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1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The disclosure of Japanese Patent Application No. 2008-
57537 filed on Mar. 7, 2008 including the specification, draw-
ings and abstract is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the [nvention

The present invention pertains to a liquid crystal display
device and particularly relates to the suppression of bright-
ness non-uniformity.

2. Description of the Related Art

In recent years, liquid crystal display devices are heavily
used as display devices. Particularly liquid crystal display
devices are used as display portions in television receivers,
portable terminals and in-vehicle devices because liquid crys-
tal display devices are thin, lightweight and conserve electri-
cal power.

In these liquid crystal display devices, particularly in the
liquid crystal display devices for portable terminals, demands
for ensuring outdoor visibility, improving the strength of and
thinning a liquid crystal module are strong because of mobile
use.

However, in the midst of these demands, there are cases
where conflicting demands are made in terms, for example, of
improving the strength of and thinning a liquid crystal mod-
ule. For example, in thinning, thinning liquid crystal module
configural members is unavoidable, and there is tendency to
usually lead to a drop in strength and run counter to improving
the strength and ensuring the safety of the liquid crystal
module.

Further, there is a risk that thinning liquid crystal module
configural members will lead to deformation of the configural
members, and there have been problems in that display qual-
ity drops because of the occurrence of brightness non-unifor-
mity, for example, that accompanies deformation and it
becomes difficult to ensure outdoor visibility.

In addition to these problems, ensuring safety with respect
1o mobile users has become an important issue because of
mobile use. Examples of publications that disclose this type
of liquid crystal display device include Japanese Patent
Application Laid-Open Publication No. 9-318932 (patent
document 1).

SUMMARY OF THE INVENTION

The liquid crystal display device described in patent docu-
ment 1 relates to in-vehicle use such as handwritten input and
navigation systems, and configurations pertaining to a liquid
crystal display panel and a transparent protection plate are
disclosed.

FIG. 7A and FIG. 7B are a schematic cross-sectional dia-
gram and an enlarged cross-sectional diagram of relevant
portions for describing a conventional liquid crystal display
devicerelating to patent document 1, respectively. In FIG. 7TA
and FIG. 7B, a TFT substrate 72 and a color filter (CF)
substrate 73 that hold a liquid crystal layer 71 have similar
shapes and are substantially rectangular. Moreover, the TFT
substrate 72 includes a mounting portion 721 that projects
further than an end surface 731 of the CF substrate 73, and the
TFT substrate 72 is formed so as to be larger than the CF
substrate 73. Further, a lower polarization plate 74 and an
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upper polarization plate are respectively disposed on the outer
sides of the TFT substrate 72 and the CF substrate 73.

A backlight unit 76 including a combination of a light
source, a light guide plate, a diffusion plate and a lens is
disposed in a position adjacent to the outer side of the lower
polarization plate 74, and a driver 77 such as a drive circuit is
disposed on the upper surface of the mounting portion 721 of
the TFT substrate 72. Reference numeral 78 represents a
liquid crystal module.

A protection plate 80 including a transparent plate such as
a glass plate or an acrylic plate, for example, is disposed on
the upper portion of a display surface on the outer side of the
upper polarization plate 75. This protection plate 80 covers
the entire liquid crystal module 78, and its entire surface is
adhered and fixed to the outer surface of the upper polariza-
tion plate 75 via an adhesive 81.

The liquid crystal display device shown in FIG. 7A and
FIG. 7B has a configuration where the liquid crystal module
78 is covered by the protection plate 80 such that the liquid
crystal module 78 is protected from outside shock. Conse-
quently, usually the protection plate 80 has a plate thickness
ofabout 1 mm or greater, which is several times to several tens
of times greater in comparison to the CF substrate 73 and the
TFT substrate 72.

