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(57) ABSTRACT

A curved-surface-type liquid crystal display device suitable
for reduction of thickness and weight of such a display device
is provided. A liquid crystal display device includes: a liquid
crystal display panel which is formed by sandwiching liquid
crystal between a first substrate and a second substrate; a first
polarizer which is adhered to a viewer’s-side surface of the
liquid crystal display panel; a second polarizer which is
adhered to a surface of the liquid crystal display panel on a
side opposite to the viewer’s-side surface of the liquid crystal
display panel; and a frame which houses the liquid crystal
display panel therein, wherein the liquid crystal display panel
is formed into a curved shape in a direction that the viewer’s-
side surface of the liquid crystal display panel forms a convex
surface or a concave surface in a state where the liquid crystal
display panel is not housed in the frame.
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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2009-069706 filed on Mar. 23, 2009, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly to a technique which is
effectively applicable to a liquid crystal display device (liquid
crystal display module) having a polarizer on a viewer’s side
surface of'a liquid crystal display panel and on a surface of the
liquid crystal display panel opposite to the viewer’s side
surface.

[0004] 2. Background Art

[0005] A TFT (Thin Film Transistor)-type liquid crystal
display module having a miniaturized liquid crystal display
panel for color display in which the number of sub pixels is
approximately 240x320x3 has been popularly used as a dis-
play part of portable equipment such as a mobile phone.
[0006] The liquid crystal display module which is used as
the display part of the portable equipment such as the mobile
phone includes: a liquid crystal display panel; a first polarizer
which is adhered to a viewer’s side surface (display screen) of
the liquid crystal display panel; and a second polarizer which
is adhered to a surface (back surface) of the liquid crystal
display panel opposite to the viewer’s side surface (display
screen). Further, the liquid crystal display module includes a
resin mold frame, for example, as a frame for housing the
liquid crystal display panel.

[0007] The liquid crystal display panel is constituted of a
first substrate, a second substrate, and a liquid crystal layer
which is sandwiched between the first substrate and the sec-
ond substrate. The above-mentioned first polarizer is adhered
to a surface of the first substrate of the liquid crystal display
panel on a side opposite to a liquid-crystal-layer side of the
first substrate of the liquid crystal display panel with an adhe-
sive layer interposed therebetween, and the above-mentioned
second polarizer is adhered to a surface of the second sub-
strate of the liquid crystal display panel on a side opposite to
a liquid-crystal-layer side of the second substrate of the liquid
crystal display panel with an adhesive layer interposed ther-
ebetween.

[0008] The liquid crystal display module having the polar-
izer formed on the viewer’s side surface of the liquid crystal
display panel and the polarizer formed on the surface of the
liquid crystal display panel opposite to the viewer’s side
surface is disclosed in JP-A-2007-25484 (corresponding US
Patent Laid-open Publication 2007/0019127) (patent docu-
ment 1).

SUMMARY OF THE INVENTION

[0009] Here, as the liquid crystal display module, there has
been known a curved-surface-type liquid crystal display
module in which a viewer’s-side surface (display screen) of a
liquid crystal display panel is formed into a curved shape. In
this curved-surface-type liquid crystal display module, the
display screen of the liquid crystal display panel is formed
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into a curved shape by using a rigid metal frame or a resin
mold frame molded in a curved shape and by adhering a liquid
crystal display panel to such a frame using a tape having a
high adhesive strength, in general.

[0010] However, in such a general curved-surface-type lig-
uid crystal display device, to maintain the metal frame or the
resin mold frame in a curved shape (curved shape), it is
necessary to form the frame having high rigidity by molding
and hence, a weight or a layer thickness of the liquid crystal
display module are increased. Further, the frame having a
curved shape exhibits poor workability and pushes up a parts
cost.

[0011] The present invention has been made to overcome
the above-mentioned drawbacks of the related art, and it is an
object of the present invention to provide a curved-surface-
type liquid crystal display device (liquid crystal display mod-
ule) suitable for reduction of thickness and weight of such a
display device or such a display module.

[0012] The above-mentioned and other objects and novel
features of the present invention will become apparent from
the description of this specification and attached drawings.
[0013] To briefly explain the summary oftypical inventions
among inventions described in this specification, they are as
follows.

[0014] (1) According to one aspect of the present invention,
there is provided a liquid crystal display device which
includes: a liquid crystal display panel which is formed by
sandwiching liquid crystal between a first substrate and a
second substrate; a first polarizer which is adhered to a view-
er’s-side surface of the liquid crystal display panel; a second
polarizer which is adhered to a surface of the liquid crystal
display panel on a side opposite to the viewer’s-side surface
of'the liquid crystal display panel; and a frame which houses
the liquid crystal display panel therein, wherein the liquid
crystal display panel is formed into a curved shape in a direc-
tion that the viewer’s-side surface of the liquid crystal display
panel forms a convex surface or a concave surface in a state
where the liquid crystal display panel is not housed in the
frame.

[0015] (2) In the liquid crystal display device having the
constitution (1), a planar shape of the liquid crystal display
panel is formed into a rectangular shape having short sides
and long sides, and the liquid crystal display panel is formed
into a curved shape in a direction along the long sides of the
liquid crystal display panel.

