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(7) ABSTRACT

A curved LCD device includes first and second substrates;
gate and data lines in a display area on the first substrate and
defining a pixel region; a thin film transistor connected to the
gate and data lines; a color filter layer in the pixel region; pixel
and common electrodes on the color filter layer; first light-
blocking layers in the display area over the first substrate; a
second light-blocking layer in a non-display area over the first
substrate; first and second column spacers in the display area
on the second substrate, wherein the first column spacer has a
first height, and the second column spacer has a second
height; and a third column spacer in the non-display area on
the second substrate and having the second height, wherein

GO2F 1/1339 (2006.01) the third column spacer is in point-contact with the second
GO2F 1/1362 (2006.01) light-blocking layer when an external force is applied
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CURVED LIQUID CRYSTAL DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of Korean
Patent Application No. 10-2014-0077044 filed in Korea on
Jun. 24, 2014, which is incorporated by reference in its
entirety for all purposes as if fully set forth herein.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] The present disclosure relates to a liquid crystal

display (LCD) device, and more particularly, to a curved LCD
device.

[0004] 2. Discussion of the Related Art

[0005] With rapid development of information technolo-
gies, various types of display devices for displaying images
have been required. Recently, flat panel display (FPD)
devices such as liquid crystal display (LCD) devices, plasma
display panel (PDP) devices, and organic light emitting diode
display (OLED) devices have been widely developed and
applied to various fields.

[0006] Among the various types of FPD devices, LCD
devices have been widely used because the LCD devices have
advantages in lower weight, smaller size, and reduced power
consumption compared to other display technologies.

[0007] Generally, an LCD device includes two substrates, a
liquid crystal layer between the two substrates, and pixel and
common electrodes for driving liquid crystal molecules of the
liquid crystal layer as part of a liquid crystal display panel.
The LCD device further includes a backlight unit to illumi-
nate the liquid crystal display panel. When voltages are
applied to the pixel and common electrodes, an electric field
is induced between the electrodes, and the liquid crystal mol-
ecules are arranged by the electric field. The arrangement of
the liquid crystal molecules varies depending on the electric
field, and transmittance of light from the backlight passing
through the liquid crystal layer is modulated by the position of
the molecules. Grayscale images can be displayed by control-
ling the light transmittance of the liquid crystal material.
[0008] The LCD device has been widely used in portable
equipment such as cellular phones and multimedia devices,
monitors for notebook computers and desktop computers,
and large-sized televisions.

[0009] However, the LCD device has a problem in that a
distance from a viewing point of a viewer to a screen of the
LCD device varies depending on locations.

[0010] This will be described with reference to FIG. 1.
[0011] FIG. 1is a view schematically illustrating an LCD
device according to the related art.

[0012] InFIG. 1, since the LCD device 10 is flat, there is a
difference between a first distance d1 from a main viewing
point of a viewer to a center of the LCD device 10 and a
second distance d2 from the main viewing point to a left or
right side of the LCD device 10. Namely, the second distance
d2 is greater than the first distance dl, and there is a distance
deviation in this flat display device.

[0013] The distance deviation grows worse as the size of
the LCD device 10 increases, and the increased distance
deviation decreases a viewer’s perceived sense of immersion
in an image displayed by the LCD device 10.
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SUMMARY

[0014] Accordingly, the present invention is directed to a
curved LCD device that substantially obviates one or more of
the problems due to limitations and disadvantages of the
related art.

[0015] An object of the present invention is to provide a
curved LCD device being capable of solving a distance devia-
tion.

[0016] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0017] To achieve these and other advantages, and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, the present invention provides
a curved liquid crystal display device including a first sub-
strate and a second substrate where a display area and a
non-display area are defined; a liquid crystal layer between
the first and the second substrates; a gate line and a data line
in the display area on an inner surface of the first substrate and
crossing each other to define a pixel region; a thin film tran-
sistor connected to the gate line and the data line; a color filter
layer in the pixel region of the first substrate and including
red, green and blue color filters; a pixel electrode on the color
filter layer and connected to the thin film transistor; a common
electrode on the color filter layer, spaced apart from and
alternating with the pixel electrode; a plurality of first light-
blocking layers in the display area over the inner surface of
the first substrate, each first light-blocking layer disposed
between adjacent pixel regions; a second light-blocking layer
in the non-display area over the inner surface of the first
substrate; a first column spacer and a second column spacer in
the display area on an inner surface of the second substrate,
wherein the first column spacer corresponds to one of the first
light-blocking layers and has a first height, and the second
column spacer corresponds to another of the first light-block-
ing layers and has a second height; and a third column spacer
in the non-display area on the inner surface of the second
substrate and having the second height, wherein the third
column spacer is in point-contact with the second light-block-
ing layer when an external force is applied.

[0018] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0020] FIG. 1 is a view of schematically illustrating an
LCD device according to the related art.

[0021] FIG. 2 is a schematic view of a curved LCD device
according to a first exemplary embodiment of the present
invention.

