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(54) Curved liquid crystal display panel and curved display device having the same

(57) A curved liquid crystal display panel (110) in-
cludes an upper substrate having a curved shape, a liquid
crystal layer, a lower substrate having a curved shape,
where the lower substrate is combined with the upper
substrate and the liquid crystal layer is disposed between

the upper substrate and the lower substrate, and a heat-
ing line (HL) disposed on at least one of the upper sub-
strate and the lower substrate and which provides heat
to the liquid crystal layer such that a temperature of the
liquid crystal layer increases.
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Description

BACKGROUND

(1) Field

[0001] Exemplary embodiments of the invention relate
to a curved liquid crystal display panel and a curved dis-
play panel device including the curved liquid crystal dis-
play panel. More particularly, exemplary embodiments
of the invention relate to a curved liquid crystal display
panel with improved display characteristics and a curved
display panel device including the curved liquid crystal
display panel.

(2) Description of the Related Art

[0002] In recent, as a liquid crystal display ("LCD") de-
vice has come to be used as display devices of television
receivers, the screens of such LCD devices have become
increasingly bigger. As a size of screen of television LCD
screens increases, the viewing angle difference between
the viewing angle when the viewer views from the center
portion of the screen and the viewing angle when the
viewer views from the left and right edges of the screen
increases. The technical term "viewing angle" is defined
as the angle between the line of sight of the viewer view-
ing the screen and the tangent to the intersection be-
tween the line of sight and the observed screen surface,
and the difference between the center and left/right edge
viewing angles is referred to as "viewing angle differ-
ence."
[0003] Furthermore, in large-scale television LCD
screens, glare off in the screens also increases. The dif-
ference in viewing angle may be corrected by curving the
screen into a concave shape.
[0004] However, when a display panel is curved to
have the concave shaped screen, a display defects such
as a yellowish image is generated due to a stress of the
curved surface (hereinafter, a curvature stress).
[0005] Yellowish color defects occur on a screen of a
display panel when yellow color components are includ-
ed in an image to be displayed thereon. For example,
when an image is displayed by three colors such as red
(R), green (G) and blue (B), transmittance of a B color
pixel corresponding to blue color is lower than transmit-
tance of other color pixels such that yellowish color de-
fects occur.

SUMMARY

[0006] Exemplary embodiments of the invention pro-
vide a curved liquid crystal display panel with improved
display characteristics by effectively preventing a display
defects such as yellowish color defects.
[0007] Exemplary embodiments of the invention pro-
vide a curved display device including the above-men-
tioned curved liquid crystal display panel.

[0008] According to an exemplary embodiment of the
invention, a curved liquid crystal display panel includes
an upper substrate having a curved shape, a lower sub-
strate having a curved shape, a liquid crystal layer dis-
posed between the upper substrate and the lower sub-
strate, and a heating line disposed on at least one of the
upper substrate and the lower substrate.
[0009] In an exemplary embodiment, the heating line
may be disposed substantially uniformly on the lower
substrate.
[0010] In an exemplary embodiment, the heating line
may be disposed on a portion of the lower substrate.
[0011] In an exemplary embodiment, the heating line
is disposed in an area where buckling occurs when the
upper substrate and the lower substrate are combined
with each other and curved.
[0012] In an exemplary embodiment, the lower sub-
strate may further include a pixel electrode and a data
line which provides the pixel electrode with a data signal.
In such an embodiment, a resistance of the heating line
may be greater than a resistance of the data line.
[0013] In an exemplary embodiment, the lower sub-
strate may further include a pixel electrode, and a data
line which provides the pixel electrode with a data signal.
In such an embodiment, the heating line may be sub-
stantially parallel to the data line.
[0014] In an exemplary embodiment, the lower sub-
strate may further include a pixel electrode, a switching
element electrically connected to the pixel electrode, a
data line connected to an input terminal of the switching
element, and a gate line connected to a control terminal
of the switching element. In such an embodiment, the
heating line may be disposed on an area not overlapping
the pixel electrode when viewed from a top view.
[0015] In an exemplary embodiment, the lower sub-
strate may further include a pixel electrode, a switching
element electrically connected to the pixel electrode, a
data line connected to an input terminal of the switching
element, and a gate line connected to a control terminal
of the switching element. In such an embodiment, the
heating line may be disposed overlapping a portion of
the pixel electrode when viewed from a top view.
[0016] In an exemplary embodiment, the lower sub-
strate may further include a pixel electrode, a switching
element electrically connected to the pixel electrode, a
data line connected to an input terminal of the switching
element, and a gate line connected to a control terminal
of the switching element. In such an embodiment, the
heating line may be substantially parallel to the gate line.
[0017] In an exemplary embodiment, the lower sub-
strate may further include a pixel electrode, a switching
element electrically connected to the pixel electrode, a
data line connected to an input terminal of the switching
element, and a gate line connected to a control terminal
of the switching element. In such an embodiment, the
heating line may include a vertical heating line substan-
tially parallel to the data line and a horizontal heating line
substantially parallel to the gate line.

1 2 



EP 2 700 996 A2

3

5

10

15

20

25

30

35

40

45

50

55

[0018] In an exemplary embodiment, the lower sub-
strate may further include a pixel electrode, a switching
element electrically connected to the pixel electrode, a
data line connected to an input terminal of the switching
element, and a gate line connected to a control terminal
of the switching element. In such an embodiment, the
heating line may include a vertical heating line substan-
tially parallel to the data line and a horizontal heating line
substantially parallel to the gate line, and the vertical and
horizontal heating lines may overlap a portion of the pixel
electrode.
[0019] In an exemplary embodiment, the upper sub-
strate may include a black matrix layer. In such an em-
bodiment, the heating line may be disposed on the upper
substrate and overlap the black matrix layer.
[0020] In an exemplary embodiment, the heating line
may increase the temperature of the liquid crystal layer
such that a refractive index difference of the liquid crystal
layer may be decreased.
[0021] In an exemplary embodiment, the heating line
may provide heat to the liquid crystal layer such that a
temperature of the liquid crystal layer increases.
[0022] According to another exemplary embodiment
of the invention, a curved liquid crystal display device
includes: a curved liquid crystal display panel including
an upper substrate, a liquid crystal layer, a lower sub-
strate which is combined with the upper substrate, where
the liquid crystal layer is disposed between the upper
substrate and the lower substrate; and a heating line dis-
posed on at least one of the upper substrate and the
lower substrate; and a heat source providing part which
provides a power to the heating line.
[0023] In an exemplary embodiment, the heating line
may be disposed substantially uniformly on the lower
substrate. In such an embodiment, the heat source pro-
viding part may provide the heating line with powers dif-
ferent from each other.
[0024] In an exemplary embodiment, the curved liquid
crystal display panel may include a first area where buck-
ling occurs due to a bending of the curved liquid crystal
display panel and a second area where buckling does
not occur. In such an embodiment, a power provided to
a heating line corresponding to the first area may be sub-
stantially greater than a power provided to a heating line
corresponding to the second area.
[0025] In an exemplary embodiment, the curved liquid
crystal display may include a first area where buckling
occurs due to a bending of the curved liquid crystal dis-
play panel and a second area where buckling does not
occur. In such an embodiment, the heating line may be
disposed on the first area.
[0026] In an exemplary embodiment, the curved liquid
crystal display panel may further include a pixel elec-
trode, a switching element electrically connected to the
pixel electrode, a data line connected to an input terminal
of the switching element, and a gate line connected to a
control terminal of the switching element. In such an em-
bodiment, a resistance of the heating line may be sub-

stantially greater than a resistance of the data line.
[0027] In an exemplary embodiment, the curved liquid
crystal display panel may further include a pixel elec-
trode, and a data line which provides a data signal to the
pixel electrode. In such an embodiment, the heating line
and the data line may be substantially parallel to each
other.
[0028] In an exemplary embodiment, the curved liquid
crystal display panel may further include a pixel elec-
trode, a switching element electrically connected to the
pixel electrode, a data line connected to an input terminal
of the switching element, and a gate line connected to a
control terminal of the switching element. In such an em-
bodiment, the heating line may be disposed on an area
not overlapping the pixel electrode when viewed from a
top view.
[0029] In an exemplary embodiment, the curved liquid
crystal display panel may further include a pixel elec-
trode, a switching element electrically connected to the
pixel electrode, a data line connected to an input terminal
of the switching element, and a gate line connected to a
control terminal of the switching element. In such an em-
bodiment, the heating line may be disposed overlapping
a portion of the pixel electrode when viewed from a top
view.
[0030] In an exemplary embodiment, the curved liquid
crystal display panel may further include a pixel elec-
trode, a switching element electrically connected to the
pixel electrode, a data line connected to an input terminal
of the switching element, and a gate line connected to a
control terminal of the switching element. In such an em-
bodiment, the heating line and the gate line may be sub-
stantially parallel to each other.
[0031] In an exemplary embodiment, the curved liquid
crystal display panel may further include a pixel elec-
trode, a switching element electrically connected to the
pixel electrode, a data line connected to an input terminal
of the switching element, and a gate line connected to a
control terminal of the switching element. In such an em-
bodiment, the heating line may include a vertical heating
line substantially parallel to the data line and a horizontal
heating line substantially parallel to the gate line.
[0032] In an exemplary embodiment, the curved liquid
crystal display panel may further include a pixel elec-
trode, a switching element electrically connected to the
pixel electrode, a data line connected to an input terminal
of the switching element, and a gate line connected to a
control terminal of the switching element. In such an em-
bodiment, the heating line may include a vertical heating
line substantially parallel to the data line and a horizontal
heating line substantially parallel to the gate line, and the
vertical and horizontal heating lines may be overlap a
portion of the pixel electrode.
[0033] In an exemplary embodiment, the upper sub-
strate may include a black matrix layer. In such an em-
bodiment, the heating line may be disposed on the upper
substrate overlapping the black matrix layer.
[0034] In an exemplary embodiment, the heating line
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may provide heat to the liquid crystal layer such that a
temperature of the liquid crystal layer increases.
[0035] According to still another exemplary of the in-
vention, a curved liquid crystal display device includes a
curved liquid crystal display panel and a heat source dis-
posed at a rear surface of the curved liquid crystal display
panel and which emits heat.
[0036] In an exemplary embodiment, the curved liquid
crystal display device may further include a backlight unit
which provides the curved liquid crystal display panel with
light, and the heat source may be disposed on a rear
surface of the backlight unit.
[0037] In an exemplary embodiment, the heat source
may be disposed on a rear surface of a rear case of the
curved liquid crystal display panel.
[0038] In an exemplary embodiment, the heat source
may be disposed substantially parallel to a short side of
the curved liquid crystal display panel.
[0039] In an exemplary embodiment, the curved liquid
crystal display panel may include an upper substrate and
a lower substrate. In such an embodiment, the heat
source is disposed on a portion where buckling occurs
due to a bending of the curved liquid crystal display panel.
[0040] In an exemplary embodiment, the heat source
may be disposed on an area corresponding to yellowish
color defects generated in the curved liquid crystal dis-
play panel, and a refractive index difference of a liquid
crystal layer of the curved liquid crystal display panel may
be decreased by the heat source.
[0041] According to one or more exemplary embodi-
ments of a curved liquid crystal display panel and a
curved display panel device having the curved liquid crys-
tal display panel, a heating line which induces a temper-
ature increasing of a liquid crystal layer is disposed on a
curved liquid crystal panel, such that a refractive index
difference of a liquid crystal layer is decreased, thereby
effectively prevent display defects such as displaying a
yellowish color to enhance display characteristics. In
such embodiments, the temperature of the liquid crystal
layer is increased, thereby increasing a response speed
of liquid crystal molecules.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The above and other features of the invention
will become more apparent by describing in detailed ex-
emplary embodiments thereof with reference to the ac-
companying drawings, in which:
[0043] FIG. 1 is a block diagram showing an exemplary
embodiment of a curved liquid crystal display device ac-
cording to the invention;
[0044] FIG. 2A is a cross-sectional view of an exem-
plary embodiment of a flat liquid crystal display device;
[0045] FIG. 2B is a cross-sectional view of an exem-
plary embodiment of a curved liquid crystal display de-
vice;
[0046] FIG. 3 is a diagram showing whether or not a
yellowish image is viewed in correspondence with prior

