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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device, and more particularly, to an outdoor liquid crys-
tal display device that has a transparent protection plate pro-
vided on a display face thereof.

[0003] 2. Description of the Background Art

[0004] 1In aliquid crystal display device for outdoor instal-
lation, it is necessary to protect a liquid crystal panel from an
external impact and water immersion caused by rain. There-
fore, a display face of the liquid crystal panel is covered with
a transparent protection plate made of resin or glass, and a
waterproof finish is provided on a peripheral portion of the
transparent protection plate.

[0005] Where a transparent protection plate is provided on
the display face ofthe liquid crystal panel, an air space includ-
ing air bubbles is normally formed between the liquid crystal
panel and the transparent protection plate. Due to the air
space, external light incident on the display face is reflected
by the rear face of the transparent protection plate and the
surface of the liquid crystal panel. As a result, visibility
becomes lower.

[0006] To counter this problem, Japanese Patent Applica-
tion Laid-Open No. 2005-316042 discloses a liquid crystal
display device that has a transparent resin or the like filling a
space between the liquid crystal panel and the transparent
protection plate, and a liquid crystal display device that has a
transparent adhesive material provided in the space.

[0007] By those conventional techniques, it is possible to
increase the visibility of the display by reducing generation of
air bubbles, but air bubbles still exist. Therefore, it is difficult
10 bond the transparent protection plate onto the liquid crystal
panel without air bubbles. Particularly, after a liquid crystal
display device is formed by combining a liquid crystal panel,
a planar light source unit, and a front frame, it is even more
difficult to bond the transparent protection plate onto the
liquid crystal panel for the below reasons.

[0008] First, by the transparent resin filling technique dis-
closed in Japanese Patent Application Laid-Open No. 2005-
316042, the resin enters a rear face side of the liquid crystal
panel through a space between the liquid crystal panel and the
front frame holding the liquid crystal panel. When the resin
reaches the planar light source unit, unevenness in display is
caused. To avoid this problem, a sealing member or the like to
prevent the resin from entering the space between the front
frame and the liquid crystal panel needs to be formed, and the
number of manufacturing procedures increases accordingly.
[0009] By a technique of bonding the transparent protec-
tion plate onto the liquid crystal panel with the transparent
adhesive material, on the other hand, it is necessary to press
the display face side of the liquid crystal panel with the front
frame, so as to bond the transparent protection plate onto the
liquid crystal panel, with no air bubbles entering the space
between the liquid crystal panel and the transparent protec-
tion plate. However, when a center of the transparent protec-
tion plate bonding face of the liquid crystal panel is pressed in
a structure having the planar light source unit supporting the
peripheral portion of the liquid crystal panel, a problem
occurs in that the liquid crystal panel is bent and air bubbles
easily enter the bonding face. Also, in a liquid crystal display
device having a liquid crystal panel in close contact with a
planar light source unit, an optical sheet of the planar light
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source unit is pressed when the transparent protection plate
bonding face of the liquid crystal panel is pressed, and the
unevenness in display is caused.

[0010] To solve the above problems, there is proposed a
liquid crystal display device that is formed by bonding a
transparent protection plate to a liquid crystal panel with a
transparent elastic adhesive material before the liquid crystal
panel, a planar light source unit, and a front frame are incor-
porated into the structure.

[0011] In such a liquid crystal display device, the front
frame needs to be incorporated into the structure after the
transparent protection plate is bonded to the liquid crystal
panel. Therefore, the transparent protection plate is housed in
the front frame. In this structure, it is necessary to provide a
waterproof finish inside an opening end portion of the front
frame. The waterproof finish may be provided by performing
the bonding with a caulking material, or applying pressure
with an O-ring, or the like. To achieve high productivity, it is
preferable to apply pressure with an O-ring,

[0012] However, when end portions of the transparent pro-
tection plate are pressed by an O-ring inside the opening end
portion of the front frame, a stress is transmitted to the liquid
crystal panel, since the transparent protection plate is held
only by the liquid crystal panel. As a result, the unevenness is
caused in the display of the liquid crystal panel.

SUMMARY OF THE INVENTION

[0013] The present invention aims to reduce a stress to be
applied to a liquid crystal panel, and eliminate unevenness in
a display of the liquid display panel.

