, and FIG. 13B is a side view
thereof.

[0033] FIGS. 14A and 14B are views schematically show-
ing a structure of a second example of the backlight apparatus
according to Embodiment 5 of the present invention, FIG.
14A is a perspective view thereof, and FIG. 14B is a side view
thereof.

[0034] FIGS. 15A and 15B are views schematically show-
ing a structure of a third example of the backlight apparatus
according to Embodiment 5 of the present invention, FIG.
15A is a perspective view thereof, and FIG. 15B is a side view
thereof.

[0035] FIG. 16 is a perspective view showing an example of
astructure of a conventional sidelight-type backlight appara-
tus.

[0036] FIG. 17 is a perspective view showing another
example of the structure of the conventional sidelight-type
backlight apparatus.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] Inorder to attain the object described above, a first
backlight apparatus of the present invention is a backlight
apparatus of a sidelight type including: a light guide plate
having an incident face on a lateral face; and a light source
unit having a plurality of substrates, wherein the plurality of
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the substrates are respectively disposed on the incident face
side of the light guide plate such that each of substrate faces
of the substrates is parallel with a main face of the light guide
plate, and the substrates are adjacent to one another in a
thickness direction of the light guide plate, and a plurality of
light emitting devices that emit light along the substrate faces
are mounted in columns on each of the substrate faces of the
plurality of the substrates such that emitting directions of the
light emitting devices are directed to the incident face.
[0038] The above-described backlight apparatus according
to the present invention preferably has a heat sink plate that is
disposed between each of the plurality of the substrates and
another substrate which is adjacent to the substrate. Accord-
ing to this, heat dissipation of the light source unit can be
increased, and deterioration of the light emitting device
caused by heat can be suppressed.

[0039] Also, the above-described backlight apparatus
according to the present invention preferably has adjacent
two substrates among the plurality of the substrates which are
disposed such that mounting faces of the two substrates face
each other, and has a plurality of light emitting devices that
are mounted on one of the two substrates and a plurality of
light emitting devices that are mounted on other one of the
™wo substrates are mounted in positions that are not over-
lapped with each other in the thickness direction of the light
guide plate. According to this, since the number of the light
emitting devices that can be disposed can be increased fur-
ther, the light amount can be increased further.

[0040] Moreover, in order to attain the object described
above, a second backlight apparatus of the present invention
is a backlight apparatus of a sidelight type including: a light
guide plate having an incident face on a lateral face; and a
light source unit having a flexible substrate, wherein the flex-
ible substrate includes a plurality of mounting regions, and is
folded at a part except for the mounting regions such that
mounting faces of the plurality of the mounting regions are
parallel with a main face of the light guide plate, and a
plurality of light emitting devices are mounted in columns on
each of the mounting faces of the plurality of the mounting
regions such that emitting directions of the light emitting
devices are directed to the incident face. According to the
second backlight apparatus described above, the cost can be
saved, compared with the first backlight apparatus described
above.

[0041] In the above-described second backlight apparatus
according to the present invention, it is preferable that the
flexible substrate is folded such that mounting faces of at least
two mounting regions among the plurality of the mounting
regions face one another, and a light emitting device that is
mounted on one of the mounting regions and a light emitting
device that is mounted on other one of the mounting regions
are mounted in positions that are not overlapped with one
another in a thickness direction of the light guide plate.
According to this, since the number of the light emitting
devices that can be disposed can be increased further, the light
amount can be increased further.

[0042] Moreover, the above-described first and second
backlight apparatuses according to the present invention can
also have an end portion of the light guide plate on the inci-
dent face side which has a portion that is formed such that a
thickness of the portion is gradually increased as is closer to
the incident face. According to this, regardless of alength (the
number of stages of the light emitting devices that are super-
imposed) of the light guide plate in its thickness direction in
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thelight source unit, a thickness of a portion of a light exit face
of the light guide plate can be decreased. Thus, a thickness
and a weight of the backlight apparatus itself can be reduced,
and accordingly, a thickness and a weight of the liquid crystal
display on which this backlight apparatus is mounted also can
be reduced.

[0043] Moreover, in the above-described first and second
backlight apparatuses according to the present invention,
light emitting diodes that emit light along the substrate face
can be used as the plurality of the light emitting devices. In
this case, the plurality of the light emitting devices may be
white color light emitting diodes, and may also contain a red
color light emitting diode, a green color light emitting diode
and a blue color light emitting diode.

[0044] Moreover, in order to attain the object described
above, the liquid crystal display of the present invention is
provided with the above-described first or second backlight
apparatus according to the present invention.

Preferred Embodiment 1

[0045] A backlight apparatus according to Embodiment 1
of the present invention will be described below with refer-
enceto FIGS.1A,1B, 2A, and 2B. FIGS. 1A and 1B are views
schematically showing a structure of a first example of the
backlight apparatus according to Embodiment 1 of the
present invention, FIG. 1A is a perspective view thereof, and
FIG. 1B is a side view thereof seen from an incident face side.
[0046] As shown in FIGS. 1A and 1B, the backlight appa-
ratus of the present embodiment is a sidelight-type backlight
apparatus. The backlight apparatus is provided with a light
guide plate 1 and alight source unit 2. Inthe example of FIGS.
1A and 1B, the light guide plate 1 is a plate body having two
rectangular-shaped main faces and four rectangular-shaped
lateral faces, and one of the lateral faces serves as an incident
face 5. Moreover, one of the main faces on one side of the light
guide plate 1 (on an upper side in the figure) serves as a light
exit face 6.

