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7) ABSTRACT

A liquid crystal display apparatus includes a light source, a
light source drive circuit for switching the light source on
and off, a heat release member for releasing heat generated
by at least one of the light source drive circuit and the light
source, and a heat transport member for transporting the heat
to the heat release member. The light source drive circuit is
connected to the heat release member through the heat
transport member. The heat transport member has high heat
conductivity so that a large part of the heat can be transferred
to the heat release member through the heat transport
member for a short time. Thus, the heat transport member
prevents the heat from affecting components disposed near
the light source drive circuit or the light source.
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LIQUID CRYSTAL DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on Japanese Patent Appli-
cations No. 2005-37642 filed on Feb. 15, 2005, No. 2005-
37643 filed on Feb. 15, 2005, and No. 2005-37644 filed on
Feb. 15, 2005, the disclosures of which are incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display apparatus for performing a display, which is suitably
used for a vehicle, for example.

BACKGROUND OF THE INVENTION

[0003] FIG. 20 is a cross-sectional view showing a liquid
crystal display (LCD) apparatus disclosed in JP-A-2004-
279262. The LCD apparatus includes a liquid crystal display
member J1, an optical member J2 (e.g., an optical sheet and
a diffusion sheet) disposed behind the liquid crystal display
member J1, a light-emitting diode (LED) J3 as a light source
element, a circuit board J4 having a LED drive circuit, a
LED control circuit and a liquid crystal drive circuit, a light
guide plate J5 as a light waveguide path for guiding light
emitted by the LED 3, a reflector plate I6 for directing light
to the front surface of the light guide plate J5.

[0004] The LED drive circuit has a switching element for
switching the LED J3 on and off. The LED control circuit is
for controlling timing of the switching on and off of the LED
J3. The liquid crystal drive circuit is for driving the liquid
crystal display member J1.

[0005] Inthe LCD apparatus, the LED J3 emits light at the
timing controlled by the LED control circuit. The emitted
light is introduced into the light guide plate J5 through the
end surface. The introduced light is directed to the front
surface of the light guide plate J5 by the reflector plate J6
disposed behind the light guide plate J5. Thus, the directed
light is applied to the back surface of the liquid crystal
display member J1 disposed in the front of the light guide
plate J5. Therefore, when the liquid crystal drive circuit
drives the liquid crystal display member J1, a display
appears on the liquid crystal display member J1.

[0006] When the display is performed on the liquid crystal
display member I1, the LED drive circuit for driving the
LED I3 generates heat. For example, the switching element
of the LED drive circuit generates heat. If the generated heat
is transferred to components deposed near the LED drive
circuit, the heat may affect the components. For example, if
the heat is transferred to the light guide plate J5 made of
acrylic susceptible to heat, the light guide plate J5 may be
deformed. If the heat affects a complicated circuit such as the
liquid crystal drive circuit for driving the liquid crystal
display member J1, a wrong display may appear on the
liquid crystal display member J1.

[0007] Inorderto prevent the problem, the circuit board J4
having the LED drive circuit is connected with a metal heat
release plate extending to the back of the LCD apparatus far
away from the circuit board J4. The heat release plate serves
as a cooling module and releases the heat at the back of the
LCD apparatus.
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[0008] However, the heat release plate has high heat
resistance, because the heat release plate is directly jointed
to the circuit board J4. Further, the heat release plate is
connected to the circuit board J4 in a wide area so that the
heat tends to spread widely around the LED drive circuit.
Therefore, a large portion of the heat generated by the LED
drive circuit is released near the LED drive circuit and
affects the components disposed near the LED drive circuit.

[0009] In the display apparatus, although the heat release
plate extends to the back of the display apparatus, the heat
release plate cannot fully transport the heat to the back of the
display apparatus due to the high heat resistance and the
wide shape. Therefore, a large portion of the heat generated
by the LED drive circuit is released near the LED drive
circuit. Consequently, the components disposed near the
LED drive circuit may be subjected to high temperature.

SUMMARY OF THE INVENTION

[0010] In view of the above described problem, it is an
object of the present invention to provide a liquid crystal
display (LCD) apparatus in which heat generated by a drive
circuit is prevented from being transferred to a component
disposed near the drive circuit.

[0011] A liquid crystal display apparatus includes a liquid
crystal member for performing a display, a light source for
emitting a light, a light guide plate for guiding the light
emitted by the light source to the liquid crystal member, a
circuit board having a liquid crystal display circuit for
driving the liquid crystal member, a light source drive circuit
for switching the light source on and off, a heat release
member for releasing a heat generated by the light source
drive circuit, and a heat transport member having a heat
conductivity higher than the heat release member.

