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(57) ABSTRACT

A liquid crystal display device comprising a liquid crystal
display panel, a backlight and a heat sink member is
disclosed. The backlight comprises a light-guiding plate
disposed on one principal surface side of the liquid crystal
display panel, LED light sources disposed on an end surface
of the light-guiding plate, a mounting board for mounting
the LED light sources thereon and a thermally conductive
member connected to the mounting board. The heat sink
member is connected to the mounting board through the
thermally conductive member.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTON

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device comprising a liquid crystal display panel and
a backlight, and in particular, to a liquid crystal display
device which utilizes a light emitting diode (hereinafter
simply referred to as “LED”) as a light source.

[0003] 2. Description of Related Art

[0004] Among conventional liquid crystal display devices,
transmissive-type and transflective-type liquid crystal dis-
play devices are each provided with a liquid crystal display
panel and a backlight for supplying light transmitting
through the liquid crystal panel.

[0005] Generally, a backlight includes a light source and a
light-guiding plate, and a small fluorescent tube called
CCFL (cold cathode fluorescent tube) is used as the light
source. One principal surface of the light-guiding plate is
disposed so as to correspond to a display area of the liquid
crystal display panel, and a diffusion area for diffusing and
reflecting light toward the surface side is provided on the
other principal surface thereof (referred to as “outer sur-
face”) opposite to the aforementioned principal surface.
[0006] The CCFL light source is disposed at an end
surface of the light-guiding plate so that light of CCFL
incident on the end surface of the light-guiding plate is
transmitted inside the light-guiding plate, and is diffused/
reflected on the outer surface side of the light-guiding plate
to be directed from the surface of the light-guiding plate
toward the liquid crystal panel. Thus, the light source is
converted from a linear light source into a homogeneous
planar light source to be utilized as the light source for the
liquid crystal device.

[0007] However, this CCFL light source uses Hg (mer-
cury) encapsulated in a discharge tube that emits ultraviolet
rays when excited by electrical discharge, which strike the
fluorescent substance on the CCFL tube wall to be converted
into visible light rays.

[0008] For this reason, when considering the environmen-
tal aspect, using an alternative light source is required for
restricting the use of hazardous mercury.

[0009] In addition, in order to illuminate the CCFL, a
high-voltage and high-frequency switching circuit is neces-
sary. However, since this causes high frequency noise, not
only noise prevention is additionally required, but also
problems such as slow light-up under low temperature, low
luminous efficiency and the like are prone to arise.

[0010] In the meantime, as a new light source, an LED
backlight utilizing a light emitting diode module (LED light
source) accommodating LED chips characterized by a point
light source has been developed.

[0011] With demands for lower price, higher luminous
efficiency and environmental regulations, this backlight uti-
lizing the LED light source is becoming to be widely used
as the backlight for liquid crystal display panels.

[0012] At the same time, with increased brightness and
display area of liquid crystal display devices, the demand for
providing a plurality of LED light sources is increasingly
high.

[0013] Accordingly, when an LED backlight is used for a
high brightness, large size liquid crystal display panel, the
LED light source, which is a point light source, needs to be
converted into a planar light source that emits light rays
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evenly (light source that has been converted into even light
rays at the light-emitting surface of the light-gniding plate).
For this reason, it is necessary to adjust the material and
structure of the diffusion area of the outer surface of the
light-guiding plate, and to dispose the LED light source at an
optimum position in accordance with the orientation of the
LED light source.

[0014] However, one problem here is that the temperature
of the LED and its peripheral regions rises due to heat
generated from the LED chip, leading to decrease in lumi-
nous efliciency and life of the LED light source.

[0015] Therefore, in a liquid crystal display device pro-
vided with a LED backlight, reduction of heat storage in the
mounting board on which the LED light source is mounted
and suppression of temperature rise in the LED light source
are required.

SUMMARY OF THE INVENTION

[0016] A liquid crystal display device according to the
present invention comprises a liquid crystal display panel
including a display pixel area, a backlight and a heat sink
member. The backlight includes a light-guiding plate dis-
posed on one principal surface of the liquid crystal panel so
as to correspond to the foregoing display pixel area, LED
light sources arranged at an end portion of the light-guiding
plate, a mounting board on which the LED light sources are
mounted, and a thermally conductive member connected to
the mounting board. The heat sink member is connected to
the mounting board through the thermally conductive mem-
ber.

[0017] Advantages, features and effects of the present
invention will be apparent from the following description of
preferred embodiments with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a cross-sectional view of a liquid crystal
display device according to one embodiment of the present
invention.

[0019] FIG. 2 is a schematic perspective view of a liquid
crystal display device according to the present invention.
[0020] FIG. 3 is a cross-sectional view showing the struc-
ture of a liquid crystal panel used for a liquid crystal display
device according to the present invention.

[0021] FIG. 4 is a schematic perspective view of a mount-
ing board on which an LED light source is mounted viewed
from the LED mounting surface side.

[0022] FIG. 5 is a schematic perspective view of the
mounting board on which an LED light source is mounted
viewed from the rear surface side.

[0023] FIG. 6 is a schematic cross-sectional view of a
mounting board on which an LED light source according to
the present invention is mounted.

[0024] FIG. 7 is an enlarged view of the part A of FIG. 6.
[0025] FIG. 8 is a schematic perspective view of an LED
light source array including a plurality of LED light sources
mounted on a mounting board.

[0026] FIG. 9 is a schematic view showing the structure of
an LED light source.

[0027] FIG. 10 is a perspective view of an L-shaped
thermally conductive member.
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[0028] FIG. 11A is a schematic cross-sectional view of a
liquid crystal display device according to another embodi-
ment of the present invention.

[0029] FIG. 11B is a partially enlarged view of FIG. 11A.
[0030] FIG. 12 is a schematic cross-sectional view of a
liquid crystal display device according to still another
embodiment of the present invention.

[0031] FIG. 13 is a perspective view of a second thermally
conductive member.

[0032] FIG. 14 is a schematic perspective view of an LED
light source array to which the second thermally conductive
member is press fitted.

[0033] FIG. 15 is a schematic cross-sectional view of a
liquid crystal display device according to yet another
embodiment of the present invention.

[0034] FIGS. 16(a)-16(c) are perspective views of ther-
mally conductive members each having a U-shaped cross
section used for the liquid crystal display device shown in
FIG. 15.

[0035] FIGS. 17(a)-17(c) are perspective views of metal
cases used for the respective thermally conductive members
each having a U-shaped cross section.

[0036] FIG. 18 is a schematic cross-sectional view of a
liquid crystal display device according to still another
embodiment of the present invention.

[0037] FIG. 19 is a schematic cross-sectional view of a
liquid crystal display device according to yet another
embodiment of the present invention.

[0038] FIG. 20 is a schematic perspective view of an LED
light source array used for the liquid crystal display device
of FIG. 19.

[0039] FIG. 21 is a schematic perspective view of a
thermally conductive member used for the liquid crystal
display device of FIG. 19.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0040] FIG. 1 is a schematic cross-sectional view of a
liquid crystal display device according to the present inven-
tion, and FIG. 2 is a perspective view of the liquid crystal
display device. FIG. 3 is a cross-sectional view of a liquid
crystal display panel used for a liquid crystal display device
according to the present invention.

[0041] This liquid crystal display device is composed
mainly of a passive-type liquid crystal panel 1, a backlight
BL including a light-guiding plate 3 and a LED light source
2, and an upper housing member 4 and a lower housing
member 5 for protecting the liquid crystal panel 1 and the
backlight BL.

[0042] The upper housing member 4 is provided for
protecting an outer peripheral area of the liquid crystal panel
1. The lower housing member 5 protects the backlight BL,
as well as functions as a heat sink member for dissipating
heat generated from the LED light sources 2 of the backlight
BL to the outside. In this case, the lower housing member 5
is referred to as “heat sink member 5™ for its heat dissipating
function.

<Liquid Crystal Panel>

[0043] The liquid crystal panel 1 comprises, as shown in
FIG. 3, an upper transparent substrate 12 as a substrate of
one side, and a lower transparent substrate 11 as a substrate
of another side, a liquid crystal layer 13 interposed between
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the both transparent substrates 11, 12. The liquid crystal
layer 13 is surrounded by a sealing section 14.

[0044] In addition, display electrodes 15, an alignment
film and the like that are not shown are formed on the
interior surface of the lower transparent substrate 11, and
display electrodes 16, an alignment film and the like are also
formed on the interior surface of the upper transparent
substrate 12.

[0045] These display electrodes 15 of the lower transpar-
ent substrate 11 and the display electrodes 16 of the upper
transparent substrate 12 constitute a plurality of pixel areas
aligned in the form of a matrix, and the plurality of pixel
areas form a display pixel area.

[0046] In addition, the lower transparent substrate 11 and
the upper transparent substrate 12 are each provided with a
polarization plate, a retardation film, a diffusion film and the
like according to need, although they are not shown in the
drawings.

[0047] Meanwhile, when this liquid crystal display device
is a transmissive liquid crystal display device, usually, the
display electrodes 15, 16 are composed of transparent elec-
trodes, and the display pixel area transmits light from the
backlight BL to the display surface side.