[0022] FIG. 3 is a view showing light leakage in four cor-
ners of the LCD device according to the first embodiment of
the present invention.
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[0023] FIG. 4 is a schematic cross-sectional view of a
curved LCD device according to the first embodiment of the
present invention.

[0024] FIG. 5A is a view showing an arrangement of a
liquid crystal molecule on a first substrate in a corner region
of the curved LCD device according to the first embodiment
of the present invention.

[0025] FIG. 5B is a view showing an arrangement of a
liquid crystal molecule on a second substrate in the corner
region of the curved LCD device according to the first
embodiment of the present invention.

[0026] FIG. 5C is a view showing together the arrange-
ments ofthe liquid crystal molecules of FIG. 5A and FIG. 5B.
[0027] FIG. 6is a cross-sectional view illustrating a curved
LCD device according to a second exemplary embodiment of
the present invention.

[0028] FIG.7isa schematic plan view showing an arrange-
ment of first and second column spacers in a display area of a
curved LCD device according to the second embodiment of
the present invention.

[0029] FIG. 8is a cross-sectional view illustrating a curved
LCD device according to a third exemplary embodiment of
the present invention.

[0030] FIG.91is across-sectional view illustrating a curved
LCD device according to a fourth exemplary embodiment of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0032] FIG. 21s a schematic view of a curved LCD device
according to a first embodiment of the present invention.
[0033] Asshownin FIG. 2, a curved LCD device 100 has a
curved shape. Namely, a typically flat display device is curved
by a predetermined curvature with respect to a center of the
display device to have a curved shape.

[0034] Accordingly, a first distance d11 from a main view-
ing point of a viewer to a center of the curved LCD device 100
is substantially equal to a second distance d12 from the main
viewing point to a left or right side of the curved LCD device
100, and there is no distance deviation. As a result, the view-
er’s experience of feeling immersed in the image content is
improved.

[0035] On the down side, because the curved LCD device
100 according to the first embodiment has a curvature that is
artificially formed, as shown in FIG. 3, there is light leakage
in four corners of the curved LCD device 100. FIG. 3 illus-
trates an increase of light transmission in the four corners of
the display device when displaying an all-black image.
[0036] Thelightleakage will be described with reference to
FIG. 4 and FIGS. 5A to 5C.

[0037] FIG. 4 is a schematic cross-sectional view of a
curved LCD device according to the first embodiment of the
present invention. FIG. 5A is a view showing an arrangement
of a liquid crystal molecule on a first substrate in a corner
region of the curved LCD device according to the first
embodiment of the present invention, FIG. 5B is a view
showing an arrangement of a liquid crystal molecule on a
second substrate in the corner region of the curved LCD
device according to the first embodiment of the present inven-
tion, and FIG. 5C is a view showing together the arrange-
ments ofthe liquid crystal molecules of FIG. 5A and FIG. 5B.
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[0038] 1InFIG. 4, the curved LCD device 100 according to
the first embodiment of the present invention includes a first
substrate 110, a second substrate 120, and a liquid crystal
layer 130 between the first and second substrates 110 and 120.
A seal pattern 140 is formed in edge areas between the first
and second substrates 110 and 120 to prevent the liquid crys-
tal layer 130 from leaking out. A display area for displaying
an image and a non-display area surrounding the display area
are defined on the first and second substrates 110 and 120.
[0039] Although not shown in the figure, a gate line, a data
line, a thin film transistor, and a pixel electrode are formed in
the display area on an inner surface of the first substrate 110.
The gate line and the data line cross each other to define a
pixel region. The thin film transistor is connected to the gate
line and the data line. The pixel electrode is in the pixel region
and is connected to the thin film transistor. In addition, a
commor electrode may be further formed in the display area
on the inner surface of the first substrate 110. The common
electrode and the pixel electrode generate an electric field
when a voltage is applied.

[0040] A color filter layer may also be formed in the display
area on the inner surface of the first substrate 110. The color
filter layer includes red, green, and blue color filters sequen-
tially arranged, and each color filter corresponds to one pixel
region.

[0041] The structure may be referred to as a color filter on
array structure, i.e., a COT (color on transistor) structure. The
LCD device having the COT structure has an advantage of
relatively high aperture ratio because the attachment margin,
which is a margin of error when two substrates of the LCD
device are attached together, can be decreased and a width of
a black matrix, which is disposed between adjacent pixel
regions and is determined by considering the attachment mar-
gin, can be decreased.

[0042] Although not shown in the figure, spacers may be
formed in the display area on an inner surface of the second
substrate 120 such that the spacers are between the first and
second substrates 110 and 120 when the first and second
substrates 110 and 120 are attached to maintain a uniform
distance between the two substrates. Here, the spacers
include a gap column spacer and a push column spacer. The
gap column spacer has a higher height than the push column
spacer. The gap column spacer contacts a top layer on the
inner surface of the first substrate 110, and the push column
spacer is spaced apart from the top layer on the inner surface
of the first substrate 110.