Incidentally, in a liquid crystal display device of a configu-
ration equipped with a protection plate such as shown in FIG.
7A and FIG. 7B, the problem that brightness non-uniformity
occurs in the peripheral portions of the screen has arisen. It
has become clear that one of the factors of this problem is that
the CF substrate 73 deforms into a shape indicated by dotted
line 732 in FIG. 7B such that the interval between the CF
substrate 73 and the TFT substrate 72 displaces in accompa-
niment therewith. As a result of investigating the reasons for
deformation of the CF substrate 73, it has become clear that
deformation results from the shape of a polarizer layer of the
upper polarization plate 75.

The configuration of a usual polarization plate including
this upper polarization plate 75 takes as its basic structure a
three-layer structure such as schematically shown in FIG. 8.
Thatis, as shown in FIG. 8, the upper polarization plate 75 has
a configuration where the outer sides of a polarizer layer 751
are held between protection film layers 752 and where a hard
coat layer 753 and an adhesive layer 754 are disposed on the
outer sides of the protection film layers 752.

In the polarization plate of this configuration, deformation
where the polarizer layer 751 contracts in a dew condensation
test (temperature cycle test under high humidity) occurs, and
the thickness of the polarization plate increases in the vicinity
of the distal end of the polarization plate in accompaniment
therewith. This phenomenon is schematically shown in FIG.
7B.

In FIG. 7B, the portion of the distal end of the polarizer
layer 751 that has contracted forms a buildup portion 755, and
the thickness ofthe polarization plate including the protection
film layer 753 increases at the portion of this buildup portion
755. In accompaniment with this increase in the thickness of
the polarization plate, a force in the outside direction acts on
both the protection plate 80 and the CF substrate 73, but it
becomes difficult for the protection plate 80 to deform
because of the aforementioned plate thickness relationship,
and the force works in a direction where it causes the CF
substrate 73 to deform. As a result, the CF substrate 73
deforms as indicated by the dotted line 732 and becomes a
factor that displaces the interval between the CF substrate 73
and the TFT substrate 72 and generates brightness non-uni-
formity in the peripheral portions of the screen.
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The occurrence of brightness non-uniformity leads to a
drop in display quality, and in relation to ensuring visibility
and ensuring the strength of the liquid crystal module, the
problem that needs to be solved remains.

The present invention has been made in view of the above
circumstance, and it is an object thereof to provide a liquid
crystal display device, and particularly a liquid crystal display
device for a portable terminal, that suppresses the occurrence
of brightness non-uniformity and makes it possible to ensure
outdoor visibility, improve the strength of and thin a liquid
crystal module, and ensure safety.

In order to achieve the above object, a liquid crystal display
device according to the present invention comprises: a liquid
crystal module where a liquid crystal layer is interposed
between a pair of opposing substrates and where polarization
plates are disposed on outer sides of the substrates; and a
transparent protection plate of a dimension covering the lig-
uid crystal module and is fixed and disposed so as to cover the
polarization plate, wherein the polarization plate has a struc-
ture where an outer peripheral portion of the polarization
plate is not fixed to the protection plate or the substrate.

According to the invention, the outer peripheral portion of
the polarization plate is structured to be not fixed to the
protection plate that holds the outer peripheral portion or the
substrate, so that a force in the outside direction which
accompanies an increase in the thickness of the polarization
plate is absorbed by a void between the polarization plate and
the protection plate or the substrate and does not cause the
occurrence of deformation of the CF substrate. Consequently,
the distance between the CF substrate and the TFT substrate
can be kept at a constant, the occurrence of brightness non-
uniformity can be suppressed, visibility can be ensured, and
thinning and safety can be ensured. Further, according to the
invention of the present application, because the outer surface
of the protection plate is covered by the shatterproof sheet,
visibility, thinning and safety can be ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic perspective diagram showing an
overview of the overall configuration of a mobile telephone
pertaining to an embodiment of a liquid crystal display device
according to the present invention,

FIG. 2 is a plan diagram of relevant portions of FIG. 1;

