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(57) ABSTRACT

Liquid-crystal display device with a concavely curved panel
in which a reflective plate is installed with which a uniform
brightness of the screen of the liquid-crystal device with
curved screen can be maintained and brightness non-unifor-
mities can be remedied, without making the outer shape of
the liquid-crystal display device large. In a liquid-crystal
display device having a structure in which a concavely
curved panel is held by spacers having a curved shape that
are installed on a backlight unit, a reflective plate or reflec-
tive sheet is attached to all those inner walls formed by an
inner space enclosed by the concavely curved panel, the
spacers and the backlight unit that are formed by compo-
nents that are installed between the curved panel and the
backlight unit and that are formed by components that are
not transmissive to light that is emitted from the light source.
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CURVED LIQUID-CRYSTAL DISPLAY DEVICE,
AND METHOD FOR THE FORMING AND
INSTALLATION OF REFLECTIVE PLATE/SHEET
FOR CURVED LIQUID-CRYSTAL DISPLAY
DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Technical Field

[0002] The present invention relates 1o curved liquid-
crystal display devices and methods for forming/installing a
reflective plate or reflective sheet used for a curved liquid-
crystal display device.

[0003] 2. Description of the Related Art

[0004] In recent years, as liquid-crystal display devices
have come to be used as display devices of television
receivers, the screens of such liquid-crystal display devices
have become increasingly bigger. But a problem with
increasingly larger television LCD screens is that the view-
ing angle difference between the viewing angle when the
viewer views the center portion of the screen, and the
viewing angle when the viewer views the left and right edges
of the screen increases (throughout this specification, the
technical term “viewing angle” is defined as the angle
between the line of sight of the viewer viewing the screen
and the tangent to the intersection between the line of sight
and the observed screen surface, and the difference between
the center and left/right edge viewing angles is defined as
and used to mean the “viewing angle difference”).

[0005] Furthermore, another problem with large-scale
television LCD screens is that glare off the screens also
increases. The problem of difference in viewing angle can be
corrected by curving the screen into a concave shape.

[0006] However, when a backlight with the same structure
as that of a flat liquid-crystal panel is used for a liquid-
crystal panel whose screen is concavely curved (in the
following also referred to as “concavely curved liquid-
crystal panel”), then the uniformity of the light that is
radiated from the light source within the backlight is lost due
to the influence of spacers or the like that are installed
between the concavely curved liquid-crystal panel and the
backlight at the periphery of the concavely curved liquid-
crystal panel. As a result, the uniformity of the screen
brightness of concavely curved liquid-crystal panels is lower
than the uniformity of the screen brightness of conventional
flat liquid-crystal display devices.

[0007] A countermeasure to this problem is to make the
horizontal width of the backlight wider than the horizontal
width of the concavely curved liquid-crystal panel, as shown
in FIG. 4. The problem and this countermeasure will be
explained with reference to FIG. 4.

[0008] FIG. 4 is a diagrammatic cross-sectional view
illustrating the relation between the line of sight of a viewer
observing the two edges of a concavely curved liquid-crystal
panel and the horizontal width of the backlight. In order to
view images at the two edges of the concavely curved
liquid-crystal panel, light rays passing through the line of
sight 401 are necessary, and in order to obtain such light rays
from a backlight 113, the horizontal width of the backlight
402 is widened to w4. That is to say, the horizontal width of
the backlight 402 must be wider than the horizontal width
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w3 of a liquid-crystal display device whose liquid-crystal
panel is flat. This countermeasure is undesirable, since it
increases the outer form of the liquid-crystal display device.

[0009] Moreover, spacers or the like that support the
concavely curved liquid-crystal panel at its rim are neces-
sary, but these spacers are positioned at locations where they
can be easily discerned by the viewer, so that when the
viewer observes the concavely curved liquid-crystal panel in
its usual state from the front, then these spacers may become
visible and that portion will appear darker or colored due to
the influence of the material or color of the spacers.

Document 1: JP H09-197135A

BRIEF SUMMARY OF THE INVENTION

[0010] Accordingly, it is an object of the present invention
to provide a liquid-crystal display device having a concavely
curved liquid-crystal panel, in which a uniform brightness of
the screen of the liquid-crystal device having a curved
screen can be maintained and brightness non-uniformities
can be suppressed to a minimum, without making the outer
shape of the liquid-crystal display device large.