[0016] (3) In the liquid crystal display device having the
constitution (1), the first polarizer is adhered to the viewer’s-
side surface of the liquid crystal display panel with a first
adhesive layer interposed therebetween, and the second
polarizer is adhered to the surface of the liquid crystal display
panel on the side opposite to the viewer’s-side surface of the
liquid crystal display panel with a second adhesive layer
which differs from the first adhesive layer in an adhesive
strength interposed therebetween.

[0017] According to another aspect of the present inven-
tion, there is provided a manufacturing method of a liquid
crystal display device which includes the steps of: (a) prepar-
ing a liquid crystal display panel which is formed by sand-
wiching liquid crystal between a first substrate and a second
substrate; (b) adhering a first polarizer to a viewer’s-side
surface of the liquid crystal display panel with a first adhesive
layer interposed therebetween; (c¢) adhering a second polar-
izer to a surface of the liquid crystal display panel on a side
opposite to the viewer’s-side surface of the liquid crystal
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display panel with a second adhesive layer having a higher
adhesive strength than the first adhesive layer interposed ther-
ebetween; and (d) forming the liquid crystal display panel
into a curved shape in a direction that the viewer’s-side sur-
face of the liquid crystal display panel is formed into a convex
surface by applying heat treatment after performing the step
(b) and the step (c).

[0018] (5) According to still another aspect of the present
invention, there is provided a manufacturing method of a
liquid crystal display device which includes the steps of: (a)
preparing a liquid crystal display panel in which liquid crystal
is sandwiched between a first substrate and a second sub-
strate; (b) adhering a first polarizer to a surface of the liquid
crystal display panel on a side opposite to a viewer’s-side
surface of the liquid crystal display panel with a first adhesive
layer interposed therebetween; (c¢) adhering a second polar-
izer to the viewer’s-side surface of the liquid crystal display
panel with a second adhesive layer having a higher adhesive
strength than the first adhesive layer interposed therebetween;
and (d) forming the liquid crystal display panel into a curved
shape in a direction that the surface of the liquid crystal
display panel on a side opposite to the viewer’s-side surface
of the liquid crystal display panel is formed into a convex
surface by applying heat treatment after performing the step
(b) and the step (c).

[0019] (6) In the manufacturing method of a liquid crystal
display device having the constitution (4) or (5), a planar
shape of the liquid crystal display panel is formed into a
rectangular shape having short sides and long sides, and the
liquid crystal display panel is formed into a curved shape in a
direction along the long sides of the liquid crystal display
panel.

[0020] (7) In the manufacturing method of a liquid crystal
display device having any one of the constitutions (4) to (6),
the manufacturing method further includes a step of housing
the liquid crystal display panel in a frame after performing the
step (d).

[0021] To briefly explain advantageous effects acquired by
typical inventions among the inventions disclosed in this
specification, they are as follows.

[0022] According to the present invention, it is possible to
provide a curved-surface liquid crystal display device suit-
able for reduction of thickness and weight of the display
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1is a plan view showing the schematic consti-
tution of a liquid crystal display module according to an
embodiment 1 of the present invention;

[0024] FIG. 2 is a side view of the liquid crystal display
module as viewed in the direction indicated by an arrow A in
FIG. 1,

[0025] FIG. 3 is a side view of the liquid crystal display
module according to the embodiment 1 of the present inven-
tion showing a state before a liquid crystal display panel is
housed in a resin mold frame;

[0026] FIG. 4A to FIG. 4D are views showing manufactur-
ing steps of the liquid crystal display module according to the
embodiment 1 of the present invention;

[0027] FIG. 5A to FIG. 5C are views for explaining the
mechanism of forming the liquid crystal display panel of the
liquid crystal display module according to the embodiment 1
ofthe present invention into a curved shape, wherein FIG. 5A
is a view showing a change in shape of a polarizer adhered to
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a CF substrate caused by heat treatment, FIG. 5B is a view
showing a change in shape of a polarizer adhered to a TFT
substrate caused by heat treatment, and FIG. 5C is a view
showing a state of the liquid crystal display panel after heat
treatment; and

[0028] FIG. 6 is a side view showing the schematic consti-
tution of a liquid crystal display module according to an
embodiment 2 of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0029] Embodiments of the present invention are explained
in detail in conjunction with drawings hereinafter. Here, in all
drawings for explaining the embodiments of the present
invention, parts having identical functions are given same
symbols, and their repeated explanations are omitted.