[0014] A liquid crystal display device related to the present
invention includes a liquid crystal panel, a transparent pro-
tection plate, a transparent elastic adhesive material, and a
planar light source unit. The liquid crystal panel has an upper
substrate and a lower substrate facing each other. The trans-
parent protection plate is placed on the upper substrate side of
the liquid crystal panel. The transparent elastic adhesive
material fills a space between the liquid crystal panel and the
transparent protection plate. The planar light source unit
emits light from the lower substrate side of the liquid crystal
panel. The planar light source unit includes a frame that has a
supporting portion that supports end portions of the transpar-
ent protection plate from below.

[0015] As the end portions of the transparent protection
plate are supported from below, the stress to be applied to the
liquid crystal panel can be reduced. As a result, the uneven-
ness is not caused in the display of the liquid crystal panel.
[0016] These and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1is a cross-sectional view showing a structure
of a liquid crystal display device in accordance with a first
embodiment;

[0018] FIGS. 2 to 4 are cross-sectional views showing a
structure of the liquid crystal display device in accordance
with the first embodiment;

[0019] FIGS. 5 to 7 are cross-sectional views showing a
structure of a liquid crystal display device in accordance with
a second embodiment;
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[0020] FIG. 8 is a cross-sectional view showing a structure
of a liquid crystal display device on which the present inven-
tion is premised; and

[0021] FIG. 9 is a cross-sectional view showing a structure

of the liquid crystal display device on which the present
invention is premised.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0022] A liquid crystal display device on which the present
invention is premised is described before a liquid crystal
display device in accordance with a present embodiment is
described. FIG. 8 is a cross-sectional view showing a struc-
ture of the liquid crystal display device on which the present
invention is premised. As shown in FIG. 8, the liquid crystal
display device on which the present invention is premised
includes a liquid crystal panel 1 having an upper substrate 14
and a lower substrate 15, an upper polarizing plate 2a, a lower
polarizing plate 25, a transparent elastic adhesive material 3,
a transparent protection plate 4, a planar light source unit 5, a
front frame 6, an O-ring 7, a bezel 8, a TCP (Tape Carrier
Package) 9, a circuit board 10, and a protection film 11. The
planar light source unit 5 has a light source inside the dotted
line in the figure, and also has a frame 13 extending toward
end portions.

[0023] Theliquid crystal panel 1 has the upper substrate 1a
as a surface substrate and the lower substrate 15 as a rear-face
substrate. The upper substrate 1a and the lower substrate 15
face each other. The liquid crystal panel 1 has liquid crystal
interposed between the upper substrate 1la and the lower
substrate 15. The upper polarizing plate 2a is bonded to the
surface of the upper substrate 1a of the liquid crystal panel 1,
and the lower polarizing plate 25 is bonded to the surface of
the lower substrate 15.

[0024] The transparent protection plate 4 is placed on the
upper substrate 1a that is located at the display side of the
liquid crystal panel 1. The transparent elastic adhesive mate-
rial 3 fills a space between the liquid crystal panel 1 and the
transparent protection plate 4. The liquid crystal panel 1 is
bonded to the transparent protection plate 4 by the transparent
elastic adhesive material 3.

[0025] As shown in FIG. 9, the circuit board 10 for driving
the liquid crystals is mounted to the liquid crystal panel 1 via
the TCP 9. As shown in FIG. 8, the TCP 9 is bent to extend
from a space between the transparent protection plate 4 and
the frame 13 of the planar light source unit 5 to the rear-face
side. With this arrangement, the liquid crystal panel 1 can be
provided on the surface of the planar light source unit 5, and
the circuit board 10 can be provided on the rear face of the
planar light source unit 5. The protection film 11 covers and
protects the circuit board 10.

[0026] As showninFIG. 8, each of the O-ring 7 is provided
between the transparent protection plate 4 and the bezel 8 in
the liquid crystal display device on which the present inven-
tion is premised. When the bezel 8 is pressed, the O-ring 7
blocks a space between the transparent protection plate 4 and
the bezel 8. A waterproof finish can be thus provided. How-
ever, if a pressure is applied to end portions of the transparent
protection plate 4 by the O-ring 7 while the transparent pro-
tection plate 4 is supported only by the liquid crystal panel 1,
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a stress is transmitted to the liquid crystal panel 1, and
unevenness is caused in the display of the liquid crystal panel
1.