[0011] As a result of optimizing the position at which in
particular the reflective plate or reflective sheet is arranged
in order to achieve the above-noted object, it was found that
it is effective to install the reflective plate or reflective sheet,
in addition to its being ordinarily arranged parallel to the
liquid-crystal panel behind the light source, also perpendicu-
larly direction, as shown in FIG. 5, and install the reflective
plate or reflective sheet at various gaps at which it may at
first glance not be believed to be necessary. It should be
noted that FIG. 5 is a diagram illustrating the relation
between the line of sight of a viewer observing a concavely
curved liquid-crystal panel and the reflective plates or reflec-
tive sheets.

[0012] On the basis of this knowledge, a liquid-crystal
display device having a concavely curved liquid-crystal
panel according to a first aspect of the present invention is
provided with a structure in which the liquid-crystal panel of
the liquid-crystal display device is held by first spacers
having a concavely curved shape that are installed on a rear
side of two opposing edges of the liquid-crystal panel,
second spacers having a concavely curved shape that are
installed on a front side of the two opposing edges, and third
spacers of a constant height that are installed on the rear side
of the remaining two edges of the liquid-crystal panel, with
the remaining two edges of the liquid-crystal panel being
held by the third spacers, wherein a reflective plate or a
reflective sheet is attached to an inner surface of the first
spacers and the third spacers.

[0013] A liquid-crystal display device having a concavely
curved liquid-crystal panel according to a second aspect of
the present invention is provided with a structure in which
the liquid-crystal panel of the liquid-crystal display device is
held by first spacers having a concavely curved shape that
are installed on a rear side of two opposing edges of the
liquid-crystal panel, second spacers having a concavely
curved shape that are installed on a front side of the two
opposing edges, and third spacers of a constant height that
are installed on the rear side of the remaining two edges of
the liquid-crystal panel, with the remaining two edges of the
liquid-crystal panel being held by the third spacers, wherein,
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in addition to an inner surface of the first spacers and the
third spacers, a reflective plate or reflective sheet is also
attached to an inner surface of spacer support portions of the
backlight unit supporting the first spacers and the third
spacers.

[0014] A liquid-crystal display device having a concavely
curved liquid-crystal panel according to a third aspect of the
present invention is provided with a structure in which the
liquid-crystal panel of the liquid-crystal display device is
held by first spacers having a concavely curved shape that
are installed on a rear side of two opposing edges of the
liquid-crystal panel, second spacers having a concavely
curved shape that are installed on a front side of the two
opposing edges, and third spacers of a constant height that
are installed on the rear side of the remaining two edges of
the liquid-crystal panel, with the remaining two edges of the
liquid-crystal panel being held by the third spacers, wherein
a reflective plate or reflective sheet is attached to all those
inner walls formed by an inner space enclosed by the
liquid-crystal panel, the first spacers, the third spacers and a
backlight unit that are formed by components that are
installed between the curved liquid-crystal panel and a light
source of the backlight unit and that are formed by compo-
nents that are not transmissive to light that is emitted from
the light source.

[0015] According to a fourth aspect of the present inven-
tion, in a liquid-crystal display device according to any of
the first to third aspects, the reflective surface of the reflec-
tive plates or reflective sheets is made by attaching a film
sheet made of a highly reflective material.

[0016] According to a fifth aspect of the present invention,
in a liquid-crystal display device according to any of the first
to third aspects, the reflective surface of the reflective plates
or reflective sheets is made by adhering a film sheet made of
a mirror-reflective material.

[0017] According to a sixth aspect of the present inven-
tion, in a liquid-crystal display device according to any of
the first to third aspects, the reflective surface of the reflec-
tive plates or reflective sheets is made by coating a highly
reflective material.

[0018] According to a seventh aspect of the present inven-
tion, in a liquid-crystal display device according to any of
the first to third aspects, the reflective surface of the reflec-
tive plates or reflective sheets is made by coating a mirrot-
reflective material.

[0019] According to an eighth aspect of the present inven-
tion, a liquid-crystal display device having a concavely
curved liquid-crystal panel is provided with a structure in
which the liquid-crystal panel of the liquid-crystal display
device is held by first spacers having a concavely curved
shape that are installed on a rear side of two opposing edges
of the liquid-crystal panel, second spacers having a con-
cavely curved shape that are installed on a front side of the
two opposing edges, and third spacers of a constant height
that are installed on the rear side of the remaining two edges
of the liquid-crystal panel, with the remaining two edges of
the liquid-crystal panel being held by the third spacers,
wherein the first spacers and the third spacers are made of
highly reflective material.

[0020] According to a ninth aspect of the present inven-
tion, a liquid-crystal display device having a concavely
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curved liquid-crystal panel is provided with a structure in
which the liquid-crystal panel of the liquid-crystal display
device is held by first spacers having a concavely curved
shape that are installed on a rear side of two opposing edges
of the liquid-crystal panel, second spacers having a con-
cavely curved shape that are installed on a front side of the
two opposing edges, and third spacers of a constant height
that are installed on the rear side of the remaining two edges
of the liquid-crystal panel, with the remaining two edges of
the liquid-crystal panel being held by the third spacers,
wherein the first spacers and the third spacers are made of
mirror-reflective material.