Embodiment 1

[0030] FIG.1to FIG. 5 are views of a liquid crystal display
module (liquid crystal display device) according to the
embodiment 1 of the present invention. FIG. 1 is a plan view
showing the schematic constitution of the liquid crystal dis-
play module. FIG. 2 is a side view of the liquid crystal display
module as viewed in the direction indicated by an arrow A in
FIG. 1. FIG. 3 is a side view of the liquid crystal display
module showing a state where a liquid crystal display panel is
separated from a resin mold frame. FIG. 4A to FIG. 4D are
views showing manufacturing steps of the liquid crystal dis-
play module. FIG. 5A to FIG. 5C are views for explaining the
mechanism of forming the liquid crystal display panel of the
liquid crystal display module into a curved shape, wherein
FIG. 5A is a view showing a change in shape of a polarizer
adhered to a CF substrate caused by heat treatment, FIG. 5B
is a view showing a change in shape of a polarizer adhered to
a TFT substrate caused by heat treatment, and FIG. 5C is a
view showing a state of the liquid crystal display panel after
heat treatment.

[0031] Here, for facilitating the understanding of the con-
stitution shown in FIG. 3, a flexible printed circuit board 7 and
a reflection sheet 9 which are shown in FIG. 2 are omitted in
FIG. 3.

[0032] A liquid crystal display module 10 of this embodi-
ment is a TFT-type liquid crystal display module having a
miniaturized liquid crystal display panel DSP for color dis-
play in which the number of pixels is approximately 240x
320x3. The liquid crystal display module 10 is used as a
display part of portable equipment such as a mobile phone.
[0033] As shown in FIG. 1 and FIG. 2, the liquid crystal
display module 10 of this embodiment includes a liquid crys-
tal display panel DSP having a viewer’s-side surface SF
(hereinafter, referred to as a display screen SF) on one side
thereof; a backlight unit which is arranged on a surface BS of
the liquid crystal display panel DSP on a side opposite to the
display screen SF (hereinafter, referred to as a back surface
BS), a frame 8 which houses and supports the liquid crystal
display panel DSP and the backlight unit on a back surface BS
side of the liquid crystal display panel DSP, and a flexible
printed circuit board (FPC) 7 which is connected to the liquid
crystal display panel DSP. The liquid crystal display module
10 further includes a polarizer 4 which is adhered to the
display screen (viewer’s-side surface) SF of the liquid crystal
display panel DSP, and a polarizer 5 which is adhered to the
back surface (a surface on a side opposite to the viewer’s-side
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surface) BS of the liquid crystal display panel DSP. As the
frame 8, a resin white mold frame is used, for example.
[0034] Theliquid crystal display panel DSPincludes: a first
substrate (hereinafter, referred to as a TFT substrate) 1 on
which pixel electrodes, thin film transistors and the like are
formed; a second substrate (hereinafter, referred to as a CF
substrate) 2 on which color filters and the like are formed; a
sealing material 3 which is formed between the TFT substrate
1 and the CF substrate 2 so as to adhere the TFT substrate 1
and the CF substrate 2 to each other; a liquid crystal filling
port 3a which is formed in a portion of the sealing material 3;
aliquid crystal layer which is made of liquid crystal filled and
sealed in a region defined by the sealing material 3 between
the TFT substrate 1 and the CF substrate 2; a liquid crystal
plug material (not shown in the drawing) for closing the liquid
crystal filling port 3a; a semiconductor chip 6 on which a
drive circuit for driving and controlling the liquid crystal
display panel DSP is mounted; and a display region on which
aplurality of pixels are arranged in a matrix array. Each of the
plurality of pixels includes a pixel electrode and a counter
electrode.

[0035] The TFT substrate 1 and the CF substrate 2 are
formed of a transparent insulation substrate respectively. In
this embodiment, a glass substrate is used for forming the
TFT substrate 1 and the CF substrate 2, for example. As the
sealing material 3, for example, a heat curing epoxy resin
material is used.

[0036] Further, provided that a material for forming the
TFT substrate 1 and the CF substrate 2 exhibits insulation
property, the material is not limited to glass, and a plastic
material or the like may also be used.

[0037] Here, the liquid crystal display panel DSP of this
embodiment is an IPS-type liquid crystal display panel. In the
IPS-type liquid crystal display panel, the counter electrodes
are formed on a TFT substrate 1 side together with the pixel
electrodes. On the other hand, in a TN-type or VA-type liquid
crystal display panel, counter electrodes are formed on a CF
substrate side different from pixel electrodes. In FIG. 1,
numeral 8 indicates a reflection sheet.

[0038] The TFT substrate 1 and the CF substrate 2 have a
planar quadrangular shape (planar rectangular shape) respec-
tively. For example, the TFT substrate 1 and the CF substrate
2 have a planar rectangular shape having long sides (1a, 2a)
and short sides (15, 2b). The TFT substrate 1 and the CF
substrate 2, assuming two directions which orthogonally
intersect with each other on the same plane as the X direction
(first direction) and the Y direction (second direction), have
the substantially same size in the X direction and differ from
each other in size in the Y direction such that the TFT sub-
strate 1 is larger than the CF substrate in size. That is, a length
of the long side 1a of the TFT substrate 1 is set larger than a
length of the long side 2a of the CF substrate 2 thus forming
a region where the TFT substrate 1 and the CF substrate 2 do
not overlap with each other (hereinafter, referred to as a
non-overlapping region) 1m on one of two short sides 15
which are positioned opposite to each other. On the non-
overlapping region 1m of the TFT substrate 1, a semiconduc-
tor chip 6 is mounted. Further, a plurality of external connec-
tion terminals (not shown in the drawing) are arranged on the
TFT substrate 1 along one short side (the short side on the
non-overlapping region 1m side) 15 of the TFT substrate 1. To
the plurality of respective external connection terminals, one
ends of the plurality of respective lines which are arranged on
the flexible printed circuit board are electrically and mechani-
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cally connected via an anisotropic conductive film which is
referred to as an ACF, for example.

