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CURVED LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0167557,
filed on Dec. 30, 2013, in the Korean Intellectual Property
Office, and entitled: “Curved Liquid Crystal Display,” is
incorporated by reference herein in its entirety.

BACKGROUND
[0002] 1.Field
[0003] Embodiments relate to a curved liquid crystal dis-
play.
[0004] 2. Description of the Related Art
[0005] A liquid crystal display, which is one type of flat

panel display, may include two sheets of display panels with
field generating electrodes (such as a pixel electrode, a com-
mon electrode, or the like) and a liquid crystal layer inter-
posed therebetween. The liquid crystal display device may
generate an electric field in the liquid crystal layer by apply-
ing voltage to the field generating electrodes, and may deter-
mine or affect a direction of liquid crystal molecules of the
liquid crystal layer by the generated electric field, thus con-
trolling polarization of incident light so as to display images.
Transmittance of the liquid crystal display may be increased
as the liquid crystal molecules are effectively controlled.

[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY
[0007] Embodiments are directed to a curved liquid crystal
display.
[0008] The embodiments may be realized by providing a

curved liquid crystal display including a first substrate having
acurved shape; a plurality of gate lines and a plurality of data
lines on the first substrate; a plurality of thin film transistors
connected to the plurality of gate lines and the plurality of
data lines; a plurality of color filters on the plurality of thin
film transistors; a plurality of pixel electrodes and common
electrodes on the plurality of color filters, the plurality of
pixel electrodes and common electrodes overlapping with
each other with a first insulating layer therebetween; a second
substrate having a curved shape, the second substrate facing
the first substrate; vertical alignment layers on inner sides of
the first substrate and the second substrate; and a liquid crystal
layer between the vertical alignment layers, wherein liquid
crystal molecules of the liquid crystal layer are aligned to be
vertical 1o surfaces of the first substrate and the second sub-
strate when an electric field is not formed.

[0009] The liquid crystal molecules may be aligned to be
horizontal to the surfaces of the first substrate and the second
substrate and in the direction of the electric field, when the
electric field is formed in the liquid crystal layer.

[0010] The common electrode may be on the plurality of
color filters, the first insulating layer may be on the common
electrode, and the plurality of pixel electrodes may be on the
first insulating layer.

[0011] The curved liquid crystal display may further
include a light blocking member on the second substrate and
at a position overlying a region where two adjacent color
filters of the plurality of color filters overlap with each other.
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[0012] A width of the light blocking member may be the
same as or larger than a width of the data line.

[0013] The curved liquid crystal display may further
include a column spacer attached to the light blocking mem-
ber.

[0014] A portion of the color filters where the plurality of
color filters overlaps with each other may have a flat shape.
[0015] The curved liquid crystal display may further
include a shielding electrode on the first substrate, the shield-
ing electrode being at a position overlying an interface
between two adjacent color filters of the plurality of color
filters and the data line; and an additional electrode on the
second substrate.

[0016] The curved liquid crystal display may further
include a column spacer attached onto the shielding elec-
trode.

[0017] The plurality of pixel electrodes may be on the plu-
rality of color filters, the first insulating layer may be on the
pixel electrode, and the common electrode may be on the first
insulating layer.

[0018] The curved liquid crystal display may further
include a light blocking member on the second substrate and
at a position overlying a region where two adjacent color
filters among the plurality of color filters overlap with each
other.

[0019] A width of the light blocking member may be the
same as or larger than a width of the data line.

[0020] The curved liquid crystal display may further
include a column spacer attached onto the light blocking
member.

[0021] A portion of the color filters where the plurality of
color filters may overlap with each other has a flat shape.
[0022] The curved liquid crystal display may further
include a light blocking member between two adjacent color
filters among the plurality of color filters, the light blocking
member being on the first substrate and at a position overlying
the data line.

[0023] The curved liquid crystal display may further
include a column spacer attached onto the light blocking
member.

[0024] The embodiments may be realized by providing a
curved liquid crystal display including a first substrate having
a curved shape; a plurality of common electrodes and a plu-
rality of pixel electrodes on the first substrate, the plurality of
common electrodes and plurality of pixel electrodes being
alternately separated from each other and being on a same
layer; a second substrate having a curved shape, the second
substrate facing the first substrate; vertical alignment layers
on inner sides of the first substrate and the second substrate;
and a liquid crystal layer between the vertical alignment
layers, wherein liquid crystal molecules of the liquid crystal
layer are aligned to be vertical to surfaces of the first substrate
and the second substrate when an electric field is not formed.
[0025] The liquid crystal molecules may be aligned to be
horizontal to the surfaces of the first substrate and the second
substrate in the direction of the electric field, when the electric
field is formed in the liquid crystal layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0027] FIG. 1 illustrates a schematic diagram of a liquid
crystal display according to an exemplary embodiment.
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[0028] FIG. 2 illustrates a layout view of the liquid crystal
display according to the exemplary embodiment.

[0029] FIG. 3 illustrates a cross-sectional view taken along
line of FIG. 2.
[0030] FIG. 4 illustrates a cross-sectional view taken along

line IV-IV of FIG. 2.

[0031] FIG. 5 illustrates a cross-sectional view of a liquid
crystal display according to another exemplary embodiment,
which is taken along line of FIG. 2.

[0032] FIG. 6 illustrates a cross-sectional view of a liquid
crystal display according to yet another exemplary embodi-
ment, which is taken along line of FIG. 2.