[0012] The heat release member is connected to the light
source drive circuit or a light source at a position separated
from the light source drive circuit or the light source. A large
portion of the heat generated by the light source drive circuit
or the light source is transported from the light source drive
circuit or the light source to the heat release member without
being released in the heat transport member, because the
heat transport member has the higher heat conductivity.

[0013] Thus, the heat transport member prevents the heat
from being transferred to components such as the light gunide
plate and the liquid crystal drive circuit of the circuit board,
which are susceptible to heat and disposed near the light
source drive circuit or the light source. In the LCD appara-
tus, therefore, it is possible to prevent the heat from causing
problems such as deformation of the light guide plate and a
wrong display appearing on the liquid crystal member.

[0014] For example, the heat transport member has an
extension portion extending to a predetermined position next
to or behind the liquid crystal member, and the heat release
member is connected to the extension portion of the heat
transport member to be disposed at the predetermined posi-
tion. Alternatively, the heat release member can be disposed
at or above a position where the light guide plate and the
circuit board are disposed. Furthermore, the heat transport
member can be constructed with at least one of a heat pipe,
a metal plate, and a conductive member having a carbon
sheet or resin.
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[0015] In addition, the heat release member can be pro-
vided with a plurality of fins which are arranged parallel to
each other to be spaced apart from each other and extend in
a vertical direction. Alternatively, the heat release member
includes a heat release plate disposed behind the liquid
crystal member and the light guide plate. In this case, the
heat release plate is provided to form a part of a case for
protecting at least the light guide plate, and the heat transport
member is disposed along the case to contact the heat release
plate.

[0016] The heat transport member can be a heat pipe for
transporting the heat to the heat release member. In this case,
the heat pipe has a first end portion bent upwardly and
connected to the heat release member, and a second end
portion disposed below the first end portion and connected
to the light source drive circuit or the light source. Further-
more, the heat pipe can be sealed with a liquid medium. In
this case, the second end portion of the heat pipe is bent
upwardly, so that the liquid medium is positioned in a
portion between and under the first and second end portions
of the heat pipe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other objectives, features and
advantages of the present invention will become more
apparent from the following detailed description made with
reference to the accompanying drawings. In the drawings:

[0018] FIG.1 is a disassembled perspective view showing
a portion of a liquid crystal display apparatus according to
a first embodiment of the present invention;

[0019] FIG. 2 is a perspective view showing the liquid
crystal display apparatus according to the first embodiment;

[0020] FIG. 3 is a horizontal cross sectional view showing
the liquid crystal display apparatus of FIG. 2;

[0021] FIG. 4 is an enlarged view showing a cooling
module of the liquid crystal display apparatus according to
the first embodiment;

[0022] FIG.5 is a disassembled perspective view showing
a portion of a liquid crystal display apparatus according to
a second embodiment of the present invention;

[0023] FIG. 6A and FIG. 6B are vertical cross sectional
views showing a portion of a liquid crystal display apparatus
of FIG. 5;

[0024] FIG. 7 is a perspective view showing the liquid
crystal display apparatus according to the second embodi-
ment;

[0025] FIG. 8 is an enlarged view showing a cooling
module of the liquid crystal display apparatus according to
the second embodiment;

[0026] FIG.9 is a vertical cross sectional view showing a
liquid crystal display apparatus of a modification of the
second embodiment;

[0027] FIG. 10 is a horizontal cross sectional view show-
ing a portion of a liquid crystal display apparatus according
to a third embodiment of the present invention;

[0028] FIG. 11 is a disassembled perspective view show-
ing a portion of a liquid crystal display apparatus according
10 a fourth embodiment of the present invention;
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[0029] FIG. 12 is a perspective view showing the liquid
crystal display according to the fourth embodiment;

[0030] FIG. 13 is a vertical cross sectional view showing
a portion of the liquid crystal display apparatus of FIG. 12;

[0031] FIG. 14 is an enlarged view showing a cooling
module of the liquid crystal display apparatus according to
the fourth embodiment;

[0032] FIG. 15 is a vertical cross sectional view showing
a portion of a liquid crystal display apparatus according to
a fifth embodiment of the present invention;

[0033] FIG. 16 is a perspective view showing the liquid
crystal display according to the fifth embodiment;

[0034] FIG. 17 is an enlarged view showing a cooling
module of the liquid crystal display apparatus according to
the fifth embodiment;

[0035] FIG. 18 is a vertical cross sectional view showing
a portion of a liquid crystal display apparatus according to
a sixth embodiment of the present invention;

[0036] FIG. 19 is a vertical cross sectional view showing
a portion of a liquid crystal display apparatus according to
a seventh embodiment of the present invention; and

[0037] FIG. 20 is a horizontal cross sectional view show-
ing a portion of a liquid crystal display apparatus according
to a prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

[0038] ALCD apparatus 100 of the first embodiment will
be now described with reference to FIGS. 1 to 4. The LCD
apparatus 100 may be, for example, used as a display
apparatus for a navigation system or an indicator such as a
speed meter and a tachometer arranged in an instrument
panel of a vehicle.