to employing a curvature and after employing a curva-
ture;
[0047] FIG. 4 is a table showing a viewing amount of
yellowish image in accordance with temperature vari-
ance in a curved liquid crystal display device of FIG. 3;
[0048] FIG. 5 is a table showing a measuring result of
response speed of liquid crystals in accordance with dis-
position of a heat source for increasing a temperature;
[0049] FIG. 6A is a block diagram schematically show-
ing an exemplary embodiment of a curved liquid crystal
display device according to of the invention;
[0050] FIG. 6B is a plan view of a unit pixel of FIG. 6A;
[0051] FIG. 6C is a cross-sectional view taken along
line I-I’ of the unit pixel of FIG. 6B;
[0052] FIG. 7A is a block diagram schematically show-
ing an alternative exemplary embodiment of a curved
liquid crystal display device according to the invention;
[0053] FIG. 7B is a plan view of a unit pixel of FIG. 7A;
[0054] FIG. 7C is a cross-sectional view taken along
line II-II’ of the unit pixel of FIG. 7B;
[0055] FIG. 8A is a block diagram schematically show-
ing another alternative exemplary embodiment of a
curved liquid crystal display device according to the in-
vention;
[0056] FIG. 8B is a plan view of a unit pixel of FIG. 8A;
[0057] FIG. 8C is a cross-sectional view taken along
line III-III’ of the unit pixel of FIG. 8B;
[0058] FIG. 9A is a block diagram schematically show-
ing yet another alternative exemplary embodiment of a
curved liquid crystal display device according to the in-
vention;
[0059] FIG. 9B is a plan view of a unit pixel of FIG. 9A;
[0060] FIG. 9C is a cross-sectional view taken along
line IV-IV’ of the unit pixel of FIG. 9B;
[0061] FIG. 10A is a block diagram schematically
showing still another alternative exemplary embodiment
of a curved liquid crystal display device according to the
invention;
[0062] FIG. 10B is a plan view of a unit pixel of FIG.
10A;
[0063] FIG. 10C is a cross-sectional view taken along
line V-V’ of the unit pixel of FIG. 10B;
[0064] FIG. 11A is a plan view schematically showing
still another alternative exemplary embodiment of a
curved liquid crystal display device according to the in-
vention;
[0065] FIG. 11B is a plan view of a unit pixel of FIG.
11A;
[0066] FIG. 11C is a cross-sectional view taken along
line VI-VI’ of the unit pixel of FIG. 11B;
[0067] FIG. 12A is a block diagram schematically
showing still another alternative exemplary embodiment
of a curved liquid crystal display device according to the
invention;
[0068] FIG. 12B is a plan view of a unit pixel of FIG.
12A;
[0069] FIG. 12C is a cross-sectional view taken along
line VII-VII’ of the unit pixel of FIG. 12B;
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[0070] FIG. 13A is a plan view of a unit pixel of still
another alternative exemplary embodiment of a liquid
crystal display panel according to the invention;
[0071] FIG. 13B is a cross-sectional view taken along
line VIII-VIII’ of the unit pixel of FIG. 13A;
[0072] FIG. 14 is a rear perspective view of still another
alternative exemplary embodiment of a curved liquid
crystal display device according to the invention; and
[0073] FIG. 15 is a rear perspective view of still another
alternative exemplary embodiment of a curved liquid
crystal display device according to the invention.

DETAILED DESCRIPTION

[0074] The invention will be described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms, and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. Like reference
numerals refer to like elements throughout.
[0075] It will be understood that when an element or
layer is referred to as being "on", "connected to" or "cou-
pled to" another element or layer, it can be directly on,
connected or coupled to the other element or layer or
intervening elements or layers may be present. In con-
trast, when an element is referred to as being "directly
on," "directly connected to" or "directly coupled to" an-
other element or layer, there are no intervening elements
or layers present. Like numbers refer to like elements
throughout. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated
listed items.
[0076] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, components, regions, layers and/or sections,
these elements, components, regions, layers and/or sec-
tions should not be limited by these terms. These terms
are only used to distinguish one element, component,
region, layer or section from another region, layer or sec-
tion. Thus, a first element, component, region, layer or
section discussed below could be termed a second ele-
ment, component, region, layer or section without depart-
ing from the teachings of the invention.
[0077] Spatially relative terms, such as "beneath", "be-
low", "lower", "above", "upper" and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, ele-
ments described as "below" or "beneath" other elements
or features would then be oriented "above" the other el-

ements or features. Thus, the exemplary term "below"
can encompass both an orientation of above and below.
The device may be otherwise oriented (rotated 90 de-
grees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.
[0078] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms, "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "includes" and/or "including", when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.
[0079] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.
[0080] Exemplary embodiments are described herein
with reference to cross section illustrations that are sche-
matic illustrations of idealized embodiments. As such,
variations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or toler-
ances, are to be expected. Thus, embodiments de-
scribed herein should not be construed as limited to the
particular shapes of regions as illustrated herein but are
to include deviations in shapes that result, for example,
from manufacturing. For example, a region illustrated or
described as flat may, typically, have rough and/or non-
linear features. Moreover, sharp angles that are illustrat-
ed may be rounded. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and
are not intended to limit the scope of the claims set forth
herein.
[0081] All methods described herein can be performed
in a suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., "such
as"), is intended merely to better illustrate the invention
and does not pose a limitation on the scope of the inven-
tion unless otherwise claimed. No language in the spec-
ification should be construed as indicating any non-
claimed element as essential to the practice of the inven-
tion as used herein.
[0082] A 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
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the difference between the center and left/right edge
viewing angles is defined as and used to mean the "view-
ing angle difference.
[0083] Hereinafter, exemplary embodiments of a
curved display panel and a curved display device includ-
ing the curved display panel according to the invention
will be explained in detail with reference to the accom-
panying drawings.
[0084] FIG. 1 is a block diagram showing an exemplary
embodiment of a curved liquid crystal display device ac-
cording to the invention.
[0085] Referring to FIG. 1, an exemplary embodiment
of a curved display liquid crystal display device according
to the invention includes a timing controller 10, a data
driver 20, a gate driver 30, a heat source providing part
40 and a curved liquid crystal display panel 50.
[0086] The timing controller 10 provides the data driver
20 with an image signal for displaying an image on the
curved liquid crystal display panel 50 and a first control
signal for driving the data driver 20, provides the gate
driver 30 with a second control signal for driving the gate
driver 30, and provides the heat source providing part 40
with a third control signal for driving the heat source pro-
viding part 40.
[0087] The data driver 20 outputs a data signal to a
data line DL disposed on the curved liquid crystal display
panel 50 to display an image.
[0088] The gate driver 30 outputs a gate signal to a
gate line GL disposed on the curved liquid crystal display
panel 50.
[0089] The heat source providing part 40 provides
powers to a corresponding heating line to generate heat
at the corresponding heating line of a plurality of heating
lines provided on the curved liquid crystal display panel
50. In one exemplary embodiment, for example, the heat
source providing part 40 may provide powers substan-
tially equal to each other to the heating lines. In an alter-
native exemplary embodiment, the heat source providing
part 40 may provide powers different from each other to
the heating lines.
[0090] The curved liquid crystal display panel 50 in-
cludes an upper substrate (not shown) having a curved
shape, a liquid crystal layer (not shown) and a lower sub-
strate (not shown) coupled with the upper substrate to
receive the liquid crystal layer. In an exemplary embod-
iment, the heating lines HL which induce a temperature
increase are disposed on the lower substrate such that
a refractive index difference of the liquid crystal layer de-
creases. Here, the refractive index difference means a
difference between a horizontal refractive index and a
vertical refractive index of liquid crystal molecules.
[0091] In an exemplary embodiment, for example, the
curved liquid crystal display panel 50 includes a data line
DL, a gate line GL, a switching element SW, a liquid crys-
tal capacitor CLC, a storage capacitor CST and a heating
line HL. In one exemplary embodiment, for example, the
heating line HL may be disposed on the upper substrate.
In an alternative exemplary embodiment, the heating line

