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(7) ABSTRACT

A curved liquid crystal display device includes first and sec-
ond substrates facing each other and including a central
region and a peripheral region; a plurality of data lines dis-
posed on the first substrate and being spaced apart from each
other by the same distance; a plurality of gate lines disposed
on the first substrate and crossing the plurality of data lines; a
pixel electrode disposed on the first substrate; a common
electrode on the first substrate or the second substrate; a
plurality of black matrixes disposed on the second substrate,
a distance between adjacent black matrixes in the central
region being smaller than a distance between adjacent black
matrixes in the peripheral region; and a liquid crystal layer
disposed between the first and second substrates.
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CURVED LIQUID CRYSTAL DISPLAY
DEVICE AND COLOR FILTER SUBSTRATE
FOR THE SAME

[0001] Thepresent application claims the benefit of Korean
Patent Application No. 10-2014-0072282 filed in Korea on
Jun. 13, 2014, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) device and more particularly to a curved LCD
device and a color filter substrate for the curved LCD device.
[0004] 2. Discussion of the Related Art

[0005] As society has entered in earnest upon an informa-
tion age, various display devices for displaying images are
required.

[0006] Flatpanel display devices, such as an LCD device, a
plasma display panel (PDP) and an organic light emitting
diode (OLED) display device, have excellent capabilities of a
thin profile, light weight and low power consumption, and so
on, relative to a cathode ray tube (CRT) device and are widely
researched instead of the CRT display.

[0007] Among these devices, since the LCD device has
advantages in the weight, the size and the power consump-
tion, the LCD device is widely used.

[0008] The LCD device includes a liquid crystal panel and
a backlight unit. The backlight unit is disposed under the
liquid crystal panel and provides the light to the liquid crystal
panel. The LCD device uses optical anisotropy and polariza-
tion properties of liquid crystal molecules in the liquid crystal
panel. The liquid crystal molecules have a definite alignment
direction as a result of their thin and long shapes. The align-
ment direction of the liquid crystal molecules can be con-
trolled by application of an electric field across the liquid
crystal molecules.

[0009] As the intensity or direction of the electric field is
changed, the alignment of the liquid crystal molecules also
changes. Since incident light is refracted based on the orien-
tation ofthe liquid crystal molecules due to the optical anisot-
ropy of the liquid crystal molecules, images can be displayed
by controlling light transmissivity.

[0010] Since the LCD device including a thin film transistor
(TFT) as a switching element, referred to as an active matrix
LCD (AM-LCD) device, has excellent characteristics of high
resolution and displaying moving images, the AM-LCD
device has been widely used.

[0011] Ontheotherhand, there is a distance deviation in the
related art LCD device.

[0012] Namely, with reference to FIG. 1, which shows the
related art LCD device, there is a difference between a first
distance “a” from a main viewing point to a center of the LCD
device 10 and a second distance “b” from the main viewing
point to a side of the LCD device 10. Namely, there is the
distance deviation in the flat type display device.

SUMMARY

[0013] Accordingly, the present invention is directed to a
curved LCD device and a color filter substrate for the same
that substantially obviate one or more of the problems due to
limitations and disadvantages of the related art.

[0014] An object of the present invention is to provide a
curved LCD device and a color filter substrate for the same
that is capable of preventing a distance deviation.
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[0015] An object of the present invention is to provide a
curved LCD device and a color filter substrate for the same
that is capable of preventing a light leakage problem without
aperture ratio decrease.

[0016] An object of the present invention is to provide a
curved LCD device and a color filter substrate for the same
that is capable of preventing a color mixture problem without
transmittance decrease.

[0017] An object of the present invention is to provide a
curved LCD device and a color filter substrate for the same
that is capable of preventing a color mixture problem, a light
leakage problem and a transmittance decrease problem with-
out aperture ratio decrease.

[0018] 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.

[0019] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, a curved liquid crystal display
device comprises first and second substrates facing each other
and including a central region and a peripheral region; a
plurality of data lines disposed on the first substrate and being
spaced apart from each other by the same distance; a plurality
of gate lines disposed on the first substrate and crossing the
plurality of data lines; a pixel electrode disposed on the first
substrate; a common electrode on the first substrate or the
second substrate; a plurality of black matrixes disposed onthe
second substrate, a distance between adjacent black matrixes
in the central region being smaller than a distance between
adjacent black matrixes in the peripheral region; and a liquid
crystal layer disposed between the first and second substrates.
[0020] In another aspect, a curved liquid crystal display
device comprises first and second substrates facing each other
and including a central region and a first peripheral region; a
plurality of data lines disposed on the first substrate and being
spaced apart from each other by a first distance; a plurality of
gate lines disposed on the first substrate and crossing the
plurality of data lines; a pixel electrode disposed on the first
substrate; a common electrode on the first substrate or the
second substrate; a black matrix disposed on the second sub-
strate and including first black matrixes in the central region
and second black matrixes in the first petipheral region; and a
liquid crystal layer disposed between the first and second
substrates, wherein the first black matrixes are spaced apart
from each other by a second distance, and the second black
matrixes are spaced apart from each other by a third distance
being smaller than the second distance.

