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7 ABSTRACT

It is an object of the present invention to provide a liquid
crystal display device with a good display quality, and a
manufacturing method of such a liquid crystal display device.

A liquid crystal display device (10) includes a liquid crystal
display panel (11) with a display surface (20) defining a
recessed curved surface having curvature of ¥%o0-Y50 (1/mm),
and with a scattering section which is arranged parallel to the
display surface (20), which defines a recessed curved surface
having curvature of 1/500-1/50 (1/mm), and in which a plu-
rality of elongated regions (A-C)having different haze values
are arranged in parallel with each other from a middle section
of the curved surface toward both end sections in the curving
direction. The haze values of the plurality of elongated
regions (A-C) arranged in parallel with each other vary in a
step-wise manner from the middle section of the curved sur-
face toward the both end sections in the curving direction.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device.

BACKGROUND ART

[0002] Examples of liquid crystal display devices used for
mobile devices such as mobile phones include flat panels,
curved panels, and liquid crystal display modules having
flexibly-changeable shape. Recently, such liquid crystal dis-
play devices have been extensively studied and developed. As
disclosed in, e.g., Patent Document 1, the liquid crystal dis-
play device is manufactured by bending a super-thin glass
substrate of a liquid crystal panel, or by curving a display
surface of, e.g., a flexible plastic substrate instead of the glass
substrate.

Citation List

Patent Document

[0003] PATENT DOCUMENT 1: Japanese Patent Publica-
tion No. 2000-79837
SUMMARY OF THE INVENTION
Technical Problem

[0004] However, a problem is caused, in which the curved
display surface results in a contrast difference in each section
of the display surface due to, e.g., diffused reflection and
reflected glare of external light on the display surface, thereby
degrading a display quality.

[0005] The present invention has been made in view of the
foregoing, and it is an object of the present invention to
provide a liquid crystal display device with a good display
quality, and a manufacturing method of such a liquid crystal
display device.

Solution to the Problem

[0006] A liquid crystal display device of the present inven-
tion includes a liquid crystal display panel with a display
surface defining a recessed curved surface having curvature
of Yso0-¥50 (1 /mm), and with a scattering section which is
arranged parallel to the display surface, which defines a
recessed curved surface having curvature of Ys00-Y50 (1 /mm),
and in which a plurality of elongated regions having different
haze values are arranged in parallel with each other from a
middle section of the curved surface toward both end sections
in the curving direction. In the liquid crystal display device,
the haze values of the plurality of elongated regions arranged
in parallel with each other vary ina step-wise manner from the
middle section of the curved surface toward the both end
sections in the curving direction.

[0007] In the liquid crystal display device of the present
invention, the elongated regions of the scattering section may
be a first region provided in the middle section of the curved
surface, where the haze value is equal to or greater than 50%
and less than 80%; second regions adjoining the middle sec-
tion in a direction toward the both end sections of the curved
surface, where the haze value is equal to or greater than 30%
and less than 50%; and third regions adjoining the second
regions in the direction toward the both end sections of the
curved surface, where the haze value is equal to or greater
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than 0% and less than 30%. The elongated regions of the
scattering section may be arranged so that the haze values are
decreased from the middle section toward the both end sec-
tions in the curving direction.

[0008] In the liquid crystal display device of the present
invention, the elongated regions of the scattering section may
be a first region provided in the middle section of the curved
surface, where the haze value is equal to or greater than 0%
and less than 30%; second regions adjoining the middle sec-
tion in a direction toward the both end sections of the curved
surface, where the haze value is equal to or greater than 30%
and less than 50%; and third regions adjoining the second
regions in the direction toward the both end sections of the
curved surface, where the haze value is equal to or greater
than 50% and less than 80%. The elongated regions of the
scattering section may be arranged so that the haze values are
increased from the middle section toward the both end sec-
tions in the curving direction.

[0009] A liquid crystal display device of the present inven-
tion includes a liquid crystal display panel with a display
surface defining a raised curved surface having curvature of
A;500-%50 (1 /mm), and with a scattering section which is
arranged parallel to the display surface, which defines a raised
curved surface having curvature of Y500-%%0 (1 /mm), and in
which a plurality of elongated regions having different haze
values are arranged in parallel with each other from a middle
section of the curved surface toward both end sections in the
curving direction. In the liquid crystal display device, the
haze values of the plurality of elongated regions arranged in
parallel with each other vary in a step-wise manner from the
middle section of the curved surface toward the both end
sections in the curving direction.

[0010] In the liquid crystal display device of the present
invention, the elongated regions of the scattering section may
be a first region provided in the middle section of the curved
surface, where the haze value is equal to or greater than 0%
and less than 30%; second regions adjoining the middle sec-
tion in a direction toward the both end sections of the curved
surface, where the haze value is equal to or greater than 30%
and less than 50%; and third regions adjoining the second
regions in the direction toward the both end sections of the
curved surface, where the haze value is equal to or greater
than 50% and less than 80%. The elongated regions of the
scattering section may be arranged so that the haze values are
increased from the middle section toward the both end sec-
tions in the curving direction.

[0011] In the liquid crystal display device of the present
invention, the elongated regions of the scattering section may
be a first region provided in the middle section of the curved
surface, where the haze value is equal to or greater than 50%
and less than 80%,; second regions adjoining the middle sec-
tion in a direction toward the both end sections of the curved
surface, where the haze value is equal to or greater than 30%
and less than 50%; and third regions adjoining the second
regions in the direction toward the both end sections of the
curved surface, where the haze value is equal to or greater
than 0% and less than 30%. The elongated regions of the
scattering section may be arranged so that the haze values are
decreased from the middle section toward the both end sec-
tions in the curving direction.

[0012] In the liquid crystal display device of the present
invention, the scattering section may be a polarizer having a
surface to which an anti-glare process is applied.
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[0013] In the liquid crystal display device of the present
invention, the polarizers may be provided on front and rear
sides of the liquid crystal display panel.

[0014] In the liquid crystal display device of the present
invention, the scattering section may be a haze adhesive
which is an adhesive containing scattering particles.

[0015] In the liquid crystal display device of the present
invention, the haze adhesive may be used for bonding of the
polarizer provided on the rear side of the liquid crystal display
panel.

[0016] In the liquid crystal display device of the present
invention, the haze adhesive may be used for bonding of
stacked members configuring the polarizer provided on the
rear side of the liquid crystal display panel.

[0017] Aliquid crystal display device of the present inven-
tion includes a liquid crystal display panel with a display
surface defining a recessed curved surface having curvature
of Y%o00-¥50 (1 /mm), and with a reflection section which is
arranged parallel to the display surface, which defines a
recessed curved surface having curvature of Ys00-Y50 (1 /mm),
and in which a plurality of elongated regions having different
light reflectivities are arranged in parallel with each other
from a middle section of the curved surface toward both end
sections in the curving direction. The light reflectivities of the
plurality of elongated regions arranged in parallel with each
other vary in a step-wise manner from the middle section of
the curved surface toward the both end sections in the curving
direction.

[0018] In the liquid crystal display device of the present
invention, the elongated regions of the reflection section may
be a first region provided in the middle section of the curved
surface, where the light reflectivity is equal to or greater than
0% and less than 5%; second regions adjoining the middle
section in a direction toward the both end sections of the
curved surface, where the light reflectivity is equal to or
greater than 5% and less than 10%; and third regions adjoin-
ing the second regions in the direction toward the both end
sections of the curved surface, where the light reflectivity is
equal to or greater than 10% and less than 15%. The elongated
regions of the reflection section may be arranged so that the
light reflectivities are increased from the middle section
toward the both end sections in the curving direction.