FIG. 3A is a schematic cross-sectional diagram along line
A-A of FIG. 2, and FIG. 3B is an enlarged cross-sectional
diagram of relevant portions of FIG. 3A;

FIG. 4A and FIG. 4B are diagrams corresponding to FIG.
3A and FIG. 3B that describe another embodiment of the
liquid crystal display device according to the present inven-
tion, with FIG. 4A being a schematic cross-sectional diagram
and FIG. 4B being an enlarged cross-sectional diagram of
relevant portions of FIG. 4A;

FIG. 5A and FIG. 5B are diagrams corresponding to FIG.
3A and FIG. 3B that describe another embodiment of the
liquid crystal display device according to the present inven-
tion, with FIG. 5A being a schematic cross-sectional diagram
and FIG. 5B being an enlarged cross-sectional diagram of
relevant portions of FIG. 5A;

FIG. 6A and FIG. 6B are diagrams corresponding to FIG.
3A and FIG. 3B that describe another embodiment of the
liquid crystal display device according to the present inven-
tion, with FIG. 6 A being a schematic cross-sectional diagram
and FIG. 6B being an enlarged cross-sectional diagram of
relevant portions of FIG. 6A;

FIG. 7A and FIG. 7B are diagrams describing a conven-
tional liquid crystal display device, with FIG. 7A being a
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schematic cross-sectional diagram and FI1G. 7B being an
enlarged cross-sectional diagram of relevant portions of FIG.
7A; and

FIG. 8 is a schematic cross-sectional diagram describing
the configuration of a polarization plate.

DETAILED DESCRIPTION OF THE INVENTION

Below, specific modes for implementing the present inven-
tion will be described in detail with reference to drawings of
embodiments.

Embodiment 1

FIG. 1 to FIG. 3A and FIG. 3B are schematic diagrams
describing an embodiment of a liquid crystal display device
according to the present invention. FIG. 1 is a perspective
diagram showing an overview of the overall configuration of
a mobile telephone pertaining to an embodiment of the
present invention. FIG. 2 is a plan diagram of relevant por-
tions of FIG. 1. FIG. 3A is a schematic cross-sectional dia-
gram along line A-A of FIG. 2, and FIG. 3B is an enlarged
cross-sectional diagram of relevant portions of FIG. 3A.
Turning now to FIG. 1 to FIG. 3A and FIG. 3B, first, amobile
telephone 100 whose entirety is shown in a perspective dia-
gram in FIG. 1 has a configuration where a first casing 2
equipped with a liquid crystal display portion 1 that becomes
a display surface and a second casing 5 equipped with an
operation portion 4 that includes operation buttons 3 are
foldably joined together by a hinge portion 6.

The liquid crystal display portion 1 that becomes the dis-
play surface is, as shown in FIG. 2, FIG. 3A and FIG. 3B,
configured such thata protection plate 11 that comprises glass
is disposed on the display surface side of a liquid crystal
module 12. A shatterproof sheet 13 is tightly adhered and
joined to an outer surface 111 of this protection plate 11. This
shatterproof sheet 13 covers substantially the entire surface of
the outer surface 111. The liquid crystal module 12 includes
a first substrate (below, called a “TFT substrate™) 15 and a
second substrate (below, called a “CF substrate”) 16 that are
disposed facing each other, with a liquid crystal layer 14
being held therebetween. Further, a lower polarization plate
17 of a somewhat smaller area than that of the TFT substrate
15 is disposed on the outer side of the TFT substrate 15.

An upper polarization plate 18 of substantially the same
area as that ofthe CF substrate 161is disposed on the outer side
of the CF substrate 16. This upper polarization plate 18 has a
configuration where, similar to the polarization plate shown
in FIG. 8, the outer sides of a polarizer layer 181 are sand-
wiched by protection film layers 182 and where an unillus-
trated hard coat layer and an adhesive layer 183 are disposed
on the outer sides of the protection film layer 182. Further,
reference numeral 184 is a buildup portion.