[0033] FIG. 7 illustrates a layout view of a liquid crystal
display device according to yet another exemplary embodi-
ment.

[0034] FIG. 8 illustrates a cross-sectional view taken along
line IX-IX of FIG. 7.

[0035] FIG.9illustrates a cross-sectional view taken along
line X-X of FIG. 7.

[0036] FIG. 10 illustrates a cross-sectional view of a liquid
crystal display device according to yet another exemplary
embodiment.

[0037] FIG. 11 illustrates a diagram ofa result of measuring
light leakage in black and uniformity of luminance on gray in
curved liquid crystal displays according to an exemplary
embodiment and a Comparative Example.

[0038] FIG.12illustrates a diagram ofa result of measuring
generation of spots in curved liquid crystal displays accord-
ing to an exemplary embodiment and Comparative Example.
[0039] FIG. 13 illustrates a diagram ofa result of measuring
changes in color coordinates for each position before and
after forming a curved surface in a curved liquid crystal
display according to an exemplary embodiment.

[0040] FIG. 14 illustrates a diagram illustrating a result of
measuring light leakage in a black state in curved liquid
crystal displays according to an exemplary embodiment and
Comparative Example.

DETAILED DESCRIPTION

[0041] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0042] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

[0043] TItwill be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0044] First, a liquid crystal display according to an exem-
plary embodiment will be described in detail with reference
to FIG. 1.

[0045] FIG. 1 illustrates a schematic diagram of a liquid
crystal display according to an exemplary embodiment.
[0046] As illustrated in FIG. 1, the liquid crystal display
according to the exemplary embodiment may include a lower
insulation substrate 110, a plurality of common electrodes
131 and pixel electrodes 191 on the lower insulation substrate
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110, an upper insulation substrate 210 facing the lower insu-
lation substrate 110, and a liquid crystal layer 3 between the
upper insulation substrate 210 and the lower insulation sub-
strate 110.

[0047] The liquid crystal layer 3 may be formed in an
in-plane switching mode, which may be driven by only an
electric field of the common electrode 131 and the pixel
electrode 191 on the lower insulation substrate 210.

[0048] FIG. 1(a) illustrates an off state of the liquid crystal
display, and FIG. 1() illustrates an on state of the liquid
crystal display.

[0049] As illustrated in FIG. 1(a), liquid crystal molecules
31 (configuring the liquid crystal layer 3) may be in a verti-
cally aligned state when the liquid crystal display is in the off
state. As illustrated in FIG. 1(b), liquid crystal molecules 31
(configuring the liquid crystal layer 3) may be driven in an
in-plane switching mode by the electric field of the plurality
of common electrodes 131 and pixel electrodes 191 (formed
only on the lower insulation substrate 210) when the liquid
crystal display is turned on.

[0050] After the liquid crystal inside the liquid crystal dis-
play is manufactured in a vertical field mode, when the liquid
crystal display is processed in a curved shape, there may be no
large change in behavior of the liquid crystal molecules due to
misalignment of the upper insulation substrate 210 and the
lower insulation substrate 110.

[0051] However, in the case where the liquid crystal inside
the liquid crystal display is manufactured in the in-plane
switching mode, when the liquid crystal display is processed
in a curved shape, there may be a large change in behavior of
the liquid crystal molecules due to misalignment of the upper
insulation substrate 210 and the lower insulation substrate
110. As a result, light leakage may occur to a greater degree,
as compared with the vertical field mode. Accordingly, an
initial alignment of the liquid crystal molecules 31 (config-
uring the liquid crystal layer 3) when the liquid crystal display
is in the off state may be formed in a vertical alignment to
prevent the light leakage.

[0052] Further, when the liquid crystal display is in the on
state, the liquid crystal display may be implemented in an
existing in-plane switching mode. For example, according to
an embodiment, in an off state, the initial alignment of the
liquid crystalmolecules 31 of the liquid crystal layer 3 may be
perpendicular to a tangent of the curved substrate 110 or 210.
In an on state, the alignment of a liquid crystal molecule 31
that is under the influence of the electric filed may be hori-
zontal to the surface of the curved substrate 110 or 210, e.g,,
the liquid crystal molecule 31 may be parallel with a tangent
line of the curved substrate 110 or 210.

[0053] Next, aliquid crystal display according to an exem-
plary embodiment will be described in detail with reference
to FIGS. 2to 4.

[0054] FIG. 2 illustrates a layout view of a liquid crystal
display according to an exemplary embodiment. FIG. 3 illus-
trates a cross-sectional view taken along line of FIG. 2, and
FIG. 4 illustrates a cross-sectional view taken along line
IV-IV of FIG. 2.

[0055] The liquid crystal display according to the exem-
plary embodiment may include a lower panel 100 and an
upper panel 200 facing each other, and a liquid crystal layer 3
between the two panels 100 and 200.

[0056] First, the lower panel 100 will be described.

[0057] A plurality of gate lines 121 may be formed on an
insulation substrate 110.



US 2015/0185565 Al

[0058] Thegatelines 121 may transfer gate signals and may
extend in a horizontal direction. Each gate line 121 may
include a plurality of gate electrodes 124.

[0059] A gate insulating layer 140 may be formed on the
gate line 121. The gate insulating layer 140 may be made ofor
may include, e.g.,, an inorganic insulator such as silicon
nitride (SiNx) or silicon oxide (SiOx).