[0048] When it is a transflective liquid crystal display
device, the display pixel area includes a partially light
reflective area comprising a reflective metal film, and a
partially light transmissive area that permits light from the
backlight BL to penetrate.

[0049] In this transflective liquid crystal display device,
external light entering from the display area side is reflected
at the light reflective area of the display pixel area to be
returned to the display area side, and light of the backlight
BL is transmitted at the light transmissive area.

[0050] This structure enables display in the reflective
mode when the external light is intense, and display in the
transmissive mode when the external light 1s weak.

[0051] In addition, in order to accomplish color display, it
is possible to provide a color filter in the display pixel area
of either the lower transparent substrate 11 or the upper
transparent substrate 12.

[0052] The liquid crystal display device according to the
present invention may include switching devices formed in
the respective pixel areas of either the lower transparent
substrate 11 or the upper transparent substrate 12 so as to
control display for each pixel area.

[0053] Moreover, it is also possible to provide a wiring
pattern at the periphery the display pixel area of either of the
lower and upper transparent substrates 11, 12, for example,
the upper transparent substrate 12, which is electrically
connected to display electrodes 16, the aforementioned
switching devices formed in the respective pixel areas and
the like so that an active type liquid crystal display panel can
be constructed by providing the wiring pattern with a drive
circuit for supplying a predetermined signal and a predeter-
mined voltage and an input terminal for connection to an
external drive circuit.

[0054] The display electrodes of the substrate that is not
provided with the wiring pattern, for example, the display
electrodes 15 of the lower transparent substrate 11 may be
electrically connected to the wiring pattern of the upper
transparent substrate 12 through a conductive filler inside
the sealing section 14 disposed at the periphery between
both substrates 11 and 12.
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[0055] The material for the lower transparent substrate 11
and the upper transparent substrate 12 may be glass, trans-
lucent plastic or the like. The display electrodes 15, 16 are
formed using a transparent conductive material such as ITO,
tin oxide or the like. The reflective metal film constituting
the light reflection area is made of aluminum, titanium or the
like. In addition, the alignment film is made of rubbed
polyimide. When color filters are provided, resin to which
dyes and pigments are added is used to form red, green, and
blue filters for each pixel area. It is also possible to provide
black resin between the respective filters and around the
pixel areas for a light-shielding purpose.

[0056] These lower transparent substrate 11 and upper
transparent substrate 12 are joined through the sealing
section 14 by pressure, and a liquid crystal material includ-
ing nematic liquid crystal or the like is injected from an
opening provided in the sealing section 14, and then the
opening is sealed.

[0057] The joining is carried out so that the display
electrodes 15 and 16 aligned on the transparent substrates 11
and 12, respectively, are two-dimensionally cross each other.
An area at which a display electrode 15 and a display
electrode 16 are opposed to each other forms a pixel area,
and an assembly of the pixel areas forms a display pixel area.
[0058] The passive type liquid crystal display panel 1 is
constructed in the foregoing manner.

<Backlight>

[0059] A backlight BL is disposed outside (in the lower
side in FIG. 1) of the lower transparent substrate 11 of the
liquid crystal display panel 1.

[0060] As shown in FIG. 1, the backlight BL is provided
with an LED light source 2, a light-guiding plate 3, a lens
sheet 3a, a diffusion sheet 35, a reflection sheet 3¢, an
elongated mounting board 21 disposed generally in parallel
to an end surface of the light-guiding plate 3, and a thermally
conductive sheet 31 as a thermally conductive member. The
thermally conductive sheet 31 is in tight attachment to a heat
sink member 5 and the mounting board 21.

[0061] The thermal conductivity of the thermally conduc-
tive sheet 31 is preferably at least 0.3 W/(m'K), and more
preferably, greater than the thermal conductivity of the
mounting board 21. For example, when the mounting board
21 comprises a glass epoxy substrate, the thermally conduc-
tive sheet 31 preferably has a thermal conductivity greater
than the thermal conductivity 0.45 W/(m-K) of the glass
epoxy substrate.

[0062] Here, the thermally conductive sheet 31 is prefer-
ably made of soft rubber so that it excludes air (its thermal
conductivity is 0.024 W/(m'K)) from its contact surface with
the heat sink member 5 or its contact surface with the
mounting board 21. Specifically, the thermally conductive
sheet 31 preferably has a JIS-A rubber hardness of 5-60
degree (defined in JIS-K6253) With a JIS-A rubber hardness
lower than 5, the thermally conductive sheet 31 is too soft
to keep the position of itself stable. With a JIS-A rubber
hardness greater than 60, the thermally conductive sheet 31
is 50 hard that its adhesion to the mounting board 21 and the
heat sink member 5 weakens and fails to effectively exclude
air from the aforementioned contact surfaces.

[0063] The light-guiding plate 3 has a shape correspond-
ing to the display area of the liquid crystal panel 1. One
principal surface of the light-guiding plate 3 (the surface
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from which light is emitted) is disposed so as to be opposed
to the lower transparent substrate 11.

[0064] The light-guiding plate 3 comprises a transparent
resin plate. A light diffusing material may be included in the
resin component. A lens sheet 3a and a diffusion sheet 35 are
disposed on the one principal surface of the light-guiding
plate 3, and on another principal surface (referred to as
“outer surface™) of the light-guiding plate 3, a reflection
sheet 3¢ for radiating light that propagates inside the light-
guiding plate 3 to the side of the one principal surface is
disposed.

[0065] Instead of the reflection sheet 3¢, grooves for
directly diffusing/reflecting light, or a film having a diffus-
ing/reflecting function may be formed on the outer surface
of the light-guiding plate 3.

[0066] In addition, the reflection sheet 3¢ may be formed
on three of the four end surfaces of the light-guiding plate 3
excluding the end surface on which the LED light sources 2
are disposed.

[0067] The LED light sources 2 are mounted on the
mounting board 21 as shown in FIGS. 4, 6 and 8.

[0068] The LED light source 2 whose cross-section is
shown in FIG. 9 comprises an LED chip 23¢ including a
light-emitting section made of a semiconductor material, an
anode electrode and a cathode electrode, and an LED
container 235 made of a heat-resistant resin material, a
ceramic material or the like that has a cavity 23d for
accommodating the LED chip 23a.

[0069] This LED container 235 of the LED light source 2
has a light-emitting surface, a back surface opposed to the
mounting board 21, and four side surfaces, and the light-
emitting surface of the LED container 235 is disposed so as
to be in tight attachment to the end surface of the light-
guiding plate 3 as shown in FIG. 1.

[0070] The cavity 23d is formed on the light-emitting
surface of the LED container 235, and the LED chip 23a is
disposed on a bottom part of the cavity 23d.

[0071] The anode electrode and cathode electrode of the
LED chip 234 are electrically connected to terminal portions
23c¢ formed over side surfaces and the back surface of the
LED container 235.

[0072] Meanwhile, a reflective coating may be applied to
the inner wall surface of the cavity 23d. Also, the interior of
the cavity 234 may be filled with a translucent resin so as to
cover the LED chip 23a. When the interior of the cavity 234
is filled with a translucent resin, the light-emitting surface of
the LED container 235 corresponds to the surface of the
translucent resin. When the cavity is not filled with a
translucent resin, the light-emitting surface of the LED
container 235 corresponds to an opening of the cavity 234.
[0073] A plurality of the LED light sources 2 with the
structure described above are mounted in a linear arrange-
ment with intervals therebetween on the mounting board 21
with an elongated shape as shown in FIG. 8. The assembly
including a plurality of mounted LED light sources 2 and the
mounting board 21 is referred to as “LED light source
array”.

[0074] The mounting board 21 comprises a glass fabric-
based epoxy resin substrate or a ceramic substrate.

[0075] On the LED-mounting surface of the mounting
board 21, there are provided a mounting metal film 22 for
mounting the LED light sources 2, a metal driving wiring 24
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for supplying driving current to the LED chips 23a and a
metal film pattern 25 disposed being spaced apart from the
metal driving wiring 24.

[0076] In addition, on the surface opposite to the LED-
mounting surface, that is, the back surface of the substrate,
a heat dissipating metal film 26 is formed to cover generally
the entire surface as shown in FIG. 5.

[0077] Moreover, a plurality of metal via hole conductors
27 for connecting the metal mounting film 22 and the heat
dissipating metal film 26 are formed in the thickness direc-
tion of the mounting board 21.

[0078] Terminal portions 23¢ of the LED light sources 2
are connected to the metal driving wiring 24 through a
conductive bonding member 28 comprising solder or the
like.

[0079] The metal mounting film 22, the metal driving
wiring 24, the metal film pattern 25, the heat dissipating
metal film 26, and the metal via hole conductors 27 respec-
tively are formed using copper or a copper-based metal
material (copper material, copper plating or the like). A part
of the metal driving wiring 24, metal mounting film 22, heat
dissipating metal film 26 and metal via hole conductors 27
are covered with solder (referred to as “heat dissipating
metal film 28”) as shown in FIG. 7, which is an enlarged
view of the circled region A in FIG. 6.