[0027] A liquid crystal display device in accordance with
the present embodiment designed to solve the above problem
is now described. FIG. 1 is a cross-sectional view showing a
structure of the liquid crystal display device in accordance
with the present embodiment. In the liquid crystal display
device in accordance with the present embodiment, the same
components as those of the above described liquid crystal
device are denoted by the same reference symbols as those
used for the above described liquid crystal device, and
description thereof is not given.

[0028] Theliquid crystal display device in accordance with
the present embodiment includes a liquid crystal panel 1
having an upper substrate 1a and a lower substrate 154, an
upper polarizing plate 24, a lower polarizing plate 25, a trans-
parent elastic adhesive material 3, a transparent protection
plate 4, a planar light source unit 5, a front frame 6, an O-ring
7, a bezel 8, a TCP (Tape Carrier Package) 9, a circuit board
10, and a protection film 11. The planar light source unit 5 has
a light source inside the dotted line in the drawing, and also
has a frame 12 extending toward the end portions.

[0029] The liquid crystal panel 1 has the upper substrate 1a
as a surface substrate and the lower substrate 15 as a rear-face
substrate. The upper substrate 1a and the lower substrate 15
face each other. The transparent protection plate 4 is placed on
the upper substrate 1a that is the display side of the liquid
crystal panel 1. The transparent elastic adhesive material 3
fills the space between the liquid crystal panel 1 and the
transparent protection plate 4.

[0030] Theplanarlight source unit 5 emits light from aside
of the lower substrate 15 of the liquid crystal panel 1. As
shown in FIG. 1, the planar light source unit 5 in accordance
with the present embodiment has the frame 12 including
transparent protection plate supporting portions 124 for sup-
porting the end portions of the transparent protection plate 4
from below.

[0031] The lower polarizing plate 25 as a polarizing plate is
provided on the surface of the lower substrate 15 of the liquid
crystal panel 1. In the present embodiment, the planar light
source unit 5 is in contact with a peripheral portion of the
lower polarizing plate 24, as shown in FIG. 1.

[0032] In the present embodiment, the frame 12 of the
planar light source unit 5 also has a transparent protection
plate guide 124 for fixing a horizontal position of the trans-
parent protection plate 4 on the frame 12. Further, in the
present embodiment, a space in horizontal direction between
the transparent protection plate 4 and the transparent protec-
tion plate guide 126 is smaller than a space in horizontal
direction between the liquid crystal panel 1 and the planar
light source unit 5.

[0033] The front frame 6 of the liquid crystal display device
in accordance with the present embodiment has an opening,
and holds the end portions of the transparent protection plate
4 at a peripheral portion of the opening from above. In the
present embodiment, the transparent protection plate sup-
porting portions 12a of the frame 12 of the planar light source
unit 5 that support the transparent protection plate 4 from
below are provided at such positions as to be exposed through
the opening of the front frame 6. In the present embodiment,
protrusions are formed on an inner face of the front frame 6,
and holes (not shown) are formed in the frame 12 of the planar
light source unit 5. The protrusions of the front frame 6 are
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engaged with the holes of the frame 12 of the planar light
source unit 3, so that the front frame 6 is fixed to the frame 12.

[0034] In the present embodiment, the frame of the planar
light source unit 5 includes mounting portions 12¢ for the
liquid crystal display device. The mounting portions 12¢ are
located on a side opposite from the transparent protection
plate supporting portions 12a. The mounting portions 12¢ are
used when the liquid crystal display device is installed. The
frame 12 of the planar light source unit 5 is formed by con-
necting two or more detachable frame parts. In the present
embodiment, the two or more detachable frame parts are two
divisional frames 12d-1 and 12d-2, as shown in FIG. 2. The
frame 12 is formed by engaging the divisional frames 124-1
and 124-2 with each other. When the divisional frame 124-1
is engaged with the divisional frame 124-2, a through hole
extending from the display side to the rear-face side is formed
between the divisional frame 124-1 and the divisional frame
12d-2. Inthe present embodiment, the through hole is formed
on a left side of a dotted line in the divisional frame 124-1.

[0035] Next, a method of assembling the liquid crystal dis-
play device illustrated in FIG. 1 is described. First, the planar
light source unit 5§ shown in FIG. 2 and a structure shown in
FIG. 9 are prepared. Here, the frame 12 of the planar light
source unit 5 is divided into the divisional frames 12d-1 and
124d-2, as shown in FIG. 2.