[0021] According to a tenth aspect of the present inven-
tion, a method for forming/installing a reflective plate or
reflective sheet used in a liquid-crystal display device having
a concavely curved liquid-crystal panel is provided, the
liquid-crystal display device thereby being provided with a
structure in which the liquid-crystal panel of the liquid-
crystal display device is held by first spacers having a
concavely curved shape that are installed on a rear side of
two opposing edges of the liquid-crystal panel, second
spacers having a concavely curved shape that are installed
on a front side of the two opposing edges, and third spacers
of a constant height that are installed on the rear side of the
remaining two edges of the liquid-crystal panel, with the
remaining two edges of the liquid-crystal panel are held by
the third spacers, the method comprising a step of installing
the reflective plate or reflective sheet on an inner surface of
the first spacers and the third spacers.

[0022] According to an eleventh aspect of the present
invention, a method for forming/installing a reflective plate
or reflective sheet used in a liquid-crystal display device
having a concavely curved liquid-crystal panel is provided,
the liquid-crystal display device thereby being provided with
a structure in which the liquid-crystal panel of the liquid-
crystal display device is held by first spacers having a
concavely curved shape that are installed on a rear side of
two opposing edges of the liquid-crystal panel, second
spacers having a concavely curved shape that are installed
on a front side of the two opposing edges, and third spacers
of a constant height that are installed on the rear side of the
remaining two edges of the liquid-crystal panel, with the
remaining two edges of the liquid-crystal panel being held
by the third spacers, the method comprising a step of
forming the reflective plate or reflective sheet by coating a
highly reflective material on an inner surface of the first
spacers and the third spacers.

[0023] According to a twelfth aspect of the present inven-
tion, a method for forming/installing a reflective plate or
reflective sheet used in a liquid-crystal display device having
a concavely curved liquid-crystal panel is provided, the
liquid-crystal display device thereby being provided with a
structure in which the liquid-crystal panel of the liquid-
crystal display device is held by first spacers having a
concavely curved shape that are installed on a rear side of
two opposing edges of the liquid-crystal panel, second
spacers having a concavely curved shape that are installed
on a front side of the two opposing edges, and third spacers
of a constant height that are installed on the rear side of the
remaining two edges of the liquid-crystal panel, with the
remaining two edges of the liquid-crystal panel being held
by the third spacers, the method comprising a step of
attaching the reflective plate or reflective sheet to all the



US 2007/0146616 A1l

inner walls formed by an inner space enclosed by the
liquid-crystal panel, the first spacers, the third spacers and a
backlight unit that are formed by components that are
installed between the curved liquid-crystal panel and a light
source of the backlight unit and that are formed by compo-
nents that are not transmissive to light that is emitted from
the light source.

[0024] According to a thirteenth aspect of the present
invention, a method for forming/installing a reflective plate
or reflective sheet used in a liquid-crystal display device
having a concavely curved liquid-crystal panel is provided,
the liquid-crystal display device thereby being provided with
a structure in which the liquid-crystal panel of the liquid-
crystal display device is held by first spacers having a
concavely curved shape that are installed on a rear side of
two opposing edges of the liquid-crystal panel, second
spacers having a concavely curved shape that are installed
on a front side of the two opposing edges, and third spacers
of a constant height that are installed on the rear side of the
remaining two edges of the liquid-crystal panel, with the
remaining two edges of the liquid-crystal panel being held
by the third spacers, the method comprising a step of
forming the reflective plate or reflective sheet by coating a
highly reflective material onto all the inner walls forming an
inner space enclosed by the liquid-crystal panel, the first
spacers, the third spacers and a backlight unit-walls that are
formed by components that are installed between the curved
liquid-crystal panel and a light source of the backlight umt
and that are formed by components that are not transmissive
to light that is emitted from the light source.

[0025] According to a fourteenth aspect of the present
invention, in a liquid-crystal display device according to any
of the first to third, eighth and ninth aspects, the first spacers
are installed on the rear side of the two longer opposing
edges and the second spacers are installed on the front side
of the two longer opposing edges.

[0026] According to a fifteenth aspect of the present
invention, in a liquid-crystal display device according to the
fourth aspect, the first spacers are installed on the rear side
of the two longer opposing edges and the second spacers are
installed on the front side of the two longer opposing edges.

