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(57) ABSTRACT

A backlight device (100) includes: a case (1); a plurality of
LED modules (2) provided in series on a bottom portion (1a)
ofthe case (1); a reflective sheet (3); a diffusing plate (4); and
an optical sheet (5). At the bottom portion (1a) of the case (1),
four recessed portions (10) are formed in a horizontal direc-
tion of a display screen, and each of the LED modules 2 is
fixed thereon with screws (11). At opposite ends of the
recessed portion (10), opening portions (10a) and (105) each
having a lid member (13) are formed, thus making it possible
to remove the LED modules (2) without disassembling the
backlight device (100).
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BACKLIGHT DEVICE AND LIQUID
CRYSTAL DISPLAY APPARATUS USING
SAME

TECHNICAL FIELD

[0001] The present invention relates to a backlight device
for illumination in a display apparatus and a liquid crystal
display apparatus equipped with such a bacldight device, and
more particularly to a direct-type backlight device in which a
plurality of light source modules are disposed at a bottom
portion of its backlight case.

BACKGROUND ART

[0002] Inrecentyears, instead of cathode ray tubes conven-
tionally used as display apparatuses, a so-called flat panel
display has become the mainstream, and its market has been
increasingly expanding. Among others, liquid crystal display
apparatuses are characterized by slimness, lightness in
weight, low power consumption and high definition, and are
used in a wide range of fields including televisions, personal
computers, digital cameras, mobile telephones, and the like.
A liquid crystal display apparatus is composed of a liquid
crystal panel having liquid crystal sealed between paired
opposite electrode boards, a backlight device illuminating the
liquid crystal panel from behind, and various circuit boards
for use in driving the liquid crystal panel.

[0003] Conventionally, a direct-type backlight device hav-
ing a plurality of cold cathode fluorescent lamps (CCFLs)
arranged right under liquid crystal modules has been used as
a backlight device incorporated in a large-screen liquid crys-
tal display apparatus. However, a cold cathode fluorescent
lamp has problems: a high voltage is required in a driving
inverter; mercury is used; a color reproduction range is small,
etc., and thus, nowadays, as disclosed in Patent Documents 1
and 2, direct-type backlight devices using a light emitting
diode (hereinafter, referred to as LED) as a light source are
being developed.

[0004] How direct-type backlight devices have convention-
ally been constructed using an LED will be described. FIG.
11A is a side cross-sectional view of a liquid crystal display
apparatus using such a direct-type backlight device, FIG. 11B
is a plan view showing an interior of the direct-type backlight
device as seen from a light-emitting-surface side (from the
left side of FIG. 11A). As shown in FIGS. 11A and 11B, a
backlight device 100 includes: a case 1; a plurality of LED
modules 2 arranged in parallel on a bottom surface 1a of the
case 1; a reflective sheet 3; a diffusing plate 4; and an optical
sheet 5. Incidentally, from FIG. 11B, descriptions of the
reflective sheet 3, diffusing plate 4 and optical sheet 5 are
omitted.

[0005] The LED modules 2 each have a plurality of LEDs 6
arranged in a row on an LED mounting board 7, and a plu-
rality of such LED modules 2 (here, the number thereof being
five) are arranged in a horizontal direction of a display screen
(in along-side direction) thereby to form a planar light source
that illuminates an entire area of a display portion of a liquid
crystal panel 9. The reflective sheet 3 is laid on an entire area
of the bottom portion 1a so as to fill up gaps between the
LEDs 6, so that light emitted from the LEDs 6 is efficiently
reflected toward the liquid crystal panel 9 (to the left in FIG.
11A).

[0006] The diffusing plate 4 and optical sheet 5 are for
making light emitted from the LEDs 6 uniform in terms of
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luminance distribution, and are so disposed as to cover a front
surface of the case 1. As the diffusing plate 4, a transparent
plate, formed out of an acrylic-based resin, having concave
and convex portions so provided on its surface as to scatter
light or a plate obtained by including light scattering particles
into an acryl-based resin and molding it into a plate shape is
used. In front side of the diffusing plate 4 (to the left in FIG.
11A), the liquid crystal panel 9 is disposed with the optical
sheet 5 such as a prism sheet (light collecting sheet) in
between, thereby to make it possible to display a desired
image.