[0060] A plurality of semiconductors 151 may be formed
on the gate insulating layer 140. The semiconductor 151 may
include a protrusion 154 extending along the gate electrode
124. In an implementation, the semiconductor 151 may be
disposed only on the gate electrode 124.

[0061] A plurality of ohmic contacts 161, 163, and 165 may
be formed on the semiconductor 151. The ohmic contacts 163
and 165 may face each other based on the gate electrode 124
and may be disposed on the semiconductor 154 to make a pair.
The ohmic contacts 161, 163, and 165 may be made of a
material, e.g., n* hydrogenated amorphous silicon (in which
an n-type impurity such as phosphorus is doped at high con-
centration) or a silicide. In an implementation, the ohmic
contacts 161, 163, and 165 may be omitted.

[0062] Data conductors, including a plurality of data lines
171 and a plurality of drain electrodes 175, may be positioned
on the ohmic contacts 161, 163, and 165.

[0063] The data lines 171 may transfer data signals and
may extend in a vertical direction to cross the gate lines 121.
Each data line 171 may include a plurality of source elec-
trodes 173 that extend toward the gate electrode 124. The data
line 171 may be periodically curved and may form an oblique
angle with an extending direction of the gate line 121. The
oblique angle between the data line 171 and the extending
direction of the gate line 121 may be about 45° or more. In an
implementation, the data line 171 may extend in a straight
line.

[0064] The drain electrode 175 may include a rod-shaped
end portion that faces the source electrode 173, based on the
gate electrode 124 and the other wide end portion.

[0065] The gate electrode 124, the source electrode 173,
and the drain electrode 175 may form a thin film transistor
(TFT), which is a switching element, together with the semi-
conductor protrusion 154. A semiconductor stripe 151 may
have almost the same planar shape as the data line 171, the
drain electrode 175, and the ohmic contacts 161 and 165
therebelow, except for the semiconductor protrusion 154
where the thin film transistor is positioned.

[0066] A first passivation layer 180x may be positioned on
the data conductors 171 and 175 and the exposed semicon-
ductor protrusion 154. The first passivation layer 180x may be
made of or may include, e.g., an organic insulating matetial,
an inorganic insulating material, or the like.

[0067] A plurality of color filters 230A, 230B, and 230C
may be disposed on the first passivation layer 180x. Each of
the color filters 2304, 230B, and 230C may uniquely display
one of the primary colors, and an example of the primary
colors may include three primary colors such as red, green,
and blue, or yellow, cyan, magenta, and the like. Although not
illustrated, the color filters may further include a color filter
displaying a mixed color of the primary colors or white other
than the primary colors. The color filters 230A, 230B, and
230C may be made of or may include organic materials. Each
of the color filters 2304, 230B, and 230C may be elongated
along the data line 171, and two color filters 230A and 230B,
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or 230B and 230C, which are adjacent to each other on a
boundary of the data line 171, may be overlapped with each
other.

[0068] A plurality of common electrodes 131 may be dis-
posed on the color filters 230A, 230B, and 230C. The com-
mon electrode 131 may be made of or may include a trans-
parent conductive material such as ITO or IZ0O. The common
electrode 131 (e.g., having a planar shape) may be formed on
an entire surface of the insulation substrate 110 in a whole
plate, and may have an opening 138 in a region corresponding
to or overlying a periphery of the drain electrode 175.
[0069] A second passivation layer 180y may be disposed on
the common electrode 131. The second passivation layer
180y may be made of or may include an organic insulating
material or an inorganic insulating material.

[0070] A pixel electrode 191 may be formed on the second
passivation layer 180y. The pixel electrode 191 may include a
plurality of branch electrodes 193 (which may extend to be
substantially parallel with each other and may be spaced apart
from each other), and lower and upper horizontal portions
192 connecting upper and lower ends of the branch electrodes
193. The branch electrode 193 of the pixel electrode 191 may
be curved along the data line 171. In an implementation, the
data lines 171 and the branch electrode 193 of the pixel
electrode 191 may extend in a straight line. The pixel elec-
trode 191 may be made of or may include a transparent
conductive material such as ITO or 1ZO.

[0071] A plurality of contact holes 183 (exposing a part of
the drain electrode 175) may be formed in the first passivation
layer 180, the color filter 230B, and the second passivation
layer 180y, and the pixel electrode 191 may be electrically
connected with the drain electrode 175 through the contact
hole 183 to receive a data voltage.

[0072] The contact hole 183 may be formed at a position
corresponding to or aligned with the opening 138 in the
commor electrode 131.

[0073] The pixel electrode 191 (receiving the data voltage)
may generate an electric field in the liquid crystal layer 3
together with the common electrode 131 (receiving a com-
mon voltage).

[0074] Thebranch electrodes 193 of the pixel electrode 191
may overlap with the common electrode 131 (which may
have the planar shape).

[0075] A firstalignment layer 11 may be coated on an inner
surface of the lower panel 100.

[0076] Next, the upper panel 200 will be described.
[0077] Theupper panel 200 may include an insulation sub-
strate 210, and a light blocking member 220 on the insulation
substrate 210. An overcoat 250 may be further formed on the
light blocking member 220.

[0078] A width of the light blocking member 220 may be
larger than a width of the data line 171.

[0079] A second alignment layer 21 may be coated on the
overcoat 250.
[0080] The first alignment layer 11 and the second align-

ment layer 21 may be vertical alignment layers for vertically
aligning the liquid crystal molecules 31 inside the liquid
crystal layer 3.