[0027] According to a sixteenth aspect of the present
invention, in a liquid-crystal display device according to the
fifth aspect, the first spacers are installed on the rear side of
the two longer opposing edges and the second spacers are
installed on the front side of the two longer opposing edges.

[0028] According to a seventeenth aspect of the present
invention, in a liquid-crystal display device according to the
sixth aspect, the first spacers are installed on the rear side of
the two longer opposing edges and the second spacers are
installed on the front side of the two longer opposing edges.

[0029] According to a eighteenth aspect of the present
invention, in a liquid-crystal display device according to the
seventh aspect, the first spacers are installed on the rear side
of the two longer opposing edges and the second spacers are
installed on the front side of the two longer opposing edges.

[0030] According to a nineteenth aspect of the present
invention, in a method for forming/installing a reflective
plate or reflective sheet used in a liquid-crystal display
device according to any of the tenth to thirteenth aspects, the
first spacers are installed on the rear side of the two longer
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opposing edges and the second spacers are installed on the
front side of the two longer opposing edges.

[0031] With the first aspect of the present invention, the
problem of brightness non-uniformities occurring at both the
left and right edges of a concavely curved liquid-crystal
panel and the problem that spacers installed behind the
liquid-crystal panel are visible through the liquid-crystal
panel can be remedied without broadening the lateral width
of the backlight.

[0032] With the second aspect of the present invention, in
addition to the effect of the first aspect of the present
invention, it is possible to further remedy brightness non-
uniformities and the like with the reflective plate or reflec-
tive sheet attached to the inner surface of the spacer support
portions of the backlight unit supporting the first spacers and
the third spacers.

[0033] With the third aspect of the present invention, in
addition to the effect of the second aspect of the present
invention, it is possible to further remedy brightness non-
uniformities, for example.

[0034] With the fourth aspect of the present invention, in
addition to the effect of the first to third aspects of the present
invention, the fabrication of the reflective plate or reflective
sheet becomes easier.

[0035] With the fifth aspect of the present invention, the
same effect as in the fourth aspect can be attained.

[0036] With the sixth aspect of the present invention, the
same effect as in the fourth aspect can be attained.

[0037] With the seventh aspect of the present invention,
the same effect as in the fourth aspect can be attained.

[0038] With the eighth aspect of the present invention, the
same effect as in the first to seventh aspects can be attained.

[0039] With the ninth aspect of the present invention, the
same effect as in the first aspect can be attained without
separately attaching the reflective plate or reflective sheet to
spacers.

[0040] With the tenth aspect of the present invention, the
same effect as in the ninth aspect can be attained.

[0041] With the eleventh aspect of the present invention,
in addition to the effect of the third aspect of the present
invention, it is possible to further remedy brightness non-
uniformities, for example.

[0042] With the twelfth aspect of the present invention, the
same effect as in the third aspect can be attained.

[0043] With the thirteenth aspect of the present invention,
the same effect as in the twelfth aspect can be attained.

[0044] With the fourteenth aspect of the present invention,
the same effect as in the first to third, eighth and ninth
aspects can be attained.

[0045] With the fifteenth aspect of the present invention,
the same effect as in the fourth aspect can be attained.

[0046] With the sixteenth aspect of the present invention,
the same effect as in the fifth aspect can be attained.

[0047] With the seventeenth aspect of the present inven-
tion, the same effect as in the sixth aspect can be attained.
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[0048] With the eighteenth aspect of the present invention,
the same effect as in the seventh aspect can be attained.

[0049] With the nineteenth aspect of the present invention,
the same effect as in the tenth to thirteenth aspects can be
attained.

[0050] From the following detailed description in con-
Junction with the accompanying drawings, the foregoing and
other objects, features, aspects and advantages of the present
invention will become readily apparent to those skilled in
the art.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0051] FIG. 1 is a diagrammatic cross-sectional view
illustrating a situation in which reflective plates/sheets are
installed in a liquid-crystal display device having a con-
cavely curved panel according to Embodiment 1

[0052] FIG. 2 is an enlarged cross-sectional view of the
left edge portion in FIG. 1;

[0053] FIG. 3 is an exploded view of a liquid-crystal panel
101, third spacers 105, first spacers 301 and a backlight unit
113, which are the main components of a liquid-crystal
display device having a concavely curved panel according to
Embodiment 1;

[0054] FIG. 4 is a diagrammatic cross-sectional view
illustrating the relation between the line of sight of a viewer
observing the two edges of a concavely curved liquid-crystal
panel and the horizontal width of the backlight;

[0055] FIG.5is a diagram illustrating the relation between
the line of sight of a viewer observing a concavely curved
liquid-crystal panel, and the reflective plates/sheets;