[0039] As shown in FIG. 1, the LCD apparatus 100
includes a liquid crystal panel 1, optical sheets 2, 3, a
diffusion sheet 4, a light guide panel 5, a reflector panel 6,
a circuit board 7, a light emitting diode (LED) 8, a LED
drive circuit 9, and a cooling module 10.

[0040] The liquid crystal panel 1 is a well-known thin film
transistor (TFT) liquid crystal panel. The optical sheets 2, 3,
the diffusion sheet 4, the light guide panel 5, the reflector
panel 6, and the circuit board 7 are disposed in this order
behind the liquid crystal panel 1 and held in a cover 11
shown in FIG. 2.

[0041] The optical sheets 2, 3 are laminated into single
sheet. The single sheet reflects light entering the single sheet
through the back surface (i.e., from the right side of FIG. 3)
at an incident angle perpendicular to the back surface,
thereby preventing the light from passing through the single
sheet. In contrast, the single sheet refracts light entering the
single sheet through the back surface at a predetermined
incident angle so that the incident light can pass through the
single sheet. Specifically, the optical sheets 2, 3 are lami-
nated together in such a manner that the optical sheet 2
refracts light entering the optical sheet 2 at a first incident
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angle and the optical sheet 3 refracts light entering the
optical sheet 3 at a second incident angle that is different
from the first incident angle by 90°.

[0042] The diffusion sheet 4 diffuses light entering the
diffusion sheet 4 through the back surface (i.e., from the
right side of FIG. 3) and allows the diffused light to pass
through to the front surface (i.e., to the left side of FIG. 3).
Thus, light having uniform brightness is emitted from the
entire front surface of the diffusion sheet 4 toward the liquid
crystal panel 1.

[0043] The light guide panel 5 as the light waveguide path
is a transparent panel made of acrylic, for example. The light
guide panel 5 has a side surface (side edge) 5a, a front
surface 5b, and a back surface 5¢. Light is introduced into
the light guide panel 5 through the side surface 54 and
emitted through the front surface 554. The emitted light is
used as light for illuminating the liquid crystal panel 1.

[0044] Although the light guide panel 5 has four side
surfaces (side edges) including the side surface 5a, light is
introduced into the light guide panel 5 through only the side
surface 5a. Alternatively, light may be introduced into the
light guide panel 5 through both the side surface 5a and
another side surface opposite to the side surface 5a.

[0045] The reflector panel 6 is disposed to come in close
contact with the back surface 5¢ of the light guide panel 5.
The reflector panel 6 reflects light that enters the light guide
panel 5 through the side surface 5a and tries to exit the light
guide panel 5 through the back surface 5¢. Thus, the reflector
panel 6 increases intensity of the light for illuminating the
liquid crystal panel 1.

[0046] The reflector panel 6 also serves as a case for
holding the optical sheets 2, 3, the diffusion sheet 4, and the
light guide panel 5. The reflector panel 6 has one side surface
to which the LED drive circuit 9 and the cooling module 10
are fixed. As shown in FIG. 4, the LED drive circuit 9 and
the cooling module 10 have screw holes 9a and screw holes
10q, respectively, and are fixed to the reflector panel 6 by
screws 12.

[0047] The circuit board 7 is disposed behind the reflector
panel 6 and has various circuits for driving the LED appa-
ratus 100. For example, the circuit board 7 has a liquid
crystal drive circuit for driving the liquid crystal panel 1 and
a LED control circuit for controlling timing of switching on
and off of the LED 8 switched by the LED drive circuit 9.

[0048] A plurality of the LEDs 8 are arranged and
mounted on the LED drive circuit 9 to face the side surface
5a of the light guide plate 5. The LEDs 8 are arranged on the
LED drive circuit 9 in a top-bottom direction of FIG. 1.
Each LED 8 is a vertical cavity surface emitting (VCSE)
LED and emits light vertically with respect to the surface on
which the LED 8 is mounted.

[0049] The LED drive circuit 9 has a semiconductor
switching element for switching the LED 8 on and off. The
LED 8 is mounted on a predetermined position of the LED
drive circuit 9 to allow the semiconductor switching element
1o switch the LED 8 on and off.
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[0050] The LED control circuit mounted on the circuit
board 7 controls the semiconductor switching element of the
LED drive circuit 9. The LED drive circuit 9 includes a
rectangle aluminum substrate having an insulating film
thereon. The LED drive circuit 9 is disposed on the insu-
lating film. The aluminum substrate has the screw holes 9a
at both end portions along the length thereof and is fixed to
the refractor panel 6 by using the screws 12. Thus, the LED
drive circuit 9 is fixed to the refractor panel 6 so that the
LED 8 faces the side surface 5a of the light guide panel 5.