[0021] In another aspect, the present invention provides a
curved liquid crystal display device including first and second
substrates facing each other and including a central region
and a peripheral region; a plurality of gate lines disposed on
the first substrate; a plurality of data lines disposed on the first
substrate and crossing the plurality of data lines; a pixel
electrode disposed on the first substrate; a common electrode
on the first substrate or the second substrate; a black matrix
disposed on the second substrate and corresponding to the
plurality of data lines; a color filter layer disposed on the
second substrate, a width of the color filter being decreased
from the central region to the peripheral region; and a liquid
crystal layer disposed between the first and second substrates.
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[0022] 1In another aspect, a curved liquid crystal display
device comprises first and second substrates facing each other
and including a central region and a first peripheral region; a
plurality of gate lines disposed on the first substrate; a plural-
ity of data lines disposed on the first substrate and crossing the
plurality of data lines; a pixel electrode disposed on the first
substrate; a common electrode on the first substrate or the
second substrate; a black matrix disposed on the second sub-
strate and corresponding to the plurality of data lines; a color
filter layer disposed on the second substrate and including a
first color filter in the central region and a second color filter
in the first peripheral region; and a liquid crystal layer dis-
posed between the first and second substrates, wherein a first
width of the first color filter is larger than a second width of
the second color filter.

[0023] Inanother aspect,a color filter substrate fora curved
liquid crystal display device comprises a substrate including
a central region and a first peripheral region; first black
matrixes in the central region and spaced apart from each
other by a first distance along a major axis of the substrate;
second black matrixes in the first peripheral region and
spaced apart from each other by a second distance, which is
smaller than the first distance, along the major axis of the
substrate; and a color filter layer between the first and second
black matrixes.

[0024] Inanother aspect,a color filter substrate fora curved
liquid crystal display device comprises a substrate including
acentral region and a first peripheral region; a black matrix on
the substrate and including an opening; and a color filter layer
in the opening and including a first color filter in the central
region and a second color filter in the first peripheral region,
wherein the first color filter has a first width being larger than
a second width of the second color filter.

[0025] Itisto beunderstood 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

[0026] 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.
[0027] FIG. 1 shows the related art LCD device.

[0028] FIG. 2 is a schematic perspective view of a curved
LCD device according to a first embodiment of the present
invention.

[0029] FIG. 3 is a schematic cross-sectional view showing
a flat state of a curved LCD device according to the first
embodiment of the present invention.

[0030] FIG. 4 is an enlarged view of “A” part in FIG. 3.
[0031] FIG. 5is a schematic cross-sectional view showing
a curved state of a curved LCD device according to the first
embodiment of the present invention.

[0032] FIG. 6is a schematic plane view showing a flat state
of a curved LCD device according to a second embodiment of
the present invention.

[0033] FIG. 7 is a schematic plane view showing a curved
state of a curved LCD device according to the second embodi-
ment of the present invention.

[0034] FIG. 8is a schematic plane view showing a flat state
of a curved LCD device according to a third embodiment of
the present invention.
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[0035] FIG. 9 is a schematic view explaining a shift
arrangement of a black matrix in a curved LCD device.
[0036] FIG. 10 is a schematic view explaining a shift prin-
ciple of an upper substrate in a curved LCD device.

[0037] FIG. 11 is a schematic plane view showing a flat
state of a curved LCD device according to a fourth embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0038] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0039] FIG. 2 is a schematic perspective view of a curved
LCD device according to a first embodiment of the present
invention.

[0040] As shown in FIG. 2, a curved LCD device 100 has a
curved shape. Namely, a flat display device is curved by a
pre-determined curvature with respect to a center of the dis-
play device to be curved shape.

[0041] Accordingly, a first distance “a™ from a main view-
ing point to a center of the LCD device 100 is substantially
equal to a second distance “b™ from the main viewing point to
a side of the LCD device 100 such that there is no distance
deviation. As a result, a sense of immersion is improved.
[0042] FIG. 3 is a schematic cross-sectional view showing
a flat state of a curved LCD device according to the first
embodiment of the present invention, and FIG. 4 is an
enlarged view of “A” part in FIG. 3. FIG. § is a schematic
cross-sectional view showing a curved state of a curved LCD
device according to the first embodiment of the present inven-
tion.