[0039] The flexible printed circuit board 7 has one end
thereof fixed to the short side 156 of the TEFT substrate 1 on the
non-overlapping region 1m side, and has another end thereof
folded such that another end of the flexible printed circuit
board 7 is positioned on a back-surface-side of the TFT sub-
strate 1 opposite to a liquid crystal layer side.

[0040] Here, the planar shape of the liquid crystal display
panel DSP corresponds to the planar shape of the TFT sub-
strate 1 where a length of the long side 14 is set larger than a
length of the long side 2a of the CF substrate 2. In this
embodiment, the planar shape of the TFT substrate 1 is rect-
angular and hence, the planar shape of the liquid crystal
display panel DSP is also rectangular.

[0041] As shown in FIG. 5A to FIG. 5C, the polarizers 4, 5
respectively have an adhesive layer (44, 5a). The polarizer 4
is adhered to a surface of the CF substrate 2 on a side opposite
to a liquid-crystal-layer-side surface of the CF substrate 2
with the adhesive layer 4a interposed therebetween (see FIG.
5A), and the polarizer 5 is adhered to a surface of the TFT
substrate 1 on a side opposite to a liquid-crystal-layer-side
surface of the TFT substrate 1 with the adhesive layer 5a
interposed therebetween (see FIG. 5B).

[0042] Here, a surface of the CF substrate 2 on a side
opposite to the liquid-crystal-layer-side surface of the CF
substrate 2 corresponds to the display screen (viewer’s-side
surface) of the liquid crystal display panel DSP, and a surface
of'the TFT substrate 1 on a side opposite to the liquid-crystal-
layer-side surface of the TFT substrate 1 corresponds to the
back surface (a surface on a side opposite to the viewer’s-side
surface) BS of the liquid crystal display panel DSP.

[0043] An adhesive strength of the adhesive layer Sa used
for adhesion of the polarizer 5 and an adhesive strength of the
adhesive layer 4a used for adhesion of the polarizer 4 differ
from each other. Although the adhesive strength relationship
is not limited, in this embodiment, for example, the adhesive
strength of the adhesive layer 5a of the polarizer 5 which is
adhered to the back surface (the surface of the TFT substrate
1 on a side opposite to the liquid-crystal-layer-side surface of
the TFT substrate 1) BS of the liquid crystal display panel
DSP is set larger (higher) than the adhesive strength-of the
adhesive layer 4a of the polarizer 4 which is adhered to the
display screen (the surface of the CF substrate 2 on a side
opposite to the liquid-crystal-layer-side surface of the CF
substrate 2) SF of the liquid crystal display panel DSP.

[0044] As shown in FIG. 2, the liquid crystal display mod-
ule 10 of this embodiment is a curved-shape-type liquid crys-
tal display module where the display screen (viewer’s-side
surface) SF of the liquid crystal display panel DSP is formed
into a curved shape.

[0045] The liquid crystal display panel DSP is formed into
acurved shape (warped shape) in the direction that the display
screen SF of the liquid crystal display panel DSP has a convex
surface or a concave surface. The display screen SF of the
liquid crystal display panel DSP has a convex surface or a
concave surface due to this forming of the liquid crystal
display panel DSP into a curved shape. For example, in this
embodiment, the liquid crystal display panel DSP is formed
into a curved shape in the direction that the display screen SF
of the liquid crystal display panel DSP forms a convex sur-
face, and the display screen SF of the liquid crystal display
panel DSP has a convex curved surface due to forming of the
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display screen SF into a curved shape. However, this embodi-
ment is not limited to such a curved shape.

[0046] Theliquid crystal display panel DSP of this embodi-
ment has a rectangular planar shape having long sides and
short sides, and is formed into a curved shape in the direction
(Y direction in FIG. 2) along the long sides of the planar
shape.

[0047] The liquid crystal display panel DSP is formed into
a curved shape by a bending stress generated due to the
difference in adhesive strength between the adhesive layer 4a
(see FIG. 5A) of the polarizer 4 which is adhered to the
display screen SF of the liquid crystal display panel DSP and
the adhesive layer Sa (see FIG. 5B) of the polarizer 5 which is
adhered to the back surface BS of the liquid crystal display
panel DSP. As shown in FIG. 3, the liquid crystal display
panel DSP is formed into a curved shape in the direction that
the display screen SF of the liquid crystal display panel DSP
forms a convex surface or a concave surface (in this embodi-
ment, a convex surface) in a state where the liquid crystal
display panel DSP is not housed in the frame 8.