[0080] The surface of the metal film pattern 25 is covered
with a resin resist film 29. When this resist film 29 is white,
light leaking from the LED light sources 2 can be efficiently
supplied to the light-guiding plate 3.

<Heat Dissipating Structure>

[0081] Now, the structure for dissipating heat generated
from the LED light sources 2 is described.

[0082] Upon driving the backlight BL (lighting up of the
LED light sources 2) of the liquid crystal display device,
heat is generated accompanying the light emission.

[0083] Heat generated from the LED chips 234 inside the
LED light sources 2 needs to be transferred through the LED
containers 235 and the mounting board 21 to a member
having a wider area, and dissipated to the outside air from
the member.

[0084] In order to accomplish such heat dissipation, the
back surface of the mounting board 21 on which the LED
light sources 2 are mounted is connected to the heat sink
member 5, which is a metallic plate, through the thermally
conductive sheet 31. This heat sink member 5 is bent so as
to be opposed to the outer surface of the light-guiding plate
3, the back surface of the mounting board 21 and a side
surface of the mounting board 21.

[0085] The heat sink member 5 may be provided with
thermally conductive apertures in a region opposed to the
outer surface of the light-guiding plate 3 for increasing
contact with the outside air according to need.

[0086] Theheat sink member 5 is in tight attachment to the
heat dissipating metal film 26 of the mounting board 21
through the thermally conductive sheet 31 as shown in FIG.
1.

[0087] FIG. 10 shows a perspective view of this thermally
conductive sheet 31.

[0088] The thermally conductive sheet 31 covers the back
surface of the mounting board 21, as well as includes an
extended portion 31a that covers at least one of side surfaces
connecting the back surface to the foregoing LED-mounting
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surface, and the extended portion 31a is also connected to
the foregoing heat sink member 5 (See FIG. 1).

[0089] This thermally conductive sheet 31 and the heat
sink member 5 are in surface contact with each other.
[0090] Since this thermally conductive sheet 31 is made of
soft rubber, even when minute irregularities are present on
the surfaces of the mounting board 21 and the heat sink
member 5, interposition of air gaps between the mounting
board 21 and the thermally conductive sheet 31 and between
the thermally conductive sheet 31 and the heat sink member
5 is restricted. As a result, the thermally conductive sheet 31
and the heat sink member 5, and the mounting board 21 and
the heat sink member 5, respectively, are brought into
surface contact with each other in good condition. This
structure transfers the heat generated from the LED light
sources 2 from the LED container 235 to the mounting board
21, and stably conducts to the heat sink member 5 through
the thermally conductive sheet 31. This makes it possible to
transfer the heat generated from the LED chips 23 to the heat
sink member 5, and as a result, to decrease the temperature
of the LED light sources 2 and regions around them.
[0091] In particular, because of the arrangement in which
the thermally conductive sheet 31 is in contact with the back
surface and an end surface of the mounting board 21, heat
can be transferred also from the end surface of the mounting
board 21 through the thermally conductive sheet 31. Accord-
ingly, the heat stored in the mounting board 21 can be
transferred efficiently to the heat sink member 5.

[0092] Here, as shown in FIG. 10, the thermally conduc-
tive sheet 31 is designed so that the thickness thereof before
it is interposed between the mounting board 21 and the heat
sink member 5 is slightly greater than the distance between
the mounting board 21 and the heat sink member 5. Because
of this, the thermally conductive sheet 31 is pressed strongly
by the mounting board 21 and the heat sink member 5 when
the thermally conductive sheet 31 is interposed between the
mounting board 21 and the heat sink member 5, which
favorably restricts gap generation at contact surfaces
between the mounting board 21 and the heat sink memnber 5.

[0093] In addition, it is preferable to planarize the end
surface of the mounting board 21 with which the thermally
conductive sheet 31 is brought into contact by grinding and
polishing. This allows the thermally conductive sheet 31 to
attach tightly to the end surface of the mounting board 21 in
good condition.

[0094] In particular, since glass and plastic chippings
produced in edge line portions of the end surface of the
mounting board 21 can be removed by polishing, it is
possible to effectively prevent air gaps from generating
between the mounting board 21 and the thermally conduc-
tive sheet 31, and to dissipate heat efficiently.

[0095] Moreover, it is also possible to preclude light
blocking effect due to the adherence of glass and plastic
chippings produced from the cut surface of the mounting
board 21 to the LED light sources 2, so that light of the light
sources 2 can be utilized efficiently.

[0096] Now, the structure of another thermally conductive
member which is effectively used together with the ther-
mally conductive sheet 31 is described.

[0097] FIG. 11A shows a schematic cross-sectional view
of a liquid crystal display device according to the present
invention, and FIG. 11B is a partially enlarged cross-sec-
tional view of the device in FIG. 11A. The same elements as
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in FIG. 1 are denoted by the same reference numerals.
Features that are different from those in FIG. 1 are mainly
described below.

[0098] Even though the thermally conductive sheet 31 is
made of a soft rubber sheet material and held between the
mounting board 21 and the heat sink member 5 in a pressure
contacted manner, air gaps might be generated at contact
surfaces between the mounting board 21 and the thermally
conductive sheet 31 and between the thermally conductive
sheet 31 and the heat sink member 5.

[0099] This is because the contact surfaces at which the
mounting board 21 and the heat sink member 5 are in contact
with the thermally conductive sheet 31 are not completely
smooth surfaces but inevitably include minute irregularities,
and the holding condition of the thermally conductive sheet
31 is subject to changes due to impact or the like from the
outside.

[0100] Therefore, in order to prevent air gaps from gen-
erating, as shown in FIG. 11B, an adhesive agent 17 with
high fluidity or a fluid 17 with large thermal conductivity
and low fluidity is interposed between the thermally con-
ductive sheet 31 and the mounting board 21 and between the
thermally conductive sheet 31 and the heat sink member 5.
[0101] When the thermally conductive sheet 31 and the
mounting board 21, and the thermally conductive sheet 31
and the heat sink member 5 are secured to each other with
use of the adhesive agent 17 with high fluidity, air gap
generation is further suppressed, so that the heat of the light
sources 2 can be easily transferred to the heat sink member
5.

[0102] As the adhesive agent 17 with high fluidity, for
example, silicone adhesives (such as SE91761, an adhesive
agent produced by Dow Corning Toray Silicone Co., Ltd.)
may be used.

[0103] The adhesive agent 17 is used for bonding the
thermally conductive sheet 31 and the heat sink member 5
together by being stably interposed therebetween, and there-
fore, high fluidity is required for the adhesive. Specifically,
the viscosity before curing is preferably 2-20 Pa-S. Mean-
while, this adhesive agent is preferably of a type that hardens
at room temperature,

[0104] When the viscosity of the adhesive agent 17 before
curing is less than 2, the adhesive agent 17 flows out,
causing bonding strength to be decreased. When the viscos-
ity of the adhesive agent 17 before curing exceeds 20, it fails
to be stably filled between the mounting board 21 and the
heat sink member 5, and as a result, they are bonded together
with trapping air therebetween.

[0105] The fluid 17 with low fluidity comprises, for
example, a silicone oil component and ceramic fine particles
with large thermal conductivity (which is referred to as
“thermally conductive compound”).

[0106] Here, a bonding function is not particularly
required for the fluid, but expected only to suppress forma-
tion of air gaps between the mounting board 21 and the
thermally conductive member 31, and between the thermally
conductive member 31 and the heat sink member 5. For this
purpose, oil components in the form of paste or grease may
be recited. This fluid preferably has quite low fluidity, that
is, hardly flows, unlike the adhesive agent.

[0107] Because of the presence of the fluid 17, minute
irregularities on the mounting board 21 and the heat sink
member 5 are impregnated with the oil component of the
fluid 17, thereby eliminating minute air gaps. This allows
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heat to be transferred efficiently from the mounting board 21
to the heat sink member 5 through the thermally conductive
sheet 31.

[0108] Accordingly, the heat generated at the light sources
2 is effectively dissipated to the outside, and becomes less
likely to be stored in the LED light sources 2 and mounting
board 21. As a result, temperature rise in the LED light
sources 2 and regions around them can be effectively sup-
pressed.

[0109] Still another member that is favorably used with
the thermally conductive sheet 31 will be described below.
[0110] FIG. 12 shows a schematic cross-sectional view of
a liquid crystal display device according to another embodi-
ment of the present invention. The same elements as in FIG.
1 are denoted by the same reference numerals. Features that
are different from those in FIG. 1 are mainly described
below.

[0111] In this embodiment, a thermally conductive mem-
ber 20 is disposed being in contact with a surface of
amounting board 21 on which a LED light source 2 is
mounted.

[0112] FIG. 13 shows a perspective view of the thermally
conductive member 20. FIG. 14 shows a perspective view of
parts including a mounting board 21 and the LED light
sources 2 mounted thereon, and the thermally conductive
member 20 to be assembled thereto.