[0051] The cooling module 10 has an attachment plate
105, a heat pipe 10¢ joined to the attachment plate 105, and
a heat release unit 104 connected to the attachment plate 105
through the heat pipe 10c.

[0052] The attachment plate 105 has a shape similar to that
of the aluminum substrate of the LED drive circuit 9. The
attachment plate 105 has the screw holes 10a at both end
portions along the length thereof so that the attachment plate
105 can be fixed to the LED drive circuit 9 by using the
screws 12. Thus, through the attachment plate 105, the heat
pipe 10¢ and the heat release unit 104 are fixed to the LED
drive circuit 9. The attachment plate 106 may be, for
example, made of aluminum.

[0053] The heat pipe 10c may be, for example, a copper
pipe or a copper alloy pipe having high heat conductivity.
The heat pipe 10c has an inner space and a coolant sealed in
the inner space. For example, the coolant is water and
occupies about 10% of the volume of the inner space. When
heat generated by the LED drive circuit 9 is transferred to
the heat pipe 10c through the attachment plate 105, the heat
pipe 10c absorbs and transports the transferred heat by using
latent heat of condensation and vaporization of the coolant.
Thus, the heat pipe 10c¢ can transport a large amount of the
heat from the LED drive circuit 9 to the heat release unit 104
with a small temperature difference.

[0054] The heat pipe 10¢ has one end portion jointed to the
attachment plate 105, for example, by welding. The heat
pipe 10c¢ extends horizontally as shown in FIG. 2 (upwardly
in FIG. 3) from the attachment plate 105. The other end
portion of the heat pipe 10c extends into the heat release unit
10d. Thus, as shown in FIGS. 2 to 3, the heat release unit 104
is positioned on one side of the LCD apparatus 100.

[0055] The heat release unit 104 has multiple fins that are
integrally constructed. Each fin has a hole (not shown)
through which the heat pipe 10¢ passes. The heat pipe 10¢
comes into contact with every fin through the hole so that the
heat release unit 104 can release heat effectively.

[0056] The fins extend in a vertical direction and are
arranged parallel to each other. Thus, hot air heated by the
fins easily escapes from the upper portion of the heat release
unit 104, and air convection easily occurs in the heat release
unit 10d. The heat release unit 104 is disposed at or above
a position where the light guide plate 5 and the circuit board
7 susceptible to heat are disposed.

[0057] In such approaches, the heat release unit 10d
releases heat effectively and prevents hot air having the
released heat from flowing to the light guide plate 5 and the
circuit board 7.
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[0058] Operations of the LCD apparatus 100 are described
below.

[0059] When the LED drive circuit 9 and the LED control
circuit mounted on the circuit board 7 drives the LEDs 8, the
LEDs 8 emit light to the side surface 5a of the light guide
panel 5. The emitted light is introduced into the light guide
panel 5.

[0060] The introduced light is emitted through the front
surface 55 of the light guide panel 5 to the diffusion sheet 4.
Even if some of the introduced light tries to exits the light
guide panel 5 through the back surface 5¢ in this time, the
refractor panel 6 reflects the exiting light to the front surface
5b. The light emitted through the front surface 5b passes
through the diffusion sheet 4, the optical sheets 2,3, and the
liquid crystal panel 1. Thus, the display is performed on the
liquid crystal panel 1, when the LCD drive circuit mounted
on the circuit board 7 drives the liquid crystal panel 1.

[0061] Heat generated by the LED drive circuit 9 is
transferred to the heat pipe 10¢ and then transported to the
heat release unit 104 through the heat pipe 10c.

[0062] Specifically, the heat transferred to the heat pipe
10c¢ evaporates the coolant stored in the heat pipe 10¢, and
then the coolant changes from liquid to gas by absorbing the
heat. The gas coolant moves upwardly in the heat pipe 10c.
Thus, the heat pipe 10c¢ transports the heat from the LED
drive circuit 9 to the heat release unit 104 for a short time.
The gas coolant releases the heat at the heat release unit 104.

[0063] The gas coolant is cooled and condensed into liquid
coolant after releasing the heat. Then, the liquid coolant
moves downwardly in the heat pipe 10¢ and is evaporated
again by heat transferred to the heat pipe 10c. In such
mechanisms, the heat generated by the LED drive circuit 9
can be effectively released.

[0064] Inthe LCD apparatus 100, the heat release unit 104
is coupled to the LED drive circuit 9 through the heat pipe
10c. In other words, the heat release unit 104 is indirectly
connected to the LED drive circuit 9. Therefore, a large
portion of the heat generated by the LED drive circuit 9 is
transported to the heat release unit 104 without being
released in the heat pipe 10c.