HL may be disposed on the lower substrate.
[0092] In an exemplary embodiment, the heating line
HL may be uniformly or partially provided on a curved
liquid crystal display panel. In one exemplary embodi-
ment, for example, where the heating line HL is partially
provided on the curved liquid crystal display panel, the
heating line HL may be disposed in an area where buck-
ling occurs when the upper substrate is combined with
the lower substrate to be curved. The heating line HL
may have a resistance greater than a resistance of an-
other signal line such as the data line DL or the gate line
GL.
[0093] In an exemplary embodiment, the heating line
HL is disposed substantially parallel to the data line DL.
The heating lines HL are spaced apart from the data line
DL by a predetermined interval.
[0094] FIG. 2A is a cross-sectional view of an exem-
plary embodiment of a flat liquid crystal display device.
FIG. 2B is a cross-sectional view of an exemplary em-
bodiment of a curved liquid crystal display device. Par-
ticularly, FIG. 2A is a cross-sectional view of a flat liquid
crystal display device prior to employing a curvature, and
FIG. 2B is a cross-sectional view of a curved liquid crystal
display device after employing a curvature. For one ex-
ample, a curved lower substrate and a curved upper sub-
strate are combined with each other to form the curved
liquid crystal display device. For another example, a flat
lower substrate and a flat upper substrate are combined
with each other, and then a combined two substrates are
inserted into a receiving container such as a mold frame
to form the curved liquid crystal display device.
[0095] Referring to FIG. 2A, a flat liquid crystal display
panel includes a lower substrate (e.g., an array sub-
strate), an upper substrate (e.g., a color filter substrate),
a liquid crystal layer disposed between the lower sub-
strate and the upper substrate, and a sealant for sealing
the lower substrate and the upper substrate. An interval
between the lower substrate and the upper substrate may
define a cell gap of the liquid crystal layer.
[0096] Referring to FIG. 2B, in an exemplary embodi-
ment, a curved liquid crystal display panel may be man-
ufactured by adapting a curvature to a flat liquid crystal
display panel. In such an embodiment, a compression
may occur at the upper substrate, and an expansion may
occur at the lower substrate. Thus, a cell gap of a liquid
crystal layer is increased at a portion of the curved liquid
crystal display panel. When the cell gap of the liquid crys-
tal layer is increased at a portion of the liquid crystal dis-
play panel, a transmittance ratio of a blue color pixel is
decreased in comparison with another portion of the liq-
uid crystal display panel such that a yellowish image is
viewed.
[0097] As shown in FIG. 2B, a protruded area or a buck-
led portion is formed by combining and curving the upper
and lower substrates. Accordingly, the buckling occurs
in the buckled portion formed by combining and curving
the upper and lower substrates.
[0098] FIG. 3 is a diagram showing whether or not a
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yellowish image is viewed in a flat liquid crystal display
panel prior to employing a curvature and in a flat liquid
crystal display panel after employing a curvature. Here-
inafter, a term "X color coordinate" (’x’ in FIG. 3) means
a white X value in CIE 1931 chromaticity diagram. More-
over, a term "Y color coordinate" (’y’ in FIG. 3) means a
white Y value in CIE 1931 chromaticity diagram.
[0099] Referring to FIG. 3, in a flat liquid crystal display
device prior to employing a curvature, X-color coordinate,
Y-color coordinate and a luminance (’L’ in FIG. 3) corre-
sponding to a left portion thereof are about 0.2792,
0.3008 and 354.1 candelas per square meter (cd/m2),
respectively. X-color coordinate, Y-color coordinate and
a luminance corresponding to a central portion thereof
are about 0.2758, 0.2982 and 422.3 cd/m2, respectively.
X-color coordinate, Y-color coordinate and a luminance
corresponding to a right portion thereof are about 0.2757,
0.2989 and 496.5 cd/m2, respectively. When the right
portion is subtracted from the left portion, an X-color co-
ordinate difference, a Y-color coordinate difference and
a luminance difference may be about 0.0034, 0.0026 and
-68.2 cd/m2, respectively. In FIG. 3, when the left portion
is subtracted from the right portion, an X-color coordinate
difference, a Y-color coordinate difference and a lumi-
nance difference may be about 0.0001, 0.0007 and 74.2
cd/m2, respectively.
[0100] In a curved liquid crystal display device having
a curvature radius after employing a curvature, X-color
coordinate, Y-color coordinate and a luminance corre-
sponding to a left portion thereof are observed 0.2867,
0.3097 and 309 cd/m2, respectively. X-color coordinate,
Y-color coordinate and a luminance corresponding to a
central portion thereof are about 0.2754, 0.2988 and 427
cd/m2, respectively. X-color coordinate, Y-color coordi-
nate and a luminance corresponding to a right portion
thereof are about 0.2793, 0.3027 and 455 cd/m2, respec-
tively. When the right portion is subtracted from the left
portion, an X-color coordinate difference, a Y-color co-
ordinate difference and a luminance difference may be
about 0.0113, 0.0109 and -118 cd/m2, respectively.
When the left portion is subtracted from the right portion,
an X-color coordinate difference, a Y-color coordinate
difference and a luminance difference may be about
0.0039, 0.0039 and 28 cd/m2, respectively.
[0101] When a liquid crystal display device is curved
in a predetermined curvature, X-color coordinate and Y-
color coordinate may be increased. The increasing of X-
color coordinate and Y-color coordinate means that a
standard white moves toward a red area and a green
area in CIE 1931 chromaticity diagram. When the stand-
ard white moves toward the red area and the green area,
a transmittance ratio of a blue color pixel may be de-
creased.
[0102] As shown in FIG. 3, a yellowish image is not
viewed in a flat liquid crystal display device correspond-
ing to prior to employing a curvature. However, when a
curvature is employed to a flat liquid crystal display de-
vice, a yellowish image is viewed in a curved liquid crystal

display device.
[0103] Conventionally, a phase difference of liquid
crystal layer is defined as Δnd (where, ’Δn’ denotes a
difference between a horizontal refractive ratio and a ver-
tical refractive ratio, and ’d’ denotes a cell gap of a liquid
crystal layer). When a cell gap ’d’ of a liquid crystal layer
is increased, a transmittance ratio of blue color pixel is
decreased such that a yellowish image is generated.
However, the yellowish image may be effectively pre-
vented when a temperature of a liquid crystal layer is
increased.
[0104] FIG. 4 is a table showing a viewing amount of
yellowish image in accordance with temperature varia-
tion in a curved liquid crystal display device of FIG. 3.
[0105] Referring to FIG. 4, when a liquid crystal layer
has a temperature of about 29 degrees Celsius (°C), it
was observed that X-color coordinate, Y-color coordinate
and a luminance are about 0.277, 0.2975 and 271.0
cd/m2, respectively. When a liquid crystal layer has a
temperature of about 30 degrees Celsius, it was ob-
served that X-color coordinate, Y-color coordinate and a
luminance are about 0.2768, 0.2973 and 270.6 cd/m2,
respectively. When a liquid crystal layer is has a temper-
ature of about 29 degrees Celsius, it was observed that
X-color coordinate, Y-color coordinate and a luminance
are about 0.2766, 0.297 and 270.1 cd/m2, respectively.
When a liquid crystal layer is has a temperature of about
29 degrees Celsius, it was observed that X-color coordi-
nate, Y-color coordinate and a luminance are 0.2763,
0.2966 and 269.8 cd/m2, respectively. Thus, when a liq-
uid crystal layer has a temperature in a range from about
29 to about 32 degrees Celsius, a yellowish image is
viewed in a middle level.
[0106] When a liquid crystal layer has a temperature
of about 33 degrees Celsius, it was observed that X-color
coordinate, Y-color coordinate and a luminance are
0.2761, 0.2963 and 269.5 cd/m2, respectively. When a
liquid crystal layer is has a temperature of about 34 de-
grees Celsius, it was observed that X-color coordinate,
Y-color coordinate and a luminance are 0.2758, 0.2959
and 269.0 cd/m2, respectively. When a liquid crystal layer
is has a temperature of about 35 degrees Celsius, it was
observed that X-color coordinate, Y-color coordinate and
a luminance are 0.2756, 0.2956 and 268.7 cd/m2, re-
spectively. Thus, when a liquid crystal layer has a tem-
perature in a range from about 33 to about 35 degrees
Celsius, a yellowish image is viewed in a weak level.
[0107] When a liquid crystal layer has a temperature
of about 36 degrees Celsius, it was observed that X-color
coordinate, Y-color coordinate and a luminance are
0.2754, 0.2953 and 268.4 cd/m2, respectively. When a
liquid crystal layer is has a temperature of about 37 de-
grees Celsius, it was observed that X-color coordinate,
Y-color coordinate and a luminance are 0.2751, 0.2949
and 268.0 cd/m2, respectively. When a liquid crystal layer
is has a temperature of about 38 degrees Celsius, it was
observed that X-color coordinate, Y-color coordinate and
a luminance are 0.2749, 0.2946 and 267.8 cd/m2, re-

11 12 



EP 2 700 996 A2

8

5

10

15

20

25

30

35

40

45

50

55

spectively. Thus, when a liquid crystal layer has a tem-
perature in a range from about 36 to about 38 degrees
Celsius, a yellowish image is viewed in a very weak level.
[0108] When a liquid crystal layer has a temperature
of about 39 degrees Celsius, it was observed that X-color
coordinate, Y-color coordinate and a luminance are
0.2745, 0.2942 and 267.4 cd/m2, respectively. When a
liquid crystal layer is has a temperature of about 40 de-
grees Celsius, it was observed that X-color coordinate,
Y-color coordinate and a luminance are 0.2743, 0.2938
and 266.9 cd/m2, respectively. Thus, when a liquid crystal
layer has a temperature in a range from about 39 to about
40 degrees Celsius, a yellowish image is not viewed.
[0109] As shown in FIG. 4, when a temperature of liquid
crystal cell of a liquid crystal display device is increased,
X-color coordinate and Y-color coordinate are de-
creased. The decreasing of X-color coordinate and Y-
color coordinate means that a standard white moves to-
ward a blue area in CIE 1931 chromaticity diagram. When
the standard white moves toward the blue area, a trans-
mittance ratio of a blue color pixel is increased. Thus,
when a temperature of liquid crystal cell is increased, a
transmittance ratio of a blue color pixel is increased such
that a yellowish image is effectively prevented from being
displayed.
[0110] As explained hereinbefore, a yellowish image
is effectively prevented from being displayed by increas-
ing a temperature of a liquid crystal cell. When a temper-
ature of a liquid crystal cell is increased, a response
speed of liquid crystals is also substantially improved.
[0111] FIG. 5 is a table showing a measuring result of
response speed of liquid crystals in accordance with a
disposing of a heat source for increasing a temperature.
Particularly, FIG. 5 shows a response speed in accord-
ance with to a temperature variation by disposing a heat
source at a right short side of a backlight unit. In FIG. 5,
a rising time represents a response property of liquid
crystals when varied from the lowest gradation to the
highest gradation. A falling time represents a response
property of liquid crystals when varied from the highest
gradation to the lowest gradation. A gradation-to-grada-
tion (hereinafter, referred to as "G-toG") time represents
an average response property between gradations ex-
cept the lowest gradation and the highest gradation.
[0112] Referring to FIG. 5, a heat source is disposed
at a right portion of a backlight unit, and a surface tem-
perature of liquid crystals corresponding to the right por-
tion of the backlight unit is about 34.9 degrees Celsius.
When the heat source is disposed at the right portion of
the backlight unit, a surface temperature of liquid crystals
corresponding to a central portion of the backlight unit is
about 31.1 degrees Celsius, and a surface temperature
of liquid crystals corresponding to a left portion of the
backlight unit is about 30.4 degrees Celsius.
[0113] A rising time corresponding to the right portion
of the backlight unit is about 10.41 milliseconds, a rising
time corresponding to the central portion of the backlight
unit is about 11.50 milliseconds, and a rising time corre-