[0043] Moreover, an outer column spacer (not shown) may
be further formed in the non-display area on the inner surface
of the second substrate 120. The outer column spacer may
have the same height as the push column spacer and may
include a material that absorbs light to minimize light leakage
in the non-display area of the curved LCD device.

[0044] Inthe curved LCD device 100, a black matrix on the
first substrate 110 or the second substrate 120 may be omitted,
and the aperture ratio may be further increased.

[0045] Further, first and second alignment layers (not
shown) as top layers may be formed on the inner surfaces of
the first and second substrates 110 and 120, respectively. The
first and second alignment layers have predetermined align-
ment axes and determine an initial arrangement of liquid
crystal molecules of the liquid crystal layer 130. As is com-
mon in the art, liquid crystal molecules adjacent to the align-
ment layers are naturally oriented parallel to grooves formed
in the alignment layers. The second alignment layer on the
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inner surface of the second substrate 120 may be on the gap
column spacer and the push column spacer. In this case, the
second alignment layer on the gap column spacer may contact
the first alignment layer on the inner surface of the first
substrate 110.

[0046] Alternatively, the second alignment layer on the
inner surface of the second substrate 120 may be under the
gap column spacer and the push column spacer. In this case,
the gap column spacer may contact the first alignment layer
on the inner surface of the first substrate 110.

[0047] Additionally, first and second polarizers (not
shown) are at outer surfaces of the first and second substrates
110 and 120, respectively. A light-transmission axis of the
first polarizer is perpendicular to a light-transmission axis of
the second polarizer.

[0048] The curved LCD device 100 according to the first
embodiment may be changed into a curved state from a flat
state.

[0049] Forexample, to attaina curved surface along a trans-
verse direction of the display device, that is, a longer side
direction, a flat LCD device is curved toward the second
substrate 120 along the transverse direction with respect to
the center of the device, and the curved LCD device 100 with
a predetermined curvature is obtained. Because the edge
areas of the first and second substrates 110 and 120 are
attached by the seal pattern 140, the first and second sub-
strates 110 and 120 move differently when being curved.
[0050] Namely, in the curved LCD device 100, tensile
stress 1s applied to the first substrate 110, which is curved
outside, along the transverse direction, and compressive
stress is applied to the second substrate 120, which is curved
inside, along the transverse direction. As the edge areas of the
first and second substrates 110 and 120 are fixed by the seal
pattern 140, torsional stress is generated in the edge areas of
the first and second substrates 110 and 120, and the first and
second substrates 110 and 120 shift in opposite directions.
[0051] As configured, the torsional stress is highest in four
corners of the first and second substrates 110 and 120. The
alignment axes of the first and second alignment layers (not
shown) are twisted due to the torsional stress, and the arrange-
ment of the liquid crystal molecules adjacent to the inner
surfaces of the first and second substrates 110 and 120 is
twisted. This twisting of the liquid crystal molecules moves
them from their intended orientation and causes light leakage
in the four corners of the LCD device. That is, light from the
backlight unit that is intended to be blocked by the orientation
of the liquid crystal molecules gets transmitted. This
unwanted transmitted light causes a reduced contrast ratio in
those areas and a non-uniform appearance.

[0052] That is, because the alignment axes of the first and
second alignment layers in the corner region of the curved
LCD device 100 are twisted in opposite directions, the liquid
crystal molecule 131 on the inner surface of the first substrate
110 of FIG. 4 rotates clockwise with respect to the initial
alignment axis, as shown in FIG. 5A. As shown in FIG. 5B, in
the corner region of the curved LCD device 100, the liquid
crystal molecule 132 on the inner surface of the second sub-
strate 120 of FIG. 4 rotates counterclockwise with respect to
the initial alignment axis.

[0053]  Accordingly, as shown in FIG. 5C, the liquid crystal
molecule 131 on the inner surface of the first substrate 110 of
FIG. 4 and the liquid crystal molecule 132 on the inner surface
of the second substrate 120 of F1G. 4 are twisted and arranged
to have a first angle 61 with respect to each other.
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[0054] This twisted arrangement of the liquid crystal mol-
ecules 131 and 132 causes light leakage. Light that is intended
to be blocked is transmitted.

[0055] Here, the liquid crystal molecules 131 and 132 are
twisted to have a larger twist angle as the stress increases. In
the curved LCD device 100, when the curvature is formed, the
stress applied to the first and second substrates 110 and 120 of
FIG. 4 increases due to a surface contact between the outer
column spacer and the top layer of the first substrate 110 of
FIG. 4 in the non-display area. Thus, stress applied to the
liquid crystal molecules 131 and 132 also increases.

