US 20070146569A1

12) Patent Application Publication (o) Pub. No.: US 2007/0146569 A1

a9y United States

Nouchi et al,

43) Pub. Date: Jun, 28, 2007

(54) CURVED LIQUID-CRYSTAL DISPLAY
DEVICE AND BACKLIGHT USED FOR
CURVED LIQUID-CRYSTAL DISPLAY
DEVICE

Masanori Nouchi, Yokohama-shi
(JP); Fumitoshi Matsuda,
Yokohama-shi (JP); Hiromitsu
Hashiba, Yamato-shi (IP)

(75) Inventors:

Correspondence Address:
SQUIRE, SANDERS & DEMPSEY L.L.P
PATENT DEPARTMENT, ONE MARITIME
PLAZA, SUITE 300
SAN FRANCISCO, CA 94111-3492
(73) Assignee: NV TECH CO., LTD.,
Kawasaki-shi (IP)

(21) Appl. No.:  11/424,548

(22) Filed: Jun. 16, 2006
(30) Foreign Application Priority Data
Dec. 22, 2005 (IP) oo JP-2005-370700

104

\

Publication Classification

(51) Int. CL

GO2F 1/1333 (2006.01)

GO2F 1/1335 (2006.01)
(52) US.CL oo 349/58; 349/64
(57) ABSTRACT

Backlight with which the uniformity of brightness within a
display area of a concavely curved liquid crystal display
device is improved while fulfilling the demand for slimmer
liquid-crystal display devices, as well as curved liquid-
crystal display device including such a backlight. The shape
of a frame, an optical sheet, and a scattering plate consti-
tuting the backlight unit is the same concavely curved shape
as that of the concavely curved panel; and the liquid-crystal
panel, the optical sheet, and cold-cathode luminescent lamps
are arranged such that the concavely curved panel, the
surface of a frame constituting the backlight unit that faces
the concavely curved panel, an optical sheet surface, and a
surface including the tube center axes of a plurality of
cold-cathode luminescent lamps are parallel to each other.
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CURVED LIQUID-CRYSTAL DISPLAY

DEVICE AND BACKLIGHT USED FOR

CURVED LIQUID-CRYSTAL DISPLAY
DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Technical Field

[0002] The present invention relates to curved liquid-
crystal display devices and to backlights used for curved
liquid-crystal display devices.

[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, even when the viewing angle difference
is improved by a liquid-crystal panel with a concavely
curved screen (referred to as “concavely curved liquid-
crystal panel” below), when using a backlight with the same
structure as that of a conventional flat liquid-crystal panel
for such a concavely curved liquid-crystal panel, there is the
problem that the uniformity of light that is emitted from the
light source inside the backlight is lost in particular at the
peripheral edges of the concavely curved liquid-crystal
panel. As a result, the image quality of the concavely curved
liquid-crystal panel becomes lower than that of the screen of
a conventional flat liquid-crystal display device.

[0007] As a countermeasure for solving this problem and
using the backlight for a conventional flat liquid-crystal
panel is to enlarge the space in which the light source of the
backlight is arranged.

[0008] This countermeasure will be explained with refer-
ence to FIG. 8.
[0009] FIG. 8A 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. FIG. 8B is
a diagrammatic cross-sectional view illustrating the relation
between the line of sight of a viewer observing the two edges
of a liquid-crystal panel and the horizontal width of the
backlight for the case that also the backlight is concavely
curved.

[0010] At the edge portion 802 of the concavely curved
liquid-crystal panel in FIG. 8A, there are no light rays of
direct light reaching the eye of the viewer after from the
backlight passing through the edge portion 802. Therefore,
the brightness of the screen at the corner portion 802
becomes lower.
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[0011] If the horizontal width w3 of the backlight is
broadened to w4 as a countermeasure, then it is possible to
attain light rays 801 of direct light reaching the eye of the
viewer after passing from the backlight through the edge
portion 802 and thus to improve the brightness at the edge
portion 802.

[0012] However, this countermeasure makes the outer
shape of the liquid-crystal display device bigger, and thus
stands in the way of fulfilling the demand of making the
display device slimmer. On the other hand, as shown in FIG.
8B, if the backlight itself is provided with a concavely
curved shape matching the shape of the concavely curved
liquid-crystal panel, then it is possible to attain light rays 801
of direct light reaching the eye of the viewer from the curved
backlight without broadening the horizontal width of the
backlight, and thus to improve the brightness at the edge
portion 802.