[0047] Moreover, as shown in FIGS. 1A and 1B, the light
source unit 2 is provided with a plurality of substrates 3a to
3c. The substrates 3a to 3¢ are respectively disposed on the
incident face 5 side of the light guide plate 1 such that sub-
strate faces of the substrates are parallel with the main face
(the light exit face 6) of the light guide plate 1, and the
substrates are adjacent to one another in a thickness direction
of the light guide plate 1.

[0048] Further, on each of the substrate faces of the sub-
strates 3a to 3¢, a plurality of light emitting devices 4 that emit
light along the substrate faces are mounted such that emitting
directions thereof are directed to the incident face 5. More-
over, the plurality of the light emitting devices 4 are arranged
in columns in a direction (hereinafter called a “transverse
direction”) that is perpendicular to the thickness direction of
the light guide plate 1 and is parallel with the lateral face
serving as the incident face 5. In the example of FIGS. 1A and
1B, the light emitting devices 4 are side emission-type LEDs.
[0049] As described above, the light source unit 2 of the
backlight apparatus shown in FIGS. 1A and 1B is structured
such that the substrates 3a to 3¢ on which the plurality of the
light emitting devices 4 are mounted in columns are super-
imposed in the thickness direction of the light guide plate 1
(hereinafter, called a “longitudinal direction”). Thus, com-
pared with the example shown in FIGS. 16 and 17 in Back-
ground Art, a pitch between the light emitting devices 4 in the
longitudinal direction can be shorten, and thus a density of the
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light emitting devices 4 on the incident face 5 (or the lateral
face of the light guide plate) can be higher, so that the number
of light emitting devices that can be disposed can be
increased.

[0050] Thus, the backlight apparatus shown in FIGS. 1A
and 1B can also be used for liquid crystal displays having
large-sized screens, for example, liquid crystal monitors for
personal computers and liquid crystal televisions, and suffi-
cient brightness can be secured also in these cases. Further,
compared with the case of using a fluorescent lamp as the
light source, a thickness and a weight of a liquid crystal
display can be reduced, and power consumption thereof can
be saved. Moreover, environmental friendliness can also be
improved by using less mercury.

[0051] Moreover, in the backlight apparatus shown in
FIGS. 1A and 1B, the light emitting devices 4 on each of the
substrates 3a to 3¢ separately can be switched on and off so as
1o adjust a light amount. For example, the light amount can be
adjusted by three stages of: switching on only the light emit-
ting devices 4 that are mounted on any one of the substrates;
switching on the light emitting devices 4 that are mounted on
any two of the substrates; and switching on all of the light
emitting devices 4. In the case ofadjusting the light amount in
such a manner, occurrence of a brightness irregularity can be
suppressed more, compared with the case of adjusting the
light amount by switching on the light emitting devices 4 atan
interval of one or two in the transverse direction.

[0052] In Embodiment 1, the light emitted from the light
exit face 6 of the light guide plate 1 is preferably white. In this
case, on each of the substrates 3a to 3¢, a white color LED is
preferably mounted as the light emitting device 4. Examples
ofthe white color LED include a white color LED constituted
by combining a GaN-based blue color LED with a YAG-
based fluorescent body, and a white color LED using ZnSe.
[0053] Moreover, itis also possible that, for example, a red
color (R) LED is mounted on the substrate 3a, a green color
(G) LED is mounted on the substrate 35, and a blue color (B)
LED is mounted on the substrate 3¢, so that a white color is
made inside the light guide plate 1. Also, it is also possible
thatared color LED, a green color LED and a blue color LED
are mounted alternately on the respective substrates, so that a
white color is made inside the light guide plate 1.

[0054] Further, in the example of FIGS. 1A and 1B, the
LEDs are used as the light emitting devices 4, but Embodi-
ment 1 is not limited to this. Besides the LEDs, for example,
organic electroluminescent (EL) devices can also be used as
the light emitting devices 4.

[0055] Moreover, in Embodiment 1, the substrates 3a to 3¢
may be rigid substrates formed of an epoxy resin or the like,
and may also be flexible substrates formed of a polyimide
resin, a polyester resin or the like. In addition, on the sub-
strates 3a to 3¢, wiring patterns for supplying electric powers
to the light emitting devices 4 are formed, which are not
illustrated in FIGS. 1A and 1B.

[0056] In Embodiment 1, as shown in FIGS. 2A and 2B, it
1s also possible that end portions of the substrates 3a to 3¢ are
combined into one. FIGS. 2A and 2B are views schematically
showing a structure of a second example of the backlight
apparatus according to Embodiment 1 of the present inven-
tion, FIG. 2A is a perspective view thereof, and FIG. 2B is a
side view thereof seen from the incident face side.