[0048] On the other hand, as shown in FIG. 3, the frame 8
has a flat shape in a state that the liquid crystal display panel
DSP is not housed in the frame 8 and, as shown in FIG. 2, the
frame 8 is formed into a curved shape by housing the liquid
crystal display panel DSP therein. The housing of the liquid
crystal display panel. DSP in the frame 8 is carried out by
adhering the liquid crystal display panel DSP to the frame 8
using a tape having a high adhesive strength and hence, in
housing the liquid crystal display panel DSP in the frame 8,
the frame 8 is formed into a curved shape following the
(corresponding to) the liquid crystal display panel DSP in a
curved shape. Accordingly, to form the frame 8 into a curved
shape following the liquid crystal display panel DSP in a
curved shape, the frame 8 having flexibility which is deform-
able following the liquid crystal display panel DSP in a
curved shape is selected. In this embodiment, a resin mold
frame is used as the frame 8. With the use of the resin mold
frame, it is possible to easily impart the flexibility to the frame
8 such that the frame 8 is deformed following the liquid
crystal display panel DSP in a curved shape in housing the
liquid crystal display panel DSP in the frame 8.

[0049] As described previously, the display screen SF of
the liquid crystal display panel DSP is formed into a convex or
concave curved surface by forming the liquid crystal display
panel DSP into a curved shape. In this embodiment, the liquid
crystal display panel DSP is formed into a curved shape such
that the display screen SF has a convex curved shape. The
liquid crystal display panel DSP is formed into a curved shape
by abending stress generated dueto the difference in adhesive
strength between the adhesive layer 4a of the polarizer 4
which is adhered to the display screen (the surface of the CF
substrate 2 on the side opposite to the liquid-crystal-layer-
side surface of the CF substrate 2) SF of the liquid crystal
display panel DSP and the adhesive layer 5a of the polarizer
5 which is adhered to the back surface (a surface of the TFT
surface 1 on the side opposite to the liquid-crystal—layer-
side surface of the TFT substrate 1) BS of the liquid crystal
display panel DSP. The curving mechanism of the liquid
crystal display panel DSP is explained in conjunction with
FIG. 5 hereinafter.

[0050] Firstly, with respect to the polarizer 4 which is
adhered to the surface (SF) of the CF substrate 2 on the side
opposite to the liquid-crystal-layer-side surface of the CF
substrate 2, as shown in FIG. 5A, the adhesive strength of the
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adhesive layer 4a is low and hence, the adhesive layer 4a is
also moved along with the shrinkage of the polarizer 4 (a
phenomenon that the polarizer 4 shrinks in the direction
toward the center from a periphery thereof) caused by the heat
treatment. Accordingly, a stress generated by the shrinkage of
the polarizer 4 can be alleviated.

[0051] On the other hand, with respect to the polarizer 5
which is adhered to the surface (BS) of the TFT substrate 1 on
the side opposite to the liquid-crystal-layer-side surface of the
TFT substrate 1, the adhesive strength of the adhesive layer 5a
is large and hence, although the polarizer 5 shrinks due to the
heat treatment (a phenomenon that the polarizer 5 shrinks in
the direction toward the center from the periphery thereof),
the adhesive layer Sa may be elongated but is not moved.
Accordingly, the stress generated by the shrinkage of the
polarizer 5 remains as it is.

[0052] As described above, the stress generated by the
shrinkage of the polarizer 4 on a side of the CF substrate 2 is
alleviated and the stress generated by the shrinkage of the
polarizer 5 on a side of the TFT substrate 1 remains and hence,
a bending stress is applied to the whole liquid crystal display
panel DSP thus forming the liquid crystal display panel DSP
into a curved shape.

[0053] Accordingly, as explained in this embodiment, for
forming the liquid crystal display panel DSP into a curved
shape (warped shape) in the direction that the display screen
SF forms a convex surface, the adhesive strength of the adhe-
sive layer 5a of the polarizer 5 which is adhered to the back
surface BS is set larger (higher) than the adhesive strength of
the adhesive layer 4a of the polarizer 4 which is adhered to the
display screen SF, the adhesive strength of the adhesive layer
4a of the polarizer 4 is set to an adhesive strength with which
the adhesive layer 4a can be moved along with the shrinkage
of'the polarizer 4 caused by the heat treatment, and the adhe-
sive strength of the adhesive layer 5a of the polarizer 5 is set
to an adhesive strength with which the adhesive layer 5a is
elongated along with the shrinkage of the polarizer 5 caused
by the heat treatment but is not moved.

[0054] Next, the manufacture of the liquid crystal display
module 10 of this embodiment is explained in conjunction
with FIG. 4. Firstly, the liquid crystal display panel DSP
shown in FIG. 4A is prepared. As described above, the liquid
crystal display panel DSP includes: the TFT substrate 1; the
CF substrate 2, the sealing material 3 which is formed
between the TFT substrate 1 and the CF substrate 2 so as to
adhere the TFT substrate 1 and the CF substrate 2 to each
other; the liquid crystal filling port 3a which is formed in a
portion of the sealing material 3; the liquid crystal layer which
is made of liquid crystal filled and sealed in the region defined
the sealing material 3 between by the TFT substrate 1 and the
CF substrate 2; the liquid crystal plug material (not shown in
the drawing) for closing the liquid crystal filling port 3a, and
the like.