(See JP 2005-150056A.)
BRIEF SUMMARY OF THE INVENTION

[0013] Accordingly, it is an object of the present invention
to provide a backlight with which the uniformity of bright-
ness within a display area of a concavely curved liquid
crystal display device is improved while fulfilling the
demand for slimmer display devices, as well as a curved
liquid-crystal display device including such a backlight.
[0014] As aresult of examining and comparing the shapes
of, particularly, backlight units, optical sheets and light
sources in order to address the above-mentioned problems,
it was found that it is advantageous that the backlight unit,
the optical sheet and the light source have the same con-
cavely curved shape as the liquid-crystal panel.

[0015] Accordingly, in a direct backlight unit for a liquid-
crystal display device having a concavely curved panel
according to a first aspect of the present invention, a light
source of the direct backlight unit is a surface light source;
and the surface light source is arranged to be parallel to the
concavely curved panel.

[0016] Ina direct backlight unit for a liquid-crystal display
device having a concavely curved panel according to a
second aspect of the present invention, a light source of the
direct backlight unit is a surface light source; a surface shape
of a frame, an optical sheet, a scattering plate, a reflective
sheet and the surface light source constituting the direct
backlight unit is substantially the same concavely curved
shape as that of the concavely curved panel; and the con-
cavely curved panel, the direct backlight unit’s frame, the
optical sheet, the scattering plate, the reflective sheet and the
surface light source are parallel to each other.

[0017] 1Ina direct backlight unit for a liquid-crystal display
device having a concavely curved panel according to a third
aspect of the present invention, a light source of the direct
backlight unit comprises a plurality of cold cathode lumi-
nescent lamps; and a surface including tube center axes of
the cold cathode luminescent lamps is parallel to the con-
cavely curved panel.

[0018] Ina direct backlight unit for a liquid-crystal display
device having a concavely curved panel according to a
fourth aspect of the present invention, a light source of the
direct backlight unit comprises a plurality of cold cathode
luminescent lamps; the shape of a frame, an optical sheet, a
scattering plate and a reflective sheet constituting the direct
backlight unit is substantially the same concavely curved
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shape as that of the concavely curved panel; and the con-
cavely curved panel, the direct backlight unit’s frame, the
optical sheet, the scattering plate, the reflective sheet and a
surface including tube center axes of the cold cathode
luminescent lamps are parallel to each other.

[0019] According to a fifth aspect of the present invention,
in a direct backlight unit for a liquid-crystal display device
according to the third aspect, the cold cathode Iuminescent
lamps have a straight tubular shape; and the cold cathode
luminescent lamps are arranged parallel to lateral edges of
the concavely curved panel that are not curved.

[0020] According to a sixth aspect of the present inven-
tion, in a direct backlight unit for a liquid-crystal display
device according to the fourth aspect, the cold cathode
luminescent lamps have a straight tubular shape; and the
cold cathode luminescent lamps are arranged parallel to
lateral edges of the concavely curved panel that are not
curved.

[0021] According to a seventh aspect of the present inven-
tion, in a direct backlight unit for a liquid-crystal display
device according to the third aspect, the cold cathode
luminescent lamps are U-shaped; and the cold cathode
luminescent lamps are arranged parallel to lateral edges of
the concavely curved panel that are not curved.

[0022] According to an eighth aspect of the present inven-
tion, in a direct backlight unit for a liquid-crystal display
device according to the fourth aspect, the cold cathode
luminescent lamps are U-shaped; and the cold cathode
luminescent lamps are arranged parallel to lateral edges of
the concavely curved panel that are not curved.

[0023] According to a ninth aspect of the present inven-
tion, in a direct backlight unit for a liquid-crystal display
device according to the third aspect, the cold cathode
luminescent lamps are curved like the concavely curved
panel, and arranged parallel to lateral edges of the concavely
curved panel that are curved.

[0024] According to a tenth aspect of the present inven-
tion, in a direct backlight unit for a liquid-crystal display
device according to the fourth aspect, the cold cathode
luminescent lamps are curved like the concavely curved
panel, and arranged parallel to lateral edges of the concavely
curved panel that are curved.

[0025] Ina direct backlight unit for a liquid-crystal display
device having a concavely curved panel according to an
eleventh aspect of the present invention, a light source of the
direct backlight unit is an LED surface light source; and the
LED surface light source is parallel to the concavely curved
panel.

[0026] Ina direct backlight unit for a liquid-crystal display
device having a concavely curved panel according to a
twelfth aspect of the present invention, a light source of the
direct backlight unit is an LED surface light source; the
shape of a frame, an optical sheet, a scattering plate, a
reflective sheet and the LED surface light source constitut-
ing the direct backlight unit is substantially the same con-
cavely curved shape as that of the concavely curved panel;
and the concavely curved panel, the direct backlight unit’s
frame, the optical sheet, the scattering plate, the reflective
sheet and the LED surface light source are parallel to each
other.