[0057] In the example of FIGS. 2A and 2B, the substrates
3ato 3¢ are flexible substrates, and terminals (not illustrated)
ofthe respective substrates are connected with one another by
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crimping or soldering. In the case of the example shown in
FIGS. 2A and 2B, substrates with the same shapes and the
same structures may be used as the substrates 3¢ to 3¢. Thus,
since the substrates are only of one kind, an efficiency of the
development can be improved. Moreover, in the case of
increasing the number of the substrates, designing and setting
of the substrates to be added can be achieved easily. From
these points, in the case of the example shown in FIGS. 2A
and 2B, the costrequired for the development of the backlight
apparatus can be reduced.

[0058] InEmbodiment 1, a shape of the light guide plate 1
is not particularly limited, as long as it has the incident face on
its lateral face. For example, the light guide plate may have a
channel or a concave portion corresponding to the light emit-
ting device which is provided on the lateral face, and an inside
face of this channel or this concave portion which serves as
the incident face, similarly to the example shownin FIG. 16 in
Background Art. Moreover, in Embodiment 1, the number of
the substrates and the number of the light emitting devices are
not limited particularly.

[0059] It should be noted that FIGS. 1A, 1B, 2A, and 2B
show only main parts that constitute the backlight apparatus.
The backlight apparatus shown in FIGS. 1A, 1B, 2A, and 2B
is provided with a light controlling device on the light exit
face 6, which is not illustrated though. Moreover, the reflec-
tion members are attached on the lateral face that does not
serve as the incident face 5 and on the main face opposed to
the light exit face 6, such that reflection faces of the reflection
members face the inside of the light guide plate 1, which are
not illustrated.

[0060] A structure of a liquid crystal display according to
Embodiment 1 will be described with reference to FIG. 3.
FIG. 3 is an exploded perspective view showing the structure
ofthe liquid crystal display according to Embodiment 1 of the
present invention. As shown in FIG. 3, the liquid crystal
display according to Embodiment 1 is provided with the
backlight apparatus 10 shown in FIGS. 1A and 1B and a
liquid crystal display panel 15.

[0061] Moreover, as shown in FIG. 3, the backlight appa-
ratus 10 is provided with the light guide plate 1 and the light
source unit 2 that are shown in FIGS. 1A and 1B, and a light
controlling device 11 that is not illustrated in FIGS. 1A and
1B. The light controlling device 11 is disposed on the light
exit face 6 of the light guide plate 1. The light controlling
device 11 is formed by superimposing a diffusion sheet 12, a
lower prism sheet 13 and an upper prism sheet 14 in this order.
Reference numeral 7 denotes a reflection sheet that is
attached on the main face that is opposed to the light exit face
6 of the light guide plate 1.

[0062] Tt should be noted that the structure of the light
controlling device 11 is not limited to the example shown in
FIG. 3. For example, itis also possible that one more diffusion
sheet is disposed further on the light controlling device 11,
and that the light controlling device 11 is constituted only of
the diffusion sheet. Further, it is also possible that the light
controlling device 11 is constituted by using a lens sheet
instead of the lower prism sheet 13 and the upper prism sheet
14, and using one each of the diffusion sheet 12 and the lens
sheet. Moreover, it is possible to use one prism sheet with a
prism ridgeline that faces down, instead of the diffusion sheet
12 and the prism sheets 13 and 14, and to dispose the diffusion
sheet thereon.

[0063] Moreover, the light controlling device 11 may also
have a structure where a polarized light selective reflection
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sheet called as DBEF (a name called by 3M (product name))
manufactured by 3M is added. Further, it is also possible to
use a lens sheet that has a layer formed of a polarized light
selective reflection sheet called as BEF-RP (a name called by
3M (product name)) manufactured by 3M, instead of the
lower prism sheet 13 or the upper prism sheet 14.

[0064] Moreover, as shown in FIG. 3, the liquid crystal
display panel 15 is disposed on the light controlling device 11.
The liquid crystal display panel 15 is provided with an array
substrate 16a on which a plurality of TFT devices are formed
in matrix, a filter substrate 165 and a liquid crystal (not
illustrated) that intervenes between the array substrate 16
and the filter substrate 165. Moreover, on a lower face of the
array substrate 164, a lower polarization plate 17 is attached.
On an upper face of the filter substrate 165, an upper polar-
ization plate 18 is attached. Incidentally, the structure of the
liquid crystal display panel 15 is not limited to the example
shown in FIG. 3.

[0065] According to such a structure, the light emitted from
the light exit face 6 of the light guide plate 1 of the backlight
apparatus 10 passes through the light controlling device 11,
and illuminates the liquid crystal display panel 15. As aresult,
on a display screen of the liquid crystal display panel 15, an
image is formed. Moreover, even if the liquid crystal display
panel 15 is the liquid crystal display panel 15 having a large-
sized screen for a PC monitor, a liquid crystal television and
the like, the backlight apparatus 10 can be applied thereto, as
described above. Further, it is also possible to combine the
light controlling device and the liquid crystal display panel 15
that are shown in FIG. 3 with backlight apparatuses that will
be described below in the respective embodiments. Also in
these cases, liquid crystal displays can be obtained similarly.

Preferred Embodiment 2

[0066] Next, a backlight apparatus according to Embodi-
ment 2 of the present invention will be described with refer-
ence to FIGS. 4A and 4B. FIGS. 4A and 4B are views sche-
matically showing a structure of the backlight apparatus
according to Embodiment 2 of the present invention, FIG. 4A
is a perspective view thereof, and FIG. 4B is a side view
thereof seen from an incident face side.