[0065] Thus, the heat pipe 10c¢ prevents the heat generated
by the LED drive circuit 9 from being released on the way
to the heat release unit 10d. In the LCD apparatus 100,
therefore, it is possible to prevent the heat from being
transferred to the components such as the light guide plate
5 and the liquid crystal drive circuit of the circuit board 7,
which are susceptible to heat and disposed near the LED
drive circuit 9. Therefore, it is possible to prevent the heat
from causing problems such as deformation of the light
guide plate 5 and wrong display on the liquid crystal panel
1.

[0066] Further, in the LED apparatus 100, the attachment
plate 105 joined to the heat pipe 10¢ is fixed to the LED
drive circuit 9 by using the screws 12. In such an approach,
the LED drive circuit 9 and the heat pipe 10c¢ can be
separately assembled into the LED apparatus 100. Even if
there arises a need to replace the LED drive circuit 9 with
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another LED drive circuit, for example, in a service or a
check, the LED drive circuit 9 can be replaced alone, not
together with the heat pipe 10c. Therefore, the service or the
check can be simplified.

Second embodiment

[0067] A LCD apparatus 200 of the second embodiment
will be now described with reference to FIGS. 5 to 8.

[0068] The LCD apparatus 200 has a structure basically
similar to that of the LCD apparatus 100 according to the
first embodiment. In the LCD apparatus 200, as shown in
FIG. 6A, the LED drive circuit 9 is disposed on the bottom
side of the LCD apparatus 200. The heat pipe 10¢ has one
end portion joined to the LED drive circuit 9 through the
attachment plate 105 and the other end portion extending to
the heat release unit 104. The heat pipe 10c is bent upwardly
at a bent portion 10ca so that the other end portion of the
heat pipe 10¢ is positioned behind the circuit board 7.
Accordingly, the heat release unit 104 is disposed behind the
circuit board 7.

[0069] Thus, the heat pipe 10¢ is disposed on the back side
of the LCD apparatus 200 so that the heat release unit 10d
can be disposed on the back side of the LCD apparatus 200.
Even when the heat pipe 10c¢ and the heat release unit 104
arranged as shown in FIGS. 5 to 8, the advantage described
in the first embodiment can be obtained.

[0070] Another advantage of the apparatus 200 will be
described with reference to FIG. 6B.

[0071] When ambient temperature of the LCD apparatus
200 drops below a freezing point of a coolant 22 sealed in
the heat pipe 10c¢, the coolant 22 may freeze into solid and
expand. For example, if the coolant 22 is water, the coolant
22 freezes at 0° C. In general, liquid freezes from top to
bottom. Therefore, if the coolant 22 is trapped in the bottom
of the heat pipe 10¢, the trapped coolant 22 may apply
expansion stress to the heat pipe 10¢ when freezing into
solid. Repeated expansion stress may cause a crack in the
heat pipe 10c.

[0072] Inthe LCD apparatus 200, the heat pipe 10c is bent
upwardly at the bent portion 10ca that is positioned between
two end portions of the heat pipe 10c. By tilting the LCD
apparatus 200 as shown in FIG. 6B, at least a part of the bent
portion 10ca of the heat pipe 10c can be positioned lower
than the two end portions of the heat pipe 10c. Thus, the
coolant 22 can be stored in the bent portion 10ca in normal
times when no display is performed on LCD apparatus 200
(i.e., when the LED drive circuit 9 is not working).

[0073] In such an approach, even when the coolant 22
freezes into solid and expands, the expanding coolant 22 can
escape to both the end portions of the heat pipe 10c.
Therefore, the expansion stress applied to the heat pipe 10¢
can be prevented so that the crack caused in the heat pipe 10¢
can be prevented.

[0074] FIG.9 shows a LCD apparatus 300 according to a
modification of the second embodiment.

[0075] Inthe LCD apparatus 300, the heat pipe 10c is bent
upwardly from the bottom portion without the bent portion
10ca.
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Third Embodiment

[0076] ALCD apparatus 400 of the third embodiment will
be now described with reference to FIG. 10.

[0077] The LCD apparatus 400 has a structure basically
similar to that of the LCD apparatus 100 according to the
first embodiment. In the LCD apparatus 400, a light perme-
able panel 20 is disposed instead of the light guide panel 5,
and the LED drive circuit 9 is disposed behind the light
permeable panel 20. The LED 8 is mounted on one surface
of the aluminum substrate of the LED drive circuit 9 to face
the light permeable panel 20.

[0078] The light permeable panel 20 acts as the light
waveguide path. Light emitted by the LED 8 is emitted to the
liquid crystal panel 1 after passing through the light perme-
able panel 20. Therefore, the display appears on the liquid
crystal panel 1.