[0056] FIG. 6 is a diagrammatic cross-sectional view
illustrating a state in which reflective plates are installed in
a liquid-crystal display device having a concavely curved
panel according to Embodiment 2;

[0057] FIG. 7 is a diagrammatic cross-sectional view
illustrating a method for forming/installing reflective plates
in a liquid-crystal display device having a concavely curved
panel according to Embodiment 3;

[0058] FIG. 8 is a diagrammatic cross-sectional view
illustrating a liquid-crystal display device having a con-
cavely curved panel according to Embodiment 4;

[0059] FIG. 9 is a diagrammatic cross-sectional view
illustrating a liquid-crystal display device having a con-
cavely curved panel according to Embodiment 5; and

[0060] FIG. 10 is an exploded view of the main compo-
nents of a liquid-crystal display device having a concavely
curved panel that is common to Embodiments 1 to 5.

DETAILED DESCRIPTION OF THE
INVENTION

[0061] The following is a description of preferred embodi-
ments of the invention, with reference to the accompanying
drawings. It should be noted that the following explanations
are only for a reflective plate, but similar embodiments can
also be established by replacing this reflective plate with a
reflective sheet.
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[0062] First, a liquid-crystal display device having a con-
cavely curved panel that is common to the below-explained
Embodiments 1 to 5 is described. FIG. 10 is an exploded
view of the main components of a liquid-crystal display
device having a concavely curved panel, which is common
to Embodiments 1 to 5. In FIG. 10, numeral 101 denotes a
liquid-crystal panel, numeral 301 denotes first spacers,
numeral 105 denotes third spacers, numeral 302 denotes
second spacers and numeral 113 denotes a backlight unit.

[0063] Two opposite edges of the liquid-crystal panel 101
are sandwiched by the first spacers 301 and the second
spacers 302, which have a concavely curved shape. The
other two edges are supported by the third spacers 105,
which have a constant height. These other two edges are
fixed by pressing them down with a bezel or the like, which
is not shown in the drawing. The liquid-crystal display
devices according to embodiments of the present invention
all have such a structure. The following is an explanation of
the respective embodiments.

EMBODIMENT 1

[0064] FIG. 1 is a diagrammatic cross-sectional view
illustrating a situation in which reflective plates are installed
in a liquid-crystal display device having a concavely curved
panel according to Embodiment 1. The liquid-crystal panel
101 is held by the third spacers 105 above the backlight unit
113. Reflective plates 102 are installed on the inner wall of
the third spacers 105. The reflective plates are also installed
on the spacers in the direction perpendicular to the third
spacers 105 shown in FIG. 1. Those perpendicular spacers
are the first spacers 301 in FIG. 3. The reflective plates are
also installed on the inner walls of the first spacers 301. It
should be noted that FIG. 3 is an exploded view of the
liquid-crystal panel 101, the third spacers 105, the first
spacers 301 and the backlight unit 113, which are the main
components of the liquid-crystal display device having a
concavely curved panel according to Embodiment 1.

[0065] The general locations where the reflective plates
are installed are shown by the figures.

[0066] FIG. 10 is an exploded view showing the general
locations where the reflective plates are installed. The reflec-
tive plates are installed on the inner walls of the first spacers
301 and the inner walls of the third spacers 105, as indicated
by the oblique lines.

[0067] FIG. 2 is an enlarged cross-sectional view of the
left edge portion in FIG. 1. Ordinarily, there is a small gap
201 below a support portion 114 to which the third spacer
105 is attached. Optical sheets 115, 115 and a dispersion
plate 116 are installed below the gap 201. It should be noted
that a part of the frame of the backlight unit 113 functions
as the spacer support portion 114.

[0068] The reflective plate 102 is installed on the inner
wall of this narrow gap 201. Through this measure, bright-
ness non-uniformities at the edge portions 110 can be
remedied.

[0069] The following is an explanation of reasons for and
the effect of installing the reflective plates in this manner.

[0070] If the viewer views the edge portion 110 of a
liquid-crystal panel 101 in which no reflective plates 102 are
installed as in the liquid-crystal display device having the
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structure shown in FIGS. 1, 2 and 3, then the viewer would
view the third spacers 105 through the liquid-crystal panel
101, and there would be brightness non-uniformities and the
like.

[0071] This is explained in more detail with reference to
FIG. 1 and FIG. 2. If the edge portion 110 of a liquid-crystal
panel 101 as shown in FIG. 1 but without the reflective
plates 102 were viewed, then the line of sight 111 from the
viewer could not reach the light source 104 after passing
through the liquid-crystal panel 101. This is because this
path is blocked by components such as the third spacers 105.