sponding to the left portion of the backlight unit is about
12.37 milliseconds. When a temperature of a liquid crys-
tal cell is increased by the heat source, a liquid crystal
layer has a shorter rising time, that is, a faster response
speed.
[0114] A falling time corresponding to the right portion
of the backlight unit is about 4.63 milliseconds, a falling
time corresponding to the central portion of the backlight
unit is about 4.81 milliseconds, and a falling time corre-
sponding to the left portion of the backlight unit is about
5.23 milliseconds. Thus, when a temperature of a liquid
crystal cell is increased by disposing a heat source, a
liquid crystal layer has a shorter falling time, that is, a
faster response speed.
[0115] A G-to-G average time corresponding to the
right portion of the backlight unit is about 6.52 millisec-
onds, a G-to-G average time corresponding to the central
portion of the backlight unit is about 7.17 milliseconds,
and a G-to-G average time corresponding to the left por-
tion of the backlight unit is about 8.56 milliseconds. Thus,
when a temperature of a liquid crystal cell is increased
by disposing a heat source, it is determined that a liquid
crystal layer has a shorter G-to-G average time, that is,
a faster response speed.
[0116] In FIG. 5, a heat source is disposed at a back-
light unit, and a difference of response speed occurs in
accordance with a position of the heat source.
[0117] Therefore, a response speed of an area sub-
stantially closed to a position where a heat source is dis-
posed is faster than a response speed of an area sub-
stantially spaced apart from a position where the heat
source is disposed.
[0118] FIG. 6A is a block diagram schematically show-
ing an exemplary embodiment of a curved liquid crystal
display device according to the invention. FIG. 6B is a
plan view of a unit pixel of FIG. 6A. FIG. 6C is a cross-
sectional view taken along line I-I’ of the unit pixel of FIG.
6B. In an exemplary embodiment, as shown in FIG. 6A,
a heating line and a data line are disposed substantially
parallel to each other, but not being limited thereto.
[0119] Referring to FIG. 6A, an exemplary embodi-
ment of a curved liquid crystal display device 100 accord-
ing to of the invention includes a curved liquid crystal
display 110, a data driver 120, a gate driver 130 and a
heat source providing part 140. In the present exemplary
embodiment, a curved lower substrate and a curved up-
per substrate may be combined with each other to form
the curved liquid crystal display device. Alternatively, a
flat lower substrate and a flat upper substrate may be
combined with each other, and then a combined two sub-
strates are inserted into a receiving container such as a
mold frame to form the curved liquid crystal display de-
vice.
[0120] The curved liquid crystal display panel 110 in-
cludes a plurality of unit pixels and a plurality of heating
lines HL disposed adjacent to the unit pixels. In FIG. 6A,
a unit pixel hatched from a right-upper portion to a left-
lower portion represents a red color, a unit pixel hatched
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from a left-upper portion to a right-lower portion repre-
sents a green color, and a unit pixel hatched in a hori-
zontal represents a red color.
[0121] The heating lines HL extend substantially in a
Y-axis direction and arranged along an X-axis direction.
In an exemplary embodiment, as shown in FIG. 6A, the
heating lines HL are disposed on the curved liquid crystal
display panel 110 with a substantially uniform interval
therebetween. In an alternative exemplary embodiment,
the heating lines HL may be partially disposed on the
curved liquid crystal display panel 110. In such an em-
bodiment, when an upper substrate and a lower substrate
are combined to form the curved liquid crystal display
panel 110, the heating line HL may be disposed in an
area where buckling occurs. In such an embodiment, the
heating line HL may be provided on the lower substrate.
[0122] The data driver 120 outputs a data signal to a
unit pixel of the curved liquid crystal display panel 110 to
display an image.
[0123] The gate driver 130 outputs a gate signal to ac-
tivate a switching element of the unit pixel disposed in
the curved liquid crystal display panel 110.
[0124] The heat source providing part 140 provides a
corresponding heating line HL with a power voltage to
generate heat at the heating lines HL on the curved liquid
crystal display panel 110.
[0125] Referring to FIGS. 6B and 6C, a lower substrate
of the curved liquid crystal display panel 110 includes a
plurality of gate lines GL, a plurality of data lines DL cross-
ing the gate lines GL, a plurality of switching elements
SW connected to the gate lines GL and the data lines
DL, a plurality of pixel electrodes PE respectively con-
nected to the switching elements SW, and a plurality of
heating lines HL extends substantially parallel to the data
lines DL. The heating lines HL are spaced apart from the
data lines DL.
[0126] In an exemplary embodiment, as shown in FIG.
6A, the gate lines GL extend substantially in an X-axis
direction and arranged substantially in a Y-axis direction.
The gate lines GL provide the switching elements SW
with a gate signal outputted from the gate driver 430,
such that the switching elements SW are turned on. The
gate lines GL may include at least one of aluminum (Al),
aluminum (Al) alloy, molybdenum (Mo), molybdenum
(Mo) alloy, chromium (Cr), chromium (Cr) alloy, tantalum
(Ta), tantalum (Ta) alloy, titanium (Ti), titanium (Ti) alloy,
tungsten (W), tungsten (W) alloy, copper (Cu), copper
(Cu) alloy, silver (Ag) and silver (Ag) alloy, for example.
[0127] The data lines DL extend substantially in a Y-
axis direction and arranged substantially in an X-axis di-
rection. The data lines GL provide the switching elements
SW with a data signal outputted from the data driver 420.
In such an embodiment, when the switching elements
SW are turned on, the data signal is transmitted to the
pixel electrodes PE. The data lines DL may include at
least one of aluminum (Al), aluminum (Al) alloy, molyb-
denum (Mo), molybdenum (Mo) alloy, chromium (Cr),
chromium (Cr) alloy, tantalum (Ta), tantalum (Ta) alloy,

titanium (Ti), titanium (Ti) alloy, tungsten (W), tungsten
(W) alloy, copper (Cu), copper (Cu) alloy, silver (Ag) and
silver (Ag) alloy, for example.
[0128] Each of the switching elements SW includes a
control terminal (hereinafter, a gate electrode GE), an
activation layer AP, an input terminal (hereinafter, a
source electrode SE) and an output terminal (hereinafter,
a drain electrode DE), which are connected to the gate
line GL and the data line DL. In an exemplary embodi-
ment, each of the switching elements SW may be a thin-
film transistor ("TFT"). In an exemplary embodiment, the
switching elements SW are described as TFTs having a
bottom gate structure on which a gate electrode is dis-
posed below a source electrode and a drain electrode;
however, it is not limited thereto. In one alternative ex-
emplary embodiment, for example, the switching ele-
ments SW may be TFTs having a top gate structure on
which a gate electrode is disposed above a source elec-
trode and a drain electrode.
[0129] After a metal or polysilicon doped with impurities
at a high concentration is deposited, the gate electrodes
GE may be provided, e.g., formed, by patterning the met-
al or the poly-silicon through a photolithography process
and etching process using a mask.
[0130] The activation layer AP may include amorphous
silicon or poly-silicon. The poly-silicon may be formed by
crystallizing the amorphous silicon using laser, for exam-
ple.
[0131] A gate insulation layer GIL is provided on the
gate electrodes GE and the gate lines GL. The gate in-
sulation layer may include a silicon dioxide (SiO2), a sil-
icon nitride (SiN) or a laminated structure thereof.
[0132] A pixel electrode PE is electrically connected to
a drain electrode DE of a switching element SW through
a contact hole CNT formed through an organic layer OL
including an organic material such as a polyimide ("PI")
resin, a polyethersulfone ("PES") resin, a polyethylene-
terephthalate ("PET") resin, a polyarylate ("PAR") resin
and an acrylite resin, for example. The pixel electrode
PE receives a data signal provided from the switching
element SW. In an exemplary embodiment, the pixel
electrode PE may be formed by depositing an optically
transparent and electrically conductive material, such as
indium tin oxide ("ITO") and indium zinc oxide ("IZO"),
for example, on the gate insulation layer GIL, and then
by patterning the optically transparent and electrically
conductive material through a photolithography process
and etching process using a mask.
[0133] A heating line HL is substantially parallel to a
data line DL. When a power source is provided from the
heat source providing part 140, the heating line HL emits
heat. In an exemplary embodiment, the heating line HL
may be provided simultaneously with the data line DL
when the data line DL is provided. In such an embodi-
ment, the heating line HL may include substantially the
same material as the data line DL.
[0134] As described above, according to an exemplary
embodiment, a heating line that induces a temperature
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increase of a liquid crystal layer, e.g., provides heat to
the liquid crystal layer such that the temperature of the
liquid crystal layer increases, is provided substantially
parallel to a data line and in an area where buckling oc-
curs, which is a buckled portion on curved liquid crystal
display panel formed by combining and curving the upper
and lower substrates, thereby increasing a temperature
of the liquid crystal layer corresponding to the area of the
buckling such that a refractive index difference in the liq-
uid crystal layer is decreased. Thus, a refractive index
difference is decreased when a cell gap of the liquid crys-
tal layer is increased due to a buckling, thereby effectively
preventing display defects such as displaying a yellowish
color to enhance display characteristics.
[0135] FIG. 7A is a block diagram schematically show-
ing an alternative exemplary embodiment of a curved
liquid crystal display device according to the invention.
FIG. 7B is a plan view of a unit pixel of FIG. 7A. FIG. 7C
is a cross-sectional view taken along line II-II’ of the unit
pixel of FIG. 7B. In such an embodiment, a heating line
and a gate line are disposed substantially parallel to each
other.
[0136] Referring to FIG. 7A, an exemplary embodi-
ment of a curved liquid crystal display device 200 accord-
ing to the invention includes a curved liquid crystal display
210, a data driver 220, a gate driver 230 and a heat source
providing part 240.
[0137] The curved liquid crystal display panel 210 in-
cludes a plurality of unit pixels and a plurality of heating
lines HL disposed adjacent to the unit pixels. In FIG. 7A,
a unit pixel hatched from a right-upper portion to a left-
lower portion represents s a red color, a unit pixel hatched
from a left-upper portion to a right-lower portion repre-
sents a green color, and a unit pixel hatched in a hori-
zontal represents a red color.
[0138] In an exemplary embodiment, as shown in FIG.
7A, the heating lines HL extend substantially in a Y-axis
direction and arranged along an X-axis direction. In such
an embodiment, the heating lines HL are disposed on
the curved liquid crystal display panel 210 with a sub-
stantially uniform interval therebetween. In an alternative
exemplary embodiment, the heating lines HL may be dis-
posed on a portion of the curved liquid crystal display
panel 210. In such an embodiment, where an upper sub-
strate and a lower substrate are combined to form the
curved liquid crystal display panel 210, the heating line
HL may be disposed in an area where buckling occurs.
In such an embodiment, the heating line HL may be dis-
posed on the lower substrate.
[0139] The data driver 220 outputs a data signal to a
unit pixel of the curved liquid crystal display panel 210 to
display an image.
[0140] The gate driver 230 outputs a gate signal to ac-
tivate a switching element of the unit pixel disposed in
the curved liquid crystal display panel 210.
[0141] The heat source providing part 240 provides a
corresponding heating line HL with a power voltage to
generate heat at the corresponding heating line HL on