[0067] As shown in FIGS. 4A and 4B, the backlight appa-
ratus of Embodiment 2 is also a sidelight-type backlight appa-
ratus similarly to that of Embodiment 1. Moreover, the back-
light apparatus of Embodiment 2 is also provided with the
light source unit 2 on the incident face 5 side of the light guide
plate 1, similarly to that of Embodiment 1.

[0068] However, as shown in FIGS. 4A and 4B, the back-
light apparatus of Embodiment 2 is provided with heat sink
plates 8 between the substrate 3a and the substrate 35 adjacent
to the substrate 3a that constitute the light source unit 2, and
between the substrate 35 and the substrate 3¢ that is adjacent
1o the substrate 35, respectively, unlike the backlight appara-
tus of Embodiment 1. In the example of FIGS. 4A and 4B, the
heat sink plates 8 are in touch with upper faces of the light
emitting devices 4 and a lower face of the substrate 3a or the
substrate 3b. Moreover, each of the heat sink plates 8 is
provided with a fin 9 so as to block between the light emitting
devices 4 that are mounted in columns, and heat accumulated
between the light emitting devices 4 is released by the fin 9.
[0069] Thus, according to the backlight apparatus of
Embodiment 2, a heat dissipation property of the light source
unit 2 can be improved more, compared with the backlight
apparatus of Embodiment 1. As a result, deterioration of the
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light emitting device 4 by heat can be suppressed, and a
lifetime of the backlight apparatus can be increased. More-
over, an emission efficiency and a rated current can also be
increased. The backlight apparatus according to Embodiment
2 is effective in the case of increasing the number of the
substrates to be disposed and the number of the light emitting
devices to be mounted thereon so as to increase a heat value of
the light source unit 2.

[0070] Moreover, the backlight apparatus according to
Embodiment 2 is structured similarly to the backlight appa-
ratus according to Embodiment 1 except that the heat sink
plates 8 are disposed. Thus, also in the backlight apparatus of
Embodiment 2, compared with the example shown in FIGS.
16 and 17 in Background Art, the pitch between the light
emitting devices 4 in the longitudinal direction can be
shorten, the density of the light emitting devices 4 on the
incident face 5 can be higher, and the number of the light
emitting devices that can be disposed can be increased. Fur-
ther, also in the backlight apparatus shown in FIGS. 4A and
4B, the light emitting devices 4 on each of the substrates
separately can be switched on and off so as to adjust the light
amount.

[0071] It should be noted that the number and structures of
the heat sink plates 8 are not limited particularly in Embodi-
ment 2. For example, the heat sink plate 8 may be disposed on
an upper side of the substrate 3¢ or a lower side of the
substrate 3¢. Also, the heat sink plate 8 may have a structure
that does not include the fin 9. Examples of a material of the
heat sink plate 8 include metal materials having excellent heat
dissipation, such as stainless steel, aluminum, copper and
iron.

[0072] Moreover, FIGS. 4A and 4B show only main parts
constituting the backlight apparatus. The backlight apparatus
shown in FIGS. 4A and 4B are provided with the light con-
trolling device on the light exit face 6, which is not illustrated
though. Further, the reflection members are attached on the
lateral face that does not serve as the incident face 5 and on the
main face opposed to the light exit face 6, such that reflection
faces of the reflection members face the inside of the light
guide plate 1, which are not illustrated.

Preferred Embodiment 3

[0073] Next, a backlight apparatus according to Embodi-
ment 3 of the present invention will be described with refer-
ence to FIGS. 5A to 7B. FIGS. 5A and 5B are views sche-
matically showing a structure of a first example of the
backlight apparatus according to Embodiment 3 of the
present invention, FIG. 5A is a perspective view thereof, and
FIG. 5B is a side view thereof seen from an incident face side.
[0074] As shown in FIGS. 5A and 5B, the backlight appa-
ratus of Embodiment 3 is also a sidelight-type backlight appa-
ratus similarly to that of Embodiment 1. Moreover, the back-
light apparatus of Embodiment 3 is also provided with a light
source unit 20 on the incident face 5 side of the light guide
plate 1, similarly to that of Embodiment 1.

[0075] However, as shown in FIGS. 5A and 5B, in the
backlight apparatus of Embodiment 3, two substrates 21a and
215 that are adjacent to each other in the longitudinal direc-
tion are disposed such that mounting faces thereof face each
other. Moreover, a plurality of light emitting devices 22 that
are mounted on the substrate 21¢ and a plurality of light
emitting devices 23 that are mounted on the substrate 215 are
mounted in positions that are not overlapped with each other
in the longitudinal direction.
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[0076] Intheexample of FIGS. 5A and 5B, each of the light
emitting devices 23 that are mounted on the lower-side sub-
strate 215 is mounted so as to be positioned between the light
emitting devices 22 that are mounted on the upper-side sub-
strate 21a, and the light emitting devices 22 and the light
emitting devices 23 are not in contact with each other. Inci-
dentally, the light emitting devices 22 and 23 are also side
emission-type LEDs that are similar to the light emitting
devices 4 in Embodiment 1, and emitting directions of the
light emitting devices 22 and 23 are directed to the incident
face 5.