[0027] According to a thirteenth aspect of the present
invention, in a direct backlight unit according to the first
aspect, the surface light source is made of a xenon lamp.
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[0028] According to a fourteenth aspect of the present
invention, in a direct backlight unit according to the second
aspect, the surface light source is made of a xenon lamp.
[0029] According to a fifteenth aspect of the present
invention, in a direct backlight unit according to any of the
first to fourteenth aspects, a portion of a bezel of the
liquid-crystal display device having the concavely curved
panel, the portion holding an uncurved lateral edge of the
concavely curved panel, is curved with the same shape as the
concavely curved panel.

[0030] In a side backlight unit for a liquid-crystal display
device having a concavely curved panel according to a
sixteenth aspect of the present invention, a light source of
the side backlight unit comprises a cold cathode luminescent
lamp; the shape of a frame, an optical sheet, a scattering
plate, a reflective sheet and a light-conductive plate consti-
tuting the backlight unit is substantially the same concavely
curved shape as that of the concavely curved panel; the cold
cathode luminescent lamp is a straight tubular cold cathode
luminescent lamp that is arranged at a side portion of the
light-conductive plate; and the concavely curved panel, the
direct backlight unit’s frame, the optical sheet, the scattering
plate, the reflective sheet and the light-conductive plate are
parallel to each other.

[0031] In a side backlight unit for a liquid-crystal display
device having a concavely curved panel according to a
seventeenth aspect of the present invention, a light source of
the side backlight unit comprises a planar LED surface light
source; a shape of a frame, an optical sheet, a scattering
plate, a reflective sheet and a light-conductive plate consti-
tuting the backlight unit is substantially the same concavely
curved shape as that of the concavely curved panel; the
planar LED surface light source is arranged at a side portion
of the light-conductive plate; and the concavely curved
panel, the backlight unit’s frame, the optical sheet, the
scattering plate, the reflective sheet and the light-conductive
plate are parallel to each other.

[0032] A liquid-crystal display device having a concavely
curved panel according to the eighteenth aspect of the
present invention comprises a backlight unit for a liquid-
crystal display device according to any of the first to
fourteenth, sixteenth and seventeenth aspects.

[0033] With the first aspect of the present invention, the
screen is concavely curved, and whereas the problem that
brightness non-uniformities occurs when an ordinary flat
backlight unit is used, the brightness non-uniformities can
be improved without increasing the outer dimensions of the
liquid-crystal display device.

[0034] With the second aspect of the present invention, by
setting the shape of the frame, the optical sheet, the scat-
tering plate, the reflective sheet and the surface light source
of the backlight unit to a similar curved shape as that of the
liquid-crystal panel, and arranging the aforementioned com-
ponents to be parallel to each other, the distance from the
light source to the liquid-crystal panel becomes equivalent,
and even when the screen is curved, the brightness non-
uniformities of the screen can be improved without increas-
ing the outer dimensions of the liquid-crystal display device.
[0035] With the third aspect of the present invention, using
a plurality of cold cathode luminescent lamps and arranging
the surface including the tube center axes of the cold cathode
luminescent lamps to be parallel to the liquid-crystal panel,
the distance from the cold cathode luminescent lamps serv-
ing as the light source to the liquid-crystal panel becomes
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equivalent, and even when the screen is curved, the bright-
ness non-uniformities of the screen can be improved without
increasing the outer dimensions of the liquid-crystal display
device.

[0036] With the fourth aspect of the present invention,
using a plurality of cold cathode luminescent lamps and
arranging the surface including the tube center axes of the
cold cathode luminescent lamps to be parallel to the liquid-
crystal panel, the same effect as with the second aspect of the
present invention can be attained.

[0037] With the fifth aspect of the present invention, using
ordinary straight tubular cold cathode luminescent lamps,
the same effect as with the third aspect of the present
invention can be attained.

[0038] With the sixth aspect of the present invention,
using ordinary straight tubular cold cathode luminescent
lamps, the same effect as with the fourth aspect of the
present invention can be attained.

[0039] With the seventh aspect of the present invention,
using U-shaped cold cathode luminescent lamps, the same
effect as with the third aspect of the present invention can be
attained.

[0040] With the eighth aspect of the present invention,
using U-shaped cold cathode luminescent lamps, the same
effect as with the fourth aspect of the present invention can
be attained.

[0041] With the ninth aspect of the present invention,
curving the cold cathode luminescent lamps themselves like
the liquid-crystal panel and arranging the lamps parallel to
the curved edges of the liquid-crystal panel, the same effect
as with the third aspect of the present invention can be
attained.