[0113] The thermally conductive member 20 has an elon-
gated shape almost corresponding to the shape of the mount-
ing board 21, and has window-like opening portions 20a for
accommodating the LED light sources 2 mounted on the
mounting board 21.

[0114] As shown in FIG. 14, the thermally conductive
member 20 with a configuration mentioned-above is dis-
posed on the LED-mounting surface of the mounting board
21. This is accomplished by placing the LED light sources
2 that have been mounted on the mounting board 21 at the
opening portions 20a and pressing them into the opening
portions 20a.

[0115] The thermally conductive member 20 is held
between the mounting board 21 and the end surface on the
light incident surface side of the light-guiding plate 3 as
shown FIG. 12.

[0116] Since there is the thermally conductive member 20
substantially present around the light sources 2, most of the
heat emitted from the LED light sources 2 to regions around
the LED light sources 2 can be transferred to the heat sink
member 5 through the thermally conductive member 20.
[0117] In particular, since the heat of the LED light
sources 2 is rapidly transferred from the terminal portions
23c¢ formed on the LED container 235 containing the LED
through the metal wiring 24 formed on the mounting board
21, when the thermoconductive member 20 is brought into
direct contact with electrode portions of the mounting board
21 as well as with the terminal portions 23¢, the heat
dissipating effect is further enhanced.

[0118] In addition, as shown in FIG. 12, because an end
surface of the thermally conductive member 20 is in contact
with the heat sink member 5, heat conduction from the
thermally conductive member 20 to the heat sink member 5
is effectively accomplished through such a contact surface.
[0119] Accordingly, the heat generated at the LED light
sources 2 is effectively dissipated to the outside, and
becomes less likely to be stored in the LED light sources 2
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and the mounting board 21, so that temperature rise in the
LED light sources 2 or regions around them can be effec-
tively suppressed.

[0120] Now, a description will be given to the thicknesses
of the thermally conductive member 20 and the thermally
conductive sheet 31.

[0121] It is important that the thickness of the thermally
conductive member 20 at a stage before it is interposed
between the mounting board 21 and the light-guiding plate
3 is slightly greater than the designed distance between the
mounting board 21 and the light-guiding plate 3, in other
words, the mounting height of the LED light source 2.
[0122] In addition, the thickness of the thermally conduc-
tive sheet 31 at a stage before it is interposed between the
mounting board 21 and the heat sink member 5 should be
slightly greater than the designed distance between the
mounting board 21 and the heat sink member 5.

[0123] Since the both of the thermally conductive mem-
bers 20 and 31 are made of soft rubber, when the thicknesses
are set as above, the mounting board 21 with the LED light
sources 2 mounted thereon is held between the light-guiding
plate 3 and the heat sink member 5 in a pressure contacted
manner, so that the mounting board 21 can be securely
maintained.

[0124] Moreover, even when minute irregularities are
present in the end surface of the light-guiding plate 3, the
front and back surfaces of the mounting board 21 and the
surface of the heat sink member 5, such minute irregularities
are absorbed because of the rubber elasticity of the thermally
conductive members 20, 31.

[0125] Accordingly, very few air gaps are present at the
contact surfaces between the light-guiding plate 3 and the
thermally conductive member 20, between the mounting
board 21 and the thermally conductive sheet 31, and
between the thermally conductive members 21, 30 and the
heat sink member 5, and therefore, thermal conduction
properties at these contact surfaces can be maintained to be
high.

[0126] In addition, by the use of soft rubber for the
thermally conductive members 20, 31, even when external
impact is applied to the liquid crystal display device, the
impact can be absorbed by the thermally conductive mem-
bers 20, 31. Accordingly, the impact is prevented from
propagating directly to the mounting board 21. As a result,
displacement of the mounting board 21, breakage of the
mounting board 21 itself, or detachment of the LED light
sources 2 from the mounting board 21 no longer occurs.
[0127] FIG. 15 shows a schematic cross-sectional view of
a liquid crystal display device according to still another
embodiment of the present invention. The same elements as
in FIG. 1 are denoted by the same reference numerals.
Features that are different from those in FIG. 1 are mainly
described below.

[0128] In this embodiment, a thermally conductive mem-
ber 32 which covers the front and back surfaces of the
mounting board 21 is provided.

[0129] FIG. 16 shows an example of the thermally con-
ductive member 32 in a perspective view.

[0130] The thermally conductive member 32 comprises,
as shown in FIG. 16(a), a first portion 324 held between the
mounting board 21 and the heat sink member 5, a second
portion 32b held between the mounting board 21 and the
light-guiding plate 3 and a third portion 32¢ that connects the
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first portion 32a and second portion 324, and covers at least
one of the side surfaces of the mounting board 21.

[0131] The second portion 324 is provided with a plurality
of opening portions 324 at positions corresponding to the
LED light sources 2 mounted on the mounting board 21.
[0132] The opening portions 324 are open on the upper
side. Placing the mounting board 21 on such a thermally
conductive member 32 may be accomplished by press fitting
it from the upper side of the gap between the first portion 32a
and the second portion 325 downward with the LED light
sources 2 being positioned at the opening portions 32d.
[0133] Here, it is preferable to interpose the aforemen-
tioned adhesive agent 17 with high fluidity or a fluid 17 with
low fluidity between the thermally conductive member 32
and the mounting board 21, between the thermally conduc-
tive member 32 and the heat sink member 5, and between the
heat sink member 5 and the light-guiding plate 3 so as to
improve the thermal conduction.

[0134] FIGS. 16(b), 16(c) show other examples of the
thermally conductive member 32.

[0135] FIG. 16(5) shows an example in which opening
portions 32d formed in a second portion 325 so as to
correspond to the LED light sources 2 have window-like
shapes.

[0136] In this case, since the thermally conductive mem-
ber 32 is substantially present in four surfaces surrounding
the LED light sources 2, most of the heat emitted from
regions around the LED light sources 2 can be transferred
through the thermally conductive member 32 to the light-
guiding plate 3 and the heat sink member 5.

[0137] Meanwhile, the placement of the mounting board
21 on the thermally conductive member 32 may be accom-
plished such that with the gap between the first portion 32a
and the second portion 325 expanded from the upper side,
the mounting board 21 is inserted from the upper side.
[0138] In addition, the thermally conductive member 32
may be U-shaped in cross-section as shown in FIG. 16(c) so
that it is in contact with the front surface, the back surface
and the end surface of the mounting board 21.

[0139] The thermally conductive member 32 in FIG. 16(c)
includes a forth portion 32e at a position opposed to a second
portion 325 and an opening portion 324 where LED light
sources 2 are exposed so as to form a configuration corre-
sponding to the cross-sectional shape of the mounting board
21.

[0140] In this case, the mounting board 21 is laterally
inserted into the thermally conductive member 32 with a
U-shaped cross section.

[0141] Meanwhile, the placement of the mounting board
21 on the thermally conductive member 32 is accomplished
such that with the opening portion 324 formed in the second
portion 325 vertically opened, the mounting board 21 is
introduced. Or, the mounting board 21 may be press fit from
a lateral side of the thermally conductive member 32.
[0142] Since substantially the four surfaces of the mount-
ing board 21 are covered by the thermally conductive
member 32 in the structure in FIG. 16(c), thermal conduc-
tive efficiency can be improved.

[0143] In addition, it is possible to press the thermally
conductive member 32 and a side surface of the mounting
board 21 from the upper side by a projected portion 4a
provided in the housing 4 of the liquid crystal display device
(See FIG. 15) so that the thermally conductive member 32
is held between the housing 4 and the heat sink member 5.
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Since the mounting board 21 is covered by the thermally
conductive member 32 at four surfaces thereof, it exhibits
excellent heat dissipation and impact resistance.

[0144] Now, a description will be given to thickness of the
thermally conductive member 32. Since the thermally con-
ductive member 32 is intended to hold the mounting board
21 and the heat sink member 5 in a pressure contacting
manner, it is preferable to design the outer dimensions of the
thermally conductive member 32 to be somewhat larger than
the inner dimensions of the heat sink member 5.

[0145] Because the thermally conductive member 32 is
made of a soft rubber sheet, minute irregularities on the
surfaces of the mounting board 21 and the heat sink member
5 are absorbed, so that the mounting board 21 and the
thermally conductive member 32, and the thermal conduc-
tive member 32 and the heat sink member 5 can be brought
into surface contact with each other almost free from inter-
position of air gaps therebetween.

[0146] Further, there may be cases where a curved surface
(R) is formed at an inner corner region of the heat sink
member 5 that is in contact with the outer surface of the
thermally conductive member 32 while the metal bending or
the metal pressing process. However, gaps between the
thermally conductive member 32 and the heat sink member
5 that are created by the curved surface are filled with the
thermally conductive member 32 by the deformation of the
thermally conductive member 32.

[0147] If the gaps cannot be filled with the thermally
conductive member 32, the curved surface R can be
removed by C-chamfering an outer corner region of the
thermally conductive member 32 in contact with the inner
curved region, so that the adhesion between the thermally
conductive member 32 and the heat sink member 5 can be
further improved.