[0056] In the display area of the curved LCD device 100,
self alignment of the liquid crystal molecules becomes weak
because a predetermined quantity of the liquid crystal with a
predetermined margin considering error is filled between the
first and second substrates 110 and 120 of FIG. 4 and the
predetermined quantity of the liquid crystal is less than the
ideal quantity of the liquid crystal that is exactly required
between the first and second substrates 110 and 120 of FIG. 4.
As a result, some of the liquid crystal molecules are misori-
ented, and light leakage occurs. The light leakage may be
shifted to a different portion of the LCD device when a sur-
face of the device is touched because the liquid crystal mol-
ecules are notuniformly arranged around the different portion
of the LCD device due to the touch, and touch visibility,
which is a degree of how much it is seen or noticed when it is
touched, may be lowered due to the light leakage.

[0057] FIG. 61s a cross-sectional view illustrating a curved
LCD device according to a second embodiment of the present
invention.

[0058] InFIG. 6, the curved LCD device 200 according to
the second embodiment of the present invention includes a
first substrate 210, a second substrate 270 and a liquid crystal
layer 280 between the first and second substrates 210 and 270.
[0059] A display area, AA which may be referred to as an
active area, and a non-display area NAA, which may be
referred to as a non-active area, are defined on the first and
second substrates 210 and 270. An image is displayed in the
display area AA, and the non-display area NAA is outside the
display area AA. The display area AA may be surrounded by
the non-display area NAA. In addition, a plurality of pixel
regions P is defined in the display area AA.

[0060] A gate line (not shown), a gate electrode 214 and a
common line (not shown) are formed in the display area AA
on an inner surface of the first substrate 210, The gate line is
formed in a first direction, and the gate electrode 214 is
connected to the gate line. The gate electrode 214 may be
extended from the gate line or may be part of the gate line.
[0061] Thecommon line is formed in the first direction and
is parallel to the gate line.

[0062] A gate insulating layer 220 is formed on the gate
line, the gate electrode 214 and the common line.

[0063] A semiconductor layer 222 is formed on the gate
insulating layer 220 over the gate electrode 214. The semi-
conductor layer 222 includes an active layer 222a of intrinsic
amorphous silicon and ohmic contact layers 2225 of impu-
rity-doped amorphous silicon.

[0064] Source and drain electrodes 234 and 236 are formed
on the semiconductor layer 222. The source and drain elec-
trodes 234 and 236 are spaced apart from each other over the
semiconductor layer 222, and the ohmic contact layers 2225
have the same shape as the source and drain electrodes 234
and 236. The active layer 222a is exposed between the source
and drain electrodes 234 and 236.
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[0065] The gate electrode 214, the semiconductor layer
222, the source electrode 234 and the drain electrode 236
constitute a thin film transistor T, and the active layer 222a
exposed between the source and drain electrodes 234 and 236
becomes a channel of the thin film transistor T.

[0066] Also, a data line (not shown) is formed of the same
material and on the same layer as the source and drain elec-
trodes 234 and 236. The data line is formed in a second
direction perpendicular to the first direction and crosses the
gate line to define a pixel region P. The data line is connected
to the source electrode 234. A dummy semiconductor pattern
(not shown) having the same structure as the semiconductor
layer 222 may be formed under the data line.

[0067] A passivation layer 240 is formed on the source and
drain electrodes 234 and 236 and the data line. The passiva-
tion layer 240 may be formed of an inorganic insulating
material such as silicon oxide (SiO,) or silicon nitride (SiNx).
[0068] A color filter layer 242 is formed on the passivation
layer 240. The color filter layer 242 includes red, green, and
blue color filters 242a, 2425, and 242¢, respectively. Each
color filter 242a, 2425, and 242¢ corresponds to one pixel
region P.

[0069] A first light-blocking layer 244 is formed between
adjacent pixel regions P. The first light-blocking layer 244
includes a first color pattern 244a and a second color pattern
244b on the first color pattern 244a. The first color pattern
244a and the second color pattern 2445 may be formed of the
same materials as two color filters selected from the red,
green, and blue color filters 242a, 2426, and 242¢. For
example, it is beneficial that the first color pattern 244a and
the second color pattern 2445 may be formed of the same
materials as the red color filter 2424 and the blue color filter
242¢ to increase the light-blocking effect. Here, the first color
pattern 244a may be formed of the same material as the red
color filter 242a, and the second color pattern 2445 may be
formed of the same material as the blue color filter 242¢. The
first light-blocking layer may be over the thin film transistor
T.

[0070] Ina portion of the pixel region P where the red color
filter 242a is formed, a part of the red color filter 242a may be
the first color pattern 244a. In a portion of the pixel region P
where the green color filter 2425 or the blue color filter 242¢
is formed, the first color pattern 244 is formed of the same
material as the red color filter 242a corresponding to the thin
film transistor T.

[0071] An overcoat layer 250 is formed on the color filter
layer 242. The overcoat layer 250 has a drain contact hole
250a exposing the drain electrode 236 with the color filter
layer 242 and the passivation layer 240.

[0072] Although the overcoat layer 250 is formed between
adjacent first light-blocking layers 244, more particularly,
between adjacent second color patterns 2445 in the figure, the
overcoat layer 250 may be formed on the first light-blocking
layer 244, i.e., on the second color pattern 244b.