[0019] In the liquid crystal display device of the present
invention, the elongated regions of the reflection section may
be a first region provided in the middle section of the curved
surface, where the light reflectivity is equal to or greater than
10% and less than 15%; second regions adjoining the middle
section in a direction toward the both end sections of the
curved surface, where the light reflectivity is equal to or
greater than 5% and less than 10%; and third regions adjoin-
ing the second regions in the direction toward the both end
sections of the curved surface, where the light reflectivity is
equal to or greater than 0% and less than 5%. The elongated
regions of the reflection section may be arranged so that the
light reflectivities are decreased from the middle section
toward the both end sections in the curving direction.

[0020] A liquid crystal display device of the present inven-
tion includes a liquid crystal display panel with a display
surface defining a raised curved surface having curvature of
Ys00-%50 (1 /mm), and with a reflection section which is
arranged parallel to the display surface, which defines araised
curved surface having curvature of Yo00-%%0 (1 /mm), and in
which a plurality of elongated regions having different light
reflectivities are arranged in parallel with each other from a
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middle section of the curved surface toward both end sections
in the curving direction. Thelight reflectivities of the plurality
of elongated regions arranged in parallel with each other vary
in a step-wise manner from the middle section of the curved
surface toward the both end sections in the curving direction.
[0021] In the liquid crystal display device of the present
invention, the elongated regions of the reflection section may
be a first region provided in the middle section of the curved
surface, where the light reflectivity is equal to or greater than
10% and less than 15%; second regions adjoining the middle
section in a direction toward the both end sections of the
curved surface, where the light reflectivity is equal to or
greater than 5% and less than 10%; and third regions adjoin-
ing the second regions in the direction toward the both end
sections of the curved surface, where the light reflectivity is
equal to or greater than 0% and less than 5%. The elongated
regions of the reflection section may be arranged so that the
light reflectivities are decreased from the middle section
toward the both end sections in the curving direction.

[0022] In the liquid crystal display device of the present
invention, the elongated regions of the reflection section may
be a first region provided in the middle section of the curved
surface, where the light reflectivity is equal to or greater than
0% and less than 5%; second regions adjoining the middle
section in a direction toward the both end sections of the
curved surface, where the light reflectivity is equal to or
greater than 5% and less than 10%; and third regions adjoin-
ing the second regions in the direction toward the both end
sections of the curved surface, where the light reflectivity is
equal to or greater than 10% and less than 15%. The elongated
regions of the reflection section may be arranged so that the
light reflectivities are increased from the middle section
toward the both end sections in the curving direction.

[0023] In the liquid crystal display device of the present
invention, the reflection section may be a polarizer having a
surface to which an anti-reflection process is applied.

[0024] In the liquid crystal display device of the present
invention, the polarizers may be provided on front and rear
sides of the liquid crystal display panel.

ADVANTAGES OF THE INVENTION

[0025] According to the present invention, a liquid crystal
display device with a good display quality, and a manufac-
turing method of such a liquid crystal display device can be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] [FIG. 1] FIG. 1 is a cross-sectional view of a liquid
crystal display device of a first embodiment.

[0027] [FIG. 2] FIG. 2(a) is a side view of a liquid crystal
display panel having a recessed curved display surface. FIG.
2(b) is a plan view of the liquid crystal display panel which is
curved in a longitudinal direction so as to define the recessed
surface. FIG. 2(c) is a plan view of the liquid crystal display
panel which is curved in a lateral direction so as to define the
recessed surface.

[0028] [FIG. 3] FIG. 3 is a plan view of the display surface
of the liquid crystal display device of the first embodiment.
[0029] [FIG. 4] FIG. 4(a) is a side view of a liquid crystal
display panel having a raised curved display surface. FIG.
4(b) is a plan view of the liquid crystal display panel which is
curved in the longitudinal direction so as to define the raised
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surface. FIG. 4(c) is a plan view of the liquid crystal display
panel which is curved in the lateral direction so as to define the
raised surface.

[0030] [FIG. 5] FIG.5is aplan view of a display surface of
a liquid crystal display device of a second embodiment.
[0031] [FIG. 6] FIG. 6 is a cross-sectional view of a liquid
crystal display device of a third embodiment.

[0032] [FIG. 7] FIG. 7 is aplan view of a display surface of
the liquid crystal display device of the third embodiment.
[0033] [FIG. 8] FIG. 8 is a plan view of a display surface of
a liquid crystal display device of a fourth embodiment.
[0034] [FIG. 9] FIG. 9 is a cross-sectional view of a liquid
crystal display device of a fifth embodiment.

[0035] [FIG. 10] FIG. 10 is a plan view of a display surface
of the liquid crystal display device of the fifth embodiment.
[0036] [FIG.11] FIG. 11 is a plan view of a display surface
of a liquid crystal display device of a sixth embodiment.

DESCRIPTION OF EMBODIMENTS

[0037] A configuration and a manufacturing method of a
liquid crystal display device of embodiments of the present
invention will be described in detail below with reference to
the drawings. Note that the present invention is not limited to
the embodiments described below.

First Embodiment

(Configuration of Liquid Crystal Display Device 10)

[0038] FIG. 1 is a cross-sectional view of a liquid crystal
display device 10 of a first embodiment of the present inven-
tion. The liquid crystal display device 10 includes a liquid
crystal display panel 11 and a backlight 12.

[0039] The liquid crystal display panel 11 includes a thin-
film transistor substrate 13, a color filter substrate 14, and a
liquid crystal layer (not shown in the figure) interposed
between the thin-film transistor substrate 13 and the color
filter substrate 14; as well as a front-side polarizer 16 and a
rear-side polarizer 15 arranged on outer surfaces of the thin-
film transistor substrate 13 and the color filter substrate 14.
Such members configuring the liquid crystal display panel 11
have flexibility as described later, and the entire liquid crystal
display panel 11 is curved and fixed. A display surface of the
liquid crystal display panel 11 defines a recessed curved
surface having curvature of %s00-Y50 (1 /mm) Specifically, as
illustrated in FIG. 2(a), the recessed curved surface is defined
on the display surface 20 side of the liquid crystal display
panel 11. As illustrated in FIG. 2(b), a curving direction is a
longitudinal direction (direction indicated by arrows in FIG.
2(b)) of the liquid crystal display panel 11. In addition, as in
a liquid crystal display device 10" illustrated in FIG. 2(c), a
display surface 20' may define a recessed curved surface, and
a curving direction may be a lateral direction (direction indi-
cated by arrows in FIG. 2(c)) of a liquid crystal display panel
11'.InFIG. 2(¢), areference number “17" represents an extra
region of the thin-film transistor substrate, and a reference
number “18" represents a drive circuit formed on the extra
region 17"

[0040] The curved surface is not limited to the above, and,
e.g., a rectangular display surface of a liquid crystal display
panel is curved in an oblique direction so as to define a
recessed surface.

[0041] The thin-film transistor substrate 13 is a flexible
substrate made of, e.g., resin and glass. On the flexible sub-
strate, a plurality of source wires are formed so as to extend
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parallel to each other, and a plurality of gate wires are formed
so as to extend perpendicular to the source wires. The source
and gate wires define a plurality of rectangular pixels. That is,
the plurality of pixels are arranged in a matrix. A thin-film
transistor which is a switching element is formed in each of
the pixels. A pixel electrode corresponding to each of the
pixels is formed on the thin-film transistor substrate 13.
[0042] The color filter substrate 14 is arranged so as to face
the thin-film transistor substrate 13 through the liquid crystal
layer. The color filter substrate 14 is a flexible substrate made
of, e.g., resinand glass. A common electrode, a light shielding
film, color filters, etc. are formed on the flexible substrate.
[0043] The thin-film transistor substrate 13 is formed so as
to have an region larger than that of the color filter substrate
14. When bonding such substrates together, an extra region 17
of the thin-film transistor substrate 13 is formed. The follow-
ings are formed in the extra region 17: a drive circuit 18 for
driving, e.g., the thin-film transistor; a flexible printed board
19 for transmitting/receiving signals to/from an external cir-
cuit; etc.