[0148] It is also possible to attach a metal case 33
described below to the outer surfaces of the thermally
conductive member 32 described above.

[0149] FIGS. 17(a)-17(c) are perspective views showing
the configurations of a metal case 33 as a heat sink member
enclosing the thermally conductive member 32.

[0150] Outer surfaces of the foregoing thermally conduc-
tive member 32 are covered with these metal cases 33.
[0151] The thermally conductive member 32 and the metal
case 33 are tightly attached to each other at contact surfaces.
Similarly to the thermally conductive member 32, the metal
case 33 is provided with cutout portions 33a at which the
light-emitting surfaces of the light sources 2 are exposed.
[0152] Meanwhile, the metal case 33 has an effect to
improve the LED light source utilizing efficiency. Specifi-
cally, there are light rays which are not directed to the side
of the liquid crystal panel 1 from the light-guiding plate 3
after entering the light-guiding plate 3 from the LED light
source 2, but are reflected at a reflection plate R made of
metal provided at an end surface of the light-guiding plate 3
to return to an end surface side of the LED light source 2
(See FIG. 15).

[0153] Insuch a case, if the thermally conductive member
32 is disposed at the end surface of the light-guiding plate 3,
the thermally conductive member 32 with a gray or black
color absorbs such light rays, causing loss of light.

[0154] Therefore, by disposing the metal case 33 on the
outer surfaces of the thermally conductive member 32, light
rays can be returned to the light-guiding plate 3 by the metal
case 33, so that light is efliciently utilized.
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[0155] The means for reflecting light rays that are coming
back 1s not limited to the metal case 33, but may be other
light reflective members or sheets disposed at predetermined
regions of the thermally conductive member 32 for that

purpose.

[0156] While the metal case 33 is formed by metal pro-
cessing to have a U-shaped or C-shaped cross section in
FIGS. 17(a)-(¢), it may be formed to have a configuration
enclosing the entire thermally conductive member 32, that
is, annular in cross section.

[0157] The thermally conductive member 32 and the metal
case 33 are preferably tightly attached to each other so as not
to permit air gaps to interpose therebetween. For example, a
silicone adhesive agent (e.g. adhesive SE9176L produced by
Dow Coming Toray Silicone Co., Ltd.) may be applied
between the thermally conductive member 32 and the metal
case 33.

[0158] In addition, the metal case 33 is preferably fixed to
the heat sink member 5 by means of a thermally conductive
adhesive agent, by which heat of the thermally conductive
member 32 is more easily transferred to the heat sink
member 5. Moreover, when the metal case 33 and the heat
sink member 5 are integrally formed, heat of the metal case
33 is directly transferred to the heat sink member 5. As the
foregoing thermally conductive adhesive agent, for
example, a thermally conductive adhesive agent SE4420
produced by Dow Corning Toray Silicone Co., Ltd. may be
used.

[0159] FIG. 18 is a schematic cross-sectional view of a
liquid crystal display device according to another embodi-
ment of the present invention. The same elements as in FIG.
15 are denoted by the same reference numerals. Features that
are different from those in FIG. 15 are mainly described
below.

[0160] In this embodiment, the thermally conductive
member 32 is in tight attachment to an end surface of the
light-guiding plate 3.

[0161] Since heat radiated to regions around the LED light
source 2 and heat on the LED-mounting surface side of the
mounting board 21 are transferred from the thermally con-
ductive member 32 directly to the end surface of the
light-guiding plate 3, such heat can be transferred to the
light-guiding plate 3. Heat of the LED light source 2 can be
transferred through the thermally conductive member 32 to
the heat sink member 5. In addition, heat emitted from the
mounting board 21 can be transferred through the thermally
conductive member 32 interposed between the mounting
board 21 and the heat sink member 5 to the heat sink
member 5.

[0162] Here, the thickness of the thermally conductive
member 32 at a stage before it is interposed between the
mounting board 21 and the heat sink member 5 (thickness
with respect to the thickness direction of the mounting board
21) is determined to be slightly greater than the designed
distance between the mounting board 21 and the heat sink
member 5 and the designed distance between the mounting
board 21 and the light-guiding plate 3. This ensures that the
thermally conductive member 32 is securely held between
the mounting board 21 and the light-guiding plate 3 and
between the mounting board 21 and the heat sink member 5
in a pressure contacted manner. As a result, generation of air
gaps can be well prevented and heat can be dissipated
efficiently.
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[0163] FIG. 19 is a schematic cross-sectional view of a
liquid crystal display device according to another embodi-
ment of the present invention. The same elements as in FIG.
1 are denoted by the same reference numerals. Features that
are different from those in FIG. 1 are mainly described
below.

[0164] In this embodiment, as shown in FIGS. 19 and 20,
the surface (LED-mounting surface) of the mounting board
21 and the light-emitting surface of the LED container 235
constituting the LED light source 2 are disposed substan-
tially perpendicular to each other.

[0165] Accordingly, the light-emitting direction of the
LED light source 2 is parallel to the LED-mounting surface
of the mounting board 21 as shown in FIG. 20.

[0166] In addition, the light-emitting surface and the back
surface (the surface opposite to the light-emitting surface) of
the LED light source 2 are covered with a thermally con-
ductive member 34.

[0167] This thermally conductive member 34 has a con-
figuration including opening portions 34a that are open in
the lower side for accommodating the LED light sources 2
as shown in FIG. 21 so as to surround four surfaces of the
LED light source 2 joined to the mounting board 21 except
one side surface and the light-emitting surface thereof.
[0168] The thermally conductive member 34 is pressed
toward the mounting board 21 by the upper housing 4. In
addition, the thermally conductive member 34 is pressed by
the upper housing 4 and the heat sink member 5 from the
back surface side of the LED light source 2 toward an end
surface side of the light-guiding plate 3.

[0169] Accordingly, heat generated from the LED light
sources 2 can be transferred to the upper housing 4 and the
heat sink member 5 through the projected portions 345 of the
thermally conductive member 34 present around the LED
light sources 2.

[0170] As described above, since heat generated at LED
light sources 2 is effectively dissipated to the outside and
becomes less likely to be stored in the LED light sources 2
or the mounting board 21, temperature rise at the LED light
sources 2 and regions around them can be effectively sup-
pressed.

[0171] Meanwhile, while the opening portions 34a of the
thermally conductive member 34 shown in FIG. 21 are
provided so as to correspond to the plurality of LED light
sources 2, the placement of the mounting board 21 on such
a thermally conductive member 34 may be carried out by
press fitting with the LED light sources 2 mounted on the
mounting board 21 being positioned at the opening portions
34a.

[0172] Here, the thickness of the thermally conductive
member 34 before it is interposed between the mounting
board 21 and the upper housing 4 is preferably slightly
greater than the designed distance between the mounting
board 21 and the upper housing 4, and the thickness of the
opening portions 34a are preferably about the same as the
mounted thickness of the LED light sources 2.

[0173] By setting the thickness of the thermally conduc-
tive member 34 as above, the thermally conductive member
34 can be placed in tight attachment to the LED-mounting
surface of the mounting board 21 and a side surface (the side
surface between the light-emitting surface and the back
surface that is opposite to the mounting board 21) of the
LED light source 2.
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[0174] Here, the thermally conductive member 34 is pref-
erably made of soft rubber. Since this allows warpage and
irregularities of the mounting board 21 and the heat sink
member 5 to be absorbed, very few air gaps are permitted to
interpose between the thermally conductive member 34 and
the mounting board 21, between the thermally conductive
member 34 and the heat sink member 5, and between the
thermally conductive member 34 and the upper housing 4,
so that they are tightly attached to each other in good
condition, improving the heat dissipation.

[0175] Furthermore, since the thermally conductive mem-
ber 34 is provided with the opening portions 34a for
accommodating the LED light sources 2 and the projected
portions 345 arranged between adjacent opening portions
3da are abutted with the LED-mounting surface of the
mounting board 21, light rays other than those directed to the
end surface of the light-guiding plate 3 are blocked or
reflected. As a result, leakage of light can be prevented, and
light utilization efficiency can be enhanced.

[0176] Meanwhile, since most of the heat of the LED light
sources 2 is transferred from the terminal portions 23¢
through the metal wiring formed on the mounting board 21,
heat dissipation effect is greater when the thermally con-
ductive member 34 is brought into contact with the metal
wiring of the mounting board 21 and further with the
terminal portions 23c.

[0177] Now, a description will be given to an embodiment
in which the LED light sources 2 are mounted on the
mounting board 21 in such a way that thermal conduction
from the LED light sources 2 to the mounting board 21 is
improved.

[0178] In this embodiment, as shown in FIG. 6, the LED
light source 2 is mounted on a mounting metal film 22 of the
mounting board 21 through a heat dissipating bonding
material 30 with good heat dissipating capability as well as
adhesiveness.

[0179] The effect of interposing this heat dissipating bond-
ing material 30 between the LED light source 2 and the
mounting board 21 is as follows.

[0180] Usually, the LED light source 2 and the mounting
board 21 are only connected at two positions, which are the
connection terminal portions 23¢, by means of an electri-
cally conductive member or solder.