[0007] In acase where such a direct-type backlight device
as described above is used for illumination in a large-screen
liquid crystal panel, it is necessary to use a high-luminance
LED, to which a large current equal to or more than several
hundreds of mA is fed. When heat generated as the LEDs use
this current is accumulated without being discharged to the
outside of the device, LEDs’ illumination characteristics
might be lowered, with the results that uneven luminance or
color variation occurs, or as the case may be, the LEDs
themselves might be broken. To overcome this, as shown in
FIG. 11A, heat dissipation fins are disposed on a rear surface
of the case 1, and in addition, a cooling fan (not shown)
sending out air to the heat dissipation fins 8 is disposed,
thereby to achieve heat dissipation with increased efficiency
and thus to prevent the LED modules 2 from experiencing a
rise in temperature.

[0008] Moreover, some solutions have been proposed for
eliminating the need for increasing the size of a backlight
device owing to the provision of the heat dissipation fins and
cooling fan; Patent Document 3 discloses a side-lighting-type
backlight device including a heat transfer device having one
end thereof coupled to a rear surface of an LED mounting
board and a flat cooling fan cooling a heat dissipation portion
coupled to the other end of the heat transfer device, the back-
light device being capable of entirely cooling, with unifor-
mity using the single fan, LEDs arranged laterally.

[0009] Patent Document 1: JP-A-2005-115131

[0010] Patent Document 2: JP-A-2006-278077

[0011] Patent Document 3: JP-A-2005-340065
DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0012] However, when it is identified during an inspection

process before a product is shipped that there is a variation in
LEDs’ illumination characteristics, or when an LED in a
backlight device being used by a user is broken, since in the
backlight device constructed as conventionally practiced, the
LED modules are fixed on a bottom surface of its case, it is
necessary to disassemble the backlight device to replace that
LED or the whole LED module with that LED, thus leading to
increased complexity of replacement work.

[0013] A construction of a backlight device as shown in
FIG. 11 necessitates provision of dissipation fins 8 on an
entire area of a rear surface of a case 1, and moreover, provi-
sion of more than one or a large-size cooling fan for sending
out air entirely to the heat dissipation fins 8; this prevents the
backlight device from being made slim and compact. More-
over, when a method disclosed in Patent Document 3 is
applied to a direct-type backlight device including a plurality
of LED mounting boards, inconveniently a construction of a
heat transfer device becomes increasingly complex. In addi-
tion, it still requires a space for disposing a heat transfer
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device and a fan, which becomes an obstacle from a view-
point of achieving slimness and compactness of a liquid crys-
tal display apparatus.

[0014] In view of the above-identified problems, an object
of the present invention is to provide a slim and compact,
direct-type backlight device that is superior in an effect of
dissipating heat generated from a light source and whose light
source or light source module is easily replaced, and a liquid
crystal display apparatus equipped with such a backlight
device.

Means for Solving the Problem

[0015] To achieve the above-described object, according to
the present invention, a backlight device includes: a light
source module having a plurality of light sources arranged on
amounting board; and a case in which a plurality of such light
source modules are disposed, the case having a bottom por-
tion thereof formed of a metal plate in which a plurality of first
recessed portions are so formed as to permit a plurality of
such light source modules to be disposed respectively therein.
[0016] With this construction, it is possible to increase a
surface area of the bottom portion of the case, leading to an
enhanced heat dissipation effect, with no use of a heat dissi-
pation fin and cooling fan. Moreover, it is possible to form the
first recessed portions easily by using press-processing.
[0017] According to the present invention, an outer surface
of the bottom portion is so treated as to increase emissivity.
Note that in this specification, emissivity is a measure of a
material’s ability, represented by a numerical value, to radiate
heat (infrared rays) therefrom well.

[0018] With this construction, it is possible to dissipate heat
through the bottom portion with increased efficiency.

[0019] According to the present invention, in the backlight
device constructed as described above, at the bottom portion,
a second recessed portion is formed in which the light source
module is not disposed.

[0020] With this construction, it is possible to further
increase the surface area of the bottom portion, with the result
that the heat dissipation effect is more enhanced accordingly.
[0021] According to the present invention, in the backlight
device constructed as described above, an opening portion
having an openable lid member is provided at least at one end
of the first recessed portions.