[0044] The front-side polarizer 16 is stacked on a front
surface of the color filter substrate 14, and the rear-side polar-
izer 15 is stacked on a rear surface of the thin-film transistor
substrate 13. The front-side polarizer 16 and the rear-side
polarizer 15 are arranged parallel to the display surface 20 of
the liquid crystal display panel 11. The front-side polarizer 16
and the rear-side polarizer 15 sandwich the liquid crystal
layer so that their polarization directions are perpendicular or
parallel to each other.

[0045] The front-side polarizer 16 serves as a scattering
section where external light entering the liquid crystal display
panel 11 is scattered. The front-side polarizer 16 defines a
recessed curved surface having curvature of ¥500-%50 (1 /mm)
[0046] A plurality of elongated regions (first to third
regions A-C) having different haze values are formed from a
middle section of the curved surface toward both end sections
in the curving direction on a surface ofthe front-side polarizer
16, and are arranged in parallel with each other.

[0047] The “haze value” is a value represented by the fol-
lowing expression.

Haze Value(%)=(Total Light Transmittance(%o)-Paral-
lel Light Transmittance (%))/Total Light Transmit-
tance(%)x 100

[0048] Thehaze values of the plurality of elongated regions
arranged in parallel with each other can be decreased/in-
creased from the middle section of the curved surface toward
the both end sections in the curving direction by adjusting the
degree of an anti-glare process. Specifically, as illustrated in
FIG. 3, the elongated regions, i.e., the first region A, the
second regions B, and the third regions C are used in order to
decrease the haze values. The first region A is an region
provided in the middle section of the curved surface, where
the haze value is equal to or greater than 50% and less than
80%. The second regions B are regions adjoining the first
region A in a direction toward the both end sections of the
curved surface, where the haze value is equal to or greater
than 30% and less than 50%. The third regions C are regions
adjoining the second regions B in the direction toward the
both end sections of the curved surface, where the haze value
is equal to or greater than 0% and less than 30%. In order to
increase the haze values, the haze values in the first and third
regions A and C are switched.

[0049] In the first to third regions A-C of the front-side
polarizer 16, fine recessed and raised sections having light
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diffusing capacity are formed across the entire surface by the
anti-glare process, thereby scattering, e.g., external light.
[0050] More specifically, the front-side polarizer 16 has a
configuration in which a polarizing film layer having trans-
mission and absorption axes perpendicular to each other in a
plan is bonded to an outer surface of a flexible base made of,
e.g., resin through a transparent bonding layer. Fine silicic
acid powder is dispersed in and mixed with a silicone hard-
coat solution as transparent fine particles having an equal
particle size in order to make a hard-coat liquid mixture, and
such a hard-coat liquid mixture is applied to a surface of the
polarizing film layer. As a result, a substantially transparent
surface layer is formed, which includes the first to third
regions A-C to which the anti-glare process is applied to
uniformly form the fine recessed and raised sections.

[0051] As the transparent fine particles dispersed in and
mixed with the hard-coat solution, the followings are prefer-
ably used other than the fine silicic acid powder: conductive
inorganic fine particles containing, e.g., alumina, titania, zit-
conia, tin oxide, and indium oxide; and organic fine particles
containing cross-linked or non-cross-linked polymer.

[0052] As the anti-glare process applied to the front-side
polarizer 16, a technique for roughening a surface of the
transparent surface layer by, e.g., sandblasting and embossing
is preferably used other than the transparent fine particle
mixing technique.

[0053] A brightness enhancement film is bonded to the
recessed and raised surface of the surface layer formed on the
front-side polarizer 16 to which the anti-glare process is
applied, through the transparent bonding layer. The bright-
ness enhancement film is an optical film having properties
which, when light having a random polarization direction
such as natural light enters the brightness enhancement film,
allow selective reflection of linearly or circularly polarized
light having a predetermined polarization direction, and
allow transmission of other type of light. In such a case,
examples of the brightness enhancement film which allows
the selective reflection of linearly polarized light include a
stacked body of dielectric multilayer thin films and thin films
having different refractive index anisotropy. Examples of the
brightness enhancement film which allows the selective
reflection of circularly polarized light include a film in which
a cholesteric liquid crystal layer is stacked on a film base; and
an alignment film made of cholesteric liquid crystal polymer.
[0054] As in the front-side polarizer 16, the rear-side polar-
izer 15 includes a flexible base, a polarizing film layer, a
surface layer, a brightness enhancement film, and transparent
bonding layers for bonding such members together. The anti-
glare process may or may not be applied to the rear-side
polarizer 15. If the rear-side polarizer 15 to which the anti-
glare process is applied is used, a plurality of elongated
regions having different haze values may be provided in posi-
tions displaced from the plurality of elongated regions of the
front-side polarizer 16 when viewing the liquid crystal dis-
play panel 11 in plan, and such region combinations may
change the haze values from the middle section of the curved
surface toward the both end sections.

[0055] The backlight 12 is provided on an lower surface of
the liquid crystal display panel 11. The backlight 12 includes
alight guide plate, a light source forirradiating the light guide
plate with light, a reflection sheet, and a prism sheet. The light
guide plate, the reflection sheet, and the prism sheet are made
of, e.g., resin, and have flexibility. As the light source of the
backlight 12, fluorescent lamps (cold-cathode tubes), LEDs,
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etc. are used. The light guide plate has a shape in which
uniformity is enhanced with good efficiency, and a plurality
of prisms etc. are formed on the light guide plate. The reflec-
tion sheet is provided on a lower surface of the light guide
plate, and reflects light toward the light guide plate. The prism
sheet is provided on an upper surface of the light guide plate,
and adjusts incident light so as to exit toward the front.

(Manufacturing Method of Liquid Crystal Display Device
10)

[0056] Next, a manufacturing method of the liquid crystal
display device 10 of the embodiment of the present invention
will be described. Note that the manufacturing method
described below is set forth merely for purposes of examples
in nature, and the liquid crystal display device 10 of the
present invention is not limited to the device manufactured by
the method described below.

[0057] First, two flexible substrates having a thickness of,
e.g., approximately 0.4 mm, and made of, e.g., resin are
prepared. Then, a thin-film transistor array using, e.g., low-
temperature polysilicon as an active layer, pixel electrodes, a
drive circuit 18, etc. are formed on one of the flexible sub-
strates, thereby preparing a thin-film transistor substrate 13.
Subsequently, sealing material is applied in frame-like shape
so as to surround a display region of the thin-film transistor
substrate 13. The sealing material such as an epoxy adhesive
is applied by a dispenser. Next, a common electrode made of,
e.g., ITO, color filters, etc. are formed on the other flexible
substrate, thereby preparing a color filter substrate 14. Then,
a predetermined amount of liquid crystal molecules is pro-
vided to the region surrounded by the sealing material on the
thin-film transistor substrate 13. Subsequently, the thin-film
transistor substrate 13 and color filter substrate 14 are posi-
tioned so that the display region of the thin-film transistor
substrate 13 and the common electrode of the color filter
substrate 14 face each other. Predetermined pressure is
applied 1o the thin-film transistor substrate 13 and the color
filter substrate 14 to bond them together with the sealing
material, and then the sealing material is cured to fix the
thin-film transistor substrate 13 and the color filter substrate
14. If necessary, the bonded substrates including the thin-film
transistor substrate 13 and the color filter substrate 14 are cut
into a predetermined size.

[0058] Next, a front-side polarizer 16 and a rear-side polar-
izer 15 having a thickness of, e.g., 0.35 mm are bonded to
front and rear surfaces of the bonded substrates through the
bonding layers.