[0072] Conversely, considering the light rays directed
from the light source 104 through the line of sight 111 into
the viewer’s eye, the presence of the third spacers 105 would
pose an obstacle to such light rays, and there are no direct
light rays that reach the viewer’s eye from the light source
104 through the edge portion 110 of the liquid-crystal panel
101. Consequently, even considering indirect light, at the
edge portions of the liquid-crystal panel 101, the amount of
light rays reaching the viewer’s eye after having passed
through the liquid-crystal panel 101 from the rear side of the
liquid-crystal panel 101 is smaller than at other portions of
the liquid-crystal panel 101. In other words, at the edge
portions 110 of the liquid-crystal panel 101, the effect that
the backlight has on the liquid-crystal cannot be properly
displayed, and there is the phenomenon that there are
brightness non-uniformities and that the inner walls of the
third spacers 105 are visible to the viewer.

[0073] 1If, as a countermeasure to this problem, the reflec-
tive plates 102 are installed on the inner walls of the third
spacers 105, then the light rays 202 from the light source 104
are reflected at the reflective plates 102, and incident on the
viewer’s eye through the line of sight 111. As a result, the
problem of brightness non-uniformities and the problem that
the inner walls of the third spacers 105 become visible to the
viewer can be solved. It should be noted that this problem
can also be solved by enlarging the width of the backlight
unit 113 to a width corresponding to the front end of the line
of sight 401, as shown in FIG. 4. However, with this
approach, the width of the backlight unit has to be enlarged,
and as a result, the dimensions of the outer shape of the
liquid-crystal display apparatus have to be made larger.

[0074] With the method of installing reflective plates 102
as shown in FIG. 1, it is possible to solve the problem
without enlarging the outer shape of the liquid-crystal dis-
play device and to satisfy the requirement of slimmer
casings that are demanded for display devices.

EMBODIMENT 2

[0075] FIG. 6 is a diagrammatic cross-sectional view
illustrating the state in which reflective plates are installed in
a liquid-crystal display device having a concavely curved
panel according to Embodiment 2. The difference between
the installation state of the reflective plates of the liquid-
crystal display device having a concavely curved panel
according to Embodiment 2 and the installation state of the
reflective plates of the liquid-crystal display device having a
concavely curved panel according to Embodiment 1 is that
the reflective plates of the liquid-crystal display device
having a concavely curved panel according to Embodiment
1 are also installed on components other than the spacers,
whereas the reflective plates of the liquid-crystal display
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device having a concavely curved panel according to
Embodiment 2 are not installed on any components other
than the spacers. With reflective plates installed in this
mannet, the attained effect does not reach the effect of the
liquid-crystal display device having a concavely curved
panel according to Embodiment 1, but the occurrence of
brightness non-uniformities is to some extent better than if
no reflective plates are provided, and also the manufacturing
costs can be reduced slightly by omitting the process of
installing reflective plates on the gap 201.

EMBODIMENT 3

[0076] FIG. 7 is a diagrammatic cross-sectional view
illustrating a method for forming/installing reflective plates
in a liquid-crystal display device having a concavely curved
panel according to Embodiment 3. The characteristic feature
of the method for forming/installing reflective plates in a
liquid-crystal display device having a concavely curved
panel according to Embodiment 3 is the aspect that the
reflective plates are constituted by a highly reflective mate-
rial applied to the inner walls of the spacers. If the reflective
plates are formed in this manner, the step of installing
reflective plates on the spacers or the like becomes unnec-
essary, extremely thin reflective plates can be formed, and a
slight contribution to making the overall liquid-crystal dis-
play device smaller can be made.

EMBODIMENT 4

[0077] FIG. 8 is a diagrammatic cross-sectional view
illustrating a liquid-crystal display device having a con-
cavely curved panel according to Embodiment 4. The char-
acteristic feature of this liquid-crystal display device having
a concavely curved panel according to Embodiment 4 is the
aspect of making, for example, the spacers themselves of a
highly reflective material, instead of attaching the reflective
plates to spacers or the like or applying a highly reflective
material on them.

EMBODIMENT 5

[0078] FIG. 9 is a diagrammatic cross-sectional view
illustrating a liquid-crystal display device having a con-
cavely curved panel according to Embodiment 5. The char-
acteristic feature of this liquid-crystal display device having
a concavely curved panel according to Embodiment 5 is the
aspect that the locations where the reflective plates are
installed are not only the third spacers 105 and the first
spacers 301 supporting the concavely curved panel, but
reflective plates are laid out on the inner walls of all
components constituting the inner walls of the space
enclosed by the liquid-crystal panel 101 and the backlight
unit 108, with the exception of the liquid-crystal panel 101
and transparent components through which the light that is
emitted from the light source 104 is expected to pass.