[0022] With this construction, it is possible to replace the
light source or light source module from the outside of the
backlight device without disassembling it; accordingly,
replacement work is done with greatly increased efficiency.
Moreover, the provision of the lid member makes it possible
to prevent not only light leakage from the opening portion but
also entrance of dirt and the like into the case.

[0023] According to the present invention, in the backlight
device constructed as described above, the plurality of light
source modules are arranged in series in each of the first
recessed portions.

[0024] With this construction, it is possible to reduce the
size ofa light source module, which may be replaced in whole
if including a light source with a problem; this helps reduce
maintenance costs.

[0025] According to the present invention, in the backlight
device constructed as described above, an opening portion is
provided at each end of'the first recessed portions, and as said
light source module, two light source modules are arranged in
series in each of the first recessed portions.

Jul. 21, 2011

[0026] With this construction, it is possible to remove those
two light source modules through the opening portions close
thereto respectively, thus facilitating light source replacement
work. Moreover, only one half of the light source module can
bereplaced at a time when the light source module needs to be
replaced in whole; this helps reduce maintenance costs.
[0027] According to the present invention, in the backlight
device constructed as described above, the plurality of light
source modules are coupled together by a coupling mecha-
nism.

[0028] With this construction, in a large-size backlight
device, it is easy to pull out and insert the light source modules
disposed at about the center of the recessed portions.

[0029] According to the present invention, in the backlight
device constructed as described above, the first recessed por-
tions have a depth greater than a thickness of the light source
module.

[0030] With this construction, it is possible to remove the
light source modules without trouble.

[0031] According to the present invention, in the backlight
device constructed as described above, the light sources are
LEDs.

[0032] With this construction, even in a case a high-lumi-
nance LED is used to which a large current is fed, it is possible
to enhance the heat dissipation effect and thus to prolong a
lifetime of the LED, with a simple construction.

[0033] According to the present invention, a liquid crystal
display apparatus is equipped with the backlight device con-
structed as described above.

[0034] With this construction, it is possible to provide a
superior liquid crystal display apparatus that is easily manu-
factured and maintained, that is resistance to deterioration
with heat from its light source, and that meets demand for
achieving slimness and compactness.

BRIEF DESCRIPTION OF DRAWINGS

[0035] FIG. 1 is a plan view showing an interior of a
bacldight device according to a first embodiment of the
present invention;

[0036] FIG. 2 is a rear view of the backlight device of the
first embodiment;

[0037] FIG. 3 is a horizontal cross-sectional view of the
backlight device of the first embodiment;

[0038] FIG. 4A is a vertical cross-sectional view of the
backlight device of the first embodiment;

[0039] FIG. 4B is a partially enlarged view showing an
LED module in FIG. 4A and the vicinity thereof;

[0040] FIG. 5 is a plan view showing by way of example a
reflective sheet for use in the backlight device of the first
embodiment;

[0041] FIG. 6is a plan view showing an interior of a back-
light device according to a second embodiment of the present
invention;

[0042] FIG. 7 is a horizontal cross-sectional view of the
backlight device of the second embodiment;

[0043] FIG. 8is arear view of a backlight device according
to a third embodiment of the present invention;

[0044] FIG. 9 is a horizontal cross-sectional view of the
backlight device of the third embodiment;

[0045] FIG. 10 is a horizontal cross-sectional view of a
backlight device according to a fourth embodiment of the
present invention;

[0046] FIG. 11A is a side cross-sectional view of a conven-
tional direct-type backlight device; and
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[0047] FIG. 11B is a plan view showing an interior of a
conventional direct type backlight device.