the curved liquid crystal display panel 210.
[0142] Referring to FIGS. 7B and 7C, a lower substrate
of the curved liquid crystal display panel 210 includes a
plurality of gate lines GL, a plurality of data lines DL cross-
ing the gate lines GL, a plurality of switching elements
SW connected to the gate lines GL and the data lines
DL, a plurality of pixel electrodes PE respectively con-
nected to the switching elements SW, and a plurality of
heating lines HL extending substantially parallel to the
data lines DL. The heating lines HL are spaced apart
from the data lines DL.
[0143] In FIGS. 7B and 7C, the gate lines GL, the data
lines DL, the switching elements SW and the pixel elec-
trodes PE are substantially the same as the gate lines
GL, the data lines DL, the switching elements SW and
the pixel electrodes PE of the exemplary embodiment
described with reference to FIGS. 6B and 6C, and thus
any repetitive detailed description thereof will hereinafter
be omitted.
[0144] The heating lines HL are disposed substantially
parallel to the gate lines GL. As a power source is pro-
vided from the heat source providing part 240, the heating
lines HL emit heat. In an exemplary embodiment, the
heating lines HL may be provided simultaneously with
the gate lines GL when the gate lines GL are provided.
In such an embodiment, the heating lines HL include sub-
stantially the same material as the gate lines GL.
[0145] As described above, according to an exemplary
embodiment, a heating line that induces a temperature
increase of a liquid crystal layer is disposed substantially
parallel to a gate line and in an area where buckling oc-
curs, thereby increasing a temperature of a liquid crystal
layer in an area of the buckling to decrease a refractive
index difference of a liquid crystal layer therein. Thus, a
refractive index difference is decreased when a cell gap
of a liquid crystal layer is increased due to a buckling,
thereby effectively preventing display defects such as
displaying a yellowish color to enhance display charac-
teristics.
[0146] FIG. 8A is a block diagram schematically show-
ing another alternative exemplary embodiment of a
curved liquid crystal display device according to the in-
vention. FIG. 8B is a plan view of a unit pixel of FIG. 8A.
FIG. 8C is a cross-sectional view taken along line III-III’
of the unit pixel of FIG. 8B. In such an embodiment, a
heating line is disposed substantially parallel to a data
line and a gate line.
[0147] Referring to FIG. 8A, an exemplary embodi-
ment of a curved liquid crystal display device 300 accord-
ing to the invention includes a curved liquid crystal display
310, a data driver 320, a gate driver 330, a first heat
source providing part 342 and a second heat source pro-
viding part 344.
[0148] The curved liquid crystal display panel 310 in-
cludes a plurality of unit pixels, a plurality of horizontal
heating lines HHL disposed adjacent to the unit pixels
and a plurality of vertical heating lines VHL disposed ad-
jacent to the unit pixels. In FIG. 8A, a unit pixel hatched
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from a right-upper portion to a left-lower portion repre-
sents a red color, a unit pixel hatched from a left-upper
portion to a right-lower portion represents a green color,
and a unit pixel hatched in a horizontal represents a red
color.
[0149] The horizontal heating lines HHL extend sub-
stantially in an X-axis direction and arranged along a Y-
axis direction. The vertical heating lines VHL extend sub-
stantially in a Y-axis direction and arranged along an X-
axis direction. In an exemplary embodiment, the horizon-
tal and vertical heating lines HHL and VHL are disposed
on the curved liquid crystal display panel 310 with a sub-
stantially uniform interval therebetween. In an alternative
exemplary embodiment, the horizontal and vertical heat-
ing lines HHL and VHL may be disposed on a portion of
the curved liquid crystal display panel 310. In such an
embodiment, where an upper substrate and a lower sub-
strate are combined to form the curved liquid crystal dis-
play panel 310, the horizontal and vertical heating lines
HHL and VHL may be disposed in an area where buckling
occurs. In such an embodiment, the horizontal and ver-
tical heating lines HHL and VHL may be disposed on the
lower substrate.
[0150] The data driver 320 outputs a data signal to a
unit pixel of the curved liquid crystal display panel 310 to
display an image.
[0151] The gate driver 330 outputs a gate signal to ac-
tivate a switching element of the unit pixel disposed in
the curved liquid crystal display panel 310.
[0152] The first heat source providing part 342 pro-
vides a corresponding horizontal heating line HHL with
a power voltage to generate heat at the corresponding
horizontal heating line HHL on the curved liquid crystal
display panel 310.
[0153] The second heat source providing part 344 pro-
vides a corresponding vertical heating line VHL with a
power voltage to generate heat at the corresponding ver-
tical heating line VHL on the curved liquid crystal display
panel 310.
[0154] Referring to FIGS. 8B and 8C, a lower substrate
of the curved liquid crystal display panel 310 includes a
plurality of gate lines GL, a plurality of data lines DL cross-
ing the gate lines GL, a plurality of switching elements
SW connected to the gate lines GL and the data lines
DL, a plurality of pixel electrodes PE respectively con-
nected to the switching elements SW, a plurality of hor-
izontal heating lines HHL disposed substantially parallel
to the gate line GL, and a vertical heating line VHL dis-
posed substantially parallel to the data lines DL. The hor-
izontal heating lines HHL are spaced apart from the gate
lines GL, and the vertical heating lines VHL are spaced
apart from the data lines DL.
[0155] In FIGS. 8B and 8C, the gate lines GL, the data
lines DL, the switching elements SW and the pixel elec-
trodes PE are substantially the same as the gate lines
GL, the data lines DL, the switching elements SW and
the pixel electrodes PE of the exemplary embodiment
described with reference to FIGS. 6B and 6C, and any

repetitive detailed description thereof will hereinafter be
omitted.
[0156] The horizontal heating lines HHL are disposed
substantially parallel to the gate lines GL. When a power
source is provided from the heat source providing part
340, the horizontal heating lines HHL emit heat. In an
exemplary embodiment, the horizontal heating lines HHL
may be provided simultaneously with the gate lines GL
when the gate lines GL are provided. In such an embod-
iment, the horizontal heating lines HHL include substan-
tially the same material as the gate lines GL.
[0157] The vertical heating lines VHL are disposed
substantially parallel to the data lines DL. As a power
source is provided from the heat source providing part
340, the vertical heating lines VHL emit heat. In an ex-
emplary embodiment, the vertical heating lines VHL may
be provided simultaneously with the data lines DL when
the data lines DL are provided. In such an embodiment,
the vertical heating lines VHL include substantially the
same material as the data lines DL.
[0158] As described above, according to an exemplary
embodiment, a heating line that induces a temperature
increase of a liquid crystal layer is disposed substantially
parallel to a gate line and a data line and in an area where
buckling occurs, thereby increasing a temperature of a
liquid crystal layer corresponding to the area of the buck-
ling to decrease a refractive index difference of a liquid
crystal layer. Thus, a refractive index difference is de-
creased when a cell gap of a liquid crystal layer is in-
creased due to a buckling, thereby effectively preventing
display defects such as displaying a yellowish color to
enhance display characteristics.
[0159] FIG. 9A is a block diagram schematically show-
ing another alternative exemplary embodiment of a
curved liquid crystal display device according to the in-
vention. FIG. 9B is a plan view showing a unit pixel of
FIG. 9A. FIG. 9C is a cross-sectional view taken along
line IV-IV’ of the unit pixel of FIG. 9B. In such an embod-
iment, a heating line is disposed overlapping a gate line.
[0160] Referring to FIG. 9A, an exemplary embodi-
ment of a curved liquid crystal display device 400 accord-
ing to the invention includes a curved liquid crystal display
410, a data driver 420, a gate driver 430 and a heat source
providing part 440.
[0161] The curved liquid crystal display panel 410 in-
cludes a plurality of unit pixels and a plurality of heating
lines HL disposed adjacent to the unit pixels. In FIG. 9A,
a unit pixel hatched from a right-upper portion to a left-
lower portion represents a red color, a unit pixel hatched
from a left-upper portion to a right-lower portion repre-
sents a green color, and a unit pixel hatched in a hori-
zontal represents a red color.
[0162] The heating lines HL extend substantially in a
Y-axis direction and arranged along an X-axis direction.
In an exemplary embodiment, the heating lines HL are
disposed on the curved liquid crystal display panel 410
with a substantially uniform interval therebetween. In an
alternative exemplary embodiment, the heating lines HL
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may be disposed on a portion of the curved liquid crystal
display panel 410. In such an embodiment, where an
upper substrate and a lower substrate are combined to
form the curved liquid crystal display panel 410, the heat-
ing line HL may be disposed in an area where buckling
occurs. In such an embodiment, the heating line HL may
be disposed on the lower substrate.
[0163] The data driver 420 outputs a data signal to a
unit pixel of the curved liquid crystal display panel 410 to
display an image.
[0164] The gate driver 430 outputs a gate signal to ac-
tivate a switching element of the unit pixel disposed in
the curved liquid crystal display panel 410.
[0165] The heat source providing part 440 provides a
corresponding heating line HL with a power voltage to
generate heat at the corresponding heating line HL on
the curved liquid crystal display panel 410.
[0166] Referring to FIGS. 9B and 9C, a lower substrate
of the curved liquid crystal display panel 410 includes a
plurality of gate lines GL, a plurality of data lines DL cross-
ing the gate lines GL, a plurality of switching elements
SW connected to the gate lines GL and the data lines
DL, a plurality of pixel electrodes PE respectively con-
nected to the switching elements SW, and a plurality of
heating lines HL disposed overlapping the gate lines GL.
[0167] The gate lines GL extend substantially in an X-
axis direction and arranged along a Y-axis direction. The
gate lines GL provide the switching elements SW with a
gate signal outputted from the gate driver 430, such that
the switching elements SW are turned on. The gate lines
GL may include at least one of aluminum (Al), aluminum
(Al) alloy, molybdenum (Mo), molybdenum (Mo) alloy,
chromium (Cr), chromium (Cr) alloy, tantalum (Ta), tan-
talum (Ta) alloy, titanium (Ti), titanium (Ti) alloy, tungsten
(W), tungsten (W) alloy, copper (Cu), copper (Cu) alloy,
silver (Ag) and silver (Ag) alloy, for example.
[0168] The data lines DL extend substantially in a Y-
axis direction and arranged along an X-axis direction.
The data lines GL provide the switching elements SW
with a data signal outputted from the data driver 420. In
such an embodiment, when the switching elements SW
are turned on, the data signal is transmitted to the pixel
electrodes PE. The data lines DL may include at least
one of aluminum (Al), aluminum (Al) alloy, molybdenum
(Mo), molybdenum (Mo) alloy, chromium (Cr), chromium
(Cr) alloy, tantalum (Ta), tantalum (Ta) alloy, titanium (Ti),
titanium (Ti) alloy, tungsten (W), tungsten (W) alloy, cop-
per (Cu), copper (Cu) alloy, silver (Ag) and silver (Ag)
alloy, for example.
[0169] Each of the switching elements SW includes a
gate electrode GE, an activation layer AP, a source elec-
trode SE and a drain electrode DE, which are connected
to a gate line GL and a data line DL. In an exemplary
embodiment, each of the switching elements SW may
be a TFT. In an exemplary embodiment, the switching
elements SW are TFTs having a bottom gate structure
on which a gate electrode is disposed below a source
electrode and a drain electrode; however, it is not limited