[0079] This is explained in more detail with reference to
FIG. 9. In FIG. 9, the components constituting the inner
walls are the liquid-crystal panel 101, the third spacers 105,
the spacer support portions 114, the optical sheets 115, 115
and the dispersion plate 116. Here, the optical sheets 115,
115 and the dispersion plate 116 correspond to transparent
components through which light emitted from the light
source 104 can be expected to pass, so that the reflective
plates are not installed thereon.
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[0080] As a result, the inner walls on which the reflective
plates are installed are the third spacers 105 and the spacer
support portions 114, which are the portions marked by
oblique lines in FIG. 9. Thus, the occurrence of brightness
non-uniformities at the edge portion 110 of the liquid-crystal
panel 101 can be reduced to a minimum through installing
the reflective plates.

[0081] Only selected embodiments have been chosen to
illustrate the present invention. To those skilled in the art,
however, it will be apparent from the foregoing disclosure
that various changes and modifications can be made herein
without departing from the scope of the invention as defined
in the appended claims. Furthermore, the foregoing descrip-
tion of the embodiments according to the present invention
is provided for illustration only, and not for limiting the
invention as defined by the appended claims and their
equivalents.

What is claimed is:
1. A liquid-crystal display device comprising:

a concavely curved liquid-crystal panel having front and
rear sides, and first and second pairs of opposing edges;

concavely curved first spacers installed on the rear side of
said liquid-crystal panel, along its first pair of opposing
edges;

concavely curved second spacers installed on the front
side of said liquid-crystal panel, along its first pair of
opposing edges, said panel therein being retained along
its first pair of opposing edges in between said first and
second spacers;

third spacers of uniform height, installed on the rear side
of said liquid-crystal panel along, for retaining its
second pair of opposing edges; and

means for lending optical reflectivity to said first and third
spacers along their inner surfaces.
2. A liquid-crystal display device comprising:

a concavely curved liquid-crystal panel having front and
rear sides, and first and second pairs of opposing edges;

concavely curved first spacers installed on the rear side of
said liquid-crystal panel, along its first pair of opposing
edges;

concavely curved second spacers installed on the front
side of said liquid-crystal panel, along its first pair of
opposing edges, said panel therein being retained along
its first pair of opposing edges in between said first and
second spacers;

third spacers of uniform height, installed on the rear side
of said liquid-crystal panel along, for retaining its
second pair of opposing edges;

a backlight unit arranged rearward of said liquid-crystal
panel;

a frame supporting said backlight unit, said frame having
spacer support portions supporting said first and third
spacers; and

means for lending optical reflectivity to said first and third
spacers, and said spacer support portions along their
inner surfaces.
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3. A liquid-crystal display device comprising:

a concavely curved liquid-crystal panel having front and
rear sides, and first and second pairs of opposing edges;

concavely curved first spacers installed on the rear side of
said liquid-crystal panel, along its first pair of opposing
edges;

concavely curved second spacers installed on the front
side of said liquid-crystal panel, along its first pair of
opposing edges, said panel therein being retained along
its first pair of opposing edges in between said first and
second spacers;

third spacers of uniform height, installed on the rear side
of said liquid-crystal panel along, for retaining its
second pair of opposing edges;

a backlight unit arranged rearward of said liquid-crystal
panel;

a frame supporting said backlight unit, said frame having
spacer support portions supporting said first and third
spacers;

a light source arranged in between said liquid-crystal
panel and said backlight unit; and

means for lending optical reflectivity to inner walls non-
transparent to light from said light source, among
inner-space enclosing walls of at least said liquid-
crystal panel, said first and third spacers, and said
backlight unit.

4. The liquid-crystal display device according to any of
claims 1 to 3, wherein said means for lending optical
reflectivity comprises a film sheet made of a highly reflec-
tive material.

5. The liquid-crystal display device according to any of
claims 1 to 3, wherein said means for lending optical
reflectivity comprises a film sheet made of a mirror-quality
reflective material.

6. The liquid-crystal display device according to any of
claims 1 to 3, wherein said means for lending optical
reflectivity comprises a highly reflective coating.

7. The liquid-crystal display device according to any of
claims 1 to 3, wherein said means for lending optical
reflectivity comprises a mirror-quality reflective coating.