[0042] With the tenth aspect of the present invention,
curving the cold cathode luminescent lamps themselves like
the liquid-crystal panel and arranging the lamps parallel to
the curved edges of the liquid-crystal panel, the same effect
as with the fourth aspect of the present invention can be
attained.

[0043] With the eleventh aspect of the present invention,
using an LED surface light source as the light source, the
same effect as with the first aspect of the present invention
can be attained, and furthermore, the effect of energy savings
can be attained.

[0044] With the twelfth aspect of the present invention,
using an LED surface light source as the light source, the
same effect as with the second aspect of the present inven-
tion can be attained, and furthermore, the effect of energy
savings can be attained.

[0045] With the thirteenth aspect of the present invention,
using a xenon lamp as the light source, the same effect as
with the first aspect of the present invention can be attained.
[0046] With the fourteenth aspect of the present invention,
using a xenon lamp as the light source, the same effect as
with the second aspect of the present invention can be
attained.

[0047] With the fifteenth aspect of the present invention,
the same effect as with any of the first to fourteenth aspect
of the present invention can be attained.

[0048] With the sixteenth aspect of the present invention,
the same effect as with the second aspect of the present
invention can also be attained with a side backlight unit.
[0049] With the seventeenth aspect of the present inven-
tion, in addition to the effect of energy savings, the same
effect as with the sixteenth aspect of the present invention
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can also be attained with a side backlight unit using an LED
surface light source as the light source.

[0050] With the eighteenth aspect of the present invention,
the same effect as with any of the first to fourteenth,
sixteenth and seventeenth aspect of the present invention can
be attained.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0051] FIG.1is a diagrammatic sectional view illustrating
the structure of a backlight for a liquid-crystal display device
having a concavely curved panel according to Embodiment
L
[0052] FIG. 2 illustrates a backlight for a liquid-crystal
display device having a concavely curved liquid-crystal
panel according to Embodiment 1 and shows a diagram-
matic exploded view of a liquid-crystal panel 102, an optical
sheet 103, a scattering plate 107, a cold cathode luminescent
lamp 104 and a backlight unit frame 202, which serve as its
principal components;

[0053] FIG. 3 is a diagrammatic sectional view illustrating
the structure of a backlight for a liquid-crystal display device
having a concavely curved liquid-crystal panel according to
Embodiment 2;

[0054] FIG. 4 illustrates a backlight for a liquid-crystal
display device having a concavely curved liquid-crystal
panel according to Embodiment 2 and shows a diagram-
matic exploded view of a liquid-crystal panel 102, an optical
sheet 103, a scattering plate 107, cold cathode luminescent
lamps 104 and a backlight unit’s frame 202, which serve as
its principal components;

[0055] FIG. 5 is a diagrammatic sectional view illustrating
the structure of a backlight for a liquid-crystal display device
having a concavely curved liquid-crystal panel according to
Embodiment 3;

[0056] FIG. 6 is a diagrammatic sectional view illustrating
the structure of a backlight for a liquid-crystal display device
having a concavely curved liquid-crystal panel according to
Embodiment 4;

[0057] FIG. 7 illustrates the structure of a backlight for a
liquid-crystal display device having a concavely curved
liquid-crystal panel according to Embodiment 4 and shows
a diagrammatic exploded view of a liquid-crystal panel 102,
an optical sheet 103, a scattering plate 107, cold cathode
luminescent lamps 104 and a backlight unit’s frame 202,
which serve as its principal components;

[0058] FIG. 8 is a diagrammatic cross-sectional view
showing 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;

[0059] FIG. 9 is a diagrammatic sectional view illustrating
the structure of a direct backlight for a liquid-crystal display
device having a concavely curved liquid-crystal panel
according to Embodiment 5;

[0060] FIG. 10 illustrates a backlight for a liquid-crystal
display device having a concavely curved liquid-crystal
panel according to Embodiment 5 and shows a diagram-
matic exploded view of a liquid-crystal panel 102, an optical
sheet 103, a scattering plate 107, an LED surface light
source 904 and a backlight unit’s frame 202, which serve as
its principal components;

[0061] FIG. 11 illustrates the structure of a backlight for a
liquid-crystal display device having a concavely curved
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liquid-crystal panel according to Embodiment 3 and shows
a diagrammatic exploded view of a liquid-crystal panel 102,
an optical sheet 103, a light-conductive plate 501, cold
cathode luminescent lamps 104 and a backlight unit’s frame
202, which serve as its principal components;

[0062] FIG. 12 is a diagrammatic sectional view illustrat-
ing the structure of a side backlight for a liquid-crystal
display device having a concavely curved liquid-crystal
panel according to Embodiment 6; and

[0063] FIG. 13 illustrates a backlight for a liquid-crystal
display device having a concavely curved liquid-crystal
panel according to Embodiment 6 and shows a diagram-
matic exploded view of a liquid-crystal panel 102, an optical
sheet 103, a light-conductive plate 501, an LED surface light
source 904 and a backlight unit’s frame 202, which serve as
its principal components.