[0081] The liquid crystal layer 3 between the lower panel
100 and the upper panel 200 may include liquid crystal mol-
ecules 31. The liquid crystal molecules 31 may be aligned so
that long axes thereof are vertical or perpendicular to the
surfaces of the two panels 100 and 200 when an electric field
is not applied.
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[0082] The liquid crystal layer 3 may have positive dielec-
tric anisotropy or may have negative dielectric anisotropy.
The liquid crystal molecules of the liquid crystal layer 3 may
be aligned to have pretilts in a predetermined direction, and
the pretilt directions of the liquid crystal molecules may be
changed according to dielectric anisotropy of the liquid crys-
tal layer 3.

[0083] As noted above, after the liquid crystal inside the
liquid crystal display is manufactured in a vertical field mode,
when the liquid crystal display is processed ina curved shape,
there may be no large change in behavior of the liquid crystal
molecules due to misalignment of the upper insulation sub-
strate 210 and the lower insulation substrate 110.

[0084] In the case where the liquid crystal inside the liquid
crystal display is manufactured in the in-plane switching
mode, when the liquid crystal display is processed in a curved
shape. there may be a large change in behavior of the liquid
crystal molecules due to misalignment of the upper insulation
substrate 210 and the lower insulation substrate 110. As a
result, light leakage may more frequently occur, as compared
with the vertical field mode. Accordingly, an initial alignment
of the liquid crystal molecules 31 (configuring the liquid
crystal layer 3) when the liquid crystal display is in the off
state may be formed in a vertical alignment to prevent the
light leakage.

[0085] A backlight unit (not illustrated) that generates light
to supply the light to the two panels 100 and 200 may be
further included at an outside of the substrate 110 of the lower
panel 100.

[0086] Thepixel electrode 191 (to which the data voltage is
applied) may generate an electric field in the liquid crystal
layer 3 together with the common electrode 131 (receiving
the common voltage) to determine or affect directions of the
liquid crystal molecules of the liquid crystal layer 3 and may
display the corresponding image.

[0087] Next, a liquid crystal display according to another
exemplary embodiment will be described in detail with ref-
erence to FIG. 5.

[0088] FIG. 5 illustrates a cross-sectional view of a liquid
crystal display according to another exemplary embodiment,
which is taken along line III-1II of FIG. 2.

[0089] The liquid crystal display according to the exem-
plary embodiment illustrated in FIG. 5 may be substantially
the same as the liquid crystal display according to the exem-
plary embodiment illustrated in FIG. 4, except for a column
spacer 80 and shapes of surfaces of color filters 230A, 2308,
and 230C on a lower surface of the column spacer 80, and
description for duplicated portions may be omitted.

[0090] The liquid crystal display according to another
exemplary embodiment may further include a column spacer
80 attached to or on a top of the light blocking member 220
(which is on the upper panel 200), unlike the liquid crystal
display according to the exemplary embodiment illustrated in
FIG. 4.

[0091] Further, an overlapping portion of the color filters
230A and 230B below or underlying the column spacer 80
may have a flat shape, unlike protruding in a convex shape
abovethe lower panel 100 in the liquid crystal display accord-
ing to the exemplary embodiment illustrated in FIGS. 2 to 4.
For example, upper or outer surfaces of the color filters the
color filters 230A and 230B below or underlying the column
spacer 80 may be flatand may be parallel or coplanar with one
another.
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[0092] The column spacer 80 may support the upper panel
200 and the lower panel 100 to help maintain a predetermined
cell gap between the upper panel 200 and the lower panel 100.
[0093] When the curved liquid crystal display 1s manufac-
tured, respective constituent elements of the upper panel 200
and the lower panel 100 may correspond to different positions
from initially formed positions because the liquid crystal
display is bent in a curved shape.

[0094] Theupper panel 200 and the lower panel 100 may be
bent in a curved shape, and the column spacer 80 attached to
the upper panel 200 may correspond to or overlie a different
positionon the lower panel 100 from the initial corresponding
or overlying position of the lower panel 100. As a result, the
column spacer 80 may overlap with the color filters 230A,
230B, and 230C to be disposed over a convex portion above
the lower panel 100 or a slope portion thereof. In this case, the
initially formed cell gap and a cell gap after completing the
curved liquid crystal display may be different from each
other, and as a result, a luminance characteristic may deterio-
rate.

[0095] In order to help prevent the deterioration of the
luminance characteristic, in the case where the column spacer
80 is attached to or on the upper panel 200, the overlapping
portions 230A and 230B or 230B and 230C of the color filters
230A, 230B, and 230C on the lower panel 100 facing the
upper panel 200 may have a flat shape.

[0096] A liquid crystal display according to yet another
exemplary embodiment will be described in detail with ref-
erence to FIG. 6.

[0097] FIG. 6 illustrates a cross-sectional view of a liquid
crystal display according to yet another exemplary embodi-
ment, which is taken along line of FIG. 2.

[0098] The liquid crystal display according to the exem-
plary embodiment illustrated in FIG. 6 is substantially the
same as the liquid crystal display according to the exemplary
embodiment illustrated in FIGS. 2 to 4 described above,
except for a column spacer 80 and a shielding electrode 88
positioned on a lower surface of the column spacer 80, and
description for duplicated portions may be omitted.