LIST OF REFERENCE SYMBOLS

[0048] 1 Case

[0049] 1a Bottom portion

[0050] 2 LED modules

[0051] 3 Reflective sheet

[0052] 4 Diffusing plate

[0053] 5 Optical sheet

[0054] 6 LEDs (light emitting diodes)

[0055] 7 LED mounting boards

[0056] 8 Liquid crystal panel

[0057] 9 Recessed portions (first recessed portions)
[0058] 104, 105 Opening portions

[0059] 11 Screws

[0060] 13 Lid members

[0061] 15 Recessed portions for heat dissipation (second

recessed portions)
[0062] 100 Backlight device

BEST MODE FOR CARRYING OUT THE
INVENTION

[0063] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. FIG. 1 is a
plan view showing an internal construction of a backlight
device according to a first embodiment of the present inven-
tion, FIG. 2 is a rear view of the backlight device, FIG. 3 is a
horizontal cross-sectional view of the backlight device (taken
along line A-A' in FIG. 2), FIG. 4A is a vertical cross-sec-
tional view of the backlight device (taken along line B-B' in
FIG. 2), FIG. 4B is a partially enlarged view showing an LED
module in FIG. 4A and the vicinity thereof, and FIG. 5is a
plan view of a reflective sheet. The same parts as found in a
conventional example in FIG. 11 will be identified by the
same reference numerals, and no description thereof will be
given.

[0064] An LED module 2 is so formed as to have a plurality
of LEDs 6 (here, the number thereof being 23) arranged in a
straight line on an LED mounting board 7. In this example,
four LED modules 2 are arranged in parallel in a horizontal
direction of a display screen (in a left/right direction in FIG.
1) thereby to form a planar light source having 92 LEDs 6
arrayed in a matrix. As the LEDs 6, for example three primary
colors—red, blue and green—LED elements may be grouped
into one thereby to form each of the LEDs 6, or three different
LEDs 6, namely red color LEDs, blue color LEDs, and green
color LEDs are repeatedly disposed in order such that color
alignment is substantially symmetrical, thereby to form a
white-color planar light source. Or it may be a white-color
planar light source using white-color LEDs alone.

[0065] The LED mounting board 7 feeds power and a con-
trol signal to the LEDs 6, and functions as a heat dissipation
plate for discharging heat generated from the LEDs 6. As a
material of the LED mounting board 7, metals such as alumi-
num or the like with high heat conductivity are preferable.
The LED mounting board 7 includes other components such
as connectors and the like to which cables extending from a
power source and a control circuit are connected, and circuits;
however, no description thereof will be given here for the sake
of convenience.

[0066] The reflective sheet 3, having window portions 3a
formed in positions corresponding to each of the LEDs 6 as
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shown in FIG. 5, is laid on a bottom portion 1a so as to extend
between the LEDs 6 leaving no gap therebetween. As the
reflective sheet 3, an aluminum plate, a white-color polyester
plate in which a light scattering material is mixed, a polyester
plate with a metal such as aluminum or silver deposited
thereon, or the like is used.

[0067] On thebottom portion 1a ofthe case 1, four recessed
portions 10 each formed in a squared-U shape in a cross
section are formed in a horizontal direction of a display
screen, and the LED modules 2 are fixed inside the recessed
portions 10 with four screws 11 respectively. Incidentally,
from FIGS. 3 and 4, descriptions of the screws 11 are omitted.
As shown in FIG. 3, at opposite ends of the recessed portion
10, opening portions 10a and 105 are formed respectively,
with a lid member 13 openably attached thereto.

[0068] Thelid member 13 is for preventing light from being
leaked to the outside of the case 1 or dirt, dust and the like
from intruding into the case 1. Although there is no particular
limitation on a material of the lid member 13, it is preferable
that it have heat resistance to withstand heat generated from
the LED modules 2, and that its inner surface efficiently
reflect light from the LEDs 6. For example, a white-color
polyester resin which is used in a plastic frame of a liquid
crystal display unit, a white-color rubber which is used in an
electrode portion of a cold cathode fluorescent lamp, or the
like is preferably used.

[0069] Next, a replacement procedure for a case where any
of the LEDs 6 is broken, or a case where illumination char-
acteristics are altered will be described. First, the LED mod-
ule 2 in which a target LED 6 to be replaced is disposed is
identified, and the screws 11 fixing that LED module 2 are
loosened and removed. Then, one of the lid members 13 is
opened, and through the opening portion 10a (or 105), that
LED module 2 is pulled out. After the LED 6 to which a
problem has occurred is replaced with a new LED 6 or the
whole LED module 2 is replaced with a new one, the LED
module 2 is inserted in a predetermined position inside the
case 1 through the opening portion 10a (or 105), and is then
fixed with the screws 11 again; thereafter, the lid member 13
is closed.