DETAILED DESCRIPTION OF THE
INVENTION

[0064] Referring to the accompanying drawings, the fol-
lowing is explanation of preferred embodiments of the
invention.

Embodiment 1

[0065] FIG.1is a diagrammatic sectional view illustrating
the structure of a direct backlight for a liquid-crystal display
device having a concavely curved panel according to
Embodiment 1.

[0066] In FIG. 1, numeral 101 denotes a bezel, numeral
102 denotes a liquid-crystal panel, numeral 103 denotes an
optical sheet, numeral 104 denotes cold cathode luminescent
lamps, numeral 107 denotes a scattering plate, numeral 106
denotes a reflective sheet and numeral 105 denotes a surface
including the tube center axes of the cold cathode lumines-
cent lamps. It should be noted that the cold cathode lumi-
nescent lamps 104 have a straight tubular shape in the
present embodiment. The arrangement of the liquid-crystal
panel 102, the optical sheet 103, the scattering plate 107 and
the cold cathode luminescent lamps 104 is explained using
an exploded view.

[0067] FIG. 2 illustrates a backlight for a liquid-crystal
display device having a concavely curved liquid-crystal
panel according to Embodiment 1 and is a diagrammatic
exploded view of the liquid-crystal panel 102, the optical
sheet 103, the scattering plate 107, the cold cathode lumi-
nescent lamps 104 and the backlight unit’s frame 202, which
are its principal components. The reflective sheet 106 is
provided on the backlight unit’s frame 202.

[0068] The liquid-crystal panel 102 has a concavely
curved shape, and the optical sheet 103 and the surface 105
including the tube center axes of the cold cathode lumines-
cent lamps have the same concavely curved shape as the
liquid-crystal panel 102. The liquid-crystal panel 102, the
optical sheet 103, the scattering plate 107 and the surface
105 including the tube center axes of the cold cathode
luminescent lamps 104 are parallel to each other.

[0069] By arranging the liquid-crystal panel 102, the opti-
cal sheet 103, the scattering plate 107 and the surface 105
including the tube center axes of the cold cathode lumines-
cent lamps parallel to each other, the distance between the
screen and the cold cathode luminescent lamps 104 is the
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same at all portions of the liquid-crystal panel 102, and it
becomes possible to make the brightness of the screen
uniform.

Embodiment 2

[0070] FIG. 3 is a diagrammatic sectional view illustrating
the structure of a direct backlight for a liquid-crystal display
device having a concavely curved panel according to
Embodiment 2.

[0071] In FIG. 3, numeral 104 denotes cold cathode lumi-
nescent lamps. Furthermore, numeral 105 denotes a surface
including the tube center axes of the cold cathode lumines-
cent lamps 104.

[0072] FIG. 4 illustrates the structure of a backlight for a
liquid-crystal display device having a concavely curved
liquid-crystal panel according to Embodiment 2 and is a
diagrammatic exploded view of the liquid-crystal panel 102,
the optical sheet 103, the scattering plate 107, the cold
cathode luminescent lamps 104 and the backlight unit’s
frame 202, which are its principal components.

[0073] The cold cathode luminescent lamps 104 have the
same concavely curved shape as the curved liquid-crystal
panel 102. Furthermore, as shown in FIG. 4, a plurality of
the cold cathode luminescent lamps 104 are arranged next to
each other, parallel to the curved edges of the liquid-crystal
panel 102. The cold cathode luminescent lamps 104 are
arranged such that the surface 105 including the tube center
axes of the cold cathode luminescent lamps 104 is parallel
to the liquid-crystal panel 102 and the optical sheet 103.
[0074] As in the backlight used for the liquid-crystal
display device having a concavely curved panel according to
Embodiment 1, by arranging the liquid-crystal panel 102,
the optical sheet 103, and the surface 105 including the tube
center axes of the cold cathode luminescent lamps parallel to
each other, the distance between the screen and the cold
cathode luminescent lamps 104 is the same at all portions of
the liquid-crystal panel 102, and it becomes possible to make
the brightness of the screen uniform.

Embodiment 3

[0075] FIG. 5 is a diagrammatic sectional view illustrating
the structure of a side backlight for a liquid-crystal display
device having a concavely curved liquid-crystal panel
according to Embodiment 3.