[0181] Accordingly, in conventional cases, heat generated
at the LED chip 23a of the LED light source 2 is transferred
from the LED container 23 to the mounting board 21
through the connection terminal portions 23¢, and heat other
than that is emitted to the ambient air around the LED
container.

[0182] In comparison with this, according to the present
invention, gaps (air layers) between the LED container 235
of the LED light source 2 and the mounting board 21 are
eliminated to be filled with the heat dissipating bonding
material 30. This allows the heat stored in the LED container
23b to be transferred efficiently to the mounting metal film
22 of the mounting board 21 through the heat dissipating
bonding material 30. As a result, the heat can be transferred
efficiently to the heat dissipating metal film 26 through a
plurality of metal via holes 27.

[0183] Furthermore, by integrally forming the mounting
metal film 22 and the metal film pattern 25, or even when the
mounting metal film 22 and the metal film pattern 25 are
formed separately, by applying the heat dissipating bonding
material 30 so as to cover across the both, heat of the LED
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container 235 can be effectively transferred to the side of the
mounting board 21 as well as to the heat dissipating metal
film 26 through the plurality of via holes 27.

[0184] As described so far, owing to the use of the heat
dissipating bonding material 30, the formation of the metal
via holes 27 penetrating the mounting board 21 from the
LED-mounting surface to the back surface thereof, the
provision of the mounting metal film 22 and the metal film
pattern 25 on the LED-mounting surface and the heat
dissipating metal film 26 on the back surface of the mount-
ing board 21 to increase the heat transfer effect of the metal
via holes 27, and the use of a copper-based highly thermally
conductive material for the mounting metal film 22, the heat
dissipating metal film 26, the metal film pattern 25 and the
metal via holes 27, heat of the LED container 235 of the
LED light source 2 can be transferred efficiently to the side
of the heat dissipating metal film 26 of the mounting board
21, so that temperature rise around the LED chip 21a can be
suppressed effectively.

[0185] This heat dissipating bonding material 30 prefer-
ably has an insulating function in addition to the aforemen-
tioned heat dissipation and adhesiveness to prevent short
circuit between the terminal portions 23c of the LED light
source 2.

[0186] The heat dissipating bonding material 30 may be
formed so that it is extended from the region in which the
mounting metal film 22 is formed to reach the regions in
which the metal via holes 27 are formed except for the
regions of the metal film 24 to which the terminal portions
23¢, 23c¢ are joined.

[0187] In this structure, heat stored in the LED container
235 of the LED light source 2 can be transferred through the
heat dissipating bonding material 30 not only to the mount-
ing metal film 22, but also directly to the metal film 25, as
well as to the dissipating metal film 26 on the back surface
side of the mounting board 21 through many metal via holes
27.

[0188] Accordingly, it is possible to efficiently transfer
heat stored in the LED container 235 of the LED light source
2 to the heat dissipating metal film 28 of the mounting board
21.

[0189] In order to obtain the same effect, the mounting
metal film 22 may be extended so as to be formed substan-
tially integrally with the metal film pattern 25 (in other
words, connecting the mounting metal film 22 and the metal
film pattern 25 together).

[0190] Another embodiment using a different means
instead of the heat dissipating bonding material 30 will be
described below.

[0191] Inthe case ofa conventional surface mounting type
LED light source 2, terminal portions 235 provided on both
sides of the LED light source 2 and predetermined wiring
connection terminals of the mounting board 21 are posi-
tioned at predetermined locations and connected to each
other by means of a solder reflow method or the like.
[0192] However, air gaps with poor thermal conductivity
tend to be generated between the LED container 235 accom-
modating the LED chip 23a of the LED light source 2 and
the mounting board 21.

[0193] According to the present invention, an adhesive
agent 35 with high fluidity is supplied to the air gaps by a
dispenser coating method or the like.

[0194] For example, the LED light source 2 is mounted on
the mounting board 21, and the adhesive agent is applied
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from one side of a LED case to be impregnated therewith.
It is important that this adhesive agent with high fluidity is
a material with high fluidity that does not corrode the metal
wiring and the like.

[0195] Because of the high fluidity, the adhesive agent is
distributed into gaps between the LED container 235 and the
mounting board 21. As a result, formation of air gaps such
as air bubbles are successfully prevented, so that the thermal
conduction in this part is improved.

[0196] Accordingly, heat generated at the LED light
source 2 is efficiently transferred to the mounting board 21
through the adhesive agent and the terminal portions 23c.
[0197] In addition, since mechanical joining between the
LED light source 2 and the mounting board 21 is accom-
plished not only by the joints of the terminal portions 23¢ but
also by the adhesive agent 30 provided between the LED
container 235 and the mounting board 21, the mechanical
joining strength between the LED light source 2 and the
mounting board 21 can be increased, thereby realizing a
liquid crystal display device with excellent impact resis-
tance.

[0198] While specific embodiments of the present inven-
tion have been heretofore described, implementation of the
present invention is not limited to the foregoing embodi-
ments. For example, in many of the foregoing embodiments,
although the light-guiding plate is thicker on the side of the
end surface in the proximity of the LED light source 2 and
thinner on the side of the end surface (the end surface
opposite to the end surface in the proximity of the LED light
source 2) apart from the LED light source 2, this relationship
in thickness between both end surfaces may be reversed, or
the light-guiding plate may be a flat plate member whose
thickness is the same at the both end surfaces. Also, the sizes
in the depth direction of the side surfaces of the lower side
housing which also serves as the heat sink member 5 may be
the same. In addition, while the heat sink member 5 is
exposed at the back surface side of the liquid crystal display
device because the heat sink member 5 also serves as the
lower side housing, the heat sink member 5 and the lower
housing may be formed as different members separately, or
aresin may be molded and formed only on the surface on the
side of the heat sink member 5 to be exposed so as to
conform to the external appearance of the upper housing 4.

EXAMPLE 1

[0199] A thermally conductive sheet (Model No. 5509 of
Sumitomo 3M Limited) with heat dissipation properties
shown in FIG. 10 was employed for the thermally conduc-
tive sheet 31, and a 2 mm thick aluminum was used for the
heat sink member 5, so that the mounting board 21, ther-
mally conductive sheet 31 and the heat sink member 5 were
in surface contact with each other.

[0200] Here, the thermal conductivities of the respective
materials used were: 0.45 W/(m'K) for glass epoxy used for
the mounting board 21, 5 W/(m-K)for the thermally con-
ductive sheet 31, and 236 W/(m'K) for aluminum for the
heat sink member 5.

[0201] Also magnesium or iron may be used for the heat
sink member 5. The thermal conductivity of magnesium is
157 W/(m'K), and the thermal conductivity of iron is 83.5
W/(mK). In the case of poor heat dissipation, the plate
thickness may be increased or a heat dissipating fin may be
provided.
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[0202] Heat generated together with light emission from
the LED light source 2 is transferred through the mounting
board 21 and the thermally conductive sheet 31 to the heat
sink member 5 to be dissipated. Also the heat is transferred
from the lower end surface of the mounting board 21 to the
heat sink member 5 to be dissipated.

[0203] Since the thermal conductivities of the mounting
board 21 and the thermally conductive sheet 31 are
extremely lower than that of the aluminum of the heat sink
member 5, in order to improve heat conduction, reducing the
thicknesses of the mounting board 21 and the thermally
conductive sheet 31 possibly to minimum is effective.
[0204] A liquid crystal display panel 1 with a display area
of 4.7 inches was used, in which sixteen LED light sources
2 were mounted and aligned on the mounting board 21.
Under room temperature (25° C.), an electric current of 20
mA was applied to the LED light sources 2, and tempera-
tures around the LED light sources 2 were measured.
[0205] As a result, it was revealed that temperatures
around the LED light sources 2 were suppressed to 40° C.,
and the estimated life of the LED light sources could be
prolonged up to about 7500 hours. In addition, although the
degree was small, an improving tendency was observed in
the luminous efliciency of the LED light sources.

[0206] On the other hand, when the thermally conductive
sheet 31 was excluded, temperatures around the LED light
sources reached 44° C., and the estimated life of the LED
light sources was no longer than 6600 hours.

[0207] The results of the experiment verifies that by
improving heat conduction by bringing the thermally con-
ductive sheet 31 into tight attachment to the mounting board
21 and the heat sink member 5, and thereby efficiently
transferring heat generated from the LED light sources to the
heat sink member 5, the heat storage in the LED light
sources 2 and the mounting board 21 can be reduced, and
temperature rise at the LED light sources and regions around
them can be minimized.

EXAMPLE 2

[0208] The same temperature measurements as in
Example 1 were carried out on a sample with a fluid 17 with
low fluidity (thermally conductive compound) being applied
between the mounting board 21 and the thermally conduc-
tive sheet 31 and between the thermally conductive sheet 31
and the heat sink member 5.

[0209] As the thermally conductive compound, SC102
produced by Dow Corning Toray Silicone Co., Ltd. was
used, and the mounting board 21, the thermally conductive
sheet 31 and the heat sink member 5 were fixed so that they
were in surface contact with each other. The thermally
conductive compound had a thermal conductivity of 0.8
W/(mK).