[0055] Next, the polarizer 4 having the adhesive layer 4a on
one surface thereof is prepared and, thereafter, as shown in
FIG. 4B, the polarizer 4 is adhered to the display screen SF
(the surface of the CF substrate 2 on a side opposite to the
liquid-crystal-layer-side surface of the CF substrate 2) of the
liquid crystal display panel DSP with the adhesive layer 4a
interposed therebetween.

[0056] Next, the polarizer 5 having the adhesive layer 5a on
one surface thereof is prepared and, thereafter, as shown in
FIG. 4C, the polarizer 5 is adhered to the back surface BS (the
surface of the TFT substrate 1 on a side opposite to the
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liquid-crystal-layer-side surface of the TFT substrate 1) of the
liquid crystal display panel DSP with the adhesive layer 5a
interposed therebetween.

[0057] Inthis embodiment, the polarizer 4 is adhered to the
liquid crystal display panel DSP prior to the adhesion of the
polarizer 5. However, the polarizer 5 may be adhered to the
liquid crystal display panel DSP prior to the adhesion of the
polarizer 4.

[0058] Next, after the polarizer 4 and the polarizer 5 are
adhered to the liquid crystal display panel DSP, the heat
treatment is applied to the liquid crystal display panel DSP so
as to form the liquid crystal display panel DSP into a curved
shape in the direction that the display screen SF of the liquid
crystal display panel DSP forms a convex surface or a con-
cave surface. In this embodiment, the adhesive strength of the
adhesive layer 5a of the polarizer 5 which is adhered to the
back surface BS of the liquid crystal display panel DSP is set
higher than the adhesive strength of the adhesive layer 4a of
the polarizer 4 which is adhered to the display screen SF of the
liquid crystal display panel DSP. Accordingly, the liquid crys-
tal display panel DSP is formed into a curved shape in the
direction that the display screen SF of the liquid crystal dis-
play panel. DSP forms a convex surface whereby the display
screen SF of the liquid crystal display panel DSP forms a
convex curved surface along with the forming of the liquid
crystal display panel DSP into a curved shape.

[0059] Next, the semiconductor chip 6 is mounted on the
non-overlapping region 1m of the TFT substrate 1 and, there-
after, the plurality of external connection terminals which are
arranged on the non-overlapping region 1m of the TFT sub-
strate 1 and the respective one sides of the plurality of lines on
the flexible printed circuit board 7 are electrically and
mechanically connected to each other using an anisotropic
conductive film which is referred to as the ACF, for example.
Thereafter, the liquid crystal display panel DSP is arranged on
a backlight unit which is manufactured separately. Thereafter,
the liquid crystal display panel DSP is housed in the frame 8
together with the backlight unit thus substantially completing
the manufacture of the liquid crystal display module of this
embodiment.

[0060] Intheconventional curved-surface-type liquid crys-
tal display module, the display screen of the liquid crystal
display panel is formed into a curved shape by using a rigid
metal frame or a resin mold frame molded in a curved shape
and by adhering a liquid crystal display panel to such a frame
using a tape having a high adhesive strength, in general.
[0061] However, in such a general curved-surface-type lig-
uid crystal display device, to maintain the metal frame or the
resin mold frame in a curved shape (bent shape), it is neces-
sary to form the frame having high rigidity by molding and
hence, a weight or a layer thickness of the liquid crystal
display module are increased. Further, the frame having a
curved shape exhibits poor workability and pushes up a parts
cost.

[0062] To the contrary, according to this embodiment, the
liquid crystal display panel DSP is formed into a curved shape
(warped shape) in the direction that the display screen SF of
the liquid crystal display panel DSP forms a convex surface in
a state where the liquid crystal display panel DSP is not
housed in the frame 8, and the display screen SF of the liquid
crystal display panel DSP forms a convex curved surface due
to the forming of the liquid crystal display panel DSP into a
curved shape. The liquid crystal display panel DSP is formed
into a curved shape by a bending stress generated due to the
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difference in adhesive strength between the adhesive layer 4a
of'the polarizer 4 which is adhered to the display screen SF of
the liquid crystal display panel DSP and the adhesive layer 5a
of the polarizer 5 which is adhered to the back surface BS of
the liquid crystal display panel DSP.

[0063] Due to such a constitution, it is unnecessary to form
the frame 8 for housing the liquid crystal display panel DSP
therein into a curved shape by molding and, further, it is also
unnecessary to form the frame 8 having high rigidity by
molding to maintain the curved shape of the frame 8 and
hence, it is possible to realize the reduction of thickness and
weight of the liquid crystal display module 10.

[0064] That is, according to this embodiment, it is possible
to provide the curved-surface-type liquid crystal display
module which is suitable for realizing the reduction of thick-
ness and weight.

[0065] Further, it is unnecessary to form the frame 8 into a
curved shape by molding and hence, it is possible to suppress
the increase of parts cost whereby it is possible to provide a
curved-surface-type liquid crystal display module which is
suitable for realizing the reduction of cost in addition to the
reduction of thickness and the reduction of weight.