[0076] InFIG. 5, numeral 104 denotes cold cathode lumi-
nescent lamps and numeral 501 denotes a light-conductive
plate.

[0077] FIG. 11 illustrates a backlight used for the liquid-

crystal display device having a concavely curved liquid-
crystal panel according to Embodiment 3 and is a diagram-
matic exploded view of the liquid-crystal panel 102, the
optical sheets 103, the light-conductive plate 501, the cold
cathode luminescent lamps 104 and the backlight unit’s
frame 202, which are its principal components. It should be
noted that in this Embodiment 3, two optical sheets 103 are
used, but also in the other embodiments, there is no par-
ticular limitation to the number of optical sheets, and the
number of optical sheets can be chosen as appropriate.

[0078] In the backlight used for the liquid-crystal display
device having the concavely shaped liquid-crystal panel
according to Embodiment 3, the light-conductive plate 501
of the backlight unit has the same concavely curved shape as
the concavely curved panel, and the cold cathode lumines-
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cent lamps 104 have a straight tubular shape and are
arranged on both sides of the light-conductive plate 501. By
arranging the cold cathode luminescent lamps 104 in this
manner, the light emitted from the cold cathode luminescent
lamps 104 is guided by the light-conductive plate 501 to the
screen of the liquid-crystal panel 102, and the brightness can
be adjusted with the light-conductive plate 501 to be uni-
form anywhere on the screen of the liquid-crystal panel 102.
It should be noted that in Embodiment 3, the cold cathode
luminescent lamps 104 have a straight tubular shape and are
arranged on both sides of the light-conductive plate 501, but
it is also possible to arrange them only on one side instead
of on both sides.

Embodiment 4

[0079] FIG. 6 is a diagrammatic sectional view illustrating
the structure of a direct backlight for a liquid-crystal display
device having a concavely curved liquid-crystal panel
according to Embodiment 4. In the backlight used for the
liquid-crystal display device having a concavely curved
liquid-crystal panel according to Embodiment 4, the cold
cathode luminescent lamps 104 of the backlight used for the
liquid-crystal display device do not have a straight tubular
shape as in Embodiment 1 but U-shaped tubes, which are
arranged such that their connector portions are on the upper
side when the liquid-crystal display device is actually used.
[0080] FIG. 7 illustrates the structure of a backlight used
for the liquid-crystal display device having a concavely
curved liquid-crystal panel according to Embodiment 4 and
is a diagrammatic exploded view of the liquid-crystal panel
102, the optical sheet 103, the scattering plate 107, the cold
cathode luminescent lamps 104 and the backlight unit’s
frame 202, which are its principal components.

[0081] As in the case of cold cathode luminescent lamps
104 with straight tubes, the surface including the tube center
axes is arranged to be parallel to the liquid-crystal panel 102.
[0082] Also in this configuration, as in the backlight for a
liquid-crystal display device having a concavely curved
panel according to Embodiment 1, by arranging the liquid-
crystal panel 102, the optical sheet 103, and the surface 105
including the tube center axes of the cold cathode lumines-
cent lamps parallel to each other, the distance between the
screen and the cold cathode luminescent lamps 104 is the
same at all portions of the liquid-crystal panel 102, and it
becomes possible to make the brightness of the screen
uniform.

[0083] By letting the connectors face upward, different to
the backlight used for the liquid-crystal display device
having a concavely curved panel according to Embodiment
1, the fact that mercury accumulates around the connectors
is improved, and the lifetime of the cold cathode lumines-
cent lamps 104 is improved.

Embodiment 5

[0084] FIG.9 is a diagrammatic sectional view illustrating
the structure of a direct backlight for a liquid-crystal display
device having a concavely curved panel according to
Embodiment 5. Instead of the cold cathode luminescent
lamps 104, which are the light source of the backlight
according to Embodiment 1, the backlight according to
Embodiment 5 uses an LED surface light source as the light
source.
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[0085] In FIG. 9, numeral 904 denotes the LED surface
light source. Furthermore, in FIG. 9, numeral 101 denotes a
bezel, numeral 102 denotes a liquid-crystal panel, numeral
106 denotes a reflective sheet, numeral 107 denotes a
scattering plate and numeral 103 denotes an optical sheet.
[0086] FIG. 10 illustrates the backlight used for the liquid-
crystal display device having a concavely curved liquid-
crystal panel according to Embodiment 5 and is a diagram-
matic exploded view of the liquid-crystal panel 102, the
optical sheet 103, the scattering plate 107, the LED surface
light source 904 and the backlight unit’s frame 202, which
are its principal components.