[0036] The liquid crystal panel 1 is then placed on the
surface of the planar light source unit 5. The TCP 9 is bent,
and the circuit board 10 is placed under the rear face of the
planar light source unit 5. The divisional frame 12d-1 and the
divisional frame 12d-2 are then engaged with each other. At
the time of the engagement, the through hole is formed
between the divisional frame 124-1 and the divisional frame
12d-2. The TCP 9 is provided in such a manner as to penetrate
through the through hole. The protection film 11 is then
bonded to protect the circuit board 10 and prevent any foreign
matter from entering a space between the divisional frame
12d-1 and the divisional frame 124-2.

[0037] In the liquid crystal display device in accordance
with the present embodiment having the above structure, the
transparent protection plate supporting portions 12a of the
frame 12 of the planar light source unit 5 support the end
portions of the transparent protection plate 4 from below.
Accordingly, the pressure applied onto the transparent pro-
tection plate 4 by the O-ring 7 can be received at the trans-
parent protection plate supporting portions 12a. In this man-
net, the stress to be applied to the liquid crystal panel 1 can be
reduced. As a result, unevenness in the display of the liquid
crystal panel 1 can be prevented. Also, since the transparent
elastic adhesive material 3 having elasticity is provided
between the transparent protection plate 4 and the liquid
crystal panel 1, the stress to be applied to the liquid crystal
panel 1 can be further reduced by virtue of the elasticity.

[0038] In the present embodiment, the planar light source
unit 5 is in contact with the peripheral portion of the lower
polarizing plate 2b. Accordingly, a leakage of light through a
space between the planar light source unit 5 and the lower
polarizing plate 2 can be prevented. Also, any foreign matter
can be prevented from entering a space between the planar
light source unit 5 and the liquid crystal panel 1.

[0039] Inthe present embodiment, the frame 12 also has the
transparent protection plate guide 125. With this arrange-
ment, a horizontal movement of the transparent protection
plate 4 on the frame 12 can be restricted.
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[0040] Inthe present embodiment, the space in horizontal
direction between the transparent protection plate 4 and the
transparent protection plate guide 125 is smaller than the
space in horizontal direction between the liquid crystal panel
1 and the planar light source unit 5. With this arrangement, the
side face portions of the liquid crystal panel 1 are not brought
into contact with the side faces of the liquid crystal panel
housing portion of the planar light source unit 5. Accordingly,
any foreign matter is not generated in proximity to the display
area, and display errors due to foreign matters can be pre-
vented.

[0041] In the present embodiment, the transparent protec-
tion plate supporting portions 12a of the frame 12 of the
planar light source unit 5 are provided at such positions as to
be exposed through the opening of the front frame 6. Accord-
ingly, the O-ring 7 can apply pressure onto the surface of the
transparent protection plate 4, so as to provide a waterproof
finish on the upper side of the transparent protection plate
supporting portions 12a.

[0042] In the present embodiment, the mounting portions
12¢ for the liquid crystal display device are provided on the
frame 12 of the planar light source unit 5 on a side opposite
from the transparent protection plate supporting portions 12a.
With this arrangement, the pressure applied by the O-ring 7
can be received at the mounting portions 12¢. Accordingly,
the stress to be applied to the liquid crystal panel 1 can be
further reduced.

[0043] In the liquid crystal display device on which the
present invention is premised, the TCP 9 is provided through
the space between the transparent protection plate 4 and the
frame 13 of the planar light source unit 5, so that the circuit
board 10 is provided on the rear face of the planar light source
unit 5, as shown in FIG. 8. In the present embodiment, on the
other hand, the transparent protection plate supporting por-
tions 12a support the end portions of the transparent protec-
tion plate 4 from below, and the TCP 9 cannot be provided
through a space between the transparent protection plate 4
and the transparent protection plate supporting portions 12a,
as shown in FIG. 1. As a result, the circuit board 10 cannot be
placed under the rear face of the planar light source unit 5. To
counter this problem, the frame 12 of the planar light source
unit 5 of the present embodiment is formed by combining the
two divisional frames 124-1 and 124-2. With this arrange-
ment, the TCP 9 can be provided through the through hole
formed between the two divisional frames 124-1 and 124-2.
Thus, the circuit board 10 can be provided on the rear face of
the planar light source unit 5.