[0059] In a manufacturing process of the front-side polar-
izer 16, a polarizing film layer having transmission and
absorption axes perpendicular to each other in a plan s first
bonded to an outer surface of a flexible base made of, e.g,,
resin through a transparent bonding layer. Then, fine silicic
acid powder is dispersed in and mixed with a silicone hard-
coat solution as transparent fine particles having an equal
particle size in order to make a hard-coat liquid mixture, and
such a hard-coat liquid mixture is applied to a surface of the
polarizing film layer. In such a state, a dispersion amount of
the transparent fine particles is different in each of surface
sections of the polarizing film layer, and therefore the polar-
izing film layer is divided into elongated regions, i.e., a first
region A provided in a middle section of a curved surface,
where a haze value is equal to or greater than 50% and less
than 80%; second regions B adjoining the first region A in a
direction toward both end sections of the curved surface,
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where the haze value is equal to or greater than 30% and less
than 50%; and third regions C adjoining the second regions B
in the direction toward the both end sections of the curved
surface, where the haze value is equal to or greater than 0%
and less than 30%. Subsequently, an optical retardation film is
formed on a recessed and raised surface of a surface layer
formed on the front-side polarizer 16 to which an anti-glare
process is applied, through the transparent bonding layer,
thereby preparing the front-side polarizer 16. The rear-side
polarizer 15 is prepared in the similar manner to the front-side
polarizer 16, and a brightness enhancement film is further
formed on the rear-side polarizer 15.

[0060] In an extraregion 17 of the thin-film transistor sub-
strate 13 of the bonded substrates to which the front-side
polarizer 16 and the rear-side polarizer 15 are bonded as
described above, a flexible printed board 19 etc. are formed to
provide a complete liquid crystal display panel 11.

[0061] Next, a backlight 12 is attached to a rear surface of
the liquid crystal display panel 11, and then is fixed so as to
define a recessed curved surface having curvature of Y400-%0
(1 /mm) Thus, a complete liquid crystal display device 10
illustrated in FIG. 1 is provided.

(Features and Advantages of First Embodiment)

[0062] Next, features and advantages of the liquid crystal
display device 10 of the first embodiment of the present
invention will be described. The liquid crystal display device
10 includes the liquid crystal display panel 11 with the display
surface 20 defining the recessed curved surface having the
curvature of Yo00-Y50 (1 /mm); and with the scattering section
which is arranged parallel to the display surface 20, which
defines the recessed curved surface having the curvature of
Ys00-%50 (1 /mm), and in which the plurality of elongated
regions A-C having the different haze values are arranged in
parallel with each other from the middle section of the curved
surface toward the both end sections in the curving direction.
The haze values of the plurality of elongated regions A-C
arranged in parallel with each other are increased/decreased
from the middle section of the curved surface toward the both
end sections in the curving direction depending on the curva-
ture. Thus, in the middle section of the curved surface and
sections therearound, brightness and contrast can be
improved.

[0063] The haze values are set to predetermined values.
Thus, the setting can be changed depending on applications
such as setting of a privacy mode (view angle control) in
which visibility is partially improved so that only a user can
view an image, and the visibility is purposely reduced so that
the image cannot be viewed by people around (e.g., people
other than the user).

Second Embodiment

[0064] Next, a liquid crystal display device 30 of a second
embodiment of the present invention will be described. FIG.
4(a)is a view illustrating a shape of a display surface 40 of the
liquid crystal display device 30 as viewed from the side. FIG.
4(b) 1s a plan view of the liquid crystal display device 30.
[0065] Theliquid crystal display device 301s different from
the liquid crystal display device 10 of the first embodiment in
that a surface is formed in raised shape, and therefore elon-
gated regions (first to third regions D-F) are differently
arranged on the surface.
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[0066] Specifically, as illustrated in FIG. 4(5), the raised
curved surface is defined on the display surface 40 side of a
liquid crystal display panel 31, and the curving direction is a
longitudinal direction (direction indicated by arrows in FIG.
4(b)) of the liquid crystal display panel 31. In FIG. 4(4), a
reference number “37” represents an extra region of a thin-
film transistor substrate, and a reference number “38” repre-
sents a drive circuit formed on the extra region 37.

[0067] Asinaliquid crystal display device 30' illustrated in
FIG. 4(c¢), a display surface 40' may define a raised curved
surface, and the curving direction may be a lateral direction
(direction indicated by arrows in FIG. 4(¢)) of a liquid crystal
display panel 31'. In FIG. 4(c). a reference number “37"’
represents an extra region of a thin-film transistor substrate,
and a reference number “38"™ represents a drive circuit
formed on the extra region 37'.

[0068] The curved surface is not limited to the above, and,
e.g., a rectangular display surface of a liquid crystal display
panel is curved in an oblique direction so as to define a raised
surface.

[0069] The liquid crystal display device 30 includes the
liquid crystal display panel 31 and a backlight. The display
surface 40 of the liquid crystal display panel 31 defines a
raised curved surface having curvature of %s00-'%50 (1 /mm)
[0070] A front-side polarizer 46 (scattering section) defines
a raised curved surface having curvature of Y00-Y50 (1 /mm)
A plurality of elongated regions having different haze values
are formed from a middle section ofthe curved surface toward
both end sections in the curving direction on a surface of the
front-side polarizer 46, and such elongated regions are
arranged in parallel with each other. The haze values of the
plurality of elongated regions arranged in parallel with each
other can be increased/decreased from the middle section of
the curved surface toward the both end sections in the curving
direction by adjusting the degree of an anti-glare process.
Specifically, as illustrated in FIG. 5, the elongated regions,
i.e., the first region D, the second regions E, and the third
regions F are used in order to increase the haze values. The
firstregion Dis an region provided in the middle section of the
curved surface, where the haze value is equal to or greater
than 0% and less than 30%. The second regions E are regions
adjoining the first region D in a direction toward the both end
sections of the curved surface, where the haze value is equal
to or greater than 30% and less than 50%. The third regions F
are regions adjoining the second regions E in the direction
toward the both end sections of the curved surface, where the
haze value is equal to or greater than 50% and less than 80%.
In order to decrease the haze values, the haze values in the first
and third regions D and F are switched.

[0071] Theanti-glare process is applied in the similar man-
ner to that ofthe first embodiment. The anti-glare process may
or may not be applied to a rear-side polarizer. If the rear-side
polarizer to which the anti-glare process is applied is used, a
plurality of elongated regions having different haze values
may be provided in positions displaced from the plurality of
elongated regions of the front-side polarizer 46 when viewing
the liquid crystal display panel 31 in plan, and such region
combinations may change the haze values from the middle
section of the curved surface toward the both end sections.

(Features and Advantages of Second Embodiment)

[0072] Next, features and advantages of the liquid crystal
display device 30 of the second embodiment of the present
invention will be described. The liquid crystal display device
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30includes the liquid crystal display panel 31 with the display
surface 40 defining the raised curved surface having the cur-
vature of Ys00-Y50 (1 /mm); and with the scattering section
which is arranged parallel to the display surface 40, which
defines the raised curved surface having the curvature of
Ys00-%50 (1 /mm), and in which the plurality of elongated
regions D-F having the different haze values are arranged in
parallel with each other from the middle section of the curved
surface toward the both end sections in the curving direction.
The haze values of the plurality of elongated regions D-F
arranged in parallel with each other are increased/decreased
from the middle section of the curved surface toward the both
end sections in the curving direction depending on the curva-
ture. Thus, in the middle section of the curved surface and
sections therearound, brightness and contrast can be
improved.

[0073] The haze values are set to predetermined values.
Thus, the setting can be changed depending on applications
such as setting of a privacy mode (view angle control) in
which visibility is partially improved so that only a user can
view an image, and the visibility is purposely reduced so that
the image cannot be viewed by people around (e.g., people
other than the user).