[0073] A pixel electrode 252 and a common electrode 254
are formed in each pixel region P on the overcoat layer 250.
The pixel electrode 252 contacts the drain electrode 236
through the drain contact hole 250a, and the common elec-
trode 254 contacts the common line. Patterns of the common
electrode 254 are spaced apart from and alternate with pat-
terns of the pixel electrode 252. The pixel electrode 252 and
the common electrode 254 may be formed of a transparent
conductive material such as indium tin oxide or indium zinc
oxide.
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[0074] 1In addition, a second light-blocking layer 246 is
formed in the non-display area NAA over the inner surface of
the first substrate 210. Here, the non-display area NAA sur-
rounds the display area AA. The second light-blocking layer
246 may surrounds the display area AA in the non-display
area NAA.

[0075] Thesecond light-blocking layer 246 includes a third
color pattern 2464 and a fourth color pattern 2465 on the third
color pattern 246a. The third color pattern 246a may be
formed of the same material as the red color filter 2424, and
the fourth color pattern 2465 may be formed of the same
material as the blue color filter 242¢. The fourth color pattern
2465 may have a smaller size than the third color pattern 2464
due to steps of the layers thereunder, and the fourth color
pattern 2465 may partially expose the third color pattern
246a.

[0076] The gate insulating layer 220 and the passivation
layer 240 may be formed under the second light-blocking
layer 246.

[0077] Meanwhile, a first column spacer 272 and a second
column spacer 274 are formed in the display area AA on an
inner surface of the second substrate 270. Each of the first
column spacer 272 and the second column spacer 274 corre-
sponds to one of the first light-blocking layers 244 between
adjacent pixel regions P.

[0078] Here, the first column spacer 272 corresponds to a
gap column spacer maintaining a cell gap, i.e., a distance
between substrates. The second column spacer 274 corre-
sponds to apush column spacer preventing deformation when
pressure is applied to the substrates. The first column spacer
272 has a higher height than the second column spacer 274.
Accordingly, a top surface of the first column spacer 272
contacts the first light-blocking layer 244, and a top surface of
the second column spacer 274 is spaced apart from the first
light-blocking layer 244.

[0079] The first column spacer 272 and the second column
spacer 274, which correspond to respective first light-block-
ing layers 244, may be over respective thin film transistors T.
Here, each thin film transistor T corresponds to one of the first
column spacer 272 and the second column spacer 274.

[0080] In addition, a third column spacer 276 is formed in
the non-display area NAA on the inner surface of the second
substrate 270. The third column spacer 276 is formed of black
resin for absorbing light, and light is absorbed by the third
column spacer 276 in the non-display area NAA to thereby
prevent light leakage in the non-display area NAA. The third
column spacer 276 may be referred to as an outer column
spacer.

[0081] The third column spacer 276 includes a plurality of
depressed portions 276a at its top surface. The depressed
portions 276a correspond to the fourth color pattern 2466 of
the second light-blocking layer 246. That is, the third column
spacer 276 has a flat surface without depressed portions cor-
responding to the third color pattern 246a exposed outside the
fourth color pattern 2464, and the depressed portions are not
formed in a region where the second light-blocking layer 246
has a single-layered structure to increase the light-blocking
effect. The third column spacer 276 has substantially the same
height or thickness as the second column spacer 274.

[0082] Thedepressed portions 276a may have a shape such
as a polygon including a rectangle or a circle in a plan view. A
depth of the depressed portions 276a is smaller than the
height of the third column spacer 276.
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[0083] Here, the maximum width of the depressed portions
276a and a distance between adjacent depressed portions
276a may be less than 25 micrometers. For example, the
maximum width of the depressed portions 2764 and the dis-
tance between adjacent depressed portions 276a may be less
than 10 micrometers.

[0084] The first, second, and third column spacers 272,
274, and 276 may be formed through one mask process.
Namely, a mask may include a light-blocking portion, a light-
transmitting portion, and a half light-transmitting portion.
When a photosensitive layer for patterning the first, second,
and third column spacers 272,274, and 276 is a positive type
where a portion exposed to light is removed after developing,
the light-blocking portion corresponds to the first column
spacer 272, the half light-transmitting portion corresponds to
the second column spacer 274 and the third column spacer
276, and the light-transmitting portion corresponds to the
depressed portions 276a and other regions excluding the first,
second, and third column spacers 272, 274, and 276. When
formed, the distance between adjacent depressed portions
276a may be less than 25 micrometers, and thus, the
depressed portions 276a of the third column spacer 276 may
have a depth shallower than the height of the third column
spacer 276.

[0085] On the other hand, when the photosensitive layer is
anegative type where a portion exposed to light remains after
developing, the light-transmitting portion corresponds to the
first column spacer 272, the half light-transmitting portion
corresponds to the second column spacer 274 and the third
column spacer 276, and the light-blocking portion corre-
sponds to the depressed portions 276a and other regions
excluding the first, second, and third column spacers 272,
274, and 276.