thereto. In one alternative exemplary embodiment, for
example, each of the switching elements SW may be a
TFT having a top gate structure.
[0170] In an exemplary embodiment, the gate elec-
trode GE may be provided by depositing a metal or poly-
silicon doped with impurities at a high concentration and
then by patterning the metal or the poly-silicon through
a photolithography process and etching process using a
mask.
[0171] The activation layer AP may include amorphous
silicon or poly-silicon. In an exemplary embodiment, the
poly-silicon may be provided by crystallizing the amor-
phous silicon using a laser, for example.
[0172] A gate insulation layer GIL is disposed on the
gate electrodes GE and the gate lines GL. The gate in-
sulation layer may include a silicon dioxide (SiO2), a sil-
icon nitride (SiN) or a laminated structure thereof.
[0173] A pixel electrode PE is electrically connected to
a drain electrode DE of a switching element SW through
a contact hole CNT formed through an organic layer OL
including an organic material such as a PI resin, a PES
resin, a PET resin, a PAR resin and an acrylite resin, for
example. The pixel electrode PE receives a data signal
provided from the switching element SW. After an opti-
cally transparent and electrically conductive material,
such as ITO and IZO, for example, is deposited on the
gate insulation layer GIL, the optically transparent and
electrically conductive material is patterned through a
photolithography process and etching process using a
mask such that the pixel electrode PE may be formed on
the gate insulation layer GIL.
[0174] The heating lines HL are disposed on the or-
ganic layer OL overlapping the gate lines GL. As a power
source is provided from the heat source providing part
440, the heating lines HL emit heat. In an exemplary em-
bodiment, the heating lines HL may be provided simul-
taneously with the pixel electrodes PE when the pixel
electrodes PE are provided. In such an embodiment, the
heating lines HL include substantially the same material
as the pixel electrodes PE. In an alternative exemplary
embodiment, the heating lines HL may include substan-
tially the same material as the gate lines GL. In another
alternative exemplary embodiment, the heating lines HL
may include substantially the same material as the data
lines DL.
[0175] As described above, according to an exemplary
embodiment, a heating line that induces a temperature
increase of a liquid crystal layer is disposed overlapping
a gate line and in an area where buckling occurs, thereby
increasing a temperature of a liquid crystal layer corre-
sponding to the area of the buckling to decrease a re-
fractive index difference of a liquid crystal layer. Thus, a
refractive index difference is decreased when a cell gap
of a liquid crystal layer is increased due to a buckling,
thereby effectively preventing display defects such as
displaying a yellowish color to enhance display charac-
teristics.
[0176] FIG. 10A is a block diagram schematically
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showing another alternative exemplary embodiment of a
curved liquid crystal display device according to the in-
vention. FIG. 10B is a plan view of a unit pixel of FIG.
10A. FIG. 10C is a cross-sectional view taken along line
V-V’ of the unit pixel of FIG. 10B. In such an embodiment,
a heating line dis disposed overlapping a data line and
a gate line.
[0177] Referring to FIG. 10A, an exemplary embodi-
ment of a curved liquid crystal display device 500 accord-
ing to the invention includes a curved liquid crystal display
510, a data driver 520, a gate driver 530, a first heat
source providing part 542 and a second heat source pro-
viding part 544.
[0178] The curved liquid crystal display panel 510 in-
cludes a plurality of unit pixels, a plurality of horizontal
heating line HHL disposed adjacent to the unit pixels and
a plurality of vertical heating lines VHL disposed adjacent
to the unit pixels. In FIG. 10A, a unit pixel hatched from
a right-upper portion to a left-lower portion represents a
red color, a unit pixel hatched from a left-upper portion
to a right-lower portion represents a green color, and a
unit pixel hatched in a horizontal represents a red color.
[0179] The horizontal heating lines HHL extend sub-
stantially in an X-axis direction and arranged along a Y-
axis direction. The vertical heating lines VHL extend sub-
stantially in a Y-axis direction and arranged along an X-
axis direction. In an exemplary embodiment, the horizon-
tal heating lines HHL and the vertical heating line VHL
are disposed on the curved liquid crystal display panel
510 with a substantially uniform interval therebetween.
In an alternative exemplary embodiment, the horizontal
heating lines HHL and the vertical heating line VHL may
be disposed on a portion of the curved liquid crystal dis-
play panel 510. In such an embodiment, when an upper
substrate and a lower substrate are combined to form
the curved liquid crystal display panel 510, the horizontal
heating lines HHL and the vertical heating lines VHL may
be disposed in an area where buckling occurs. In such
an embodiment, the horizontal heating lines HHL and the
vertical heating lines VHL may be disposed on the lower
substrate.
[0180] The data driver 520 outputs a data signal to a
unit pixel of the curved liquid crystal display panel 510 to
display images.
[0181] The gate driver 530 outputs a gate signal to ac-
tivate a switching element of the unit pixel disposed in
the curved liquid crystal display panel 510.
[0182] The first heat source providing part 542 pro-
vides a corresponding horizontal heating line HHL with
a power voltage to generate heat at the corresponding
horizontal heating line HHL on the curved liquid crystal
display panel 510.
[0183] The second heat source providing part 544 pro-
vides a corresponding vertical heating line VHL with a
power voltage to generate heat at the corresponding ver-
tical heating line VHL on the curved liquid crystal display
panel 510.
[0184] Referring to FIGS. 10B and 10C, a lower sub-

strate of the curved liquid crystal display panel 510 in-
cludes a plurality of gate lines GL, a plurality of data lines
DL crossing the gate lines GL, a plurality of switching
elements SW connected to the gate lines GL and the
data lines DL, a plurality of pixel electrodes PE respec-
tively connected to the switching elements SW, a plurality
of horizontal heating lines HHL disposed overlapping the
gate lines GL, and a plurality of vertical heating lines VHL
disposed overlapping the data lines DL.
[0185] In FIGS. 10B and 10C, the gate lines GL, the
data lines DL, the switching elements SW and the pixel
electrodes PE may be substantially the same as the gate
lines GL, the data lines DL, the switching elements SW
and the pixel electrodes PE of the exemplary embodi-
ment described with reference to FIGS. 6B and 6C, and
thus any repetitive detailed description thereof may here-
inafter be omitted.
[0186] The horizontal heating lines HHL overlap the
gate lines GL. As a power source is provided from the
heat source providing part 540, the horizontal heating
lines HHL emit heat.
[0187] The vertical heating lines VHL overlap the data
lines DL. As a power source is provided from the heat
source providing part 540, the vertical heating lines VHL
emit heat.
[0188] In an exemplary embodiment, the horizontal
heating lines HHL and the vertical heating lines VHL may
be disposed on an organic layer OL.
[0189] As described above, according to an exemplary
embodiment, a heating line that induces a temperature
increase of a liquid crystal layer is disposed overlapping
a gate line and a data line and in an area where buckling
occurs, thereby increasing a temperature of a liquid crys-
tal layer corresponding to the area of the buckling to de-
crease a refractive index difference of a liquid crystal lay-
er. Thus, a refractive index difference is decreased when
a cell gap of a liquid crystal layer is increased due to a
buckling, thereby effectively preventing display defects
such as displaying a yellowish color to enhance display
characteristics.
[0190] FIG. 11A is a bock diagram schematically show-
ing another alternative exemplary embodiment of a
curved liquid crystal display device according to the in-
vention. FIG. 11B is a plan view of a unit pixel of FIG.
11A. FIG. 11C is a cross-sectional view taken along line
VI-VI’ of the unit pixel of FIG. 11B. In such an embodi-
ment, a heating line and a data line are disposed sub-
stantially parallel to each other and the heating line over-
laps a pixel electrode.
[0191] Referring to FIG. 11A, an exemplary embodi-
ment of a curved liquid crystal display device 600 accord-
ing to the invention includes a curved liquid crystal display
panel 610, a data driver 620, a gate driver 630 and a heat
source providing part 640.
[0192] The curved liquid crystal display panel 610 in-
cludes a plurality of unit pixels and a plurality of heating
lines HL disposed adjacent to the unit pixels. In FIG. 11A,
a unit pixel hatched from a right-upper portion to a left-
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lower portion represents a red color, a unit pixel hatched
from a left-upper portion to a right-lower portion repre-
sents a green color, and a unit pixel hatched in a hori-
zontal represents a red color.
[0193] The heating lines HL extend substantially in a
Y-axis direction and arranged along an X-axis direction.
In an exemplary embodiment, the heating lines HL are
disposed on the curved liquid crystal display panel 610
with a substantially uniform interval therebetween. In an
alternative exemplary embodiment, the heating lines HL
may be disposed on a portion of the curved liquid crystal
display panel 610. In such an embodiment, when an up-
per substrate and a lower substrate are combined to form
the curved liquid crystal display panel 610, the heating
lines HL may be disposed in an area where buckling oc-
curs. In such an embodiment, the heating lines HL may
be disposed on the lower substrate.
[0194] The data driver 620 outputs a data signal to a
unit pixel of the curved liquid crystal display panel 610 to
display an image.
[0195] The gate driver 630 outputs a gate signal to ac-
tivate a switching element of the unit pixel disposed in
the curved liquid crystal display panel 610.
[0196] The heat source providing part 640 provides a
corresponding heating line HL with a power voltage to
generate heat at the corresponding heating line HL on
the curved liquid crystal display panel 610.
[0197] Referring to FIGS. 11B and 11C, a lower sub-
strate of the curved liquid crystal display panel 610 in-
cludes a plurality of gate lines GL, a plurality of data lines
DL crossing the gate lines GL, a plurality of switching
elements SW connected to the gate lines GL and the
data lines DL, a plurality of pixel electrodes PE respec-
tively connected to the switching elements SW, and a
plurality of heating lines HL disposed substantially par-
allel to the data lines DL and overlapping the pixel elec-
trodes PE.
[0198] In FIGS. 11B and 11C, the gate lines GL, the
data lines DL, the switching elements SW and the pixel
electrodes PE may be substantially the same as the gate
lines GL, the data lines DL, the switching elements SW
and the pixel electrodes PE of the exemplary embodi-
ment described with reference to FIGS. 6B and 6C, and
thus any repetitive detailed description thereof may here-
inafter be omitted.
[0199] A heating line HL covers a contact hole CNT
electrically connected to a drain electrode DE of a switch-
ing element SE and a pixel electrode PE. As a power
source is provided from the heat source providing part
640, the heating line HL emits heat. In an exemplary em-
bodiment, the heating line HL may be provided after the
pixel electrode PE is provided. The heating line HL may
include at least one of aluminum (Al), aluminum (Al) alloy,
molybdenum (Mo), molybdenum (Mo) alloy, chromium
(Cr), chromium (Cr) alloy, tantalum (Ta), tantalum (Ta)
alloy, titanium (Ti), titanium (Ti) alloy, tungsten (W), tung-
sten (W) alloy, copper (Cu), copper (Cu) alloy, silver (Ag)
and silver (Ag) alloy, for example.