[0077] As described above, according to Embodiment 3,
densities of the light emitting devices 22 and 23 on the inci-
dent face 5 can be increased further, compared with that of
Embodiment 1. Moreover, athickness of the light source unit
20 in the longitudinal direction can be reduced, thus contrib-
uting to reduce a thickness of a liquid crystal display. Further,
also inthe backlight apparatus shownin FIGS. 5A and 5B, the
light emitting devices 22 and 23 on each of the substrates
separately can be switched on and off so as to adjust the light
amount.

[0078] In the light of the improvement of the densities of
the light emitting devices, a distance between the substrate
21a and the substrate 215 is preferably set such that the light
emitting devices 22 and the light emitting devices 23 are
overlapped with each other when viewing the light source
unit 20 from the transverse direction. However, if the distance
between the substrate 21a and the substrate 215 is small, heat
dissipation of the light source unit 2 may be decreased. Thus,
in such a case, a heat sink plate 24 is preferably disposed as
shown in FIGS. 6A and 6B.

[0079] FIGS. 6A and 6B are views schematically showing
a structure of a second example of the backlight apparatus
according to Embodiment 3 of the present invention, FIG. 6A
is a perspective view thereof, and FIG. 6B is a side view
thereof seen from the incident face side. In the example of
FIG. 6A, the heat sink plate 24 is disposed between the
substrate 21a and the substrate 215. The heat sink plate 24 is
formed to have a wave shape so as to be settled between the
light emitting devices 22 and the light emitting devices 23.
[0080] The heat sink plate 24 is also made of a metal mate-
rial, similarly to the heat sink plate 8 shown in Embodiment 2.
A shape of the heat sink plate 24 is not limited particularly, but
it is preferably a shape having a large contact area with the
light emitting devices 22 and 23, in the light of the improve-
ment of the heat dissipation property.

[0081] Moreover,in Embodiment 3, the number of the sub-
strates constituting the light source unit 20 is not limited
particularly. As shown in FIGS. 7A and 7B, the number of the
substrates constituting the light source unit 20 can be further
increased.

[0082] FIGS. 7A and 7B are views schematically showing
a structure of a third example of the backlight apparatus
according to Embodiment 3 of the present invention, FIG. 7A
is a perspective view thereof, and FIG. 7B is a side view
thereof seen from the incident face side. In the example of
FIGS. 7A and 7B, the light source unit 20 is provided also
with substrates 21c and 21d, besides the substrates 21a and
215.

[0083] Similarly to the substrates 21a and 215, the sub-
strates 21¢ and 214 are also adjacent to each other in the
longitudinal direction, and are disposed such that mounting
faces thereof face each other. Moreover, a plurality of light
emitting devices 25 that are mounted on the substrate 21¢ and
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a plurality of light emitting devices 26 that are mounted on the
substrate 21d are also mounted in positions that are not over-
lapped with each other in the longitudinal direction. Accord-
ing to the example shown in FIGS. 7A and 7B, the light
amount can be further improved, compared with the example
shown in FIGS. 5A and 5B.

[0084] Incidentally, also in the example shown in FIGS. 7A
and 7B, similarly to the example shown in FIGS. 6A and 6B,
the heat sink plates 24 can be disposed between the substrate
21a and the substrate 215, and between the substrate 21c and
the substrate 21d, respectively. Moreover, in the example
shown in FIGS. 7A and 7B, the heat sink plate can be disposed
also between the substrate 215 and the substrate 21c.

[0085] Moreover, FIGS. 5A to 7B show only main parts
that constitute the backlight apparatus. The backlight appa-
ratus shown in FIGS. 5A to 7B is provided with the light
controlling device on the light exit face 6, which is not illus-
trated though. Further, the reflection members are attached on
the lateral face that does not serve as the incident face 5 and on
the main face opposed to the light exit face 6, such that
reflection faces of the reflection members face the inside of
the light guide plate 1.

Preferred Embodiment 4

[0086] Next, a backlight apparatus according to Embodi-
ment 4 of the present invention will be described with refer-
ence to FIGS. 8A to 10B. FIGS. 8A and 8B are views sche-
matically showing a structure of a first example of the
backlight apparatus according to Embodiment 4 of the
present invention, FIG. 8A is a perspective view thereof, and
FIG. 8B is aside view thereof seen from an incident face side.
FIG. 9 is a perspective view showing a flexible substrate
constituting a light source unit of the backlight apparatus
shown in FIGS. 8A and 8B.

[0087] As shown in FIGS. 8A and 8B, the backlight appa-
ratus of Embodiment 4 is also a sidelight-type backlight appa-
ratus similarly to that of Embodiment 1. Moreover, the back-
light apparatus of Embodiment 4 is also provided with a light
source unit 30 on the incident face 5 side of the light guide
plate 1, similarly to that of Embodiment 1.