[0043] A curved LCD device 100 according to the first
embedment of the present invention includes first and second
substrates 110 and 120, which face each other, and a liquid
crystal layer 130 therebetween.

[0044] A flat state of the LCD device in FIG. 3 is trans-
formed into a curved state of the LCD device in FIG. 5 such
that the curved LCD device 100 is provided.

[0045] With reference to FIG. 4, a data line 140, a common
electrode 116, a pixel electrode 118 are formed on the first
substrate 110 as a lower substrate, and a black matrix 150 and
acolor filter layer 160 are formed on the second substrate 120
as an upper substrate.

[0046] In more detail, a gate line (not shown), which
extends along a direction, and a gate electrode (not shown),
which is connected to the gate line, are formed on the first
substrate 110, and a gate insulating layer 112 is formed to
cover the gate line and the gate electrode. A common line (not
shown) may be further formed to be parallel to the gate line.
[0047] Inaddition, a semiconductor layer (not shown) cor-
responding to the gate electrode is formed on the gate insu-
lating layer 112, and a source electrode (not shown) and a
drain electrode (not shown), which are spaced apart from
each other, are formed on the semiconductor layer. For
example, the semiconductor layer may include an active layer
of intrinsic amorphous silicon and an ohmic contact layer of
impurity-doped amaorphous silicon. Alternatively, the semi-
conductor layer may be formed of an oxide semiconductor
material.

[0048] The gate electrode, the gate insulating layer, the
semiconductor layer, the source electrode and the drain elec-
trode constitute a thin film transistor (TFT).
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[0049] Moreover, the data line 140 is formed on the gate
insulating layer 112. The data line 140 crosses the gate line to
define a pixel region P. In other words, the gate line and the
data line 140 extend along boundaries of the pixel region P.
[0050] The data line 140 is connected to the source elec-
trode. Namely, the TFT is connected to the gate line and the
data line 140.

[0051] A passivation layer 114 is formed to cover the TFT
and the data line 140 and includes a drain contact hole (not
shown) exposing the drain electrode of the TFT.

[0052] The common electrode 116 and the pixel electrode
118 are formed on the passivation layer 114. The common
electrode 116 and the pixel electrode 118 have a bar shape and
alternately arranged.

[0053] A commoncontacthole (notshown), whichexposes
the common line, may be formed through the gate insulating
layer 112 and the passivation layer 114, and the common
electrode 116 may be connected to the common line through
the common contact hole. The pixel electrode 118 is con-
nected to the drain electrode through the drain contact hole.
[0054] In FIG. 4, the common electrode 116 and the pixel
electrode 118 are alternately arranged and disposed on the
passivation layer 118. However, a position and a shape of the
common electrode 116 and the pixel electrode 118 are not
limited thereto.

[0055] For example, the common electrode and the pixel
electrode may be disposed in a different layer. In this instance,
lower one of the common electrode and the pixel electrode
may have a plate shape, and upper one of the common elec-
trode and the pixel electrode may include at least one open-
ing. Alternatively, the pixel electrode may be formed on the
first substrate, and the common electrode may be formed on
the second substrate.

[0056] The black matrix 150 and the color filter layer 160
are formed on the second substrate 120. The black matrix 150
has a lattice shape and includes an opening in correspondence
to the pixel region P. Namely, the black matrix 150 is posi-
tioned to overlap the data line 140.

[0057] The color filter layer 160 is disposed in the opening
of the black matrix 150. Namely, the color filter layer 160
corresponds to the pixel region P. For example, the color filter
layer 160 may include a red color filter pattern 162, a green
color filter pattern 164 and a blue color filter pattern 166.
[0058] Inthisinstance, the dataline 140 includes a plurality
of lines along boundaries of each pixel region P, and the black
matrix 150 also includes a plurality of lines corresponding to
the plurality of lines of the data line 140.

[0059] Namely, a firstdistance “D1” between adjacent lines
of the data line 140 is substantially equal to a second distance
“D2” between adjacent lines of the black matrix 150, and a
light leakage problem at a periphery of the data line 140 is
prevented by the black matrix 150.

[0060] However, when the LCD device is curved, the data
line 140 and the black matrix 150 are dislocated and do not
overlap such that the light leakage problem is generated at the
periphery of the data line 140.

[0061] As shown in FIG. 5, in the curved LCD device 100,
the data line 140a and the black matrix 150a in a central
region overlap, while the data lines 1405 and 140¢ and the
black matrixes 1506 and 150c in the peripheral region are
dislocated such that the data lines 1405 and 140c¢ are not
covered by the black matrixes 1506 and 150¢, respectively.
[0062] Namely, thereis no light leakage problem at periph-
erals of the data line 140q in the central region, while there is
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the light leakage problem at the peripherals of the data lines
1405 and 140¢ in the peripheral region.