[0200] As described above, according to an exemplary
embodiment, a heating line that induces a temperature
increase of a liquid crystal layer is disposed substantially
parallel to a data line and overlapping a pixel electrode
and in an area where buckling occurs, thereby increasing
a temperature of a liquid crystal layer corresponding to
the area of the buckling to decrease a refractive index
difference of a liquid crystal layer. Thus, a refractive index
difference is decreased when a cell gap of a liquid crystal
layer is increased due to a buckling, thereby effectively
preventing display defects such as displaying a yellowish
color to enhance display characteristics.
[0201] FIG. 12A is a block diagram schematically
showing another alternative exemplary embodiment of a
curved liquid crystal display device according to the in-
vention. FIG. 12B is a plan view of a unit pixel of FIG.
12A. FIG. 12C is a cross-sectional view taken along line
VII-VII’ of the unit pixel of FIG. 12B. In such an embodi-
ment, a heating line and a gate line are disposed sub-
stantially parallel to each other, and the heating line over-
laps a pixel electrode.
[0202] Referring to FIG. 12A, an exemplary embodi-
ment of a curved liquid crystal display device 700 accord-
ing to the invention includes a curved liquid crystal display
panel 710, a data driver 720, a gate driver 730 and a heat
source providing part 740.
[0203] The curved liquid crystal display panel 710 in-
cludes a plurality of unit pixels and a plurality of heating
lines HL disposed adjacent to the unit pixels. In FIG. 12A,
a unit pixel hatched from a right-upper portion to a left-
lower portion represents a red color, a unit pixel hatched
from a left-upper portion to a right-lower portion repre-
sents a green color, and a unit pixel hatched in a hori-
zontal represents a red color.
[0204] The heating lines HL extend substantially in an
X-axis direction and arranged along a Y-axis direction.
In an exemplary embodiment, the heating lines HL are
disposed on the curved liquid crystal display panel 710
with a substantially uniform interval therebetween. In an
alternative exemplary embodiment, the heating lines HL
may be disposed on a portion of the curved liquid crystal
display panel 710. In such an embodiment, when an up-
per substrate and a lower substrate are combined to form
the curved liquid crystal display panel 710, the heating
lines HL may disposed in an area where buckling occurs.
In such an embodiment, the heating lines HL may be
disposed on the lower substrate.
[0205] The data driver 720 outputs a data signal to a
unit pixel of the curved liquid crystal display panel 710 to
display an image.
[0206] The gate driver 730 outputs a gate signal to ac-
tivate a switching element of the unit pixel disposed in
the curved liquid crystal display panel 710.
[0207] The heat source providing part 740 provides a
corresponding heating line HL with a power voltage to
generate heat at the corresponding heating line HL on
the curved liquid crystal display panel 710.
[0208] Referring to FIGS. 12B and 12C, a lower sub-
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strate of the curved liquid crystal display panel 710 in-
cludes a plurality of gate lines GL, a plurality of data lines
DL crossing the gate lines GL, a plurality of switching
elements SW connected to the gate lines GL and the
data lines DL, a plurality of pixel electrodes PE respec-
tively connected to the switching elements SW, and a
plurality of heating lines HL disposed substantially par-
allel to the gate lines GL and overlapping the pixel elec-
trodes PE.
[0209] In FIGS. 12B and 12C, the gate lines GL, the
data lines DL, the switching elements SW and the pixel
electrodes PE may be substantially the same as the gate
lines GL, the data lines DL, the switching elements SW
and the pixel electrodes PE of the exemplary embodi-
ment described with reference to FIGS. 6B and 6C, and
thus any repetitive detailed description thereof may here-
inafter be omitted.
[0210] A heating line HL is disposed covering a contact
hole CNT electrically connected to a drain electrode DE
of the switching element SE and the pixel electrode PE.
As a power source is provided from the heat source pro-
viding part 740, the heating line HL emits heat. In an
exemplary embodiment, the heating line HL may be pro-
vided after the pixel electrode PE is provided. The heating
line HL may include at least one of aluminum (Al), alu-
minum (Al) alloy, molybdenum (Mo), molybdenum (Mo)
alloy, chromium (Cr), chromium (Cr) alloy, tantalum (Ta),
tantalum (Ta) alloy, titanium (Ti), titanium (Ti) alloy, tung-
sten (W), tungsten (W) alloy, copper (Cu), copper (Cu)
alloy, silver (Ag) and silver (Ag) alloy, for example.
[0211] As described above, according to an exemplary
embodiment, a heating line that induces a temperature
increase of a liquid crystal layer is disposed substantially
parallel to a gate line and overlapping a pixel electrode
and in an area where buckling occurs, thereby increasing
a temperature of a liquid crystal layer corresponding to
the area of the buckling to decrease a refractive index
difference of a liquid crystal layer. Thus, a refractive index
difference is decreased when a cell gap of a liquid crystal
layer is increased due to a buckling, thereby effectively
preventing display defects such as displaying a yellowish
color to enhance display characteristics.
[0212] In an exemplary embodiment, the heating lines
are disposed on a lower substrate (e.g., an array sub-
strate) of a curved liquid crystal display panel. In an al-
ternative exemplary embodiment, the heating lines may
be disposed on an upper substrate (e.g., a color filter
substrate) of the curved liquid crystal display panel.
[0213] FIG. 13A is a plan view of a unit pixel of another
alternative exemplary embodiment of a liquid crystal dis-
play panel according to the invention. FIG. 13B is a cross-
sectional view taken along line VIII-VIII’ of the unit pixel
of FIG. 13A. In such an embodiment, a heating line is
disposed overlapping a black matrix layer.
[0214] Referring to FIGS. 13A and 13B, an exemplary
embodiment of a curved liquid crystal display panel ac-
cording to the invention includes a lower substrate and
an upper substrate.

[0215] The lower substrate includes a plurality of gate
lines GL, a plurality of data lines DL crossing the gate
lines GL, a plurality of switching elements SW connected
to the gate lines GL and the data lines DL, and a plurality
of pixel electrodes PE respectively connected to the
switching elements SW.
[0216] In FIGS. 13B and 13C, the gate lines GL, the
data lines DL, the switching elements SW and the pixel
electrodes PE may be substantially the same as the gate
lines GL, the data lines DL, the switching elements SW
and the pixel electrodes PE of the exemplary embodi-
ment described with reference to FIGS. 6B and 6C, and
thus any repetitive detailed description thereof may here-
inafter be omitted.
[0217] The upper substrate includes a black matrix lay-
er BM disposed on a substrate having an optically trans-
parent and electrically insulating property, a color filter
layer CF disposed on an area defined by the black matrix
layer BM, a plurality of horizontal heating lines HHL over-
lapping the black matrix layer BM, a plurality of vertical
heating lines VHL overlapping the black matrix layer BM,
and a common electrode layer CE covering the horizontal
and vertical heating lines HHL and VHL and the color
filter layer CF.
[0218] The horizontal heating lines HHL extend sub-
stantially in an X-axis direction and arranged along a Y-
axis direction. As a power source is provided from an
external heat source providing part (not shown), the hor-
izontal heating lines HHL emit heat.
[0219] The vertical heating lines VHL extend substan-
tially in a Y-axis direction and arranged along an X-axis
direction. As a power source is provided from an external
heat source providing part (not shown), the vertical heat-
ing lines VHL emit heat.
[0220] The horizontal and vertical heating lines HHL
and VHL may include at least one of aluminum (Al), alu-
minum (Al) alloy, molybdenum (Mo), molybdenum (Mo)
alloy, chromium (Cr), chromium (Cr) alloy, tantalum (Ta),
tantalum (Ta) alloy, titanium (Ti), titanium (Ti) alloy, tung-
sten (W), tungsten (W) alloy, copper (Cu), copper (Cu)
alloy, silver (Ag) and silver (Ag) alloy, for example.
[0221] As described above, according to an exemplary
embodiment, a heating line that induces a temperature
increase of a liquid crystal layer is disposed overlapping
a black matrix layer and in an area where buckling occurs,
thereby increasing a temperature of a liquid crystal layer
corresponding to the area of the buckling to decrease a
refractive index difference of a liquid crystal layer. Thus,
a refractive index difference is decreased when a cell
gap of a liquid crystal layer is increased due to a buckling,
thereby effectively preventing display defects such as
displaying a yellowish color to enhance display charac-
teristics.
[0222] FIG. 14 is a rear perspective view schematically
illustrating another alternative exemplary embodiment of
a curved liquid crystal display device 800 according to
the invention. In such an embodiment, a heat source is
disposed, e.g., attached, on a rear surface of a backlight
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unit.
[0223] Referring to FIG. 14, an exemplary embodiment
of a curved liquid crystal display device 800 according to
the invention includes a curved liquid crystal display pan-
el CLP and a backlight unit 810 disposed at a rear surface
of the curved liquid crystal display panel CLP to provide
light to the curved liquid crystal display panel CLP.
[0224] A timing controller (T-CON) 820, a converter
830, a first heat source 840 and a second heat source
850 are disposed, e.g., attached, on a rear surface of the
backlight unit 810.
[0225] The timing controller 820 may be configured in
a printed circuit board in which a plurality of chips for
driving the curved liquid crystal display panel CLP is dis-
posed, e.g., mounted.
[0226] The converter 830 may be configured in a print-
ed circuit board in which a plurality of chips for providing
power source to the curved liquid crystal display panel
CLP or the backlight unit 810 are disposed, e.g., mount-
ed.
[0227] The first heat source 840 is disposed at a first
side portion of a rear surface of the backlight unit 810 in
a portion where buckling occurs due to a bending of the
curved liquid crystal display panel CLP. In one exemplary
embodiment, for example, the first heat source 840 is
disposed substantially parallel to a short side of the
curved liquid crystal display panel CLP to emit heat. The
emitted heat is provided to the curved liquid crystal dis-
play panel CLP to induce a temperature increase of a
liquid crystal layer.
[0228] The second heat source 850 is disposed at a
second side portion of the rear surface of the backlight
unit 810 in a portion where buckling occurs in accordance
with the bending of the curved liquid crystal display panel
CLP. In one exemplary embodiment, for example, the
second heat source 850 is attached substantially parallel
to a short side of the curved liquid crystal display panel
CLP to emit heat. The emitted heat is provided to the
curved liquid crystal display panel CLP to induce a tem-
perature increase of a liquid crystal layer.
[0229] Grooves (not shown) may be further formed
through a rear surface of the backlight unit 810, such that
heat generated at each of the first and second heat sourc-
es 840 and 850 are effectively provided to the curved
liquid crystal display panel CLP. In one exemplary em-
bodiment, for example, the grooves are formed through
a bottom chassis of the backlight unit 810, such that each
of the first and second heat sources 840 and 850 may
be received in the grooves.
[0230] In an exemplary embodiment, each of the first
and second heat sources 840 and 850 may be a film
including a reference layer (e.g., plastic or glass) and a
carbon nanotube ("CN") or ITO film-deposited on the ref-
erence layer. In such an embodiment, CN or ITO is an
electric conductor.
[0231] In one exemplary embodiment, for example, a
CN or an ITO is film-deposited on a reference layer and
a polymer material is provided to cover the CN or the