[0099] Intheliquid crystal display according to yet another
exemplary embodiment illustrated in FIG. 6, a shielding elec-
trode 88 may be disposed on the data line 171, unlike the
liquid crystal display according to the exemplary embodi-
ment illustrated in FIGS. 2 to 4. The shielding electrode 88
may be positioned at both sides on the data line 171 along an
edge of one pixel area. The shielding electrode 88 may
include vertical portions on edges of the pixel area, and a
horizontal portion connecting the vertical portions.

[0100] The shielding electrodes may not be separated from
each other for every pixel area, and may be connected to the
entire adjacent pixels to be integrally formed. For example,
the vertical portions of the pixel electrode at the edges, and
one or more horizontal portions connecting the vertical por-
tions, may exist for every pixel area, and the shielding elec-
trodes may have a mesh form in all the pixels.

[0101] The shielding electrode 88 may be made of or may
include a transparent conductive material such as indium tin
oxide (ITO) or indium zinc oxide (1Z0), or a reflective metal
such as aluminum, silver, chromium, or an alloy thereof.
[0102] Further, an additional electrode 270 may be dis-
posed on the upper panel 200 to apply the same voltage as the
additional electrode 270 of the upper panel 200 to the shield-
ing electrode 88, and the same voltage may be applied
between both electrodes. As a result, an electric field may not
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be generated between the shielding electrode 88 and the addi-
tional electrode 270 of the upper panel 200, and the liquid
crystal layer positioned therebetween may not be aligned. In
this case, the liquid crystal between the shielding electrode 88
and the additional electrode 270 of the upper panel 200 may
be in a black state, and as a result, in the case where the liquid
crystal expresses black, the liquid crystal itself may serve as
the light blocking member 220. Accordingly, in the liquid
crystal display according to yet another exemplary embodi-
ment, the light blocking member 220 of the upper panel 200
may be omitted, unlike the liquid crystal display illustrated in
FIGS. 2 to 4.

[0103] Further, the liquid crystal display according to yet
another exemplary embodiment may further include a third
passivation layer 180z between the color filters 2304, 2308,
and 230C and the common electrode 131. The third passiva-
tion layer 180z may be made of or may include an organic
material, and may have a flat surface. The third passivation
layer 180z may be between the adjacent pixels to help reduce
a step due to the color filters 230A, 230B, and 230C, and may
help the alignment layer 11 to be uniformly rubbed. Further,
the third passivation layer 180z may be an inorganic insulat-
ing layer, and may help prevent components of the color
filters from being exposed outside, and in this case, the third
passivation layer 180z may be formed at a lower temperature
than the gate insulating layer 140 to help prevent the color
filters 230A, 230B, and 230C therebelow from being
deformed or discolored. The third passivation layer 180z may
help reduce transmittance loss due to a difference in refractive
index between the color filters (disposed therebelow) and the
organic insulating layer.

[0104] The liquid crystal display according to yet another
exemplary embodiment may further include a column spacer
80 attached to or on a position corresponding to or overlying
the shielding electrode 88 on the lower panel 100, unlike the
liquid crystal display according to the exemplary embodi-
ment illustrated in FIGS. 2 to 4.

[0105] When the curved liquid crystal display is manufac-
tured, respective constituent elements of the upper panel 200
and the lower panel 100 may correspond to different positions
from initially formed positions because the liquid crystal
display may be realigned or misaligned in a curved shape.
[0106] If the light blocking member 220 is formed on the
upper panel 200, and the upper panel 200 and the lower panel
100 are bent in a curved shape, the column spacer 80 (attached
to the lower panel 100) may correspond to a different position
from the initial corresponding position of the upper panel
200. Accordingly, the column spacer 80 may be disposed over
the protrusion where the light blocking member 220 posi-
tioned on the upper panel 200 is positioned or positioned at
the contact hole portion, and in this case, the initially formed
cell gap and a cell gap after completing the curved liquid
crystal display may be different from each other, and as a
result, a luminance characteristic may deteriorate.

[0107] Further, if the light blocking member 220 is formed
on the upper panel 200, and the upper panel 200 and the lower
panel 100 are bent in a curved shape, the column spacer 80
attached to the lower panel 100 may correspond to a different
position from the initial corresponding position of the upper
panel 200. Accordingly, the light blocking member 220 may
be positioned at an undesired position to cover the display
area, and in this case, an aperture ratio may be decreased.
[0108] The removing or omission of the light blocking
member 220 formed on the upper panel 200 and the forming
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of the shielding electrode 88 on the lower panel may help
prevent the luminance characteristic from deteriorating due to
achange of the cell gap or reduction of the aperture ratio of the
liquid crystal display by an effect of the light blocking mem-
ber 220 and the column spacer 80, by removing or omitting
the light blocking member 220 on the upper panel 200 facing
the lower panel 100 in the case where the column spacer 80 is
attached to the lower panel 100.

[0109] Next, a liquid crystal display according to yet
another exemplary embodiment will be described in detail
with reference to FIGS. 710 9.

[0110] FIG. 7 illustrates a layout view of a liquid crystal
display device according to another exemplary embodiment.
FIG. 8 illustrates a cross-sectional view taken along line
IX-IX of FIG. 7, and F1G. 9 illustrates a cross-sectional view
taken along line X-X of FIG. 7.

[0111] The liquid crystal display according to yet another
exemplary embodiment may include alower panel 100 and an
upper panel 200 facing each other, and a liquid crystal layer 3
between the two display panels 100 and 200.

[0112] First, the lower panel 100 will be described.