[0063] In the curved LCD device 100, since the length of
the arc corresponding to the length of a surface of the second
substrate 120 is smaller than the length of the arc correspond-
ing to the length of a surface of the first substrate 110, the data
lines 140, which are spaced apart from each other by the first
distance D1, and the black matrixes 150, which are spaced
apart from each other by the second distance being equal to
the first distance D1, in a flat state are dislocated in the
peripheral region.

[0064] In addition, since the data lines 140 and the black
matrixes 150 are dislocated in the peripheral region, the light
in one pixel region P passes through the color filter layer 160
in adjacent pixel region P. In other words, the color mixture
problem is generated. (“B” part)

[0065] Moreover, the black matrix 150 is positioned in the
pixel region P in the curved state, the transmittance of the
curved LCD device is decreased.

[0066] On the other hand, the above problems can be over-
come by increasing a width of the black matrix 150. However,
the aperture ratio is decreased with increasing the width of the
black matrix 150.

[0067] A curved LCD device being capable of preventing a
color mixture problem, a light leakage problem and a trans-
mittance decrease problem without aperture ratio decrease
and a color filter substrate for the curved LCD device are
explainied.

[0068] FIG. 6is a schematic plane view showing a flat state
ofacurved LCD device according to a second embodiment of
the present invention.

[0069] As shown in FIG. 6, a curved LCD device 200
according to the second embedment of the present invention
includes first and second substrates 210 and 220, which face
each other, and a liquid crystal layer (not shown) therebe-
tween. In the first and second substrates 210 and 220, a central
region CR and a peripheral region BR are defined.

[0070] A plurality of data lines 240¢ and 2404 are disposed
along a vertical direction on the first substrate 210.

[0071] Although not shown, a plurality of gate lines, which
cross the data lines 2404 and 2405 to define a plurality of pixel
regions P, are disposed on the first substrate 210, and a TFT,
which is connected to corresponding one of the data lines
240a and 2405 and corresponding one of the gate lines, is
disposed in each pixel region P. In addition, a plurality of pixel
electrodes, which are connected to the TFT, are formed to be
spaced apart from each other on the first substrate 210, and a
plurality of common electrodes, which are alternately
arranged with the pixel electrodes, are disposed on the first
substrate 210. The first substrate 210 may be referred to as an
array substrate.

[0072] The data line includes first data lines 240q in the
central region CR and second data lines 2405 in the peripheral
region BR. The first and second data lines 2404 and 2405 are
spaced apart from each other by the same distance.

[0073] Namely, all of the first and second data lines 240a
and 240b have a first distance “d1”, and each pixel region P,
which is defined by the data lines 240a and 2405 and the gate
lines, has a first width “w1”.

[0074] On the second substrate 220, a black matrix 250a
and 2505, which extends to be parallel to the first and second
data lines 240qa and 2405 and has an opening in correspon-
denceto the pixel region P, and a color filter layer 160 (of FIG.
4) in the opening of the black matrix 250 and 2505 are
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disposed. Although not shown, the black matrix 250a and
2505 may include horizontal portions corresponding to the
gate lines. The second substrate 220 including the black
matrix 250a and 2505 and the color filter layer 160 may be
referred to as a color filter substrate. Alternatively, the color
filter layer may be formed on the first substrate or emitted.
[0075] Inthisinstance, the black matrix includes first black
matrixes 250a in the central region CR and second black
matrixes 2505 in the peripheral region BR. The first black
matrixes 250a have the same distance from each other, while
the second black matrixes 2505 have difference distances
from each other.

[0076] Namely, the first black matrixes 250« in the central
region CR are spaced apart from each other by a second
distance “d2”, which is substantially equal to the first distance
“d1” between the data lines 240a and 2405, while the second
black matrixes 2505 in the peripheral region BR are spaced
apart from each other by a third distance “d3” or a fourth
distance “d4”, each of which is smaller than the first distance
“d1” between the data lines 240a and 2406.

[0077] In addition, a distance between the second black
matrixes 2505 in the peripheral region BR is proportionally
decreased to a distance from the first black matrix 250a in the
central region CR. (d3>d4) In other words, the second black
matrixes 2505 in the peripheral region BR are shifted toward
the central region CR such that the distance between adjacent
second black matrixes 2505 is decreased from the central
region CR to the peripheral region BR with respect to a
curvature direction of the second substrate 220.

[0078] When the color filter layer 160 (of FIG. 4) including
the red, green and blue color filter patterns 162, 164 and 166
(of FIG. 4) is formed in the opening of the black matrixes
250a and 2505, a width of the color filter layer 160 between
the black matrixes 250a and 2504 is decreased from the
central region CR to the peripheral region BR.