[0086] A seal pattern 290 is formed in the non-display area
NAA onone of the inner surfaces of the first substrate 210 and
the second substrate 270, and the first and second substrates
210 and 270 are attached through the seal pattern 290 to
prevent the liquid crystal layer 280 from leaking. For
example, the seal pattern 290 may be between the passivation
layer 240 and the third column spacer 276.

[0087] Thecurved LCD device 200 according to the second
embodiment of the present invention has a color filter on array
structure or a COT structure where the color filters 2424,
242b, and 242c are formed on the thin film transistor T, and
the black matrix is omitted, thereby increasing the aperture
ratio.

[0088] The first light-blocking layer 244 is formed in the
display area AA of the first substrate 210, and the first light-
blocking layer 244 separates the pixel regions P in the display
area AA, thereby absorbing light between adjacent pixel
regions P and blocking light leakage from adjacent pixel
regions P.

[0089] In addition, the second light-blocking layer 246 is
formed in the non-display area NAA of the first substrate 210,
and the third column spacer 276 are formed in the non-display
area NAA of the second substrate 270, thereby light leakage
is prevented in the non-display area NAA.

[0090] Namely, the third column spacer 276 formed of
black resin may have a relatively low optical density (OD)
value as compared with a typical black matrix, and light may
is more likely to be transmitted. However, because the second
light-blocking layer 246 including the third color pattern
246a and the fourth color pattern 2465 is formed on the first
substrate 210 corresponding to the third column spacer 276,
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light absorption is increased in the non-display area NAA,
and the light leakage is prevented.

[0091] The third column spacer 276 includes the depressed
portions 276a corresponding to the fourth color pattern 2465
of the second light-blocking layer 246. When the curvature is
formed in the curved LCD device according to the second
embodiment of the present invention, a force may be applied
to the curved LCD device, and the third column spacer 276
may contact the fourth color pattern 2465 of the second light-
blocking layer 246. At this time, since the third column spacer
246 includes the depressed portions 276a, the third column
spacer 276 is in point-contact with the fourth color pattern
2465 of the second light-blocking layer 246 due to the
depressed portions 276a. Accordingly, the stress applied to
the first and second substrates 210 and 270 is dispersed as
compared with the surface contact, and the stress applied to
the liquid crystal molecules of the liquid crystal layer 280 is
decreased, whereby the liquid crystal molecules are twisted
with a relatively small angle with respect to each other. In
addition, when a surface of the curved LCD device is touched,
the third column spacer 276 also may be in point-contact with
the fourth color pattern 2465 of the second light-blocking
layer 246 due to the depressed portions 276a. At this time, the
stress applied to the liquid crystal molecules also may be
decreased.

[0092] As a result, when the stress is applied into the non-
display area NAA, the stress sensitivity, which may be indi-
cated as a change in light transmittance depending on twist of
the liquid crystal molecules when stress is applied, is
improved, and the light leakage is reduced.

[0093] Inthecurved LCD device 200, the touch visibility is
improved by controlling the arrangement density of the first
and second column spacers 272 and 274, which is the number
of column spacers with respect to the number of pixel regions,
in the display area AA.

[0094] The arrangement of the first and second column
spacers 272 and 274 will be described with reference to FIG.
7. FIG. 7 is a schematic plan view showing an exemplary
arrangement of first and second column spacers in a display
area of a curved LCD device according to the second embodi-
ment of the present invention.

[0095] InFIG.7, aplurality of pixel regions P are arranged
in a matrix form along a first direction (transverse direction)
and a second direction (longitudinal direction) in a display
area AA. The pixel regions P arranged in the second direction
include the same color filter, i.e.. one of red, green, and blue
color filters R, G, and B, and the pixel region P arranged in the
first direction include red, green, and blue pixel regions P,
which include the red, green, and blue color filters R, G, and
B and are sequentially repeatedly arranged.

[0096] One of first and second column spacers 272 and 274
is in each pixel region P, and the number of the second column
spacers 274 is greater than the number of the first column
spacers 272.

[0097] For example, on the basis of 36 pixel regions P, one
first column spacer 272 is formed in one of 36 pixel regions P,
and 35 column spacers 274 are formed in the remainder of 36
pixel regions P, respectively.

[0098] As stated above, in the curved LCD device 200 of
FIG. 6, the arrangement density of the first column spacers
272, as the gap column spacer, is lowered, and the arrange-
ment density of the second column spacers 274, as the push
column spacer, is increased. Thus, the touch margin, which is
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a degree of touch without causing light leakage or other
problems, is increased, and the touch visibility is improved.

[0099] FIG. 8is a cross-sectional view illustrating a curved
LCD device according to a third embodiment of the present
invention. The curved LCD device according to the third
embodiment has substantially the same structure as the
curved LCD device according to the second embodiment
except for a third column spacer. The same reference numbers
will be used to refer to the same parts as the second embodi-
ment, and explanations for the same parts will be omitted.