[0087] The liquid-crystal panel 102 has a concavely
curved shape, and the optical sheet 103 and the LED surface
light source 904 have the same concavely curved shape as
the liquid-crystal panel 102. The liquid-crystal panel 102,
the optical sheet 103 and the LED surface light source 904
are parallel to each other.

[0088] By arranging the liquid-crystal panel 102, the opti-
cal sheet 103 and the LED surface light source 904 parallel
to each other, the distance between the screen and the LED
surface light source 904 is the same at all portions of the
liquid-crystal panel 102, and it becomes possible to make the
brightness of the screen uniform. And by providing an LED
surface light source as the light source, it is possible to attain
the effect of energy savings.

Embodiment 6

[0089] FIG. 12 is a diagrammatic sectional view illustrat-
ing the structure of a side backlight for a liquid-crystal
display device having a concavely curved panel according to
Embodiment 6. In FIG. 12, numeral 904 denotes planar LED
surface light sources, numeral 901 denotes LEDs and
numeral 501 denotes a light-conductive plate. FIG. 13
illustrates the backlight used for the liquid-crystal display
device having a concavely curved liquid-crystal panel
according to Embodiment 6 and is a diagrammatic exploded
view of the liquid-crystal panel 102, the optical sheet 103,
the light-conductive plate 501, the LED surface light sources
904 and the backlight unit’s frame 202, which are its
principal components.

[0090] In the backlight used for the liquid-crystal display
device having a concavely curved liquid-crystal panel
according to Embodiment 6, the shape of the light-conduc-
tive plate 501 of the backlight unit is substantially the same
concavely curved shape as that of the concavely curved
panel, and the planar LED surface light sources 904 are
arranged on both sides of the light-conductive plate 501. By
arranging the LED surface light sources 904 in this manner,
the light emitted from the planar LED surface light sources
904 uniformly reaches the screen of the liquid-crystal panel
102 while being adjusted by the light-conductive plate 501.
[0091] Ttshould be noted that in Embodiment 6, the planar
LED surface light sources 904 are arranged on both sides of
the light-conductive plate 501, but it is also possible to
arrange them only on one side instead of on both sides.

What is claimed is:

1. A liquid-crystal display device comprising:

a concavely curved panel;

a direct backlight unit arranged rearward of said con-
cavely curved panel; and

a surface light source arranged in said direct backlight
unit to be parallel to said concavely curved panel.
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2. A direct backlight unit for a liquid-crystal display
device having a concavely curved panel, the backlight unit
comprising:

a frame contoured to substantially match the concavely

curved form of the display-device panel;

a surface light source mounted on a front side of said
frame and being of concavely curved form substantially
matching that of the display-device panel;

a scattering plate provided over said surface light source
and being of concavely curved form substantially
matching that of the display-device panel;

an optical sheet provided over said scattering plate and
being of concavely curved form substantially matching
that of the display-device panel; and

a reflective sheet attached to a back side of said frame,
therein being contoured to substantially match the
concavely curved form of the display-device panel;
wherein

the concavely curved display-device panel, said frame,
said surface light source, said scattering plate, said
optical sheet, and said reflective sheet are parallel to
one another.

3. A liquid-crystal display device comprising:

a concavely curved panel;

a direct backlight unit arranged rearward of said con-
cavely curved panel; and

a light source arranged in said direct backlight unit, said
light source including a plurality of tubular cold-cath-
ode luminescent lamps arranged so that a surface
containing the tube center axes of the cold-cathode
luminescent lamps is parallel to said concavely curved
panel.

4. A direct backlight unit for a liquid-crystal display
device having a concavely curved panel, the backlight umt
comprising:

a frame contoured to substantially match the concavely

curved form of the display-device panel,

a light source arranged in said direct backlight unit, said
light source including a plurality of tubular cold-cath-
ode luminescent lamps arranged so that a surface
containing the tube center axes of the cold-cathode
luminescent lamps is parallel to said concavely curved
panel:

a scattering plate provided over said surface light source
and being of concavely curved form substantially
matching that of the display-device panel;

an optical sheet provided over said scattering plate and
being of concavely curved form substantially matching
that of the display-device panel; and

a reflective sheet attached to a back side of said frame,
therein being contoured to substantially match the
concavely curved form of the display-device panel,
wherein

the concavely curved display-device panel, said frame,
said lamp-tube center-axis containing surface, said
scattering plate, said optical sheet, and said reflective
sheet are parallel to one another.