8. A liquid-crystal display device comprising:

a concavely curved liquid-crystal panel having front and
rear sides, and first and second pairs of opposing edges;

concavely curved first spacers, made of a highly reflective
material and installed on the rear side of said liquid-
crystal panel, along its first pair of opposing edges;

concavely curved second spacers installed on the front
side of said liquid-crystal panel, along its first pair of
opposing edges, said panel therein being retained along
its first pair of opposing edges in between said first and
second spacers; and

third spacers of uniform height, made of a highly reflec-
tive material and installed on the rear side of said
liquid-crystal panel along, for retaining its second pair
of opposing edges.

9. A liquid-crystal display device comprising:

a concavely curved liquid-crystal panel having front and
rear sides, and first and second pairs of opposing edges;
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concavely curved first spacers, made of a mirror-quality
reflective material and installed on the rear side of said
liquid-crystal panel, along its first pair of opposing
edges;

concavely curved second spacers installed on the front
side of said liquid-crystal panel, along its first pair of
opposing edges, said panel therein being retained along
its first pair of opposing edges in between said first and
second spacers; and

third spacers of uniform height, made of a mirror-quality
reflective material and installed on the rear side of said
liquid-crystal panel along, for retaining its second pair
of opposing edges.

10. The liquid-crystal display device according to any of
claims 1-3, 8 or 9, wherein the liquid-crystal panel edges
constituting the first pair are longer than the edges consti-
tuting the second pair.

11. The liquid-crystal display device according to claim 4,
wherein liquid-crystal panel edges constituting the first pair
are longer than the edges constituting the second pair.

12. The liquid-crystal display device according to claim 5,
wherein the liquid-crystal panel edges constituting the first
pair are longer than the edges constituting the second pair.

13. The liquid-crystal display device according to claim 6,
wherein the liquid-crystal panel edges constituting the first
pair are longer than the edges constituting the second pair.

14. The liquid-crystal display device according to claim 7,
wherein the liquid-crystal panel edges constituting the first
pair are longer than the edges constituting the second pair.

15. A method of manufacturing a curved liquid-crystal
display device, the method comprising:

installing concavely curved first spacers on the rear side
of a concavely curved liquid-crystal panel, along a first
pair of opposing edges thereof;

installing concavely curved second spacers on the front
side of the liquid-crystal panel, along the first pair of
opposing edges thereof, to retain the panel along its first
pair of opposing edges in between the first and second
spacers;

installing third spacers of uniform height on the rear side
of the liquid-crystal panel along a second pair of
opposing edges thereof; and

installing either reflective plating or reflective sheeting on

inner surfaces of the first spacers and the third spacers.

16. A method of manufacturing a curved liquid-crystal
display device, the method comprising:

installing concavely curved first spacers on the rear side
of a concavely curved liquid-crystal panel, along a first
pair of opposing edges thereof;

installing concavely curved second spacers on the front
side of the liquid-crystal panel, along the first pair of
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opposing edges thereof, to retain the panel along its first
pair of opposing edges in between the first and second
spacers;

installing third spacers of uniform height on the rear side
of the liquid-crystal panel along a second pair of
opposing edges thereof; and

coating a highly reflective material onto inner surfaces of
the first spacers and the third spacers.
17. A method of manufacturing a curved liquid-crystal
display device, the method comprising;

installing concavely curved first spacers on the rear side
of a concavely curved liquid-crystal panel, along a first
pair of opposing edges thereof;

installing concavely curved second spacers on the front
side of the liquid-crystal panel, along the first pair of
opposing edges thereof, to retain the panel along its first
pair of opposing edges in between the first and second
spacers;

installing third spacers of uniform height on the rear side
of the liquid-crystal panel along a second pair of
opposing edges thereof; and

installing either reflective plating or reflective sheeting on
inner walls nontransparent to light from said light
source, among inner-space enclosing walls of at least
said liquid-crystal panel, said first and third spacers,
and said backlight unit.
18. A method of manufacturing a curved liquid-crystal
display device, the method comprising;

installing concavely curved first spacers on the rear side
of a concavely curved liquid-crystal panel, along a first
pair of opposing edges thereof;

installing concavely curved second spacers on the front
side of the liquid-crystal panel, along the first pair of
opposing edges thereof, to retain the panel along its first
pair of opposing edges in between the first and second
spacers;

installing third spacers of uniform height on the rear side
of the liquid-crystal panel along a second pair of
opposing edges thereof; and

coating a highly reflective material onto inner walls
nontransparent to light from said light source, among
inner-space enclosing walls of at least said liquid-
crystal panel, said first and third spacers, and said
backlight unit.

19. The curved liquid-crystal display device manufactur-
ing method according to any of claims 15 through 18,
wherein the first and second spacers are installed respec-
tively on the front and rear sides of opposing edges of the
liquid-crystal panel that are the two longer of the two pairs
of opposing edges.
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