[0079] In the LCD apparatus 400, the heat pipe 10c¢ has
one end portion disposed along the back surface of the LED
drive circuit 9 and the other end portion projecting horizon-
tally from the LED drive circuit 9 into the heat release unit
10d. Thus, the heat release unit 104 is positioned on one side
of the LCD apparatus 400.

Fourth Embodiment

[0080] A LCD apparatus 500 of the fourth embodiment
will be now described with reference to FIGS. 11 to 14.

[0081] The LCD apparatus 500 has a structure basically
similar to that of the LCD apparatus 200 according to the
second embodiment. In the LCD apparatus 500, the cooling
module 10 has an attachment plate 105, a heat pipe 10¢, and
a heat release plate 10e instead of the heat release unit 104.

[0082] The attachment plate 105 includes a first portion
and a second portion. The first portion has a shape basically
similar to that of the aluminum substrate of the LED drive
circuit 9. The second portion extends upwardly from the first
portion to the heat release plate 10e. Therefore, the attach-
ment plate 105 is formed such that a single plate is bent
between the first portion and the second portion. The second
portion of the attachment plate 1056 has the screw holes 10a
at both end portions along the length thereof so that the
attachment plate 106 can be fixed to the LED drive circuit
9 by using the screws 12. The attachment plate 105 has a
groove for holding the heat pipe 10c.

[0083] The heat pipe 10¢ has one end portion fixed to the
first portion of the attachment plate 105 and the other end
portion extending to the heat release plate 10e. Thus, the
heat pipe 10c is disposed along the attachment plate 105 and
the heat release plate 10e. As shown in FIG. 12 and FIG. 14,
the heat pipe 10c¢ is fitted into the groove of the attachment
plate 10.

[0084] The heat release plate 10e is disposed behind the
circuit board 7 and comes into contact with the heat pipe
10c. The heat release plate 10e is made of a material having
high heat conductivity or high heat release rate so that the
heat release plate 10e can conduct or release heat quickly.
For example, the heat release plate 10e is made of alumi-
num. In conjunction with the cover 11 shown in FIG. 12, the
attachment plate 105 and the heat release plate 10e provide
a case of the LCD apparatus 500.
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[0085] The attachment plate 105 and the heat release plate
10e are separate members so as to be made of different
materials. For example, the attachment plate 105 is made of
a material having high heat conductivity and the heat release
plate 10e is made of a material having high heat release rate.
Alternatively, the attachment plate 105 and the heat release
plate 10e may be made of the same material.

[0086] The attachment plate 105 and the heat release plate
10e operate basically similar to that of the heat release unit
10d. Heat generated by the LED drive circuit 9 is transported
to the attachment plate 105 and the heat release plate 10e
through the heat pipe 10c. As described above, the heat pipe
10c can transport the heat for a short time. Therefore, a large
portion of the heat is released at the heat release plate 10e,
which is disposed kept away from the LED drive circuit 9.

[0087] Thus, the heat pipe 10¢ prevents the heat from,
being transferred to the components such as the light guide
plate 5 and the liquid crystal drive circuit of the circuit board
7, which are susceptible to heat and disposed near the LED
drive circuit 9. In the LCD apparatus 500, therefore, it is
possible to prevent the heat from causing problems such as
deformation of the light guide plate 5 and the wrong display
appearing on the liquid crystal panel 1.

[0088] Further, the attachment plate 105 and the heat
release plate 10e provide the case of the LCD apparatus 500
so that a component used for the case can be eliminated.
Therefore, the number of components of the LCD apparatus
500 can be reduced.

Fifth Embodiment

[0089] ALCD apparatus 600 of the fifth embodiment will
be now described with reference to FIGS. 15 to 17.

[0090] The LCD apparatus 600 has a structure basically
similar to that of the LCD apparatus 500 according to the
fourth embodiment. In the LCD apparatus 600, the cooling
module 10 has the heat release unit 104 in addition to heat
release plate 10e, thereby releasing heat generated by the
LED drive circuit 9 more effectively. The heat release unit
104 has a structure similar to that of the second embodiment.

Sixth Embodiment

[0091] ALCD apparatus 700 of the sixth embodiment will
be now described with reference to FIG. 18.

[0092] The LCD apparatus 700 has a structure basically
similar to that of the LCD apparatus 500 according to the
fourth embodiment. In the LCD apparatus 700, the light
permeable panel 20 is disposed instead of the light gnide
panel 5, and the LED drive circuit 9 is disposed behind the
light permeable panel 20. The LEDs 8 are mounted on one
surface of the aluminum substrate of the LED drive circuit
9 to face the light permeable panel 20.