[0044] In the present embodiment, the planar light source
unit 5 is in contact with the peripheral portion of the lower
polarizing plate 2b. However, the present invention is not
limited thereto, and the same effects as above can be achieved
even if the planar light source unit 5 is in contact with a
peripheral portion of the lower substrate 15 of the liquid
crystal panel 1, as shown in FIG. 3. The same effects as above
can also be achieved even if the planar light source unit 5 is in
contact with both the peripheral portion of the lower substrate
15 and the peripheral portion of the lower polarizing plate 26
as shown in FIG. 4.

Second Embodiment

[0045] FIG. Sis a cross-sectional view showing a structure
of a liquid crystal display device in accordance with the
present embodiment. In the liquid crystal display device in
accordance with the present embodiment, same components
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as those of the first embodiment are denoted by the same
reference symbols as those used in the first embodiment, and
description thereofis not given. As shownin FIG. 5, the liquid
crystal display device in accordance with the present embodi-
ment includes an elastic portion 12¢ provided in contact with
and between the peripheral portion of the lower polarizing
plate 24 and the planar light source unit 5.

[0046] In the liquid crystal display device in accordance
with the present embodiment, the elastic portion 12e is pro-
vided between the planar light source unit 5 and the lower
polarizing plate 25 placed on the surface of the lower sub-
strate 15 of the liquid crystal panel 1. Accordingly, a greater
effect can be achieved in reducing the stress to be applied to
the liquid crystal panel 1.

[0047] In the present embodiment, the elastic portion 12e is
provided between a peripheral portion of the lower polarizing
plate 25 and the planar light source unit 5. However, the
present invention is not limited thereto, and the effects as
above can be achieved even if the elastic portion 12e is pro-
vided between the lower substrate 14 of the liquid crystal
panel 1 and the planar light source unit 5, as shown in FIG. 6.
The same effects as above can also be achieved even if the
elastic portion 12e1s provided between the planar light source
unit 5 and both peripheral portions of the lower substrate 16
and the lower polarizing plate 2b, as shown in FIG. 7.
[0048] While the invention has been shown and described
in detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal panel that has an upper substrate and a
lower substrate facing each other;

atransparent protection plate that is provided on said upper
substrate side of said liquid crystal panel;

a transparent elastic adhesive material that fills a space
between said liquid crystal panel and said transparent
protection plate; and

a planar light source unit that emits light from said lower
substrate side of said liquid crystal panel,

said planar light source unit including a frame that has a
supporting portion for supporting an end portion of said
transparent protection plate from below.

2. The liquid crystal display device according to claim 1,

further comprising
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a polarizing plate that is provided on said lower substrate

surface of said liquid crystal panel,

said planar light source unit being in contact with a periph-

eral portion of said lower substrate and/or a peripheral
portion of said polarizing plate.

3. The liquid crystal display device according to claim 1,
further comprising;

a polarizing plate that is provided on said lower substrate

surface of said liquid crystal panel; and

an elastic portion that is provided in contact with and

between said planar light source unit and a peripheral
portion of said lower substrate and/or a peripheral por-
tion of said polarizing plate.

4. The liquid crystal display device according to claim 1,
wherein said frame of said planar light source unit has a
transparent protection plate guide for fixing a horizontal posi-
tion of said transparent protection plate on said frame.

5. The liquid crystal display device according to claim 4,
wherein a space in horizontal direction between said trans-
parent protection plate and said transparent protection plate
guide is smaller than a space in horizontal direction between
said liquid crystal panel and said planar light source unit.

6. The liquid crystal display device according to claim 1,
further comprising

a front frame that has an opening, and holds an end portion

of said transparent protection plate at a peripheral por-
tion of said opening from above,

said supporting portion of said frame of said planar light
source unit supporting said end portion of said transpar-
ent protection plate from below being provided at such a
position as to be exposed through said opening of said
front frame.

7. The liquid crystal display device according to claim 1,
wherein said frame of said planar light source unit has a
mounting portion for said liquid crystal display device, said
mounting portion being located on an opposite side from said
supporting portion.

8. The liquid crystal display device according to claim 1,
wherein said frame of said planar light source unit is formed
by connecting at least two detachable frame parts.
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