Third Embodiment

[0074] Next, a liquid crystal display device 50 of a third
embodiment of the present invention will be described. FIG.
6 1s a cross-sectional view of the liquid crystal display device
50. The liquid crystal display device 50 includes a liquid
crystal display panel 51 and a backlight 52.

[0075] The liquid crystal display panel 51 includes a thin-
film transistor substrate 53, a color filter substrate 54, and a
liquid crystal layer (not shown in the figure) interposed
between the thin-film transistor substrate 53 and the color
filter substrate 54; as well as a front-side polarizer 56 and a
rear-side polarizer 55 arranged on outer surfaces of the thin-
film transistor substrate 53 and the color filter substrate 54.
Such members configuring the liquid crystal display panel 51
have flexibility, and the entire liquid crystal display panel 51
1s curved and fixed. A display surface 60 of the liquid crystal
display panel 51 defines a recessed curved surface having
curvature of Yso0-Y50 (1 /mm)

[0076] The thin-film transistor substrate 53 is formed so as
to have an region larger than that of the color filter substrate
54. When bonding such substrates together, an extra region 57
of the thin-film transistor substrate 53 is formed. The follow-
ings are formed in the extra region 57: a drive circuit 58 for
driving, e.g., a thin-film transistor; a flexible printed board 59
for transmitting/receiving signals to/from an external circuit;
etc.

[0077] The front-side polarizer 56 is stacked on a front
surface of the color filter substrate 54, and the rear-side polar-
izer 55 is stacked on a rear surface of the thin-film transistor
substrate 53. The front-side polarizer 56 and the rear-side
polarizer 55 are arranged parallel to the display surface 60 of
the liquid crystal display panel 51. The front-side polarizer 56
and the rear-side polarizer 55 sandwich the liquid crystal
layer so that their polarization directions are perpendicular or
parallel to each other. Each of the front-side polarizer 56 and
the rear-side polarizer 55 has a configuration in which a
polarizing film layer having transmission and absorption axes
perpendicular to each other in a plan is bonded to an outer
surface of a flexible base made of, e.g., resin through a trans-
parent bonding layer.
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[0078] A transparent bonding layer 63 is used to bond the
rear-side polarizer 55 and the thin-film transistor substrate 53
together. The transparent bonding layer 63 is made of a haze
adhesive, and serves as a scattering section. The transparent
bonding layer 63 is provided so as to define a recessed curved
surface having curvature of Y500-Y50 (1 /mm) between the
rear-side polarizer 55 and the thin-film transistor substrate 53.

[0079] The haze adhesive of the transparent bonding layer
63 is an adhesive containing scattering particles. Specifically,
the haze adhesive is, e.g., a resin adhesive containing scatter-
ing particles such as conductive inorganic fine particles con-
taining, e.g., fine silicic acid powder, alumina, titania, zirco-
nia, tin oxide, and indium oxide, and organic fine particles
containing cross-linked or non-cross-linked polymer.

[0080] A plurality of elongated regions having different
haze values are formed from a middle section of the curved
surface toward both end sections in the curving direction on
the transparent bonding layer 63, and such elongated regions
are arranged in parallel with each other. The haze values of the
plurality of elongated regions arranged in parallel with each
other can be decreased/increased from the middle section of
the curved surface toward the both end sections in the curving
direction by adjusting the amount of the scattering particles
contained in the adhesive. Specifically, as illustrated in FIG.
7, the elongated regions, i.e., a first region G, second regions
H, and third regions I are used in order to decrease the haze
values. The first region G is an region provided in the middle
section of the curved surface, where the haze value is equal to
or greater than 50% and less than 80%. The second regions H
are regions adjoining the first region G in a direction toward
the both end sections of the curved surface, where the haze
value is equal to or greater than 30% and less than 50%. The
third regions I are regions adjoining the second regions H in
the direction toward the both end sections of the curved sur-
face, where the haze value is equal to or greater than 0% and
less than 30%. In order to increase the haze values, the haze
values in the first and third regions are switched.

[0081] The haze adhesive containing the scattering par-
ticles may not be used for bonding the rear-side polarizer 55
and the thin-film transistor substrate 53 together, but may be
used as a transparent bonding layer (scattering section) used
for bonding stacked members configuring the rear-side polar-
izer 55. In such a case, the haze adhesive can be used for, e.g,,
bonding a polarizing film layer and a flexible base configuring
the rear-side polarizer 55.

(Features and Advantages of Third Embodiment)

[0082] Next, features and advantages of the liquid crystal
display device 50 of the third embodiment of the present
invention will be described. The liquid crystal display device
50 includes the liquid crystal display panel 51 with the display
surface 60 defining the recessed curved surface having the
curvature of Y5o00-%50 (1 /mm); and with the scattering section
which is arranged parallel to the display surface 60, which
defines the recessed curved surface having the curvature of
Ys00-%50 (1 /mm), and in which the plurality of elongated
regions G-I having the different haze values are arranged in
parallel with each other from the middle section of the curved
surface toward the both end sections in the curving direction.
The haze values of the plurality of elongated regions G-I
arranged in parallel with each other are increased/decreased
from the middle section of the curved surface toward the both
end sections in the curving direction depending on the curva-
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ture. Thus, in the middle section of the curved surface and
sections therearound, brightness and contrast can be
improved.

[0083] The haze values are set to predetermined values.
Thus, the setting can be changed depending on applications
such as setting of a privacy mode (view angle control) in
which visibility is partially improved so that only a user can
view an image, and the visibility is purposely reduced so that
the image cannot be viewed by people around (e.g., people
other than the user).

Fourth Embodiment

[0084] Next, a liquid crystal display device of a fourth
embodiment of the present invention will be described. The
liquid crystal display device is different from the liquid crys-
tal display device 50 of the third embodiment in that a surface
is formed in raised shape, and therefore elongated regions
(first to third regions J-L) are differently arranged on the
surface.

[0085] FIG. 8is a plan view of a display surface 70 of the
liquid crystal display device of the fourth embodiment of the
present invention. The liquid crystal display device includes a
liquid crystal display panel and a backlight. The display sur-
face 70 of the liquid crystal display panel defines a raised
curved surface having curvature of '/400-/%40 (1 /mm)

[0086] A transparent bonding layer 73 is used to bond a
rear-side polarizer 55 and a thin-film transistor substrate 53
together. The transparent bonding layer 73 is made of a haze
adhesive, and serves as a scattering section. The transparent
bonding layer 73 is provided so as to define a raised curved
surface having curvature of %00-%50 (1 /mm)between the rear-
side polarizer and the thin-film transistor substrate.

[0087] As inthethird embodiment, the haze adhesive of the
transparent bonding layer 73 is an adhesive containing scat-
tering particles. A plurality of elongated regions having dif-
ferent haze values are formed from a middle section of the
curved surface toward both end sections in the curving direc-
tion on the transparent bonding layer 73, and such elongated
regions are arranged in parallel with each other. The haze
values of the plurality of elongated regions arranged in par-
allel with each other can be increased/decreased from the
middle section of the curved surface toward the both end
sections in the curving direction by adjusting the amount of
the scattering particles contained in the adhesive. Specifi-
cally, as illustrated in FIG. 8, the elongated regions, i.e., the
first region J, the second regions K, and the third regions L are
used in order to increase the haze values. The first region J is
an region provided in the middle section of the curved sur-
face, where the haze value is equal to or greater than 0% and
less than 30%. The second regions K are regions adjoining the
first region J in a direction toward the both end sections of the
curved surface, where the haze value is equal to or greater
than 30% and less than 50%. The third regions L are regions
adjoining the second regions K in the direction toward the
both end sections of the curved surface, where the haze value
is equal to or greater than 50% and less than 80%. In order to
decrease the haze values, the haze values in the first and third
regions ] and [ are switched.