[0070] Thus, it is possible to replace the LED 6 or the LED
module 2 from the outside of the backlight device 100 without
disassembling it; accordingly, replacement work is done with
greatly increased efficiency. Note that although the screws 11
are used here so as to fix the LED modules 2, any other fixing
member may be used. Moreover, although the lid members 13
closing the opening portions 10a and 1056 of the recessed
portions 10 are made openable, the lid member at either one
side alone may be made openable.

[0071] For the recessed portions 10, a width W, depth H and
pitch P may be set up appropriately in accordance with the
shape of the LED modules 2 and the interval between them. If
the recessed portion 10 has a depth equal to or smaller than a
thickness T of the LED module 2, the LED module 2 may be
caught by the window portions 3a of the reflective sheet 3,
making it difficult to insert and remove the LED module 2
without trouble, and possibly leading to breakage of a light
emitting surface of the LED 6. Thus, as shown in FIG. 4B, it
is preferable that the recessed portion 10 have the depth H
greater than the thickness of the LED module 2.

[0072] As amaterial of the bottom portion 1a of the case 1,
a metal plate is used that is formed of a metal such as alumi-
num, stainless steel (SUS) and galvanized steel. Thus, heat
generated as the LEDs 6 are driven is dissipated via the
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bottom portion 1a, making it possible to effectively prevent
deterioration or breakage of the LEDs 6. Moreover, the
recessed portions 10 can be formed easily by press-process-
ing. Among others, an aluminum plate, having especially
high heat conductivity and easily processed, is preferably.
[0073] Moreover, the formation of the recessed portions 10
leads to the bottom portion 1a having an increased surface
area and hence to greatly increased efficiency of discharging
heat. For example, on the assumption that the recessed por-
tions 10 have the pitch P of 40 mm, the width W of 15 mm and
the depth H of 8 mm, and that the bottom portion 1a has along
side of 400 mm, the surface area is then estimated as follows:
(8x2+15+40)x400x4=113,600 mm>. On the other hand, if no
recessed portion 10 is provided, the surface area of the bottom
portion 1a is estimated as follows: (15+40)x400x4=88,000
mm?. That is, the formation of the recessed portions 10 leads
to the bottom portion 1a having the surface area increased by
approximately 30%.

[0074] Thus, it is possible to enhance a heat dissipation
effect with no use of a heat dissipation fin and cooling fan, and
hence to reduce the number of parts and the number of steps
in assembly. Along with the construction of this embodiment,
a heat dissipation fin and/or cooling fan may be so provided as
to further enhance the heat dissipation effect. Even in that
case, more compact heat dissipation fins and/or cooling fan
than conventional ones offer a sufficient cooling effect, thus
making it possible to achieve slimness and compactness of a
resultant backlight device.

[0075] To further enhance the effect of discharging heat
from the bottom portion 1a, an outer surface of the bottom
portion 1a is so treated as to increase emissivity. Emissivity is
a measure of an object’s ability, represented by a numerical
value, to radiate heat (infrared rays) therefrom well; the emis-
sivity of the object (blackbody) that radiates heat most is one,
whereas that of the object (mirror-surface body) that does not
radiate heat by itself but perfectly reflects heat radiation from
its environment is zero. General substances have an emissiv-
ity between zero and one, and for the same substance, the
coarser its surface is, the higher an emissivity it exhibits.
[0076] Examples of treatment for increasing emissivity
include a method of coating the outer surface of the bottom
surface 1a with a black paint and, for a case where the case 1
is made of aluminum, a method of black-anodizing it. More-
over, the outer surface of the bottom surface 1a may be made
coarse.

[0077] FIG. 6 is a plan view showing an internal construc-
tion of a backlight device according to a second embodiment
of the present invention, and FIG. 7 is a horizontal cross-
sectional view (taken along line A-A' in FIG. 6) of the back-
light device. The same parts as those in both FIGS. 1 and 3
showing the first embodiment will be identified by the same
reference numerals, and no description thereof will be given.
In this embodiment, the LED module 2 is divided into two
portions in the horizontal direction of the display screen, and
the LED modules 2 are arranged in series in the recessed
portions 10, two for each of the recessed portion. As shown in
FIG. 7, the lid members 13 of a fit-in type that is formed out
of an elastic material are used. Materials of the other members
forming the backlight device 100 and a construction thereof,
a shape and dimension of the recessed portions 10, and a
method of forming them are the same as in the first embodi-
ment.