Further, the TFT substrate 15 and the CF substrate 16 have
substantially similar shapes. The TFT substrate 15 is
equipped with a mounting portion 151 where one side of the
TFT substrate 15 projects more than an end surface 161 of the
CF substrate 16.

Moreover, a backlight unit 19 is disposed below the liquid
crystal module 12, and a driver 20 such as a drive circuit is
mounted on the upper surface of the mounting portion 151 of
the TFT substrate 15.

The liquid crystal module 12 of this configuration and the
protection plate 11 are configured such that a junction portion
187 of the upper polarization plate 18 excluding an outer
peripheral portion 186 on an outer surface 185 side and a
junction portion 1121 of aninner surface 112 of the protection
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plate 11 which faces the junction portion 187 are adhered to
each other by an adhesive 21. This adhesion is, for example,
performed by a combination of irradiation with UV light and
thermal curing.

A dimension L1 of the outer peripheral portion 186 that is
not adhered to the protection plate 11 may be determined by
the dimensions of the protection plate 11, the CF substrate
and the upper polarization plate 18, but usually it is necessary
for the dimension L1 to be about 0.8 mm to 3 mm from the
outer end surface toward the center. When the dimension [L1
is narrower than the range, it becomes difficult to absorb
displacement of the polarization plate, and when the dimen-
sion L1 is wider than the range, the display area becomes
small.

The protection plate 11 has a substantially similar shape to
that of the CF substrate 16. A plate thickness T of the protec-
tion plate 11 is about several times to ten-odd times that of the
CF substrate 16, and the area of the protection plate 11 is
larger than that of the CF substrate 16. Particularly on the side
of the mounting portion 151 of the TFT substrate 15, the
protection plate 11 is equipped with a projecting portion 113
that covers the mounting portion 151 and extends further than
the mounting portion 151.

Further, the protection plate 11 has a configuration where
an inner surface 1122 of an end portion 114 that leads from
the terminal end of the junction portion 1121 of the inner
surface 112 to the distal end of the protection plate 11 recedes
toward the outer surface 111. The receding shape of the inner
surface 1122 ofthe end portion 114 has a tapered shape where
the distal end of the protection plate 11 reaches a maximum
receding amount, and a void 22 of a thickness equal to or
greater than that of the adhesive 21 is formed even in the
portion that faces the outer peripheral portion 186.

Inembodiment 1, the void 22 is disposed between the outer
peripheral portion 186 of the upper polarization plate 18 and
the protection plate 11 to form a structure where the outer
peripheral portion 186 of the upper polarization plate 18 and
the protection plate 11 are not fixed to each other. Thus, a
force in the outside direction that accompanies an increase in
the thickness of the upper polarization plate 18 resulting from
contraction of the outer peripheral portion 186 ends up being
absorbed by the void 22 between the upper polarization plate
18 and the protection plate 11 and does not extend to the
occurrence of deformation of the CF substrate 16. Conse-
quently, the distance between the CF substrate 16 and the TFT
substrate 15 can be kept at a constant, the occurrence of
brightness non-uniformity can be suppressed, visibility can
be ensured, and thinning and safety can be ensured. Further,
because the outer surface 111 of the protection plate 11 is
covered by the shatterproof sheet 13, the improvement of
visibility, thinning and safety can be ensured.

Moreover, because the shatterproof sheet 13 is attached to
the outer surface 111 of the protection plate 11, even if an
external force were to act on the projecting portion 113 that
projects in a cantilever state from the end surface 161 of the
CF substrate 16, the occurrence of cracks can be circum-
vented because of the load bearing strength of the shatter-
proof sheet 13. Further, even if the projecting portion 113
were to break at the end surface 161 due to an even larger
external force, the scattering of glass fragments can be pre-
vented by the shatterproof sheet 13, and safety can be
ensured.