ITO, such that each of the first and second heat sources
840 and 850 are manufactured. In another exemplary
embodiment, for example, a CN or an ITO is film-depos-
ited on a first surface of a reference layer and a polymer
material is provided on a second surface of the reference
layer, such that each of the first and second heat sources
840 and 850 are manufactured.
[0232] Surfaces of the first and second heat sources
840 and 850, which are film-deposited by a CN or an
ITO, are positioned toward a liquid crystal layer, such
that the liquid crystal layer is heated.
[0233] Electrodes (not shown) may be disposed, e.g.,
attached, at two end portions of the first and second heat
sources 840 and 850. A voltage difference is generated
at each two end portions of the first and second heat
sources 840 and 850 due to the electrodes, and current
is flowing each of the first and second heat sources 840
and 850 due to the voltage difference. When current is
flowing each of the first and second heat sources 840
and 850, heat is emitted.
[0234] A method of delivering heat to a liquid crystal
layer in each of the first and second heat sources 840
and 850 may include various methods such as radiation,
conduction and convection, for example.
[0235] The temperature of a liquid crystal layer rela-
tively near to the first heat source 840 is higher than the
temperature of a liquid crystal layer relatively far from the
first heat source 840. The temperature of a liquid crystal
layer relatively near to the second heat source 850 is
higher than that of a liquid crystal layer relatively far from
the second heat source 850. When a cell gap of a liquid
crystal layer is increased in accordance with a portion
where buckling occurs, a temperature of a corresponding
portion is increased such that refractive index difference
of a liquid crystal layer is decreased. Accordingly, the
refractive index difference is decreased by the increasing
of the cell gap, such that a phase difference of a liquid
crystal layer is substantially uniformly maintained, and a
yellowish image is thereby effectively prevented from be-
ing generated.
[0236] As described above, according to an exemplary
embodiment, a heat source that induces a temperature
increase of a liquid crystal layer is disposed at a rear
surface of a backlight unit and in an area where buckling
occurs, thereby increasing a temperature of the liquid
crystal layer corresponding to the area of the buckling to
decrease a refractive index difference of the liquid crystal
layer. Thus, a refractive index difference is decreased
when a cell gap of the liquid crystal layer is increased
due to a buckling, thereby effectively preventing display
defects such as displaying a yellowish color to enhance
display characteristics.
[0237] FIG. 15 is a rear perspective view schematically
illustrating another alternative exemplary embodiment of
a curved liquid crystal display device according to the
invention. In such an embodiment, a heat source is dis-
posed on a rear surface of a rear case of a curved liquid
crystal display device.
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[0238] Referring to FIG. 15, an exemplary embodiment
of a curved liquid crystal display device 900 according
the invention includes a curved liquid crystal display pan-
el CLP, a backlight unit 910 disposed at a rear surface
of the curved liquid crystal display panel CLP to provide
the curved liquid crystal display panel CLP with light, and
a rear case 912 that receives the curved liquid crystal
display panel CLP and the backlight unit 910. The curved
liquid crystal display device 900 may further include a
front case (not shown). The front case may be coupled
with the rear case 912 to receive the curved liquid crystal
display panel CLP and the backlight unit 910.
[0239] A timing controller 920, a converter 930, a first
heat source 940, a second heat source 950, an analog-
digital converter ("ADC") 960 and a switch-mode power
supply ("SMPS") 970 are disposed, e.g., attached, on a
rear surface of the rear case 912.
[0240] The timing controller 920 may be configured in
a printed circuit board on which a plurality of chips for
driving the curved liquid crystal display panel CLP is
mounted.
[0241] The converter 930 may be configured in a print-
ed circuit board on which a plurality of chips for providing
power source to the curved liquid crystal display panel
CLP or the backlight unit 910 is mounted.
[0242] The ADC 960 may convert an analog image sig-
nal provided from an external device (not shown) into a
digital image data.
[0243] The SMPS 970 may provide the first and second
heat sources 940 and 950 with a power for the first and
second heat sources 940 and 950. The SMPS 970 may
receive a commercial power to convert the commercial
power into a power having a predetermined level and
then may provide the first and second heat sources 940
and 950 with the power having the predetermined level.
The SMPS 970 may convert a commercial power into a
power having various levels such as 1.8 volts (V), 3 V
and 5 V, for example. In such an embodiment, a power
having a level of 1.8 V means an alternating power having
1.8 V as an effective value.
[0244] The first heat source 940 is disposed, e.g., at-
tached, at a first side portion of a rear surface of the back-
light unit 910 in correspondence with a portion where
buckling occurs due to a bending of the curved liquid
crystal display panel CLP. In one exemplary embodi-
ment, for example, the first heat source 940 is disposed
substantially parallel to a short side of the curved liquid
crystal display panel CLP to emit heat. The emitted heat
is provided to the curved liquid crystal display panel CLP
to induce a temperature increase of a liquid crystal layer.
[0245] The second heat source 950 is disposed, e.g.,
attached, at a second side portion of the rear surface of
the backlight unit 910 in correspondence with a portion
where buckling occurs due to a bending of the curved
liquid crystal display panel CLP. In one exemplary em-
bodiment, for example, the second heat source 950 is
disposed substantially parallel to a short side of the
curved liquid crystal display panel CLP to emit heat. The

emitted heat is provided to the curved liquid crystal dis-
play panel CLP to induce a temperature increase of a
liquid crystal layer.
[0246] Grooves (not shown) may be further formed
through a rear case 912, such that heat generated at
each of the first and second heat sources 940 and 950
are effectively provided to the curved liquid crystal display
panel CLP.
[0247] The temperature of a liquid crystal layer rela-
tively near to the first heat source 940 is higher than the
temperature of a liquid crystal layer relatively far from the
first heat source 940. The temperature of a liquid crystal
layer relatively near to the second heat source 950 is
higher than the temperature of a liquid crystal layer rel-
atively far from the second heat source 950. Thus, when
a cell gap of a liquid crystal layer is increased in accord-
ance with a portion where buckling occurs, a temperature
of a corresponding portion is increased such that refrac-
tive index difference of a liquid crystal layer is decreased.
Accordingly, the refractive index difference is decreased
by the increasing of the cell gap, such that a phase dif-
ference of a liquid crystal layer is substantially uniformly
maintained, and a yellowish image is effectively prevent-
ed from being generated.
[0248] As described above, according to an exemplary
embodiment, a heat source that induces a temperature
increase of a liquid crystal layer is disposed at a rear
surface of a rear case of a curved liquid crystal display
device and in an area where buckling occurs, thereby
increasing the temperature of the liquid crystal layer cor-
responding to an area of the buckling to decrease a re-
fractive index difference of the liquid crystal layer. Thus,
a refractive index difference is decreased when a cell
gap of the liquid crystal layer is increased due to a buck-
ling, thereby effectively preventing display defects such
as displaying a yellowish color to enhance display char-
acteristics.
[0249] As described above, according to exemplary
embodiments of the invention, a heating line that induces
a temperature increase of a liquid crystal layer is dis-
posed in an interior of a curved liquid crystal display panel
and in an area where buckling occurs, thereby increasing
the temperature of the liquid crystal layer corresponding
to the area of the buckling to decrease a refractive index
difference of the liquid crystal layer.
[0250] In exemplary embodiments, a heat source that
induces a temperature increase of the liquid crystal layer
is disposed at a rear surface of a backlight unit or a rear
surface of a rear case of a curved liquid crystal display
device and in an area where buckling occurs, thereby
increasing the temperature of the liquid crystal layer cor-
responding to the area of the buckling to decrease a re-
fractive index difference of the liquid crystal layer.
[0251] In exemplary embodiments, a refractive index
difference of the liquid crystal layer is decreased when a
cell gap of the liquid crystal layer is increased due to a
buckling, thereby effectively preventing display defects
such as displaying a yellowish color to enhance display
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characteristics. In such embodiments, the temperature
of the liquid crystal layer is increased, thereby increasing
a response speed of liquid crystal molecules.
[0252] While the invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it is further noted that it is readily apparent to
those of reasonable skill in the art that various modifica-
tions may be made without departing from the spirit and
scope of the invention which is defined by the metes and
bounds of the appended claims.

Claims

1. A curved liquid crystal display panel comprising:

an upper substrate having a curved shape;
a lower substrate having a curved shape;
a liquid crystal layer disposed between the upper
substrate and the lower substrate; and
a heating line disposed on at least one of the
upper substrate and the lower substrate.

2. The curved liquid crystal display panel of claim 1,
wherein the heating line is disposed substantially
uniformly on the lower substrate.

3. The curved liquid crystal display panel of claim 1,
wherein the heating line is disposed on a portion of
the lower substrate.

4. The curved liquid crystal display panel of claim 3,
wherein the heating line is disposed in an area where
buckling occurs when the upper substrate and the
lower substrate are combined with each other and
curved.

5. The curved liquid crystal display panel of claim 1,
wherein the lower substrate comprises:

a pixel electrode; and
a data line which provides the pixel electrode
with a data signal, and
wherein a resistance of the heating line is great-
er than a resistance of the data line.

6. The curved liquid crystal display panel of claim 1,
wherein the lower substrate comprises:

a pixel electrode; and
a data line which provides the pixel electrode
with a data signal, and
wherein the heating line is substantially parallel
to the data line.

7. The curved liquid crystal display panel of claim 1,
wherein the lower substrate comprises:

a pixel electrode;
a switching element electrically connected to the
pixel electrode;
a data line connected to an input terminal of the
switching element; and
a gate line connected to a control terminal of the
switching element, and
wherein the heating line is not overlapping the
pixel electrode when viewed from a top view.

8. The curved liquid crystal display panel of claim 1,
wherein the lower substrate comprises:

a pixel electrode;
a switching element electrically connected to the
pixel electrode;
a data line connected to an input terminal of the
switching element; and
a gate line connected to a control terminal of the
switching element,
wherein the heating line is overlapping a portion
of the pixel electrode when viewed from a top
view.

9. The curved liquid crystal display panel of claim 1,
wherein the lower substrate comprises:

a pixel electrode;
a switching element electrically connected to the
pixel electrode;
a data line connected to an input terminal of the
switching element; and
a gate line connected to a control terminal of the
switching element, and
wherein the heating line is substantially parallel
to the gate line.

10. The curved liquid crystal display panel of claim 1,
wherein the lower substrate comprises:

a pixel electrode;
a switching element electrically connected to the
pixel electrode;
a data line connected to an input terminal of the
switching element; and
a gate line connected to a control terminal of the
switching element, and
wherein the heating line comprises:
a vertical heating line substantially parallel to the
data line; and
a horizontal heating line substantially parallel to
the gate line.

11. The curved liquid crystal display panel of claim 1,
wherein the lower substrate comprises:

a pixel electrode;
a switching element electrically connected to the
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pixel electrode;
a data line connected to an input terminal of the
switching element; and
a gate line connected to a control terminal of the
switching element,
wherein the heating line comprises:

a vertical heating line substantially parallel
to the data line; and
a horizontal heating line substantially par-
allel with the gate line, and

wherein the vertical and horizontal heating lines
overlap a portion of the pixel electrode.

12. The curved liquid crystal display panel of claim 1,
wherein the upper substrate comprises a black ma-
trix layer, and
wherein the heating line is disposed on the upper
substrate and overlapping the black matrix layer.

13. The curved liquid crystal display panel of claim 1,
wherein the heating line increases the temperature
of the liquid crystal layer such that a refractive index
difference of the liquid crystal layer is decreased.

14. The curved liquid crystal display panel of claim 1,
wherein the heating line provides heat to the liquid
crystal layer such that a temperature of the liquid
crystal layer increases.

15. A curved liquid crystal display device comprising:

a curved liquid crystal display panel comprising:

an upper substrate;
a liquid crystal layer;

a lower substrate which is combined
with the upper substrate, wherein the
liquid crystal layer is disposed between
the upper substrate and the lower sub-
strate; and
a heating line disposed on at least one
of the upper substrate and the lower
substrate; and

a heat source providing part which provides
a power to the heating line.
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