[0066] Here, in this embodiment, the explanation has been
made with respect to the constitution where the frame 8 is also
formed into a curved shape following the liquid crystal dis-
play panel DSPin a curved shape. However, by improving the
manner of fixing the frame 8 and the liquid crystal display
panel DSP to each other, the frame 8 may maintain a flat shape
without following the liquid crystal display panel DSP in a
curved shape.

[0067] Further, in this embodiment, as the frame 8 for hous-
ing the liquid crystal display panel DSP therein, the frame
which has a flat shape before the frame houses the liquid
crystal display panel DSP therein is used. However, a frame
which is preliminarily formed into a curved shape in accor-
dance with the curved shape of the liquid crystal display panel
DSP may be used. In this case, the liquid crystal display panel
DSP is already formed into a curved shape before the liquid
crystal display panel DSP is housed in the frame 8. Accord-
ingly, different from the conventional case where a liquid
crystal display panel is formed into a curved shape along the
curved shape of the frame, it is unnecessary to form a frame
having high rigidity by molding. Also in this case, it is pos-
sible to realize the reduction of thickness and weight of the
liquid crystal display module 10.

Embodiment 2

[0068] FIG. 6 is a side view showing the schematic consti-
tution of a liquid crystal display module according to an
embodiment 2 of the present invention.

[0069] The liquid crystal display module 10 according to
the embodiment 2 basically has the substantially same con-
stitution as the above-mentioned liquid crystal display mod-
ule 10 according to the embodiment 1, and the constitution
which makes this embodiment differ from the embodiment 1
is as follows.

[0070] That is, in the above-mentioned embodiment 1, as
shown in FIG. 2, the display screen SF of the liquid crystal
display panel DSP has a convex curved surface.

[0071] To the contrary, in this embodiment, as shown in
FIG. 6, the display screen SF of the liquid crystal display
panel DSP has a concave curved surface. Such a concave
curved surface is generated by forming the liquid crystal
display panel DSP into a curved shape in the direction that a
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display screen SF of the liquid crystal display panel DSP is
formed into a curved shape. For forming the liquid crystal
display panel DSP into a curved shape (warped shape) in the
direction that the display screen SF forms a concave curved
surface, an adhesive strength of an adhesive layer 4a of a
polarizer 4 which is adhered to a display screen SF is set
higher (stronger) than an adhesive strength of an adhesive
layer 5a of a polarizer 5 which is adhered to a back surface
BS, the adhesive strength of the adhesive layer 5a of the
polarizer 5 is set to an adhesive strength with which the
adhesive layer Sa can move along with the shrinkage of the
polarizer 5 caused by heat treatment, and the adhesive
strength of the adhesive layer 4a of the polarizer 4 is set to an
adhesive strength with which the adhesive layer 4a is elon-
gated along with the shrinkage of the polarizer 4 caused by
heat treatment but is not moved. That is, the relationship
between the function of the adhesive layer 4a of the polarizer
4 and the function of the adhesive layer 5a of the polarizer 5
adopted by the above-mentioned embodiment 1 is reversed in
this embodiment.

[0072] Inthe manufacture ofthe liquid crystal display mod-
ule 10 of the embodiment 2, after carrying out a step of
adhering the polarizer 4 to the display screen SF (a surface of
a CF substrate 2 on a side opposite to a liquid-crystal-layer-
side surface of the CF substrate 2) of the liquid crystal display
panel DSP with the adhesive layer 4a interposed therebe-
tween, and a step of adhering the polarizer 5 to the back
surface BS (a surface of the TFT substrate 1 on a side opposite
to a liquid-crystal-layer-side surface of the TFT substrate 1)
ofthe liquid crystal display panel DSP with the adhesive layer
5a interposed therebetween, the heat treatment is applied to
the liquid crystal display panel DSP thus forming the liquid
crystal display panel DSP into a curved shape in the direction
that the display screen SF of the liquid crystal display panel
DSP forms a convex surface or a concave surface. In this
embodiment, the adhesive strength of the adhesive layer 4a of
the polarizer 4 which is adhered to the display screen SF of the
liquid crystal display panel DSP is higher than the adhesive
strength of the adhesive layer 5a of the polarizer 5 which is
adhered to the back surface BS of the liquid crystal display
panel DSP. Accordingly, the liquid crystal display panel DSP
is formed into a curved shape in the direction that the display
screen SF of the liquid crystal display panel DSP forms a
concave surface, and the display screen SF has a concave
curved surface along with the forming of the liquid crystal
display panel DSP into a curved shape.

[0073] Also according to the embodiment 2, in the substan-
tially same manner as the above-mentioned embodiment 1, it
is possible to provide a curved-surface-type liquid crystal
display module which is suitable for realizing the reduction of
thickness and weight. Further, it is possible to provide a
curved-surface-type liquid crystal display module which is
suitable for realizing the reduction of cost in addition to the
reduction of thickness and weight.