[0079] Namely, due to the different distance between the
black matrixes 250a and 2504 have a different distance, the
color filter pattern in the central region CR has a second width
“w2”, which is substantially equal to the first width “w1” of
the pixel region “P”, while the color filter patterns in the
peripheral region “BR” have a third width “w3” or a fourth
width“w4”, each of which is smaller than the first width “w1”
of the pixel region P. (w3>w4)

[0080] FIG. 7 is a schematic plane view showing a curved
state of a curved LCD device according to the second embodi-
ment of the present invention. The curved LCD device is
provided by bending the flat LCD device in FIG. 6.

[0081] As shown in FIG. 7, in the curved LCD device 200,
which is bent or curved by a pre-determined curvature, the arc
length of the second substrate 220 with respect to an angel is
smaller than the arc length of the first substrate 210 with
respect to the angel.

[0082] Since the first distance “d1” between the second
data lines 2405 on the first substrate 210 in the peripheral
region BR is larger than each of the third and fourth distances
“d3” and “d4” between the second black matrixes 2505 on the
second substrate 220 in the peripheral region “BR”, a differ-
ence between the arc lengths of the first and second substrates
210and 220 is compensated such that the second black matrix
2505 overlaps the second data line 2404.

[0083] Namely, the difference in the arc length, which is
generated by the curvature of the curved LCD device, is
compensated by the shift arrangement of the second black
matrixes 2505 such that the mis-alignment between the sec-
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ond black matrix 2505 and the second data line 2406 in the
peripheral region BR is prevented. Accordingly, the light
leakage at the periphery of the second data line 2505 is not
generated.

[0084] In addition, since the pixel region P and the color
filter layer are accurately matched without the mis-alignment
between the second black matrix 2505 and the second data
line 2406, the color mixture problem by the light in adjacent
pixel region P is prevented.

[0085] Namely, by shifting the second black matrixes 2505
in the peripheral region BR into the central region CR without
increasing the width of the black matrixes 250a and 2505, the
light leakage problem, the color mixture problem and the
transmittance decrease problem are prevented.

[0086] FIG. 8isa schematic plane view showing a flat state
of a curved LCD device according to a third embodiment of
the present invention.

[0087] As shown in FIG. 8, a curved LCD device 300
according to the third embedment of the present invention
includes first and second substrates 310 and 320, which face
each other, and a liquid crystal layer (not shown) therebe-
tween. In the first and second substrates 310 and 320, a central
region CR, a first peripheral region BR1 and a second periph-
eral region BR2, which is positioned between the central
region CR and the first peripheral region BR1, are defined.
[0088] A plurality of data lines 340a, 3405 and 340c¢ are
disposed along a vertical direction on the first substrate 310.
[0089] The data line includes first data lines 340q in the
central region CR of the first substrate 310, second data lines
3405 in the first peripheral region BR1 and third data lines
340¢ in the second peripheral region BR2. The first to third
data lines 340a, 3405 and 340c¢ are spaced apart from each
other by the same distance.

[0090] Namely, all of the first to third data lines 340a, 3405
and 340c¢ have a first distance “d1”, and each pixel region P (of
FIG. 6), which is defined by the data lines 340a, 3405 and
340c¢ and the gate lines, has a first width “w1” (of FIG. 6).
[0091] On the second substrate 320, a black matrix 350q,
3504 and 350¢, which extends to be parallel to the first to third
data lines 340a, 3405 and 340c and has an opening in corre-
spondence to the pixel region P, is disposed.

[0092] The black matrix includes first black matrixes 350a
in the central region CR, second black matrixes 3504 in the
first peripheral region BR1 and third black matrixes 350¢ in
the second peripheral region BR2. The first black matrixes
350a have the same distance from each other, while the sec-
ond and third black matrixes 3506 and 350c¢ have difference
distances from each other.

[0093] Namely, the first black matrixes 350q in the central
region CR are spaced apart from each other by a second
distance “d2”, which is substantially equal to the first distance
“d1” between the data lines 340a, 3505 and 340c, while the
second black matrixes 3505 in the first peripheral region BR1
are spaced apart from each other by a third distance “d3”,
which is smaller than the first distance “d1” between the data
lines 340a, 34056 and 340c. In addition, the third black
matrixes 350¢ in the second peripheral region BR2 are spaced
apart from each other by a fourth distance “d4”, which is
smaller than the second distance “d2” between the first black
matrixes 350¢ and larger than the third distance “d3” between
the second black matrixes 3505.

[0094] Namely, the second and third black matrixes 3505
and 350c in the first and second peripheral regions BR1 and
BR2 are shifted toward the central region CR such that the
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distance between adjacent third black matrixes 350¢ and the
distance between adjacent second black matrixes 3505 are
decreased from the central region CR to an end of the second
substrate 320 with respect to a curvature direction of the
second substrate 320.