[0100] InFIG. 8, athird column spacer 278 is formed in the
non-display area NAA on the inner surface of the second
substrate 270. The third column spacer 278 is formed of black
resin absorbing light to block light leakage in the non-display
area NAA. The third column spacer 278 includes a plurality
of depressed portions 278a at its top surface. The depressed
portions 278a correspond to the fourth color pattern 2465 of
the second light-blocking layer 246. That is, the third column
spacer 278 has a flat surface without depressed portions cor-
responding to the third color pattern 246a exposed outside the
fourth color pattern 2464.

[0101] Thedepressed portions 278a may have a shape such
as apolygon including a rectangle or a circle in a plan view. A
depth ofthe depressed portions 278a is the same as the height
of the third column spacer 278, and thus, the inner surface of
the second substrate 270 is exposed through the depressed
portions 278a.

[0102] Here, the maximum width of the depressed portions
278a and a distance between adjacent depressed portions
278a may be more than 25 micrometers.

[0103] Inthe curved LCD device 200 according to the third
embodiment of the present invention, since the third column
spacer 278 includes the depressed portions 278« correspond-
ing to the fourth color pattern 2465 of the second light-
blocking layer 246, when the curvature is formed in the
curved LCD device according to the third embodiment of the
present invention, the third column spacer 278 is in point-
contact with the fourth color pattern 2465 of the second
light-blocking layer 246. Similar to the second embodiment
described above, the stress applied to the first and second
substrates 210 and 270 is dispersed, and the stress applied to
the liquid crystal molecules of the liquid crystal layer 280 is
decreased, as the liquid crystal molecules are twisted with a
relatively small angle with respect to each other.

[0104] As a result, when the stress of curvature is applied
into the non-display area NAA, the stress sensitivity, which
may be indicated as a change in light transmittance depending
on twist of the liquid crystal molecules when stress is applied,
is improved, and the light leakage is reduced.

[0105] FIG.9is a cross-sectional view illustrating a curved
LCD device according to a fourth embodiment of the present
invention. The curved LCD device according to the fourth
embodiment has substantially the same structure as the
curved LCD device according to the second embodiment
except for a third column spacer and a second light-blocking
layer. The same reference numbers will be used to refer to the
same parts as the second embodiment, and explanations for
the same parts will be omitted.

[0106] In FIG. 9, a second light-blocking layer 248 is
formed in the non-display area NAA on the inner surface of
the first substrate 210. Here, the non-display area NAA sur-
rounds the display area AA. The second light-blocking layer
248 may surround the display area AA.
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[0107] Thesecond light-blocking layer 248 includes a third
color pattern 2484 and a fourth color pattern 2485 on the third
color pattern 248a. The third color pattern 248a may be
formed of the same material as the red color filter 2424, and
the fourth color pattern 2485 may be formed of the same
material as the blue color filter 242¢. The fourth color pattern
248h may have a smaller size than the third color pattern 248a
due to steps of the layers thereunder, and the fourth color
pattern 2486 may partially expose the third color pattern
248a. Alternatively, the fourth color pattern 2485 may have
the same size as the third color pattern 248a.

[0108] The fourth color pattern 2485 includes a plurality of
depressed portions 248ba at its top surface. The depressed
portions 248ba may have a shape such as a polygon including
arectangle or a circle in a plan view. A depth of the depressed
portions 248ba is smaller than the height of the fourth color
pattern 248b. Here, the maximum width of the depressed
portions 248ba and a distance between adjacent depressed
portions 248ba may be less than 25 micrometers.

[0109] The gate insulating layer 220 and the passivation
layer 240 may be formed under the second light-blocking
layer 248.

[0110] A third column spacer 279 may be formed in the
non-display area NAA on the inner surface of the second
substrate 270. The third column spacer 279 is formed of black
resin absorbing light to block light leakage in the non-display
area NAA. The third column spacer 279 has a flat surface
without depressed portions.

[0111] In the curved LCD device 200 according to the
fourth embodiment of the present invention, the fourth color
pattern 2485 of the second light-blocking layer 248 includes
the depressed portions 248ba, and the third column spacer
279 has the flat surface. Therefore, when the curvature is
formed in the curved LCD device according to the fourth
embodiment, the third column spacer 279 is in point-contact
with the fourth color pattern 2485 of the second light-block-
ing layer 248. Accordingly, the stress applied to the first and
second substrates 210 and 270 is dispersed, and the stress
applied to the liquid crystal molecules of the liquid crystal
layer 280 is decreased, as the liquid crystal molecules are
twisted with a relatively small angle with respect to each
other.

[0112] As a result, when the stress due to curvature is
applied into the non-display area NAA, the stress sensitivity,
which may be indicated as a change in light transmittance
depending on twist of the liquid crystal molecules when stress
is applied, is improved, and the light leakage is reduced.
[0113] Inthe fourth embodiment, although the depth of the
depressed portions 248ba of the fourth color pattern 2485 is
smaller than the height of the fourth color pattern 2485, the
depth of the depressed portions 248ba of the fourth color
pattern 2485 may be the same as the height of the fourth color
pattern 2485, and the top surface of the third color pattern
248a may be exposed through the depressed portions 248ba
similar to the third embodiment.