[0088] The haze adhesive containing the scattering par-
ticles may not be used for bonding the rear-side polarizer and
the thin-film transistor substrate together, but may be used as
a transparent bonding layer (scattering section) used for
bonding stacked members configuring the rear-side polarizer.
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In such acase, the haze adhesive can be used for, e.g., bonding
a polarizing film layer and a flexible base configuring the
rear-side polarizer.

(Features and Advantages of Fourth Embodiment)

[0089] Next, features and advantages of the liquid crystal
display device of the fourth embodiment of the present inven-
tion will be described. The liquid crystal display device
includes the liquid crystal display panel with the display
surface 70 defining the raised curved surface having the cur-
vature of Ys00-%50 (1 /mm); and with the scattering section
which is arranged parallel to the display surface 70, which
defines the raised curved surface having the curvature of
Ys00-¥50 (1 /mm), and in which the plurality of elongated
regions J-L, having the different haze values are arranged in
parallel with each other from the middle section of the curved
surface toward the both end sections in the curving direction.
The haze values of the plurality of elongated regions J-L
arranged in parallel with each other are increased/decreased
from the middle section of the curved surface toward the both
end sections in the curving direction depending on the curva-
ture. Thus, in the middle section of the curved surface and
sections therearound, brightness and contrast can be
improved.

[0090] The haze values are set to predetermined values.
Thus, the setting can be changed depending on applications
such as setting of a privacy mode (view angle control) in
which visibility is partially improved so that only a user can
view an image, and the visibility is purposely reduced so that
the image cannot be viewed by people around (e.g., people
other than the user).

Fifth Embodiment

[0091] Next, a liquid crystal display device 80 of a fifth
embodiment of the present invention will be described. FIG.
9 is a cross-sectional view of the liquid crystal display device
80. The liquid crystal display device 80 includes a liquid
crystal display panel 81 and a backlight 82.

[0092] The liquid crystal display panel 81 includes a thin-
film transistor substrate 83, a color filter substrate 84, and a
liquid crystal layer (not shown in the figure) interposed
between the thin-film transistor substrate 83 and the color
filter substrate 84; as well as a front-side polarizer 86 and a
rear-side polarizer 85 arranged on outer surfaces of the thin-
film transistor substrate 83 and the color filter substrate 84.
Such members configuring the liquid crystal display panel 81
have flexibility, and the entire liquid crystal display panel 81
is curved and fixed. A display surface 90 of the liquid crystal
display panel 81 defines a recessed curved surface having
curvature of Ys00-Y50 (1 /mm)

[0093] The thin-film transistor substrate 83 is formed so as
to have an region larger than that of the color filter substrate
84. When bonding such substrates together, an extra region 87
of the thin-film transistor substrate 83 is formed. The follow-
ings are formed in the extra region 87: a drive circuit 88 for
driving, e.g., a thin-film transistor; a flexible printed board 89
for transmitting/receiving signals to/from an external circuit;
etc.

[0094] The front-side polarizer 86 is stacked on a front
surface of the color filter substrate 84, and the rear-side polar-
izer 85 is stacked on a rear surface of the thin-film transistor
substrate 83. The front-side polarizer 86 and the rear-side
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polarizer 85 are arranged parallel to the display surface 90 of
the liquid crystal display panel 81.

[0095] The front-side polarizer 86 serves as a reflection
section where external light entering the liquid crystal display
panel 81 is scattered. The front-side polarizer 86 defines a
recessed curved surface having curvature of ¥500-Y50 (1 /mm)
[0096] A plurality of elongated regions having different
light reflectivities are formed from a middle section of the
curved surface toward both end sections in the curving direc-
tion on a surface of the front-side polarizer 86, and such
elongated regions are arranged in parallel with each other.
[0097] The light reflectivities of the plurality of elongated
regions arranged in parallel with each other can be increased/
decreased from the middle section of the curved surface
toward the both end sections in the curving direction by
adjusting the degree of a process for providing light reflecting
properties. Specifically, as illustrated in FIG. 10, the elon-
gated regions, i.e., a first region M, second regions N, and
third regions O are used in order to increase the light reflec-
tivities. The first region M is an region provided in the middle
section of the curved surface, where the light reflectivity is
equal to or greater than 0% and less than 5%. The second
regions N are regions adjoining the first region M in a direc-
tion toward the both end sections ofthe curved surface, where
the light reflectivity is equal to or greater than 5% and less
than 10%. The third regions O are regions adjoining the
second regions N in the direction toward the both end sections
of the curved surface, where the light reflectivity is equal to or
greater than 10% and less than 15%. In order to decrease the
light reflectivities, the light reflectivities in the first and third
regions M and O are switched.

[0098] By an anti-reflection process, the first to third
regions M-O of'the front-side polarizer 86 are provided with
a function by which reflected light interferes with each other
to be attenuated across the entire surface. Specifically, the
front-side polarizer 86 has a configuration in which a polar-
izing film layer having transmission and absorption axes pet-
pendicularto each other in a plan is bonded to an outer surface
of a flexible base made of, e.g., resin through a transparent
bonding layer. A dielectric thin film (anti-reflection film)
which is an inorganic film is further provided on a surface of
the polarizing film. The anti-reflection film is designed so that
reflected light generated at an interface between the thin films
upon incidence of light interferes with each other to be attenu-
ated. The anti-reflection film is made by alternately stacking
thin films having different refractive indexes, and has a struc-
ture in which e.g., a plurality of Si0, and TiO, layers having
different thicknesses are stacked. The type, number, and
thickness of the thin films of such a stacking structure are
changed, thereby realizing the first to third regions M-O hav-
ing the different light reflectivities.

[0099] As material of the anti-reflection film, the follow-
ings can be used other than the above-described materials:
materials such as CaF,, MgF,, Al,O;, CeO,, SnO,, In,0;,
710,, TiO,, ZnS, and Bi,0,.

[0100] As in the front-side polarizer 86, the rear-side polar-
izer 85 includes a flexible base, a polarizing film layer, a
surface layer, a brightness enhancement film, and transparent
bonding layers for bonding such members together. As in the
front-side polarizer 86, the anti-reflection process may or may
not be applied to the rear-side polarizer 85. If the rear-side
polarizer 85 to which the anti-reflection process is applied is
used, a plurality of elongated regions having different light
reflectivities may be provided in positions displaced from the
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plurality of elongated regions of the front-side polarizer 86
when viewing the liquid crystal display panel 81 in plan, and
such region combinations may minutely change the light
reflectivities from the middle section of the curved surface
toward the both end sections.

(Features and Advantages of Fifth Embodiment)

[0101] Next, features and advantages of the liquid crystal
display device 80 of the fifth embodiment of the present
invention will be described. The liquid crystal display device
80 includes the liquid crystal display panel 81 with the display
surface 90 defining the recessed curved surface having the
curvature of ¥%00-Y50 (1 /mmy); and with the reflection section
which is arranged parallel to the display surface 90, which
defines the recessed curved surface having the curvature of
Y500-%50 (1 /mm), and in which the plurality of elongated
regions M-O having the different light reflectivities are
arranged in parallel with each other from the middle section
of the curved surface toward the both end sections in the
curving direction. The light reflectivities of the plurality of
elongated regions M-O arranged in parallel with each other
are increased/decreased from the middle section of the curved
surface toward the both end sections in the curving direction
depending on the curvature. Thus, in the middle section ofthe
curved surface and sections therearound, reflected glare etc.
of external light are reduced, thereby improving contrast.
[0102] The light reflectivities are set to predetermined val-
ues. Thus, the setting can be changed depending on applica-
tions such as setting of a privacy mode (view angle control) in
which visibility is partially improved so that only a user can
view animage, and the visibility is purposely reduced, e.g., by
increasing the reflected glare ete. of external light so that the
image cannot be viewed by people around (e.g.. people other
than the user).