[0210] The thermally conductive compound is in a clayish
condition, which includes an oil component with high vis-
cosity mixed with ceramic fine particles with high thermal
conductivity, and the oil component conforms to minute
irregularities formed on the surfaces of the heat sink member
5 and the mounting board 21, as well as good heat conduc-
tion is achieved through the ceramic particles with high
thermal conductivity.

[0211] Aliquid crystal display panel 1 with a display area
of 4.7 inches was used, in which sixteen LED light sources
2 were mounted and aligned on the mounting board 21.
Under room temperature (25° C.), an electric current of 20
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mA was applied to the LED light sources 2, and tempera-
tures around the LED light sources 2 were measured.

[0212] As a result, it was revealed that temperatures
around the LED light sources 2 were suppressed to 39° C.,
and the estimated life of the LED light sources could be
prolonged up to about 7700 hours. In addition, although the
degree was small, an improving tendency was observed in
the luminous efficiency of the LED light sources.

[0213] On the other hand, when the thermally conductive
sheet 31 and the thermally conductive compound were
excluded, temperatures around the LED light sources
reached 44° C., and the estimated life of the LED light
sources was no longer than 6600 hours.

[0214] The results of the experiment verifies that by
interposing the thermally conductive compound between the
thermally conductive sheet 31 and the mounting board 21
and between the thermal conductive sheet 31 and the heat
sink member 5, the heat conduction from the LED light
sources 2 to the heat sink member 5 can be further improved.

EXAMPLE 3

[0215] The same temperature measurements as in
Example 1 were carried out, in which a thermally conductive
member 20 was added to the structure in Example 1.

[0216] The same material as the plate-like thermally con-
ductive sheet with heat dissipation properties (Model No.
5509 of Sumitomo 3M Limited) was used for the thermally
conductive member 20, and the mounting board 21 and the
end surface on the light incident side of the light-guiding
plate 3 were fixed so that they were brought into surface
contact with each other.

[0217] Heat generated together with light emission from
the LED light sources 2 is transferred through the mounting
board 21 and the thermally conductive member 20 to be
transferred also to the light-guiding plate 3. Accordingly,
heat transferred from the mounting board 21 to the heat sink
member 5 is dissipated mainly through three routes on the
LED-mounting surface side, the back surface side and the
lower end surface side of the mounting board 21.

[0218] A liquid crystal display panel 1 with a display area
of 4.7 inches was used, in which sixteen LED light sources
2 were mounted and aligned on the mounting board 21.
Under room temperature (25° C.), an electric current of 20
mA was applied to the LED light sources 2, and tempera-
tures around the LED light sources 2 were measured.

[0219] As a result, it was revealed that temperatures
around the LED light sources 2 were suppressed to 36° C.,
and the estimated life of the LED light sources could be
prolonged up to about 8500 hours. In addition, although the
degree was small, an improving tendency was observed in
the luminous efficiency of the LED light sources.

[0220] On the other hand, when the thermally conductive
member 20 and the thermally conductive sheet 31 were
excluded, temperatures around the LED light sources
reached 44° C., and the estimated life of the LED light
sources was no longer than 6600 hours.

[0221] The results of the experiment verifies that by
bringing the thermally conductive member 20 and the ther-
mally conductive sheet 31 into tight attachment to the
mounting board 21 and the heat sink member 5, the heat
conduction was improved, and heat generated from the LED
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light sources can be efficiently transferred to the light-
guiding plate 3 and the heat sink member 5.

EXAMPLE 4

[0222] The same temperature measurements were carried
out using the thermally conductive member 32 shown in
FIG. 16(a) (Model No. 5509 of Sumitomo 3M Limited), in
which the mounting board 21 and the thermally conductive
member 32, and the thermally conductive member 32 and
the heat sink member 5 were fixed so that they were brought
into surface contact with each other, respectively.

[0223] A liquid crystal display panel 1 with a display area
of 4.7 inches was used, in which eighteen LED light sources
2 were mounted and aligned on the mounting board 21.
Under room temperature (25° C.), an electric current of 20
mA was applied to the LED light sources 2, and tempera-
tures around the LED light sources 2 were measured.
[0224] As a result, it was revealed that temperatures
around the LED light sources 2 were suppressed to 34° C.,
and the estimated life of the LED light source array could be
prolonged up to about 9000 hours. In addition, although the
degree was small, an improving tendency was observed in
the luminous efliciency of the LED light source array.
[0225] On the other hand, when the thermally conductive
member 32 was excluded, temperatures around the LED
light sources reached 45° C., and the estimated life of the
LED light source array was no longer than 6400 hours.
[0226] The results of the experiment verifies that by
bringing the thermally conductive member 32 shown in FIG.
16(a) into tight attachment to the mounting board 21, the
heat sink member 5 and the light-guiding plate 3, the heat
conduction can be further improved.

[0227] In addition, because the thermally conductive
member 32 is held within the heat sink member 5, the
mounting board 21 can be maintained at the predetermined
position with high stability, and moreover, even when
impact is applied from the outside of the housing 6, the
thermally conductive member 32 is capable of absorbing the
impact. For this reason, a liquid crystal display device with
high reliability in which the LED light sources 2 is not
displaced or broken can be produced.

EXAMPLE 5

[0228] The same temperature measurements as in
Example 1 were carried out on a liquid crystal display device
in which, as shown in FIG. 19, the LED light sources 2 were
mounted on the mounting board 21 so that the LED-
mounting surface of the mounting board 21 and the light-
emitting surface of the LED light sources 2 were generally
in parallel to each other, and one of the side surfaces of each
of the LED containers 235 of the LED light sources 2 was
mounted on the mounting board 21 as a LED-mounting
surface.

[0229] A plate-like rubber sheet with heat dissipation
properties (Model No. 5509 of Sumitomo 3M Limited) was
used as the thermally conductive member 34, and it was
fixed so as to be in surface contact with the LED light
sources 2, the heat sink member 5 and the upper side housing
4

[0230] A part of heat generated from the LED light source
2 together with light emission is transferred through the
LED container 235 and the thermally conductive member 34
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to be dissipated from the upper side housing 4 as well as
dissipated from the side surface side of the heat sink member
5

[0231] A liquid crystal display panel 1 with a display area
of 4.7 inches was used, in which sixteen LED light sources
2 were mounted and aligned on the mounting board 21.
Under room temperature (25° C.), an electric current of 20
mA was applied to the LED light sources 2, and tempera-
tures around the LED light sources 2 within the backlight
were measured. As a result, it was revealed that temperatures
around the LED light sources 2 were suppressed to 36° C.,
and the estimated life of the LED light sources 2 could be
prolonged up to about 8500 hours. In addition, although the
degree was small, an improving tendency was observed in
the luminous efficiency of the LED light sources 2.

[0232] On the other hand, when the thermally conductive
member 34 was excluded, temperatures around the LED
light sources reached 44° C., and the estimated life of the
LED light sources 2 was no longer than 6600 hours.

[0233] The results of the experiment verifies that heat
generated from LED light sources 2 can be efficiently
transferred to the upper housing 4 and the heat sink member
5 through the thermally conductive member 34.

EXAMPLE 6

[0234] As shown in FIG. 6, a 0.1 mm thick mounting
board 21 whose both surfaces were provided with metal
films 22, 26, a metal film pattern 25 and a driving metal
wiring 24 was prepared. A 35 um thick copper foil was used
as the metal films. Through holes of 0.2 mm in diameter
were provided as metal via holes 27, and inner peripheral
walls of the through holes were plated with 25 pum thick
copper.

[0235] A heat dissipating metal film 26 for the mounting
board 21 was formed to a thickness of 35 pm to 60 um that
was larger than those of other films including the mounting
metal film 22 and the metal film pattern 25 so as to facilitate
heat conduction and dispersion. The surfaces of the metal
films made of copper were coated with a solder film 28 with
a thickness of about 20 um. This improves not only the
above described heat dissipating effect but also facilitates
mounting of the LED light sources 2 and driving parts
thereof on the mounting board 21 by soldering, and prevents
the surfaces of the copper parts from oxidation, discoloring
and corrosion.

[0236] Since the thermal conductivity of the mounting
board 21 is extremely smaller than those of the metal
materials used for the mounting metal film 22, the heat
dissipating metal film 26, the metal film pattern 25 and the
heat sink member 5, in order to improve the heat conduction
of the heat sink member 5, reducing the thickness of the
mounting board possibly to minimum is effective. A thin
glass epoxy substrate was used for reliable insulation and
cost reduction.

[0237] A2 mm thick rectangular plate made of aluminum
was used as the heat sink member 5, which was bent to have
an L-shaped cross section so as to be in surface contact with
the heat dissipating metal film 26 of the mounting board 21
and fixed to the mounting board 21 with screws. Here,
thermal conductivities of the materials used were: 0.45
W/(mrK) for the mounting substrate (base body of the
mounting board) made of glass fiber-based epoxy resin, 403
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W/(m'K) for the copper, 236 W/(m'K) for the aluminum,
62.1 W/(m-K) for the solder, and 0.92 W/(m-K) for the heat
dissipating bonding material.