[0095] In the curved LCD device in FIGS. 6 and 7, the
distance between the black matrixes 250a and 2505 are
gradually decreased from the central region CR to the periph-
eral region BR. On the other hand, in the curved LCD device
in FIG. 8, the distance between the black matrixes 3504, 35056
and 350c are stepwisely decreased. In other words, in the
curved LCD device in FIG. 8, the distance between the black
matrixes 350a, 3505 and 350¢ in one of the central region CR,
the first peripheral region BR1 and the second peripheral
region BR2 is equal to each other.

[0096] When the color filter layer 160 (of FIG. 4) including
the red, green and blue color filter patterns 162, 164 and 166
(of FIG. 4) is formed in the opening of the black matrixes
350a, 3504 and 350c, the color filter layer 160 in the central
region CR has a second width “w2”, which is substantially
equal to the first width “w1” of the pixel region P, and the
color filter layers in the first and second peripheral regions
BR1 and BR2 have a width being smaller than the first width
“w1” of the pixel region P.

[0097] Namely, the width of the color filter layer between
the black matrixes 350a, 35056 and 350c¢ is stepwisely
decreased from the central region CR to the end of the second
substrate 320. The width of the color filter layer in the second
peripheral region BR2 is smaller than the width of the color
filter in the central region CR and larger than the width of the
color filter layer in the first peripheral region BR1.

[0098] When the flat LCD device is curved to provide the
curved LCD device 300, a difference in the arc length gener-
ated by the curvature of the curved LCD device 300 is com-
pensated by the shift arrangement of the black matrixes 3505
and 350c such that a mis-alignment between the black
matrixes 3505 and 350¢ and the data lines 3405 and 340¢ in
the peripheral regions BR1 and BR2 is prevented. Accord-
ingly, the light leakage at the periphery of the data lines 3405
and 340c is not generated.

[0099] In addition, since the pixel region P and the color
filter layer are accurately matched without the mis-alignment
between the black matrixes 3505 and 350c¢ and the data lines
3405 and 340c, the color mixture problem by the light in
adjacent pixel region P is prevented.

[0100] Namely, by shifting the second black matrixes 3505
and 350¢ in the peripheral regions BR1 and BR2 into the
central region CR without increasing the width of the black
matrixes 350a, 3505 and 350c, the light leakage problem, the
color mixture problem and the transmittance decrease prob-
lem are prevented.

[0101] With reference to FIG. 9, a shift arrangement of a
black matrix in a curved LCD device is explained.

[0102] As shown in FIG. 9, in the curved LCD device, the
arc length of an upper substrate “SUB1” is different from the
arc length of a lower substrate “SUB2” with respect to a
pre-determined angle “6”. Namely, a first arc length “T.1” of
the upper substrate “SUB1” is smaller than a second arc
length “I.2” of the lower substrate “SUB2” such that the
problems, such as the color mixture, the light leakage, and so
on, shown in FIG. 5 are generated.

[0103] To resolve the above problems, the black matrixes
are shifted as shown in FIGS. 6 to 8. For example, the black
matrixes are shifted by a half of the difference between the
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first arc length “L1” of the upper substrate “SUB1” and the
second arc length “L.2” of the lower substrate “SUB2” to
prevent the mis-alignment between the black matrix and the
data line.

[0104] With reference to FIG. 10, which is a schematic
view explaining a shift principle of an upper substrate in a
curved LCD device, the shift range is maximized in a ¥ point
and a ¥ point. In FIG. 10, the x axis is a position in the length
direction of the substrate, and the y direction is a shift range in
micrometer.

[0105] Accordingly, the shift of the black matrix for com-
pensating the mis-alignment between the black matrix and
the data line is conducted in consideration of the substrate
shift principle.

[0106] FIG. 11 is a schematic plane view showing a flat
state of a curved LCD device according to a fourth embodi-
ment of the present invention.

[0107] As shown in FIG. 11, a curved LCD device 400
according to the fourth embedment of the present invention
includes first and second substrates 410 and 420, which face
each other, and a liquid crystal layer (not shown) therebe-
tween. In the first and second substrates 410 and 420, a central
region CR, a first peripheral region BR1 and a second periph-
eral region BR2, which is positioned between the central
region CR and the first peripheral region BR1, are defined.
[0108] A plurality of data lines 440a, 4405 and 440c are
disposed along a vertical direction on the first substrate 410.
[0109] The data line includes first data lines 440q in the
central region CR of the first substrate 410, second data lines
4405 in the first peripheral region BR1 and third data lines
440c in the second peripheral region BR2. The first to third
data lines 440a, 4405 and 440¢ are spaced apart from each
other by the same distance.