Sixth Embodiment

[0103] Next, a liquid crystal display device of a sixth
embodiment of the present invention will be described. FIG.
11 is a plan view of a display surface 100 of the liquid crystal
display device of the sixth embodiment. The liquid crystal
display device of the sixth embodiment is different from the
liquid crystal display device 80 of the fifth embodiment in that
a surface is formed in raised shape, and therefore elongated
regions (first to third regions P-Q) are differently arranged on
the surface.

[0104] The liquid crystal display device of the sixth
embodiment includes a liquid crystal display panel and a
backlight. The display surface 100 of the liquid crystal dis-
play panel defines a raised curved surface having curvature of
Ys00-Y50 (1 /mm).

[0105] A front-side polarizer 106 (light reflection section)
defines araised curved surfacehaving curvature of %s00-Y50 (1
/mm) A plurality of elongated regions having different light
reflectivities are formed from a middle section of the curved
surface toward both end sections in the curving direction on a
surface of the front-side polarizer 106, and such elongated
regions are arranged in parallel with each other. The light
reflectivities of the plurality of elongated regions arranged in
parallel with each other can be decreased/increased from the
middle section of the curved surface toward the both end
sections in the curving direction by adjusting the degree of an
anti-reflection process. Specifically, as illustrated in FIG. 11,
the elongated regions, i.e., the first region P, the second
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regions Q, and the third regions R are used in order to
decrease the light reflectivities. The first region P is an region
provided in the middle section of the curved surface, where
the light reflectivity is equal to or greater than 10% and less
than 15%. The second regions Q are regions adjoining the first
region P in a direction toward the both end sections of the
curved surface, where the light reflectivity is equal to or
greater than 5% and less than 10%. The third regions R are
regions adjoining the second regions Q in the direction toward
the both end sections of the curved surface, where the light
reflectivity is equal to or greater than 0% and less than 5%. In
order to increase the light reflectivities, the light reflectivities
in the first and third regions P and Q are switched.

[0106] The anti-reflection process is applied in the similar
manner to that of the fifth embodiment. The anti-reflection
process may or may not be applied to a rear-side polarizer. If
the rear-side polarizer to which the anti-reflection process is
applied is used, a plurality of elongated regions having dif-
ferent light reflectivities may be provided in positions dis-
placed from the plurality of elongated regions of the front-
side polarizer 106 when viewing the liquid crystal display
panel in plan, and such region combinations may minutely
change the light reflectivities from the middle section of the
curved surface toward the both end sections.

(Features and Advantages of Sixth Embodiment)

[0107] Next, features and advantages of the liquid crystal
display device of the sixth embodiment of the present inven-
tion will be described. The liquid crystal display device
includes the liquid crystal display panel with the display
surface 100 defining the raised curved surface having the
curvature of Y500-Y50 (1 /mm); and with the reflection section
which is arranged parallel to the display surface 100, which
defines the raised curved surface having the curvature of
Ys00-%50 (1 /mm), and in which the plurality of elongated
regions P-R having the different light reflectivities are
arranged in parallel with each other from the middle section
of the curved surface toward the both end sections in the
curving direction. The light reflectivities of the plurality of
elongated regions P-R arranged in parallel with each other are
increased/decreased from the middle section of the curved
surface toward the both end sections in the curving direction
depending on the curvature. Thus, in the middle section of the
curved surface and sections therearound, reflected glare etc.
of external light are reduced, thereby improving contrast.
[0108] The light reflectivities are set to predetermined val-
ues. Thus, the setting can be changed depending on applica-
tions such as setting of a privacy mode (view angle control) in
which visibility is partially improved so that only a user can
view animage, and the visibility is purposely reduced, e.g., by
increasing the reflected glare etc. of external light so that the
image cannot be viewed by people around (e.g., people other
than the user).

INDUSTRIAL APPLICABILITY

[0109] As described above, the present invention is useful
for the liquid crystal display device.

DESCRIPTION OF REFERENCE CHARACTERS

[0110] 10, 10", 30, 30", 50, 80 Liquid Crystal Display
Device

[0111] 11,11, 31,31, 51, 81 Liquid Crystal Display Panel

[0112] 12,52, 82 Backlight
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[0113] 13,53, 83 Thin-Film Transistor Substrate
[0114] 14,54, 84 Color Filter Substrate

[0115] 15,55, 85 Rear-Side Polarizer

[0116] 16, 46,56, 86, 106 Front-Side Polarizer

[0117] 20,20, 40,40, 60, 70, 90, 100 Display Surface
[0118] 63, 73 Transparent Bonding Layer

1-19. (canceled)

20. A liquid crystal display device, comprising:

a liquid crystal display panel with a display surface defin-
ing a recessed curved surface having curvature of %500-
Yo (1 /mm), and with a scattering section which is
arranged parallel to the display surface, which defines a
recessed curved surface having curvature of %00-1%0 (1
/mm), and in which a plurality of elongated regions
having different haze values are arranged in parallel with
each other from a middle section of the curved surface
toward both end sections in the curving direction,

wherein the haze values of the plurality of elongated
regions arranged in parallel with each other vary in a
step-wise manner from the middle section of the curved
surface toward the both end sections in the curving
direction.

21. The liquid crystal display device of claim 20, wherein

the elongated regions of the scattering section are a first
region provided in the middle section of the curved
surface, where the haze value is equal to or greater than
50% and less than 80%; second regions adjoining the
middle section in a direction toward the both end sec-
tions of the curved surface, where the haze value is equal
to or greater than 30% and less than 50%; and third
regions adjoining the second regions in the direction
toward the both end sections of the curved surface,
where the haze value is equal to or greater than 0% and
less than 30%; and

the elongated regions of the scattering section are arranged
so that the haze values are decreased from the middle
section toward the both end sections in the curving direc-
tion.

22. The liquid crystal display device of claim 20, wherein

the elongated regions of the scattering section are a first
region provided in the middle section of the curved
surface, where the haze value is equal to or greater than
0% and less than 30%; second regions adjoining the
middle section in a direction toward the both end sec-
tions of the curved surface, where the haze value is equal
to or greater than 30% and less than 50%; and third
regions adjoining the second regions in the direction
toward the both end sections of the curved surface,
where the haze value is equal to or greater than 50% and
less than 80%; and

the elongated regions of the scattering section are arranged
so that the haze values are increased from the middle
section toward the both end sections in the curving direc-
tion.

23. The liquid crystal display device of claim 20, wherein

the scattering section is a polarizer having a surface to
which an anti-glare process is applied.

24. The liquid crystal display device of claim 23, wherein

the polarizers are provided on front and rear sides of the
liquid crystal display panel.

25. The liquid crystal display device of claim 20, wherein

the scattering section is a haze adhesive which is an adhe-
sive containing scattering particles.
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26. The liquid crystal display device of claim 25, wherein

the haze adhesive is used for bonding of the polarizer
provided on the rear side of the liquid crystal display
panel.

27. The liquid crystal display device of claim 25, wherein

the haze adhesive is used for bonding of stacked members
configuring the polarizer provided on the rear side of the
liquid crystal display panel.

28. A liquid crystal display device, comprising:

aliquid crystal display panel with a display surface defin-
ing a raised curved surface having curvature of Y5o00-50
(1 /mm), and with a scattering section which is arranged
parallel to the display surface, which defines a raised
curved surface having curvature of “s00- Y50 (1 /mm), and
in which a plurality of elongated regions having differ-
ent haze values are arranged in parallel with each other
from a middle section of the curved surface toward both
end sections in the curving direction,

wherein the haze values of the plurality of elongated
regions arranged in parallel with each other vary in a
step-wise manner from the middle section of the curved
surface toward the both end sections in the curving
direction.