[0238] Heat generated together with light emission at the
LED chip 23a of the LED light source 2 is transferred
through the heat dissipating bonding material 30 filled
between the LED container 235 of the LED light source 2
and the mounting board 21.

[0239] As the heat dissipating bonding material 30, a
thermally conductive adhesive agent (SE4420 produced by
Dow Corning Toray Silicone Co., Ltd.) was used.

[0240] A 5.7 inch rectangular liquid crystal panel 1 was
used as the liquid crystal display device, in which five LED
light sources 2 were mounted linearly on the mounting board
21. An electric current of 250 mA was applied to each of the
LED light sources 2, and then temperature rise at the
LED-mounting surface of the mounting board 21 was mea-
sured.

[0241] As a result, temperature rise could be suppressed to
25°C. or below, and temperature rise at the back surface side
could be suppressed to 18° C. or below. The decrease in
luminance efliciency as compared to the luminance effi-
ciency at room temperature of the LED light source includ-
ing the LED light sources 2 was as small as about 2%, and
a bright display was realized.

[0242] On the other hand, in a liquid crystal display device
having an LED backlight, temperature rise at the mounting
board, in particular, at regions around the LED light source
was great: the temperature rose to 50° C. or more on the
LED-mounting surface side of the mounting board, and the
luminance efficiency of the LED light source decreased by
4% or more. In addition, when the environmental tempera-
ture under which the liquid crystal display device was used
was raised from room temperature (25° C.) to 70° C., the
temperature of the mounting board reached 1200 or more,
which was a condition under which damage to the LED
light-emitting device could be anticipated.

[0243] The results of the experiment verifies that owing to
the LED light source 2 mounting arrangement (interposing
the heat dissipating bonding material 30), and various
arrangements including the mounting metal film 22 of the
mounting board 21, the heat dissipating metal film 26, the
metal film pattern 25 and the metal via hole conductors 27,
the heat conduction can be improved and heat generated
from the LED light sources 2 can be efficiently transferred
to the heat sink member 5.

EXAMPLE 7

[0244] The same temperature measurements as in
Example 6 were carried out using a silicone adhesive agent
instead of the heat dissipating bonding material 30. In
addition, the thermally conductive member 32 as in
Example 4 was also used.

[0245] As the adhesive agent (bonding material),
SE9176L produced by Dow Corning Toray Silicone Co.,
Ltd. was used.

[0246] While the thermal conductivity of air is 0.017
W/(m'K), the cited adhesive agent has a greater heat con-
duction effect as compared with air.

[0247] It is preferred that insulative fine particulate mate-
rial or the like is mixed into the adhesive agent so as to
further improve the thermal conductivity as long as it allows
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the adhesive agent to penetrate rapidly into gaps between the
LED container 236 and the mounting board 21 and to
eliminate air.

[0248] Aliquid crystal display panel 1 with a display area
of 4.7 inches was used, in which sixteen LED light sources
2 were mounted and aligned on the mounting board 21.
Under room temperature (25° C.), an electric current of 20
mA was applied to the LED light sources 2, and tempera-
tures around the LED light sources 2 within the backlight
were measured.

[0249] As a result, it was revealed that temperatures
around the LED light sources 2 were suppressed to 40° C.,
and the estimated life of the LED light sources 2 could be
prolonged up to about 7500 hours. In addition, although the
degree was small, an improving tendency was observed in
the luminous efficiency of the LED light sources 2.

[0250] On the other hand, when the adhesive agent and the
thermally conductive member 32 were excluded, tempera-
tures around the LED light sources reached 44° C., and the
estimated life of the LED light sources 2 was no longer than
6600 hours.

[0251] The results of the experiment verifies that by
applying the adhesive agent 35 into gaps between the LED
containers 235 of the LED light sources 2 and the mounting
board 21 so that the thermally conductive member 32 is in
tight attachment to the mounting board 21 and the heat sink
member 5, the heat conduction can be improved, and
thereby heat generated from LED light sources 2 can be
efficiently transferred to the heat sink member 5.

1. A liquid crystal display device comprising:

a liquid crystal display panel including a display pixel
area;

a backlight including (i) a light-guiding plate disposed on
one principal surface of the liquid crystal display panel
so as to correspond to the display pixel area, (ii) LED
light sources arranged on an end surface of the light-
guiding plate, (iii) a mounting board on which the LED
light sources are mounted, and (iv) a thermally con-
ductive member connected to the mounting board; and

a heat sink member connected to the mounting board
through the thermally conductive member.

2. The liquid crystal display device according to claim 1,
wherein the thermally conductive member has a thermal
conductivity greater than 0.45 W/(m-K).

3. The liquid crystal display device according to claim 1,
wherein the thermally conductive member has a rubber
hardness determined according to JIS-K6253 of 5-60.

4. The liquid crystal display device according to claim 2,
wherein the thermally conductive member is adhered to the
heat sink member by means of an adhesive agent with high
fluidity.

5. The liquid crystal display device according to claim 4,
wherein the adhesive agent has a viscosity before curing of
2-50 Pa-S.

6. The liquid crystal display device according to claim 4,
wherein the adhesive agent is a compound including an oil
component and ceramic fine particles.

7. The liquid crystal display device according to claim 1,
wherein the thermally conductive member is joined to
terminal portions provided in the LED light sources.

8. The liquid crystal display device according to claim 1,
wherein the thermally conductive member is joined to a
metal wiring formed on the mounting board,
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9. The liquid crystal display device according to claim 1,
wherein the heat sink member is disposed in the proximity
of the light-guiding plate.

10. The liquid crystal display device according to claim 1,
wherein the thermally conductive member includes

a first thermally conductive member for covering a back

surface disposed on the opposite side of a mounting
surface of the mounting board on which the LED light
sources are mounted, and

a second thermally conductive member for covering the

mounting surface of the mounting board and surfaces
of the LED light sources such that at least light-
emitting surfaces of the LED light sources are exposed.

11. The liquid crystal display device according to claim
10, wherein the second thermally conductive member is
disposed so as to be in tight attachment to the end surface of
the light-guiding plate and the mounting surface of the
mounting board.

12. The liquid crystal display device according to claim
11, wherein the first thermally conductive member is inte-
gral with the second thermally conductive member.

13. The liquid crystal display device according to claim
12, wherein the thermally conductive member further
includes a third thermally conductive member that covers at
least one side surfaces of the mounting board, and the third
thermally conductive member. the first thermally conductive
member and the second thermally conductive member are
integral with each other.

14. The liquid crystal display device according to claim 1,
wherein an array of the LED is arranged such that the
mounting surface of the mounting board and the light-
emitting surfaces of the LED light sources are perpendicular
to each other.

15. The liquid crystal display device according to claim 1,
wherein the heat sink member is formed to conform to outer
contours of the liquid crystal display panel and the backlight.

16. The liquid crystal display device according to claim 1,
wherein the heat sink member is a metal case for holding the
LED light sources and the thermally conductive member.

17. The liquid crystal display device according to claim
16, wherein the metal case has opening portions correspond-
ing to the LED light sources, and the LED light sources are
connected to the light-guiding plate through the opening
portions.

18. The liquid crystal display device according to claim
17, further comprising a light reflecting means that covers at
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least a part of the light-guiding plate and reflects light from
the LED light sources that is incident inside the light-
guiding plate.

19. The liquid crystal display device according to claim
18, wherein the reflecting means covers the thermally con-
ductive member.

20. The liquid crystal display device according to claim 1,
wherein the thermally conductive member includes an
extended portion that covers the mounting surface of the
mounting board, a back surface disposed opposite to the
mounting surface, and a side surface connecting the mount-
ing surface to the back surfacer and the extended portion is
connected to the heat sink member.

21. The liquid crystal display device according to claim 1,
wherein a mounting metal film is formed on the mounting
surface of the mounting board, and the LED light sources are
attached to the mounting metal film through a heat dissipat-
ing bonding material with good heat dissipating properties
and adhesiveness.

22. The liquid crystal display device according to claim 1,
wherein a heat dissipating metal film is formed on a back
surface located opposite to the mounting surface of the
mounting board, and the heat dissipating metal film is
connected to metal via holes penetrating between the mount-
ing surface and the back surface.

23. The liquid crystal display device according to claim 1,
wherein a mounting metal film joined to the LED light
sources and a metal film pattern that is electrically connected
to the mounting metal film are formed on the mounting
surface of the mounting board.

24. The liquid crystal display device according to claim 1,
wherein an adhesive agent with fluidity is filled into gaps
formed between the LED light sources and the mounting
board.

25. The liquid crystal display device according to claim 1,
wherein the mounting board includes a fist metal film
attached to the mounting surface of the mounting board on
which the LED light sources are mounted, a second metal
film attached to a surface opposite to the mounting surface,
and through hole conductors for connecting the first and
second metal films, and the first metal film and the LED light
sources are connected through a metal bonding material.
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