[0113] A plurality of gate lines 121 (including a plurality of
gate electrodes 124) may be positioned on an insulation sub-
strate 110, and a gate insulating layer 140 may be formed on
the gate line 121. A plurality of semiconductors 151 (includ-
ing a plurality of protrusions 154) may be disposed on the gate
insulating layer 140, and a plurality of ohmic contacts 161,
163, and 165 may be disposed on the semiconductors 151 and
154. A data conductor (including a plurality of data lines 171
and a plurality of drain electrodes 175) may be positioned on
the ohmic contacts 161, 163, and 165. The data line 171 may
be periodically curved, and may form an oblique angle with
an extending direction of the gate line 121. The oblique angle
between the data line 171 and the extending direction of the
gate line 121 may be about 45° or more. In an implementa-
tion, the data line 171 may extend in a straight line.

[0114] A first passivation layer 180x may be positioned on
the data conductor 171 and 175 and the exposed semiconduc-
tor protrusion 154, and the first passivation layer 180x may be
made of or may include an organic insulating material, an
inorganic insulating material, or the like.

[0115] A plurality of color filters 230A, 230B, and 230C
may be disposed on the first passivation layer 180x. Each of
the color filters 2304, 230B, and 230C may uniquely display
one of the primary colors, and an example of the primary
colors may include three primary colors such as red, green,
and blue, or yellow, cyan, magenta, and the like. Although not
illustrated, the color filters may further include a color filter
displaying a mixed color of the primary colors or white other
than the primary colors. The color filters 230A, 230B, and
230C may be made of or may include organic materials. Each
of the color filters 230A, 230B, and 230C may be elongated
along the data line 171, and two of the color filters 230A and
230B, or 230B and 230C (which are adjacent to each other on
aboundary of the data line 171) may be overlapped with each
other. For example, an edge or portion of one of the color
filters may overlap an edge or portion of another of the color
filters at the boundary of the data line 171.

[0116] A plurality of pixel electrodes 191 may be disposed
onthecolor filters 230A, 230B, and 230C. The pixel electrode
191 may have a planar shape that almost fills a region sur-
rounded by the gate line 121 and the data line 171. An overall
shape of the pixel electrode 191 may be generally a polygon
having sides that are substantially parallel to the gate line 121
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and the data line 171. The pixel electrode 191 may be made of
or may include a transparent conductive material such as ITO
or I70.

[0117] A plurality of contact holes 183 (exposing a part of
the drain electrode 175) may be formed in the first passivation
layer 180x and the color filter 230A, and the pixel electrode
191 may be electrically connected with the drain electrode
175 through the contact hole 183 to receive a data voltage.
[0118] A second passivation layer 180y may be disposed on
the color filters 230A, 230B, and 230C and the pixel electrode
191. The second passivation layer 180y may include an
organic insulator or an inorganic insulator.

[0119] A common electrode 131 may be disposed on the
second passivation layer 180y. The common electrode 131
may be made of or may include a transparent conductive
material such as ITO or IZO. The common electrodes 131 of
adjacent pixels may be connected to each other. The common
electrode 131 may include a plurality of branch electrodes
133 in each pixel area. The branch electrodes 133 may be
substantially parallel to each other and may be curved along
the data line 171. Tn an implementation, the data line 171 and
the branch electrodes 133 of the pixel electrode 131 may
extend in a straight line.

[0120] Thebranch electrodes 133 of the common electrode
131 may overlap with or overlie the pixel electrode 191.
[0121] The pixel electrode 191 (receiving the data voltage)
may generate an electric field in the liquid crystal layer 3,
together with the common electrode 131 (receiving the com-
mon voltage).

[0122] Next, the upper panel 200 will be described.

[0123] Theupper panel 200 may include an insulation sub-
strate 210 and a light blocking member 220 on the insulation
substrate 210. An overcoat 250 may be further formed on the
light blocking member 220.

[0124] A width of the light blocking member 220 may be
larger than a width of the data line 171.

[0125] A second alignment layer 21 may be coated on the
overcoat 250.
[0126] The first alignment layer 11 and the second align-

ment layer 21 may be vertical alignment layers for vertically
aligning the liquid crystal molecules 31 inside the liquid
crystal layer 3.

[0127] The liquid crystal layer 3 between the lower panel
100 and the upper panel 200 may include liquid crystal mol-
ecules 31, and the liquid crystal molecules 31 may be aligned
so that long axes thereof are vertical or perpendicular to the
surfaces of the two panels 100 and 200 while an electric field
is not applied.

[0128] The liquid crystal layer 3 may have positive dielec-
tric anisotropy or may have negative dielectric anisotropy.
The liquid crystal molecules of the liquid crystal layer 3 may
be aligned to have pretilts in a predetermined direction, and
the pretilt directions of the liquid crystal molecules may be
changed according to dielectric anisotropy of the liquid crys-
tal layer 3.

[0129] As noted above, after the liquid crystal inside the
liquid crystal display is manufactured in a vertical field mode,
when the liquid crystal display is processed ina curved shape,
there may be no large change in behavior of the liquid crystal
molecules due to misalignment of the upper insulation sub-
strate 210 and the lower insulation substrate 110.

[0130] Inthe case where the liquid crystal inside the liquid
crystal display is manufactured in the in-plane switching
mode, when the liquid crystal display is processed in a curved
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shape, there may be a large change in behavior of the liquid
crystal molecules due to misalignment of the upper insulation
substrate 210 and the lower insulation substrate 110, and as a
result, light leakage may more frequently occur, as compared
with the vertical field mode. Accordingly, an initial alignment
of the liquid crystal molecules 31 (configuring the liquid
crystal layer 3) when the liquid crystal display is in the off
state may be formed in a vertical alignment to help prevent the
light leakage.