29. The liquid crystal display device of claim 28, wherein

the elongated regions of the scattering section are a first
region provided in the middle section of the curved
surface, where the haze value is equal to or greater than
0% and less than 30%; second regions adjoining the
middle section in a direction toward the both end sec-
tions of the curved surface, where the haze value is equal
to or greater than 30% and less than 50%; and third
regions adjoining the second regions in the direction
toward the both end sections of the curved surface,
where the haze value is equal to or greater than 50% and
less than 80%; and

the elongated regions of the scattering section are arranged
so that the haze values are increased from the middle
section toward the both end sections in the curving direc-
tion.

30. The liquid crystal display device of claim 28, wherein

the elongated regions of the scattering section are a first
region provided in the middle section of the curved
surface, where the haze value is equal to or greater than
50% and less than 80%; second regions adjoining the
middle section in a direction toward the both end sec-
tions of the curved surface, where the haze value is equal
to or greater than 30% and less than 50%; and third
regions adjoining the second regions in the direction
toward the both end sections of the curved surface,
where the haze value is equal to or greater than 0% and
less than 30%; and

the elongated regions of the scattering section are arranged
so that the haze values are decreased from the middle
section toward the both end sections in the curving direc-
tion.

31. The liquid crystal display device of claim 28, wherein

the scattering section is a polarizer having a surface to
which an anti-glare process is applied.

32. The liquid crystal display device of claim 31, wherein

the polarizers are provided on front and rear sides of the
liquid crystal display panel.

33. The liquid crystal display device of claim 28, wherein

the scattering section is a haze adhesive which is an adhe-
sive containing scattering particles.
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34. The liquid crystal display device of claim 33, wherein

the haze adhesive is used for bonding of the polarizer
provided on the rear side of the liquid crystal display
panel.

35. The liquid crystal display device of claim 33, wherein

the haze adhesive is used for bonding of stacked members
configuring the polarizer provided on the rear side of the
liquid crystal display panel.

36. A liquid crystal display device, comprising:

a liquid crystal display panel with a display surface defin-
ing a recessed curved surface having curvature of %500-
Yo (1 /mm), and with a reflection section which is
arranged parallel to the display surface, which defines a
recessed curved surface having curvature of %00-1%0 (1
/mm), and in which a plurality of elongated regions
having different light reflectivities are arranged in par-
allel with each other from a middle section of the curved
surface toward both end sections in the curving direc-
tion,

wherein the light reflectivities of the plurality of elongated
regions arranged in parallel with each other vary in a
step-wise manner from the middle section of the curved
surface toward the both end sections in the curving
direction.

37. The liquid crystal display device of claim 36, wherein

the elongated regions of the reflection section are a first
region provided in the middle section of the curved
surface, where the light reflectivity is equal to or greater
than 0% and less than 5%; second regions adjoining the
middle section in a direction toward the both end sec-
tions of the curved surface, where the light reflectivity is
equal to or greater than 5% and less than 10%; and third
regions adjoining the second regions in the direction
toward the both end sections of the curved surface,
where the light reflectivity is equal to or greater than
10% and less than 15%; and

the elongated regions of the reflection section are arranged
so that the light reflectivities are increased from the
middle section toward the both end sections in the curv-
ing direction.

38. The liquid crystal display device of claim 36, wherein

the elongated regions of the reflection section are a first
region provided in the middle section of the curved
surface, where the light reflectivity is equal to or greater
than 10% and less than 15%; second regions adjoining
the middle section in a direction toward the both end
sections of the curved surface, where the light reflectiv-
ity is equal to or greater than 5% and less than 10%; and
third regions adjoining the second regions in the direc-
tion toward the both end sections of the curved surface,
where the light reflectivity is equal to or greater than 0%
and less than 5%; and

the elongated regions of the reflection section are arranged
so that the light reflectivities are decreased from the
middle section toward the both end sections in the curv-
ing direction.

39. The liquid crystal display device of claim 36, wherein

the reflection section is a polarizer having a surface to
which an anti-reflection process is applied.

40. The liquid crystal display device of claim 39, wherein

the polarizers are provided on front and rear sides of the
liquid crystal display panel.
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41. A liquid crystal display device, comprising:

a liquid crystal display panel with a display surface defin-
ing a raised curved surface having curvature of Yso00-40
(1 /mm), and with a reflection section which is arranged
parallel to the display surface, which defines a raised
curved surface having curvature of “500- Y50 (1 /mm), and
in which a plurality of elongated regions having differ-
ent light reflectivities are arranged in parallel with each
other from a middle section of the curved surface toward
both end sections in the curving direction,

wherein the light reflectivities of the plurality of elongated
regions arranged in parallel with each other vary in a
step-wise manner from the middle section of the curved
surface toward the both end sections in the curving
direction.

42, The liquid crystal display device of claim 41, wherein

the elongated regions of the reflection section are a first
region provided in the middle section of the curved
surface, where the light reflectivity is equal to or greater
than 10% and less than 15%; second regions adjoining
the middle section in a direction toward the both end
sections of the curved surface, where the light reflectiv-
ity is equal to or greater than 5% and less than 10%; and
third regions adjoining the second regions in the direc-
tion toward the both end sections of the curved surface,
where the light reflectivity is equal to or greater than 0%
and less than 5%; and

May 5, 2011

the elongated regions of the reflection section are arranged
so that the light reflectivities are decreased from the
middle section toward the both end sections in the curv-
ing direction.

43. The liquid crystal display device of claim 41, wherein

the elongated regions of the reflection section are a first
region provided in the middle section of the curved
surface, where the light reflectivity is equal to or greater
than 0% and less than 5%; second regions adjoining the
middle section in a direction toward the both end sec-
tions of the curved surface, where the light reflectivity is
equal to or greater than 5% and less than 10%; and third
regions adjoining the second regions in the direction
toward the both end sections of the curved surface,
where the light reflectivity is equal to or greater than
10% and less than 15%; and

the elongated regions of the reflection section are arranged
so that the light reflectivities are increased from the
middle section toward the both end sections in the curv-
ing direction.

44. The liquid crystal display device of claim 41, wherein

the reflection section is a polarizer having a surface to
which an anti-reflection process is applied.

45. The liquid crystal display device of claim 44, wherein

the polarizers are provided on front and rear sides of the
liquid crystal display panel.

® ok % ok %



patsnap

TREMOF) BREREE
[F(RE)E US20110102721A1 K (aH)A 2011-05-05
BRiES US13/001635 % A 2009-05-13

RIRBE(ERFR)AGE) EEKRAL4
RF(EFR)AGE) EEHMAau

HAHRBHEIRAE) EEHRAatt

[FRI& B A ENOMOTO HIROMI

RN ENOMOTO, HIROMI

IPCH %5 GO2F1/1335

CPCH %5 GO02F1/133536 G02F1/133504 G0O2F1/133305

1£ %42 2008182497 2008-07-14 JP

H At 40 FF 3Rk US8493535

IEheE Espacenet USPTO

BWEGF) 1V 18 T

FAEXAWENERERH-—TEARFEFTRENRBEREE , URiXH
BBETEBOHET L. RBETER (10) BIHFRRKE TR
(1) , ZHRRETR (1) EFERKRE (20) , ZETRKME (20)
B #EN1/500-1/50 (1/mm ) MMEME , #EERFBIHFT ||
FERKE (20) RE , HREMEN1/500-1/50 (1/mm ) BMEE
HE  ABEFEETEZEANSMMKEE (AC ) ENEMRER
FE 8 B B g 05 1B R A PN SRR AT R B UL AT B
SMKXE (A-C)NEEEEEHAE ENEHREN BB BEE@
PN ERE L A,



https://share-analytics.zhihuiya.com/view/fa95c3b2-9cb0-404c-8791-3c42302dffb9
https://worldwide.espacenet.com/patent/search/family/041550128/publication/US2011102721A1?q=US2011102721A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110102721%22.PGNR.&OS=DN/20110102721&RS=DN/20110102721