[0110] Namely, all of the first to third data lines 440a, 4405
and 440chave a first distance “d1”, and each pixel region P (of
FIG. 6), which is defined by the data lines 440a, 4405 and
440¢ and the gate lines, has a first width “w1” (of FIG. 6).
[0111] On the second substrate 420, a black matrix 450q,
4505 and 450¢, which extends to be parallel to the first to third
data lines 440a, 4405 and 440c and has an opening in corre-
spondence to the pixel region P, is disposed.

[0112] The black matrix includes first black matrixes 450a
in the central region CR, second black matrixes 4504 in the
first peripheral region BR1 and third black matrixes 450¢ in
the second peripheral region BR2. The distance between the
first black matrixes 450q in the central region CR is substan-
tially equal to the distance between the second black matrixes
4505 in the first peripheral region BR1 and different from the
distance between the third black matrixes 450¢ in the second
peripheral region BR2.

[0113] Namely, the first black matrixes 450q in the central
region CR and the second black matrixes 4505 in the first
peripheral region BR1 are spaced apart from each other by a
second distance “d2”, which is substantially equal to the first
distance “d1” between the data lines 4504, 4505 and 450c¢,
and the third black matrixes 450c¢ in the second peripheral
region BR2 are spaced apart from each other by a third dis-
tance “d3”, which 1s smaller than the second distance “d2”.
[0114] With reference again to FIG. 10, since the substrate
of the curved LCD device has a maximum shift range at the
regions between the center of the substrate and an end of the
substrate, i.e., the ¥4 and %4 positions, the shift range of the
black matrixes 450a, 4505 and 450c is maximized at the
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second peripheral region BR2 between the center of the sub-
strate and the end of the substrate.

[0115] Namely, the distance between the black matrixes is
decreased from the central region CR to the second peripheral
region BR2, and the distance between the black matrixes is
increased from the second peripheral region BR2 to the first
peripheral region BR1.

[0116] In addition, when the color filter layer 160 (of FIG.
4) including the red, green and blue color filter patterns 162,
164 and 166 (of F1G. 4) is formed in the opening of the black
matrixes 450a, 4505 and 450¢, the color filter layer 160 has a
second width “w2”, which is substantially equal to the first
width “w1” of the pixel region “P”, in the central region CR
and the first peripheral region BR1 and has a width, which is
smaller than the first width “w1” of the pixel region, in the
second peripheral region BR2 according to a distance varia-
tion of the black matrixes 450a, 4505 and 450c.

[0117] Inthe curved LCD device, since the mis-alignment
between the black matrixes 4505 and 450¢ and the data lines
4405 and 440c¢ is further compensated, the light leakage prob-
lem, the color mixture problem and the transmittance
decrease problem are prevented. In addition, since the black
matrixes 450a, 4505 and 450c¢ have the same width, there is
no decreased of the aperture ratio.

[0118] 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:

first and second substrates facing each other and including
a central region and a peripheral region;

a plurality of data lines disposed on the first substrate and
being spaced apart from each other by the same distance;

a plurality of gate lines disposed on the first substrate and
crossing the plurality of data lines;

a pixel electrode disposed on the first substrate;

a common electrode on the first substrate or the second
substrate;

a plurality of black matrixes disposed on the second sub-
strate, a distance between adjacent black matrixes in the
central region being smaller than a distance between
adjacent black matrixes in the peripheral region; and

aliquid crystal layer disposed between the first and second
substrates.

2. The curved liquid crystal display device according to

claim 1, further comprising:

a color filter on the second substrate and between the plu-
rality of black matrixes, wherein a width of the color
filter is decreased from the central region to the periph-
eral region.

3. A curved liquid crystal display device, comprising:

first and second substrates facing each other and including
a central region and a first peripheral region;

a plurality of data lines disposed on the first substrate and
being spaced apart from each other by a first distance;

a plurality of gate lines disposed on the first substrate and
crossing the plurality of data lines;

a pixel electrode disposed on the first substrate;

a common electrode on the first substrate or the second
substrate;
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ablack matrix disposed on the second substrate and includ-
ing first black matrixes in the central region and second
black matrixes in the first peripheral region; and

aliquid crystal layer disposed between the first and second
substrates,

wherein the first black matrixes are spaced apart from each

other by a second distance, and the second black
matrixes are spaced apart from each other by a third
distance being smaller than the second distance.

4. The curved liquid crystal display device according to
claim 3, wherein the first and second substrates further
include a second peripheral region between the central region
and the first peripheral region, and the black matrix further
includes third black matrixes in the second peripheral region,
and

wherein the third black matrixes are spaced apart from each

other by a fourth distance being smaller than the second
distance and larger than the third distance.