[0131] A backlight unit (not illustrated) that generates light
to supply the light to the two panels 100 and 200 may be
further included outside of the substrate 110 of the lower
panel 100.

[0132] The pixel electrode 191 to which the data voltage is
applied may generate an electric field in the liquid crystal
layer 3 together with the common electrode 131 (receiving
the common voltage) to determine or affect directions of the
liquid crystal molecules of the liquid crystal layer 3 and to
display the corresponding image.

[0133] A liquid crystal display according to yet another
exemplary embodiment will be described in detail with ref-
erence to FI1G. 10.

[0134] FIG. 10 illustrates a cross-sectional view of a liquid
crystal display according to yet another exemplary embodi-
ment.

[0135] Referring to FIG. 10, the liquid crystal display
according to yet another exemplary embodiment may include
a lower panel 100 including a thin film transistor, an upper
panel 200 facing the lower panel 100, and a liquid crystal
layer 3 between the lower panel 100 and the upper panel 200.
[0136] The common electrode 131 and the pixel electrode
191 (for forming the electric field) may be formed on the
lower panel 100, and the common electrode 131 and the pixel
electrode 191 may be formed at various electrode distances in
one pixel area. Further, the liquid crystal molecules 31 inside
the liquid crystal layer 3 may be vertically aligned on the
lower panel 100 and the upper panel 200, when the electric
field is not applied.

[0137] A plurality of gate lines (not illustrated) may be
formed on the insulation substrate 110 (made of transparent
glass or plastic), and a plurality of gate electrodes (not illus-
trated), protruding upwardly and downwardly from each gate
line, may be formed. A storage electrode (not illustrated),
made of the same material as the gate line, may be further
formed on the same layer as the gate line.

[0138] A gate insulating layer 140 may be formed on the
gate line.
[0139] On the gate insulating layer 140, a semiconductor

(not illustrated), an ohmic contact (not illustrated), a data line
(not illustrated), source/drain electrodes (not illustrated), and
the like may be formed, and a passivation layer 180 may be
formed thereon.

[0140] A plurality of common electrodes 131 and pixel
electrodes 191 may be formed at various electrode distances
on the passivation layer 180, and a first alignment layer 11
may be formed on the common electrode 131 and the pixel
electrode 191.

[0141] Theupper panel 200 may include an insulation sub-
strate 210 made of transparent glass or plastic. A plurality of
color filters (not illustrated) may be formed on the insulation
substrate 210, an overcoat 250 may be formed on the color
filter, and a second alignment layer 21 may be formed on the
overcoat 250.
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[0142] Here, the first alignment layer 11 and the second
alignment layer 21 may be vertical alignment layers. Accord-
ingly, when the electric field is not formed in the liquid crystal
display, the liquid crystal molecules 31 may be almost verti-
cal to the surfaces of the upper panel 200 and the lower panel
100.

[0143] Further, when the electric field is formed in the
liquid crystal display, a vertical field may be formed around
the common electrode 131 and the pixel electrode 191, and
the liquid crystal molecules 31 may be aligned in an in-plane
switching mode in a direction of the electric field.

[0144] For example, in order to observe display quality of
the curved liquid crystal display according to the exemplary
embodiment, light leakage in black and uniformity of lumi-
nance on gray were measured. The result is illustrated in FIG.
11.

[0145] FIG. 11(a)illustrates an image obtained by measur-
ing light leakage in black of a curved liquid crystal display
according to a Comparative Example and a curved liquid
crystal display according to an exemplary embodiment, and
FIG. 11(d) illustrates an image obtained by measuring uni-
formity of luminance on gray of a curved liquid crystal dis-
play according to a Comparative Example and acurved liquid
crystal display according to an exemplary embodiment.

[0146] As illustrated in FIGS. 11(a) and 11(), in the
curved liquid crystal display according to the exemplary
embodiment, it may be seen that light leakage in black is
reduced, and uniformity of luminance on gray is improved.

[0147] Inorderto observe the display quality of the curved
liquid crystal display according to the exemplary embodi-
ment, generation of spots of the display device were mea-
sured. The result is illustrated in FIG. 12.

[0148] FIG.12(a)illustrates an image obtained by measur-
ing a white driving state of a curved liquid crystal display
according to a Comparative Example, and FIG. 12(b) illus-
trates an image obtained by measuring a white driving state of
a curved liquid crystal display according to an exemplary
embodiment.

[0149] As illustrated in FIGS. 12(a) and 12(4), in the case
ofthe curved liquid crystal display according to the Compara-
tive Example, a yellowish phenomenon was observed at left
and right sides of the display device, while in the case of the
curved liquid crystal display according to the exemplary
embodiment, the yellowish phenomenon was completely
improved.

[0150] Further, in order to observe generation of spots of
the curved liquid crystal display according to the exemplary
embodiment, changes in color coordinates for each position
before and after forming the curved shape of the curved liquid
crystal display according to the exemplary embodiment were
measured, and the result is illustrated in FIG. 13.

[0151] As illustrated in FIG. 13, it may be seen that there
was little change in color coordinate for each position before
and after forming the curved shape of the curved liquid crystal
display, and as aresult, it may be seen that a spot phenomenon
is improved.