5. The liquid-crystal display device according to claim 3,

wherein:

the cold-cathode luminescent lamps have a straight tubu-
lar shape; and

the cold-cathode luminescent lamps are arranged parallel
to lateral edges of the concavely curved panel that are
not curved.
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6. The direct backlight unit according to claim 4, wherein:

the cold-cathode luminescent lamps have a straight tubu-
lar shape; and

the cold-cathode luminescent lamps are arranged parallel
to lateral edges of the concavely curved panel that are
not curved.

7. The liquid-crystal display device according to claim 3,

wherein:

the cold-cathode luminescent lamps are U-shaped; and

the cold-cathode luminescent lamps are arranged parallel
to lateral edges of the concavely curved panel that are
not curved.

8. The direct backlight unit according to claim 4, wherein:

the cold-cathode luminescent lamps are U-shaped; and

the cold-cathode luminescent lamps are arranged parallel
to lateral edges of the concavely curved panel that are
not curved.

9. The liquid-crystal display device according to claim 3,
wherein the cold-cathode luminescent lamps are curved like
the concavely curved panel, and arranged parallel to lateral
edges of the concavely curved panel that are curved.

10. The direct backlight unit according to claim 4,
wherein the cold-cathode luminescent lamps are curved like
the concavely curved panel, and arranged parallel to lateral
edges of the concavely curved panel that are curved.

11. A liquid-crystal display device comprising:

a concavely curved panel;

direct backlight unit arranged rearward of said concavely
curved panel; and

an LED surface light source; and

the LED surface light source arranged in said direct
backlight unit to be parallel to said concavely curved
panel.

12. A direct backlight unit for a liquid-crystal display
device having a concavely curved panel, the backlight umt
comprising:

a frame contoured to substantially match the concavely

curved form of the display-device panel;

an LED surface light source mounted on a front side of
said frame and being of concavely curved form sub-
stantially matching that of the display-device panel;

a scattering plate provided over said surface light source
and being of concavely curved form substantially
matching that of the display-device panel;

an optical sheet provided over said scattering plate and
being of concavely curved form substantially matching
that of the display-device panel; and

a reflective sheet attached to a back side of said frame,
therein being contoured to substantially match the
concavely curved form of the display-device panel;
wherein

the concavely curved display-device panel, said frame,
said LED surface light source, said scattering plate,
said optical sheet, and said reflective sheet are parallel
to one another.

13. The liquid-crystal display device according to claim 1,

wherein the surface light source comprises a xenon lamp.

14. The direct backlight unit according to claim 2,
wherein the surface light source comprises a xenon lamp.

15. The liquid-crystal display device according to claims
1,3,5,7,9, 11 or 13, further comprising a bezel, said bezel
having retaining portions holding non-curved lateral edges
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of said concavely curved panel, and being of concavely
curved form substantially matching that of said concavely
curved panel.

16. The direct backlight unit according to any of the
claims 2, 4, 6, 8, 10, 12 or 14, further comprising a bezel,
said bezel having retaining portions holding non-curved
lateral edges of said concavely curved panel, and being of
concavely curved form substantially matching that of said
concavely curved panel.

17. A side backlight unit for a liquid-crystal display device
having a concavely curved panel, the backlight unit com-
prising:

a frame contoured to substantially match the concavely

curved form of the display-device panel;

a light-conductive plate mounted on a front side of said
frame and being of concavely curved form substantially
matching that of the display-device panel;

a light source including a straight tubular cold-cathode
luminescent lamp arranged along a side portion of the
light-conductive plate;

a scattering plate provided over said surface light source
and being of concavely curved form substantially
matching that of the display-device panel;

an optical sheet provided over said scattering plate and
being of concavely curved form substantially matching
that of the display-device panel; and

a reflective sheet attached to a back side of said frame,
therein being contoured to substantially match the
concavely curved form of the display-device panel;
wherein
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the concavely curved display-device panel, said frame,
said light-conductive plate, said scattering plate, said
optical sheet, and said reflective sheet are parallel to
one another.

18. A side backlight unit for a liquid-crystal display device
having a concavely curved panel, the backlight unit com-
prising:

a frame contoured to substantially match the concavely

curved form of the display-device panel;

a light-conductive plate mounted on a front side of said
frame and being of concavely curved form substantially
matching that of the display-device panel;

a planar LED surface light source arranged along a side
portion of the light-conductive plate;

a scattering plate provided over said surface light source
and being of concavely curved form substantially
matching that of the display-device panel;

an optical sheet provided over said scattering plate and
being of concavely curved form substantially matching
that of the display-device panel; and

a reflective sheet attached to a back side of said frame,
therein being contoured to substantially match the
concavely curved form of the display-device panel;
wherein

the concavely curved display-device panel, said frame,
said light-conductive plate, said scattering plate, said
optical sheet, and said reflective sheet are parallel to
one another.
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