5. The curved liquid crystal display device according to
claim 4, further comprising;

first to third color filters on the second substrate and in the

central region and the first and second peripheral
regions, respectively, wherein the third color filter has a
width being smaller than the first color filter and being
larger than the second color filter.

6. The curved liquid crystal display device according to
claim 3, wherein the first and second substrates further
include a second peripheral region at an outer side of the first
peripheral region, and the black matrix further includes third
black matrixes in the second peripheral region, and

wherein the third black matrixes are spaced apart from each

other by the second distance.

7. The curved liquid crystal display device according to
claim 6, further comprising;

first to third color filters on the second substrate and in the

central region and the first and second peripheral
regions, respectively, wherein the first color filter has a
width being substantially equal to the third color filter
and being larger than the second color filter.

8. The curved liquid crystal display device according to
claim 7, wherein a pixel region is defined by cross of the gate
and data lines, and

wherein the width of the first and third color filters is

substantially equal to a width of the pixel region, and the
width of the second color filter is smaller than the width
of the pixel region.

9. The curved liquid crystal display device according to
claim 3, further comprising;

first and second color filters on the second substrate and in

the central region and the first peripheral region, respec-
tively, wherein the second color filter has a with being
smaller than the first color filter.

10. A curved liquid crystal display device, comprising;

first and second substrates facing each other and including

a central region and a peripheral region;

a plurality of gate lines disposed on the first substrate;

a plurality of data lines disposed on the first substrate and

crossing the plurality of data lines;

a pixel electrode disposed on the first substrate;

a common electrode on the first substrate or the second

substrate;

a black matrix disposed on the second substrate and corre-

sponding to the plurality of data lines;
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acolor filter layer disposed on the second substrate, a width
of the color filter being decreased from the central region
to the peripheral region; and

aliquid crystal layer disposed between the first and second
substrates.

11. A curved liquid crystal display device, comprising:

first and second substrates facing each other and including
a central region and a first peripheral region;

a plurality of gate lines disposed on the first substrate;

a plurality of data lines disposed on the first substrate and
crossing the plurality of data lines;

a pixel electrode disposed on the first substrate;

a common electrode on the first substrate or the second
substrate;

ablack matrix disposed on the second substrate and corre-
sponding to the plurality of data lines;

a color filter layer disposed on the second substrate and
including a first color filter in the central region and a
second color filter in the first peripheral region; and

aliquid crystal layer disposed between the first and second
substrates, wherein a first width of the first color filter is
larger than a second width of the second color filter.

12. The curved liquid crystal display device according to
claim 11, wherein the first and second substrates further
includes a second peripheral region between the central
region and the first peripheral region, and the color filter layer
further includes a third color filter in the second peripheral
region, and

wherein a third width of the third color filter is smaller than
the first width and larger than the second width.

13. The curved liquid crystal display device according to
claim 11, wherein the first and second substrates further
includes a second peripheral region at an outer side of the first
peripheral region, and the color filter layer further includes a
third color filter in the second peripheral region, and

wherein the third color filter has the first width.

14. A color filter substrate for a curved liquid crystal dis-
play device, comprising:

a substrate including a central region and a first peripheral

region;

first black matrixes in the central region and spaced apart
from each other by a first distance along a major axis of
the substrate;

second black matrixes in the first peripheral region and
spaced apart from each other by a second distance,
which is smaller than the first distance, along the major
axis of the substrate; and
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a color filter layer between the first and second black
matrixes.

15. The color filter substrate according to claim 14, further
comprising:
third black matrixes in a second peripheral region between
the central region and the first peripheral region,

wherein the third black matrixes are spaced apart from each
other by a third distance being smaller than the first
distance and larger than the second distance.

16. The color filter substrate according to claim 14, further
comprising:
third black matrixes in a second peripheral region at an
outer side of the first peripheral region,

wherein the third black matrixes are spaced apart from each
other by the first distance.

17. The color filter substrate according to claim 16,
wherein the color filter layer has a first width at the second
peripheral region and a second width, which is smaller than
the first width, at the first peripheral region.

18. A color filter substrate for a curved liquid crystal dis-
play device, comprising:
a substrate including a central region and a first peripheral
region;
a black matrix on the substrate and including an opening;
and

a color filter layer in the opening and including a first color
filter in the central region and a second color filter in the
first peripheral region,

wherein the first color filter has a first width being larger
than a second width of the second color filter.

19. The color filter substrate according to claim 18,
wherein the color filter layer further includes a third color
filter in a second peripheral region between the central region
and the first peripheral region,

wherein the third color filter has a third width being smaller
than the first width and being larger than the second
width.

20. The color filter substrate according to claim 18,
wherein the color filter layer further includes a third color
filter in a second peripheral region at an outer side of the first
peripheral region,

wherein the third color filter has the first width.
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