[0093] A heat pipe 10c is formed into approximately
U-shape in cross section as shown in FIG. 18. The heat pipe
10c has a first portion extending along the back surface of
the LED drive circuit 9, a second portion extending along
the attachment plate 105, and a third portion extending along
the heat release plate 10e.
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Seventh Embodiment

[0094] A LCD apparatus 800 will be now described with
reference to FIG. 19.

[0095] The LCD apparatus 800 has a structure basically
similar to that of the LCD apparatus 200 according to the
second embodiment. In the LCD apparatus 800, the heat
pipe 10¢ is extended on the front side of the LED drive
circuit 9. The extended portion is bent upwardly to provide
an escape portion 10ch.

[0096] The heat pipe 10¢ has the escape portion 10cb so
that the coolant 22 is stored between the bent portion 10ca
and the escape portion 10cb in the normal times.

[0097] Even when the coolant 22 freezes into solid and
expands, the expanding coolant 22 can escape to both the
bent portion 10ca and the escape portion 10¢h. Thus, the
heat pipe 10¢ can be prevented from being damaged by the
coolant 22, when the coolant 22 freezes.

Other Embodiments

[0098] The above embodiments may be modified in vari-
ous ways.

[0099] The heat release unit 104 may be disposed any-
where, as long as the heat release unit 104 is disposed
physically kept away from the light guide plate 5 and the
circuit board 7.

[0100] A high heat conductive member such as a metal
board, a carbon sheet stuck to an aluminum board, and
conductive resin may be used as the heat transport member,
instead of or in addition to the heat pipe 10c.

[0101] The LED 8 may be mounted on a metal substrate
different from the aluminum substrate on which the LED
drive circuit 9 is disposed. In this case, the heat pipe 10c is
connected to the metal plate to transport heat generated by
the LED 8.

[0102] Such changes and modifications are to be under-
stood as being within the scope of the present invention as
defined by the appended claims.

What is claimed is:
1. A liquid crystal display apparatus comprising:
a liquid crystal member for performing a display;
a light source for emitting a light;

a light guide plate for guiding the light emitted by the light
source to the liquid crystal member, the light guide
plate being disposed behind the liquid crystal member;

a circuit board having a liquid crystal display circuit for
driving the liquid crystal member;

a light source drive circuit for switching the light source
on and off;

a heat release member for releasing a heat generated by
the light source drive circuit; and

a heat transport member having a heat conductivity higher
than the heat release member, wherein

the heat release member is connected to the light source
drive circuit at a position separated from the light
source drive circuit.
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2. A liquid crystal display apparatus comprising;
a liquid crystal member for performing a display;
a light source for emitting a light;

a light guide plate for guiding the light emitted by the light
source to the liquid crystal member, the light guide
plate being disposed behind the liquid crystal member;

a circuit board having a liquid crystal display circuit for
driving the liquid crystal member;

a light source drive circuit for switching the light source
on and off;

a heat release member for releasing a heat generated by
the light source;

a heat transport member having a heat conductivity higher
than the heat release member, wherein

the heat release member is connected to the light source
at a position separated from the light source.

3. The apparatus according to claim 1, wherein

the heat transport member has an extension portion
extending to a predetermined position next to or behind
the liquid crystal member, and

the heat release member is connected to the extension
portion of the heat transport member to be disposed at
the predetermined position.

4. The apparatus according to claim 1, wherein

the heat release member is disposed at or above a position
where the light guide plate and the circuit board are
disposed.

5. The apparatus according to claim 1, wherein

the heat transport member is constructed with at least one
of a heat pipe, a metal plate, and a conductive member
having a carbon sheet or resin.

6. The apparatus according to claim 1, wherein

the heat release member has a plurality of fins which are
arranged parallel to each other to be spaced apart from
each other and extend in a vertical direction.

7. The apparatus according to claim 1, wherein

the heat release member includes a heat release plate
disposed behind the liquid crystal member and the light
guide plate,

the heat release plate is provided to form a part of a case
for protecting at least the light guide plate, and

the heat transport member is disposed along the case to
contact the heat release plate.

8. The apparatus according to claim 2, wherein

the heat release member includes a heat release plate
disposed behind the liquid crystal member and the light
guide plate,

the heat release plate is provided to form a part of a case
for protecting at least the light guide plate, and

the heat transport member is disposed along the case to
contact the heat release plate.
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9. The apparatus according to claim 1, wherein

the heat transport member is a heat pipe for transporting
the heat to the heat release member, the heat pipe
having a heat conductivity higher than the heat release
member, wherein

the heat pipe has a first end portion bent upwardly and
connected to the heat release member, and a second end
portion disposed below the first end portion and con-
nected to the light source drive circuit.