[0088] However, as shown in FIGS. 8A and 8B, in the
backlight apparatus of Embodiment 4, the light source unit 30
1s formed by using a flexible substrate 31, instead of using the
two or more substrates shown in Embodiments 1 to 3, which
have a continuous positional relationship in the longitudinal
direction. More specifically, in the example of FIGS. §A and
8B, the plurality of the light emitting devices are mounted by
using the flexible substrate 31, instead of using the substrates
21q and 215 shown in FIGS. 5A and 5B in Embodiment 3,
which have a continuous positional relationship in the longi-
tudinal direction. This point will be described below.

[0089] As shown in FIG. 9, the flexible substrate 31 is
provided with a mounting region 31a on which a plurality of
light emitting devices 32 are mounted, and a mounting region
31b on which a plurality of light emitting devices 33 are
mounted. Moreover, as shown in FIGS. 8A and 8B, the flex-
ible substrate 31 is folded at a part (a folding region) 31¢
except for the mounting regions, such that mounting faces of
the mounting region 31a and the mounting region 315 are
parallel with the main face 6 of the light guide plate 1.
[0090] Further, as shownin FIGS. 8A, 8B, and 9, both of the
mounting face of the mounting region 31a and the mounting
face of the mounting region 315 are on the same face of the
flexible substrate 31, and they face each other by the fold at
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the folding region 31¢. Moreover, when the flexible substrate
31 is fold, the light emitting devices 32 that are mounted on
the mounting region 31 and the light emitting devices 33 that
are mounted on the mounting region 315 are mounted in
positions that are not overlapped with each other in the lon-
gitudinal direction, similarly to the example shown in FIGS.
5A and 5B in Embodiment 3.

[0091] As described above, the flexible substrate 31 func-
tions similarly to the substrate 21a and the substrate 214
shown in FIGS.5A and 5B. The backlight apparatus shown in
FIGS. 8A and 8B has a structure and functions that are similar
to those of the backlight apparatus shown in FIGS. 5A and 5B
in Embodiment 3, except using the flexible substrate 31.
[0092] Accordingly, also in the backlight apparatus of
Embodiment 4 shown in FIGS. 8A and 8B, similarly to that of
Embodiment 3, densities of the light emitting devices 32 and
33 on the incident face 5 can be further increased, compared
withthat of Embodiment 1. Also, in the backlight apparatus of
Embodiment 4 shown in FIGS. 8A and 8B, a thickness of the
light source unit 30 in the longitudinal direction can be
reduced, thereby contributing to reduce the thickness of the
liquid crystal display.

[0093] Moreover, wirings that can supply electric powers to
the mounting region 31a and the mounting region 315 sepa-
rately are preferably provided on the flexible substrate 31 in
the backlight apparatus shown in FIGS. 8A and 8B. In this
case, the light emitting device 32 and the light emitting device
33 separately can be switched on and off, whereby the light
amount of the backlight apparatus can be adjusted easily.
[0094] In Embodiment 4, the number of the mounting
regions and the number of the folding regions of the flexible
substrate are not limited particularly. For example, an
example shown in FIGS. 10A and 10B can be adopted. In the
example shown in FIGS. 10A and 10B, the plurality of the
light emitting devices are mounted by using a flexible sub-
strate 34, instead of using the substrates 21a and 215 shown in
FIGS. 7A and 7B in Embodiment 3, which have the continu-
ous positional relationship in the longitudinal direction. This
point will be described below.

[0095] FIGS. 10A and 10B are views schematically show-
ing a structure of a second example of the backlight apparatus
according to Embodiment 4 of the present invention, FIG.
10A is a perspective view thereof, and FIG. 10B is a side view
thereof seen from the incident face side. As shown in FIGS.
10A and 10B, the flexible substrate 34 is provided with
mounting regions 35a to 354 and folding regions 36a to 36¢.
All of mounting faces of the mounting regions 35a to 354 are
on the same face of the flexible substrate 34.

[0096] As shownin FIGS. 10A and 10B, the folding region
36a is folded such that the mounting faces of the mounting
region 35q and the mounting region 355 face each other. The
folding region 365 is folded such that the mounting faces of
the mounting region 355 and the mounting region 35¢ do not
face each other. The folding region 36¢ is folded such that the
mounting faces of the mounting region 35¢ and the mounting
region 35d face each other. These folds are achieved such that
the mounting faces of the mounting regions 35a to 354 are
parallel with the main face 6 of the light guide plate 1, as
shown in FIGS. 10A and 10B.

[0097] Moreover, the light emitting devices 37a that are
mounted on the mounting region 354, and the light emitting
devices 375 that are mounted on the mounting region 355 are
mounted in positions that are not overlapped with each other
in the longitudinal direction, similarly to the example shown
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in FIGS. 7A and 7B in Embodiment 3. Also, the light emitting
devices 37cthat are mounted on the mounting region 35¢, and
the light emitting devices 374 that are mounted on the mount-
ing region 34d are mounted in positions that are not over-
lapped with each other in the longitudinal direction, similarly
to the example shown in FIGS. 7A and 7B in Embodiment 3.
[0098] As described above, the flexible substrate 34 func-
tions similarly to the substrates 21a to 21d shown in FIGS. 7A
and 7B. The backlight apparatus shown in FIGS. 10A and
10B has a structure and functions that are similar to those of
the backlight apparatus shown in FIGS. 7A and 7B in
Embodiment 3 except for using the flexible substrate 34.
Moreover, also in the backlight apparatus shown in FIGS.
10A and 10B, wirings that can supply electric powers to the
mounting regions 35a to 354 separately are preferably pro-
vided on the flexible substrate 34, in the light of the facilita-
tion for adjusting the light amount.