[0114] In the embodiments of the present invention, the
depressed portions are formed in the third column spacer or
the second light-blocking layer. Alternatively, embossing
structures may be formed in addition to the depressed por-
tions. However, the structure is not limited on this, and any
structure for causing a point-contact between the third col-
umn spacer and the second light-blocking layer can be used.
[0115] In the curved LCD device of the present invention,
the distance from the main viewing point of the viewer to the
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center of the curved LCD device is the same as the distance
from the main viewing point to the left or right side of the
curved LCD device, and the distance deviation is prevented.
Accordingly, the sense of immersion into the displayed imag-
ery by the viewer is improved.

[0116] In addition, because the curved LCD device of the
present invention has the color filter on array structure (COT),
the black matrix can be omitted, and the aperture ratio can be
further increased.

[0117] Moreover, because the first light-blocking layer of
the same material as the color filter is formed in the display
area, the first light-blocking layer separates the pixel regions
and blocks light leakage outside the pixel region.

[0118] Furthermore, the second light-blocking layer of the
same material as the color filter is formed in the non-display
area, and the outer column spacer of the black resin is also
formed in the non-display area, thereby blocking the light
leakage in the non-display area. One of the second light-
blocking layer and the outer column spacer includes the
depressed portions, and the second light-blocking layer is in
point-contact with the outer column spacer when the curva-
ture is formed in the curved LCD device. Accordingly, the
sensitivity is improved and the aperture ratio is improved in
the non-display area.

[0119] Also, the arrangement density of the gap column
spacers is lowered, and the arrangement density of the push
column spacers is increased in the display area. Thus, the
touch margin is increased, and the touch visibility is
improved.

[0120] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A curved liquid crystal display device, comprising:

a first substrate and a second substrate where a display area
and a non-display area are defined;

aliquid crystal between the first and the second substrates;

a gate line and a data line in the display area on an inner
surface of the first substrate and crossing each other to
define a pixel region,

athin film transistor connected to the gate line and the data
line;

a color filter layer in the pixel region of the first substrate
and including red, green, and blue color filters;

a pixel electrode on the color filter layer and connected to
the thin film transistor;

a common electrode on the color filter layer, spaced apart
from and alternating with the pixel electrode;

a plurality of first light-blocking layers in the display area
over an inner surface of the first substrate, each first
light-blocking layer between adjacent pixel regions;

a second light-blocking layer in the non-display area over
the inner surface of the first substrate;

a first column spacer and a second column spacer in the
display area on an inner surface of the second substrate,
wherein the first column spacer corresponds to one of
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the first light-blocking layers and has a first height, and
the second column spacer corresponds to another of the
first light-blocking layers and has a second height; and

a third column spacer in the non-display area on the inner

surface of the second substrate and having the second
height,

wherein the third column spacer is in contact with the

second light-blocking layer when an external force is
applied.

2. The curved liquid crystal display device according to
claim 1, wherein the first light-blocking layer includes a first
color pattern and a second color pattern, and the second
light-blocking layer includes a third color pattern and a fourth
color pattern.

3. The curved liquid crystal display device according to
claim 2, wherein the first color pattern and the third color
pattern include a same material as the red color filter, and the
second color pattern and the fourth color pattern include a
same material as the blue color filter.

4. The curved liquid crystal display device according to
claim 2, wherein the third column spacer includes a plurality
of depressed portions.

5. The curved liquid crystal display device according to
claim 4, wherein the fourth color pattern has a smaller area
than the third color pattern to partially expose the third color
pattern, and the depressed portions correspond to the fourth
color pattern.

6. The curved liquid crystal display device according to
claim 4, wherein a depth of the depressed portions is smaller
than the second height of the third column spacer.

7. The curved liquid crystal display device according to
claim 4, wherein a depth of the depressed portions is a same
as the second height of the third column spacer, and the inner
surface of the second substrate is exposed through the
depressed portions.

8. The curved liquid crystal display device according to
claim 2, wherein the fourth color pattern includes a plurality
of depressed portions.

9. The curved liquid crystal display device according to
claim 8, wherein the fourth color pattern has a smaller area
than the third color pattern to partially expose the third color
pattern.

10. The curved liquid crystal display device according to
claim 8, wherein a depth of the depressed portions is smaller
than a height of the fourth color pattern.

11. The curved liquid crystal display device according to
claim 8, wherein a depth of the depressed portions is a same
as a height of the fourth color pattern, and the third color
pattern is exposed through the depressed portions.

12. The curved liquid crystal display device according to
claim 1, wherein the first height is greater than the second
height, and an arrangement density of the first column spacer
is lower than an arrangement density of the second column
spacer.

13. The curved liquid crystal display device according to
claim 12, wherein the first column spacer is in one 0f 36 pixel
regions, and the second column spacer is in the remainder of
the 36 pixel regions.
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