10. The apparatus according to claim 9, wherein
the heat pipe is sealed with a liquid medium,

the second end portion of the heat pipe is bent upwardly,
and

the liquid medium is positioned in a portion between the
first and second end portions of the heat pipe.

11. The apparatus according to claim 2, wherein

the heat transport member is a heat pipe for transporting
the heat to the heat release member, the heat pipe
having a heat conductivity higher than the heat release
member, wherein

the heat pipe has a first end portion bent upwardly and
connected to the heat release member, and a second end
portion disposed below the first end portion and con-
nected to the light source.

12. The apparatus according to claim 11, wherein
the heat pipe is sealed with a liquid medium,

the second end portion of the heat pipe is bent upwardly,
and

the liquid medium is positioned in a portion between the
first and second end portions of the heat pipe.

13. A liquid crystal display apparatus comprising:
a liquid crystal member for performing a display;
a light source for emitting a light;

a light guide plate for guiding the light emitted by the light
source to the liquid crystal member, the light guide
plate being disposed behind the liquid crystal member;

a circuit board having a liquid crystal display circuit for
driving the liquid crystal member;

a light source drive circuit for switching the light source
on and off;

a case for protecting at least the light guide plate, the case
having a heat release plate disposed behind the liquid
crystal member and the light guide plate; and

a heat transport member for transporting a heat generated
by the light source drive circuit, wherein

the heat transport member is disposed along the case to
contact the heat release plate.

14. The apparatus according to the claim 13, wherein

the light source drive circuit is formed separately from the
heat transport member.
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15. A liquid crystal display apparatus comprising:
a liquid crystal member for performing a display;
a light source for emitting a light;

a light guide plate for guiding the light emitted by the light
source to the liquid crystal member, the light guide
plate being disposed behind the liquid crystal member;

a circuit board having a liquid crystal display circuit for
driving the liquid crystal member;

a light source drive circuit for switching the light source
on and off;

a case for protecting at least the light guide plate, the case
having a heat release plate disposed behind the liquid
crystal member and the light guide plate; and

a heat transport member for transporting a heat generated
by the light source, wherein

the heat transport member is disposed along the case to
contact the heat release plate.
16. The apparatus according to the claim 13, wherein

the heat release plate has a heat release unit for releasing
the heat by a radiation rate higher than that of the heat
transport member.

17. The apparatus according to claim 13, wherein

the heat release unit is disposed at or above a position
where the light guide plate and the circuit board are
disposed.

18. The apparatus according to claim 13, wherein

the heat transport member is constructed with at least one
of a heat pipe, a metal plate, and a conductive member
having a carbon sheet or resin.

19. The apparatus according to claim 13, wherein

the heat release unit has a plurality of fins which are
arranged parallel to each other to be spaced apart from
each other and extends in a vertical direction.

20. A liquid crystal display apparatus comprising:

a liquid crystal member for performing a display;
a light source for emitting a light;

a light guide plate for guiding the light emitted by the light
source to the liquid crystal member, the light guide
plate being disposed behind the liquid crystal member;

a circuit board having a liquid crystal display circuit for
driving the liquid crystal member;

a light source drive circuit for switching the light source
on and off;

a heat release member for releasing a heat generated by at
least one of the light source drive circuit and the light
source; and

a heat pipe for transporting the heat to the heat release
member, the heat pipe having a heat conductivity
higher than the heat release member, wherein

the heat pipe has a first end portion bent upwardly and
connected to the heat release member, and a second end
portion disposed below the first end portion and con-
nected to the at least one of the light source drive circuit
and the light source.
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21. The apparatus according to claim 20, wherein:
the heat pipe is sealed with a liquid medium,

the second end portion of the heat pipe is bent upwardly,
and

the liquid medium is positioned in a portion between the
first and second end portions of the heat pipe.
22. A liquid crystal display apparatus comprising:

a liquid crystal member for performing a display;
a light source for emitting a light;

a light guide plate for guiding the light emitted by the light
source to the liquid crystal member, the light guide
plate being disposed behind the liquid crystal member;

a circuit board having a liquid crystal display circuit for
driving the liquid crystal member;

a light source drive circuit for switching the light source
on and off;
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a heat release member for releasing a heat generated by at
least one of the light source drive circuit and the light
source; and

a heat pipe for transporting the heat to the heat release
member, the heat pipe having a heat conductivity
higher than the heat release member, wherein

the heat pipe has a first pipe portion bent upwardly and
connected to the heat release member, and a second
pipe portion bent upwardly and connected to the at least
one of the light source drive circuit and the light source.
23. The apparatus according to claim 22, wherein:

the heat pipe is sealed with a liquid medium,

the second pipe portion of the heat pipe is bent upwardly,
and

the liquid medium is provided between the first and
second pipe portions.

[ T R
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