[0078] With the construction as described above, it is pos-
sible to remove those two LED modules 2 through the left and
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right opening portions 10a and 1056 respectively; this makes it
easy to replace the LED 6 to which a problem has occurred, as
compared with the first embodiment. Moreover, when the
whole LED module 2 including the LED 6 with a problem is
replaced, it is simply necessary to replace a half of the LED
module 2 of the first embodiment, thus making it possible to
reduce maintenance costs as well.

[0079] Inthe case of a large-size backlight device, each of
the LED modules 2, if constructed to be divided into two
portions, becomes extremely long, which is a disadvantage
from a viewpoint of manufacturing and replacement costs.
Consequently, the LED module 2 disposed in each of the
recessed portions 10 may be divided into three or more por-
tions. This helps achieve further compactness of the LED
modules 2, leading to further reduced parts costs. In this case,
provision of a coupling mechanism such as a wire harness
coupling the LED modules 2 together makes it easy to pull out
and insert the LED modules 2 disposed at about the center of
the recessed portions 10.

[0080] FIG. 8isarear view of a backlight device according
to a third embodiment of the present invention, and FI1G. 9 is
a horizontal cross-sectional view (taken along line A-A' in
FIG. 8) of the backlight device. In this embodiment, five
recessed portions 10 are formed on the bottom portion 1a of
the case 1 in a vertical direction of the display screen, so that
the LED modules 2 can be pulled out and inserted from above
and below.

[0081] As in the first embodiment, in the third embodiment
as well, it is possible to replace the LEDs 6 and the LED
modules 2 without disassembling the backlight device 100,
leading to greatly increased efficiency of the replacement
work. Moreover, the surface area of the bottom portion 1a is
increased, thus making it possible to enhance an effect of
discharging heat with no use of a heat dissipation fin and
cooling fan.

[0082] FIG. 10 is a horizontal cross-sectional view of a
backlight device according to a fourth embodiment of the
present invention. The same parts as those in FIG. 9 showing
the third embodiment will be identified by the same reference
numerals. In this embodiment, the LED modules 2 are dis-
posed in three recessed portions 10 out of the five recessed
portions formed on the bottom portion 1a, and the other two
serve as recessed portions 15 (for heat dissipation) in which
no LED module 2 is disposed.

[0083] In this embodiment, the recessed portions 15 for
heat dissipation function as heat dissipation fins that help
increase the surface area of the bottom portion 1a. That is,
more recessed portions are formed, in advance, than those
necessary for disposing the LED modules 2, and some of
them are made to serve as the recessed portions 15 for heat
dissipation, thereby to make it possible to further enhance the
heat dissipation effect as compared with those in the first and
second embodiments.

[0084] The shape of the recessed portions 15 for heat dis-
sipation is not limited to the squared-U shape in a cross
section, and may be formed in any shape suchas UorVina
cross section. In FIG. 10, the recessed portions 15 for heat
dissipation are formed one between the LED modules 2, but
so that the surface area of the bottom portion 1a is more
increased, a plurality of the recessed portions 15 for heat
dissipation may be formed between the LED modules 2.
[0085] The backlight devices discussed in the above-de-
scribed embodiments can be mounted, together with the lig-
uid crystal panel 9 (see FIG. 11), inside cases of a liquid
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crystal television, personal computer and the like. This makes
it possible to easily replace the LEDs, whenever necessary,
without disassembling the backlight device, leading to a
product having increased ease of maintenance. Moreover, itis
possible to provide liquid crystal display apparatuses that
hardly experience deterioration of the illumination character-
istics or breakage owing to heat generated from the LEDs,
with no increase in thicknesses of the apparatuses, and to
contribute to achieving slimness and lightness in weight of
products equipped with such liquid crystal display appara-
tuses that are strongly demanded these days.