[0099] Moreover, in Embodiment 4, it is possible to use one
flexible substrate instead of the substrates 3a to 3¢ shown in
FIGS. 1A, 1B, 4A, and 4B. In this case, a flexible substrate
provided with three mounting regions, on which amounting
face of a central mounting region is positioned opposite to a
mounting face of other mounting region, may be used. This
flexible substrate can function similarly to the substrates 3a to
3¢ shown in FIGS. 1A, 1B, 4A, and 4B.

[0100] InEmbodiment 4, a shape of the flexible substrate is
not limited to the slim rectangular shape shown in FIGS. 8A
to 10B. Here, other example of the flexible substrate that can
be used for the light source unit shown in FIGS. 8A and §B
will be described with reference to FIGS. 1A to 12B. FIGS.
11A and 11B are plan views showing an example where a
connection portion is formed on the flexible substrate shown
in FIG. 9, and FIGS. 11A and 11B respectively show
examples where the connection portion is formed in different
portions.

[0101] Inthe example of FIG. 11A, the connection portion
38 is provided at an end of a portion of the flexible substrate
31 serving as the mounting region 315 such that the mounting
region 315 becomes to have an L-shape. Whereas, in the
example of FIG. 1B, the connection portion 38 is provided
near a center of a portion of the flexible substrate 31 which
serves as the mounting region 314 such that the mounting
region 315 becomes to have a T-shape.

[0102] The connection portion 38 shown in FIGS. 11A and
11B is utilized for connecting the flexible substrate 31 with a
power supply portion (not illustrated), a main substrate (not
illustrated) and the like. To the connection portion 38, a ter-
minal for a connector connection and a soldering connection
is provided, which is notillustrated though. It should be noted
that, in Embodiment 4, a position for providing the connec-
tion portion 38 is not limited particularly. Moreover, in the
example of FIGS. 11A and 11B, the connection portion 38
has a rectangular shape, but the shape of the connection
portion 38 is not limited particularly. The position and the
shape of the connection portion 38 can be set appropriately
according to the structures of the backlight apparatus and the
liquid crystal display.

[0103] FIGS. 12A and 12B are plan views showing an
example where a positioner is provided on the flexible sub-
strate shown in FIG. 11B, and FIGS. 12A and 12B respec-
tively show examples where the positioner have different
forms. In the example of FIG. 12A, the positioner is two
through holes 39 that are provided in the mounting region
31b. Into the through holes 39, protrusions (not illustrated)
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that are provided to a frame (not illustrated) of the liquid
crystal display or the backlight apparatus are inserted, thereby
positioning the flexible substrate 31.

[0104] In the example of FIG. 12B, the positioner is an
attachment portion 40. The attachment portion 40 is provided
by expanding the mounting region 315 on the light guide plate
1 (see FIGS. 8A and 8B) side. The attachment portion 40 is
attached to a face opposed to the light exit face 6 (see FIGS.
8A and 8B) of the light guide plate 1 by an adhesive. Thereby,
the flexible substrate 31 is positioned.

[0105] As described above, in the backlight apparatus
according to Embodiment 4, the flexible substrate is used
instead of the plurality of the substrates that are shown in
Embodiments 1 to 3. Thus, a weight of the backlight appara-
tus can be reduced. Moreover, compared with Embodiments
1 to 3, the number of the members can be reduced and wiring
structures can be simplified, thus leading to the reduction of
the manufacturing cost.

[0106] Incidentally, FIGS. 8A, 8B, 10A, and 10B show
only the main parts constituting the backlight apparatus. The
backlight apparatus shown in FIGS. 8A, 8B, 10A, and 10B is
provided with the light controlling device on the light exit
face 6, which is not illustrated though. Moreover, the reflec-
tion members are attached on the lateral face that does not
serve as the incident face 5 and on the main face opposed to
the light exit face 6, such that reflection faces ofthe reflection
members face the inside of the light guide plate 1, which are
not illustrated.

Preferred Embodiment 5

[0107] Next, the backlight apparatus according to Embodi-
ment 5 of the present invention will be described with refer-
ence to FIGS. 13A to 15B.

[0108] FIGS.13A and 13B are views schematically show-
ing a structure of a first example of the backlight apparatus
according to Embodiment 5 of the present invention, FIG.
13Ais a perspective view thereof, and FIG. 13Bis a side view
thereof. FIGS. 14A and 14B are views schematically showing
a structure of a second example of the backlight apparatus
according to Embodiment 5 of the present invention, FIG.
14A is a perspective view thereof, and FIG. 14B is a side view
thereof. FIGS. 15A and 15B are views schematically showing
a structure of a third example of the backlight apparatus
according to Embodiment 5 of the present invention, FIG.
15A is a perspective view thereof, and FIG. 15B is a side view
thereof.