[0074] Here, also in this embodiment, as shown in FIG. 6,
the frame 8 is formed into a curved shape following the liquid
crystal display panel DSP in a curved shape. However, by
improving the manner of fixing the frame 8 and the liquid
crystal display panel DSP to each other, the frame 8 may
maintain a flat shape without following the liquid crystal
display panel DSP in a curved shape.

[0075] Although the present invention made by the inven-
tors has been specifically explained in conjunction with the
embodiments heretofore, it is needless to say that the present
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invention is not limited to the above-mentioned embodiments
and various modifications are conceivable without departing
from the gist of the present invention.

What is claimed is:

1. A liquid crystal display device comprising:

aliquid crystal display panel which is formed by sandwich-
ing liquid crystal between a first substrate and a second
substrate;

a first polarizer which is adhered to a viewer’s-side surface
of the liquid crystal display panel;

a second polarizer which is adhered to a surface of the
liquid crystal display panel on a side opposite to the
viewer’s-side surface of the liquid crystal display panel;
and

a frame which houses the liquid crystal display panel
therein, wherein

the liquid crystal display panel is formed into a curved
shape in a direction that the viewer’s-side surface of the
liquid crystal display panel forms a convex surface or a
concave surface in a state where the liquid crystal dis-
play panel is not housed in the frame.

2. A liquid crystal display device according to claim 1,
wherein a planar shape of the liquid crystal display panel is
formed into a rectangular shape having short sides and long
sides, and

the liquid crystal display panel is formed into a curved
shape in a direction along the long sides of the liquid
crystal display panel.

3. A liquid crystal display device according to claim 1,
wherein the first polarizer is adhered to the viewer’s-side
surface of the liquid crystal display panel with a first adhesive
layer interposed therebetween, and

the second polarizer is adhered to the surface of the liquid
crystal display panel on the side opposite to the viewer’s-
side surface of the liquid crystal display panel with a
second adhesive layer which differs from the first adhe-
sive layer in an adhesive strength interposed therebe-
tween.

4. A liquid crystal display device according to claim 2,
wherein the first polarizer is adhered to the viewer’s-side
surface of the liquid crystal display panel with a first adhesive
layer interposed therebetween, and

the second polarizer is adhered to the surface of the liquid
crystal display panel on the side opposite to the viewer’s-
side surface of the liquid crystal display panel with a
second adhesive layer which differs from the first adhe-
sive layer in an adhesive strength interposed therebe-
tween.

5. A manufacturing method of a liquid crystal display

device comprising the steps of:

(a) preparing a liquid crystal display panel in which liquid
crystal is sandwiched between a first substrate and a
second substrate;

(b) adhering a first polarizer to a viewer’s-side surface of
the liquid crystal display panel with a first adhesive layer
interposed therebetween;

(c) adhering a second polarizer to a surface of the liquid
crystal display panel on a side opposite to the viewer’s-
side surface of the liquid crystal display panel with a
second adhesive layer having a higher adhesive strength
than the first adhesive layer interposed therebetween;
and

(d) forming the liquid crystal display panel into a curved
shape in a direction that the viewer’s-side surface of the
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liquid crystal display panel is formed into a convex
surface by applying heat treatment after performing the
step (b) and the step (c).

6. A manufacturing method of a liquid crystal display
device according to claim 5, wherein a planar shape of the
liquid crystal display panel is formed into a rectangular shape
having short sides and long sides, and

the liquid crystal display panel is formed into a curved
shape in a direction along the long sides of the liquid
crystal display panel.

7. A manufacturing method of a liquid crystal display
device according to claim 5, further comprising a step of
housing the liquid crystal display panel in a frame after per-
forming the step (d).

8. A manufacturing method of a liquid crystal display
device according to claim 6, further comprising a step of
housing the liquid crystal display panel in a frame after per-
forming the step (d).

9. A manufacturing method of a liquid crystal display
device comprising the steps of:

(a) preparing a liquid crystal display panel in which liquid
crystal is sandwiched between a first substrate and a
second substrate;

(b) adhering a first polarizer to a surface of the liquid
crystal display panel on a side opposite to a viewer’s-
side surface ofthe liquid crystal display panel with a first
adhesive layer interposed therebetween;
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(c) adhering a second polarizer to the viewer’s-side surface
of the liquid crystal display panel with a second adhesive
layer having a higher adhesive strength than the first
adhesive layer interposed therebetween; and

(d) forming the liquid crystal display panel into a curved
shape in a direction that the viewer’s-side surface of the
liquid crystal display panel is formed into a concave
surface by applying heat treatment after performing the
step (b) and the step (c).

10. A manufacturing method of a liquid crystal display
device according to claim 9, wherein a planar shape of the
liquid crystal display panel is formed into a rectangular shape
having short sides and long sides, and

the liquid crystal display panel is formed into a curved
shape in a direction along the long sides of the liquid
crystal display panel.

11. A manufacturing method of a liquid crystal display
device according to claim 9, further comprising a step of
housing the liquid crystal display panel in a frame after per-
forming the step (d).

12. A manufacturing method of a liquid crystal display
device according to claim 10, further comprising a step of
housing the liquid crystal display panel in a frame after per-
forming the step (d).
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