[0086] The embodiments described in the foregoing are in
no way meant to limit how the present invention is practiced,
and various changes can be made in practicing the present
invention without departing from the spirit of the invention.
That is, needless to say, the above-described embodiments
can be used in any combination made appropriately in accor-
dance with an application and an objective. For example, also
in the backlight devices of the first and second embodiments,
in which the LED modules 2 are arranged in the horizontal
direction of the display screen, the recessed portions 15 for
heat dissipation may be formed as in the third embodiment,
and also in the third and fourth embodiments, in which the
LED modules 2 are arranged in the vertical direction of the
display screen, the plurality of the LED modules 2 may be
disposed in series inside each of the recessed portions 10 as in
the second embodiment.

[0087] Moreover, the backlight devices according to the
present invention may be used for illumination in any type of
image display apparatus other than the liquid crystal display
apparatus. Further, a light source for use in the light source
modules is not limited to an LED, but any other light emitting
elements with heat generation may be used.

INDUSTRIAL APPLICABILITY

[0088] According to the present invention, a backlight
device includes: a light source module having a plurality of
light sources arranged on a mounting board; and a case in
which a plurality of such light source modules are disposed,
the case having a bottom portion thereof formed of a metal
plate in which a plurality of first recessed portions are so
formed as to permit the light source modules to be disposed
respectively therein. This makes it possible to simply and
inexpensively provide a slim and compact, direct-type back-
light device whose recessed portions can be formed easily by
press-processing and being capable of efficiently dissipating
heat generated from a mounting board. In addition, an outer
surface of the bottom portion is so treated as to increase
emissivity, and a second recessed portion having no light
source module disposed therein is formed, leading to a further
increased heat dissipation effect and hence contributing to a
prolonged lifetime of light sources.

[0089] Moreover, the first recessed portions are provided,
at least at one end, with the opening portion having the open-
able lid member; accordingly, the backlight device becomes
superior in ease of manufacture and maintenance, the device
making it possible to replace a light source or light source
module from the outside of the device. Further, light source
modules are provided in series, leading to improved work-
ability in replacement of a light source and to further reduced
maintenance costs.
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[0090] Moreover, a backlight device according to the
present invention is mounted in a liquid crystal display appa-
ratus, thereby making it possible to provide liquid crystal
display apparatuses such as a liquid crystal television and
liquid crystal monitor superior in ease of manufacture and
maintenance, and in durability, and also to contribute to
achieving slimness and compactness of the apparatuses.

1. A backlight device comprising:
a light source module having a plurality of light sources
arranged on a mounting board; and
a case having a bottom portion thereof formed of a metal
plate in which a plurality of first recessed portions are so
formed as to permit a plurality of such light source
modules to be disposed respectively therein.
2. The backlight device according to claim 1, wherein
an outer surface of the bottom portion is so treated as to
increase emissivity.
3. The backlight device according to claim 1, wherein
at the bottom portion, a second recessed portion is formed
in which the light source module is not disposed.
4. The backlight device according to claim 1, wherein
an opening portion having an openable lid member is pro-
vide at least at one end of the first recessed portions.
5. The backlight device according to claim 1, wherein
the plurality of light source modules are arranged in series
in each of the first recessed portions.
6. The backlight device according to claim 5, wherein
an opening portion is provided at each end of the first
recessed portions, and as said light source module, two
light source modules are arranged in series in each of the
first recessed portions.
7. The backlight device according to claim 5, wherein
the plurality of light source modules are coupled together
by a coupling mechanism.
8. The backlight device according to claim 4, wherein
the first recessed portions have a depth greater than a thick-
ness of the light source module.
9. The backlight device according to claim 1, wherein
the light sources are LEDs.
10. A liquid crystal display apparatus equipped with the
backlight device according to claim 1.
11. A liquid crystal display apparatus equipped with the
backlight device according to claim 2.
13. A liquid crystal display apparatus equipped with the
backlight device according to claim 3.
14. A liquid crystal display apparatus equipped with the
backlight device according to claim 4.
15. A liquid crystal display apparatus equipped with the
backlight device according to claim 5.
16. A liquid crystal display apparatus equipped with the
backlight device according to claim 6.
17. A liquid crystal display apparatus equipped with the
backlight device according to claim 7.
18. A liquid crystal display apparatus equipped with the
backlight device according to claim 8.
19. A liquid crystal display apparatus equipped with the
backlight device according to claim 9.
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