[0109] As shown in FIGS. 13A and 13B, the backlight
apparatus of Embodiment 5 is also a sidelight-type backlight
apparatus similarly to that of Embodiment 1. Moreover, the
backlight apparatus of Embodiment 5 is also provided with
the light source unit 2 on an incident face 42 side of a light
guide plate 41, similarly to that of Embodiment 1. In the
example of FIGS. 13A and 13B, the light source unit 2 is the
same as the light source unit shown in FIG. 1 in Embodiment
L.

[0110] However, as shown in FIGS. 13A and 13B, in the
backlight apparatus of Embodiment 5, the light guide plate 41
has a portion (hereinafter, called a “thickness-increased por-
tion”) 45 that is formed at an end portion 43 on the incident
face 42 side, such that a thickness of the portion 45 is gradu-
ally increased as is closer to the incident face 42. Thus, a
length (a thickness in the vicinity of the incident face 42) of
the incident face 42 in the longitudinal direction is larger than
a thickness of a portion 44 except for the end portion 43.
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Further, a main face of the portion 44 except for the end
portion 43 serves as the light exit face 46.

[0111] As described above, in Embodiment 5, the light
guide plate 41 formed such that the portion (the end portion
43) constituting the incident face 42 is thick, and the portion
(the portion 44 except for the end portion 43) constituting the
light exit face 46 is thin is used. Thus, regardless of the length
(the number of stages of the light emitting devices 4 that are
superimposed) of the light guide plate 41 in the thickness
direction in the light source unit 2, areduction of the thickness
of the portion of the light exit face of the light guide plate 41
can be achieved. Thus, a thickness and a weight of the back-
light apparatus itself can be reduced, and accordingly, a thick-
ness and a weight of the liquid crystal display on which this
backlight apparatus is mounted can be reduced.

[0112] Inthe example of FIGS. 13A and 13B, as shown in
FIG. 13B, the end portion 43 has a tunnel shape in which a
pair of inclined faces 45a and 454 are formed at the thickness-
increased portion 45, but the shape of the end portion43 is not
limited to this in Embodiment 5. For example, the end portion
43 may have a shape where the inclined face 454 1s formed
only on the light exit face 6 side as shown in FIGS. 14A and
14B, and may have a shape where the inclined face 456 is
formed only on an opposite side of the light exit face 6 as
shown in FIGS. 15A and 15B. It is determined to adopt which
of the shapes shown in FIGS. 13 A to 15B, by considering an
internal space of the liquid crystal display.

[0113] Incidentally, in the examples of FIGS. 13A to 15B,
thelight source unit 2 shown in FIGS. 1A and 1B is used as the
light source unit, but Embodiment 5 is not limited to this. In
Embodiment 5, besides the light source unit shown in FIGS.
1A and 1B, the light source unit shown in any of FIGS. 24,
2B, 4A, 4B, 5A to 8B, 10A, and 10B can also be used.
[0114] Moreover, FIGS. 13A to 15B show only main parts
that constitute the backlight apparatus. The backlight appa-
ratus shown in FIGS. 13A to 15B is provided with the light
controlling device on the light exit face 46, which is not
illustrated though. Moreover, in the light guide plate 41, the
reflection member is attached on a portion except for the light
exit face 46 and the incident face 42 such that a reflection face
of the reflection member faces the inside of the light gnide
plate 41, which is not illustrated.

[0115] As described above, in the backlight apparatus of
the present invention, the density of the light emitting devices
onthe incident face can be increased, so that the number of the
light emitting devices that can be disposed can be increased so
as to increase the light amount.

What is claimed is:

1. A backlight apparatus of a sidelight type comprising:

a light guide plate having an incident face on a lateral face;
and

a light source unit having a plurality of substrates; wherein

each of the plurality of substrates is respectively disposed
on the incident face side of the light guide plate such that
a face of each of the plurality of substrates is parallel
with a main face of the light guide plate;

the plurality of substrates are arranged adjacent to one
another in a thickness direction of the light guide plate;

a plurality of light emitting devices are mounted in col-
umns on each of the substrate faces of the plurality of
substrates such that light emitted from the plurality of
light emitting devices is directed to the incident face; and

a heat sink plate is disposed between adjacent ones of the
plurality of light emitting devices.
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2. The backlight apparatus according to claim 1, wherein
switching on ofthe plurality of light emitting devices on each
of the plurality of substrates is controlled independently of
any other of the plurality of substrates.

3. The backlight apparatus according to claim 1, wherein:

two adjacent substrates among the plurality of substrates
are disposed such that mounting faces of the two adja-
cent substrates face each other; and

a first group of the plurality of light emitting devices that
are mounted on one of the two adjacent substrates and a
second group of the plurality of light emitting devices
that are mounted on the other one of the two adjacent
substrates are mounted in positions that are not over-
lapped with each other in the thickness direction of the
light guide plate.
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4. The backlight apparatus according to claim 1, wherein
the thickness of a portion of the light guide plate decreases in
a direction extending away from the incident face of the light
guide plate.

5. The backlight apparatus according to claim 1, wherein
the plurality of light emitting devices are light emitting
diodes.

6. The backlight apparatus according to claim 5, wherein
the light emitting diodes emit white color light.

7. The backlight apparatus according to claim 5, wherein
the light emitting diodes include a red color light emitting
diode, a green color light emitting diode, and a blue color light
emitting diode.

8. A liquid crystal display comprising the backlight appa-
ratus according to claim 1.
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