Embodiment 2

FIG. 4A and FIG. 4B are a schematic cross-sectional dia-
gram and an enlarged cross-sectional diagram of relevant
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portions describing another embodiment of the liquid crystal
display device according to the present invention and corre-
spond respectively to FIG. 3A and FIG. 3B. The same refer-
ence numerals are given to portions in FIG. 4A and FIG. 4B
that are the same as the portions in FIG. 3A and FIG. 3B.
Turning now to FIG. 4A and FIG. 4B, the protection plate 11
has a configuration where the inner surface 1122 of the end
portion 114 recedes toward the outer surface 111 so as to
move away from the outer peripheral portion 186 of the upper
polarization plate 18. The receding amount is set to be equal
to or greater than the thickness of the adhesive 21, and the
inner surface 1122 recedes substantially parallel to the outer
surface 111 such that the end portion 114 has a thin plate
shape in comparison to the junction portion.

In embodiment 2, machining of the receding shape
becomes easy because the end portion 114 of the protection
plate 11 has a thin plate shape with a substantially even
thickness.

Embodiment 3

FIG. 5A and FIG. 5B are a schematic cross-sectional dia-
gram and an enlarged cross-sectional diagram of relevant
portions describing another embodiment of the liquid crystal
display device according to the present invention and corre-
spond respectively to FIG. 3A and FIG. 3B. The same refer-
ence numerals are given to portions in FIG. 5A and FIG. 5B
that are the same as the portions in FIG. 3A and FIG. 3B.
Turning now to FIG. 5A and FIG. 5B, the upper polarization
plate 18 has a configuration where the adhesive layer 183 has
been removed from the outer peripheral portion 186. Further,
the CF substrate 16 has a configuration where an outer surface
1621 of an end portion 162 that leads from the portion facing
the outer peripheral portion 186 to the distal end portion
recedes toward an inner surface 1622.

The receding shape of the outer surface 1621 of the end
portion 162 has a tapered shape where the distal end of the CF
substrate 16 reaches a maximum receding amount, and the
void 22 of a thickness equal to or greater than that of the
adhesive layer 183 is formed even at the terminal end portion
of the adhesive layer 183.

In embodiment 3, machining of the receding surface of the
CF substrate 16 leads to substantially the same dimension
across the entire circumference, and machining efficiency can
be raised.

Embodiment 4

FIG. 6A and FIG. 6B are a schematic cross-sectional dia-
gram and an enlarged cross-sectional diagram of relevant
portions describing another embodiment of the liquid crystal
display device according to the present invention and corre-
spond respectively to FIG. 3A and FIG. 3B. The same refer-
ence numerals are given to portions in FIG. 6A and FIG. 6B
that are the same as the portions in FIG. 3A and FIG. 3B.
Turning now to FIG. 6A and FIG. 6B, the upper polarization
plate 18 and the protection plate 11 have a configuration
where the adhesive 21 on the portion of the outer peripheral
portion 186 is eliminated, the void 22 that corresponds to the
film thickness of the adhesive 21 is disposed at this portion,
displacement of the portion of the outer peripheral portion
186 is absorbed by the void 22 portion, and deformation of the
CF substrate 16 is suppressed.

In embodiment 4, deformation of the CF substrate 16 can
be prevented and working efficiency can be improved, with-
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out having to particularly machine the protection plate 11 and
the CF substrate 16, by specifying the application range of the
adhesive 21.

Here, in embodiment 4, the application range of the adhe-
sive 21 is specified, but the same effect is also obtained by
specifying the application range of the adhesive layer 183.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal module equipped with a tabular first sub-
strate, a tabular second substrate that has a smaller area
than that of the first substrate, a liquid crystal layer that
1s held between the first and second substrates, a lower
polarization plate that is disposed on an outer side of the
first substrate and an upper polarization plate that is
disposed on an outer side of the second substrate; and

atransparent protection plate that has alarger area than that
of the second substrate and is fixedly attached to and
disposed on an outer side of the upper polarization plate;

wherein the upper polarization plate has a structure where
an outer peripheral portion of the upper polarization
plate is not fixed to the protection plate or the second
substrate that faces this outer peripheral portion;

wherein an inner surface of the protection plate that faces
the outer peripheral portion of the upper polarization
plate recedes toward an outer surface of the protection
plate and faces, without contacting, the upper polariza-
tion plate; and

wherein the inner surface of the protection plate that faces
the outer peripheral portion of the upper polarization
plate has a tapered shape.

2. The liquid crystal display device of claim 1, wherein an
outer surface of the second substrate that faces the outer
peripheral portion recedes toward the first substrate and has a
structure where the outer surface of the second substrate is not
fixed to the outer peripheral portion.

3. The liquid crystal display device of claim 1, wherein the
protection plate is a glass plate.

4. The liquid crystal display device of claim 1, wherein a
shatterproof sheet made of a transparent resin material
through which UV light is capable of being transmitted is
tightly adhered and joined to substantially the entire surface
of the outer surface of the protection plate.

5. A liquid crystal display device comprising:

a liquid crystal module equipped with a tabular first sub-
strate, a tabular second substrate that has a smaller area
than that of the first substrate, a liquid crystal layer that
1s held between the first and second substrates, a lower
polarization plate that is disposed on an outer side of the
first substrate and an upper polarization plate that is
disposed on an outer side of the second substrate; and

atransparent protection plate that has a largerarea than that
of the second substrate and is fixedly attached to and
disposed on an outer side of the upper polarization plate;

wherein the upper polarization plate has a structure where
an outer peripheral portion of the upper polarization
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plate is not fixed to the protection plate or the second
substrate that faces this outer peripheral portion;

wherein an inner surface of the protection plate that faces
the outer peripheral portion of the upper polarization
plate recedes toward an outer surface of the protection
plate and faces, without contacting, the upper polariza-
tion plate; and

wherein the inner surface of the protection plate that faces
the outer peripheral portion of the upper polarization
plate recedes substantially parallel to the outer surface,
and the receding portion has a thin plate shape.

6. The liquid crystal display device of claim 5, wherein an
outer surface of the second substrate that faces the outer
peripheral portion recedes toward the first substrate and has a
structure where the outer surface ofthe second substrate is not
fixed to the outer peripheral portion.

7. The liquid crystal display device of claim 5, wherein the
protection plate is a glass plate.

8. The liquid crystal display device of claim 5, wherein a
shatterproof sheet made of a transparent resin material
through which UV light is capable of being transmitted is
tightly adhered and joined to substantially the entire surface
of the outer surface of the protection plate.

9. A liquid crystal display device comprising:

a liquid crystal module equipped with a tabular first sub-
strate, a tabular second substrate that has a smaller area
than that of the first substrate, a liquid crystal layer that
is held between the first and second substrates, a lower
polarization plate that is disposed on an outer side of the
first substrate and an upper polarization plate that is
disposed on an outer side of the second substrate; and

a transparent protection plate that has a larger area than that
of the second substrate and is fixedly attached to and
disposed on an outer side of the upper polarization plate;

wherein the upper polarization plate has a structure where
an outer peripheral portion of the upper polarization
plate is not fixed to the protection plate or the second
substrate that faces this outer peripheral portion;

wherein an outer surface of the second substrate that faces
the outer peripheral portion recedes toward the first sub-
strate and has a structure where the outer surface of the
second substrate is not fixed to the outer peripheral por-
tion; and

wherein the outer surface of the second substrate that faces
the outer peripheral portion of the upper polarization
plate has a tapered shape.

10. The liquid crystal display device of claim 9, wherein

the protection plate is a glass plate.

11. The liquid crystal display device of claim 9, wherein a
shatterproof sheet made of a transparent resin material
through which UV light is capable of being transmitted is
tightly adhered and joined to substantially the entire surface
of the outer surface of the protection plate.
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