[0152] The light leakage in the black state of the curved
liquid crystal display according to the exemplary embodi-
ment was measured, and the result is illustrated in FIG. 14,
[0153] FIG. 14(a) illustrates an image showing a simula-
tion result of light leakage of a curved liquid crystal display
according to a Comparative Example, and FIG. 14(b) illus-
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trates an image showing a simulation result of light leakage of
a curved liquid crystal display according to an exemplary
embodiment.

[0154] As illustrated in FIGS. 14(a) and 14(b), in the
curved liquid crystal display according to the exemplary
embodiment, it may be seen that light leakage was signifi-
cantly improved, as compared with the curved liquid crystal
display according to the Comparative Example.

[0155] By way of summation and review, in the liquid crys-
tal display, the pixel electrode and the common electrode
(generating the electric field in the liquid crystal layer) may be
provided on one display panel with a switching element. In
the case where an in-plane switching mode liquid crystal
display (in which the liquid crystal is driven by only an
electric field of the lower electrode) is manufactured in a
curved shape, light leakage due to distortion of the liquid
crystal molecules may occur.

[0156] Theembodiments may provide a curved liquid crys-
tal display in which liquid crystal molecules are vertically
aligned in an in-plane switching mode.

[0157] Theembodiments may provide a curved liquid crys-
tal display that helps prevent light leakage in an in-plane
switching mode by vertically aligning initial liquid crystal
molecules while driving a liquid crystal by an electric field of
only a lower electrode.

[0158] Theembodiments may provide a curved liquid crys-
tal display having excellent display quality even if misalign-
ment of an upper panel and a lower panel of the curved liquid
crystal display were to occur.

[0159] As described above, the curved liquid crystal dis-
play according to the exemplary embodiment may have
advantages of preventing light leakage of the curved liquid
crystal display by vertically aligning initial liquid crystal
molecules in an in-plane switching mode (in which a liquid
crystal is driven by only an electric field of a lower electrode)
and having excellent display quality, even in the case where
misalignment of an upper panel and a lower panel of the
curved liquid crystal display occurs.

[0160] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

<Description of symbols™>

110, 210: Substrate

250: Overcoat

124: Gate electrode

140: Gate insulating layer
161, 165: Ohmic contact
175: Drain electrode

183: Contact hole

220: Light blocking member

3: Liquid crystal layer

100, 200: Display panel

121: Gate line

131: Common electrode

151, 154: Semiconductor

171: Data line

180x%, 180y, 180z: Passivation layer
191: Pixel electrode

230: Color filter
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What is claimed is:

1. A curved liquid crystal display, comprising:

a first substrate having a curved shape;

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

aplurality of thin film transistors connected to the plurality
of gate lines and the plurality of data lines;

a plurality of color filters on the plurality of thin film
transistors;

a plurality of pixel electrodes and common electrodes on
the plurality of color filters, the plurality of pixel elec-
trodes and common electrodes overlapping with each
other with a first insulating layer therebetween;

a second substrate having a curved shape, the second sub-
strate facing the first substrate;

vertical alignment layers on inner sides of the first substrate
and the second substrate; and

aliquid crystal layer between the vertical alignment layers,

wherein liquid crystal molecules of the liquid crystal layer
are aligned to be vertical to surfaces of the first substrate
and the second substrate when an electric field is not
formed.

2. The curved liquid crystal display as claimed in claim 1,
wherein the liquid crystal molecules are aligned to be hori-
zontal to the surfaces of the first substrate and the second
substrate and in the direction of the electric field, when the
electric field is formed in the liquid crystal layer.

3. The curved liquid crystal display as claimed in claim 2,
wherein:

the common electrode is on the plurality of color filters,

the first insulating layer is on the common electrode, and

the plurality of pixel electrodes is on the first insulating
layer.

4. The curved liquid crystal display as claimed in claim 3,
further comprising a light blocking member on the second
substrate and at a position overlying a region where two
adjacent color filters of the plurality of color filters overlap
with each other.

5. The curved liquid crystal display as claimed in claim 4,
wherein a width of the light blocking memniber is the same as
or larger than a width of the data line.

6. The curved liquid crystal display as claimed in claim 4,
further comprising a column spacer attached to the light
blocking member.

7. The curved liquid crystal display as claimed in claim 6,
wherein a portion of the color filters where the plurality of
color filters overlaps with each other has a flat shape.

8. The curved liquid crystal display as claimed in claim 3,
further comprising:

a shielding electrode on the first substrate, the shielding
electrode being at a position overlying an interface
between two adjacent color filters of the plurality of
color filters and the data line; and

an additional electrode on the second substrate.
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9. The curved liquid crystal display as claimed in claim 8,
further comprising a column spacer attached onto the shield-
ing electrode.

10. The curved liquid crystal display as claimed in claim 2,
wherein:

the plurality of pixel electrodes is on the plurality of color
filters,

the first insulating layer is on the pixel electrode, and

the common electrode is on the first insulating layer.

11. The curved liquid crystal display as claimed in claim
10, further comprising a light blocking member on the second
substrate and at a position overlying a region where two
adjacent color filters among the plurality of color filters over-
lap with each other.

12. The curved liquid crystal display as claimed in claim
11, wherein a width of the light blocking member is the same
as or larger than a width of the data line.

13. The curved liquid crystal display as claimed in claim
11, further comprising a column spacer attached onto the light
blocking member.

14. The curved liquid crystal display as claimed in claim
13, wherein a portion of the color filters where the plurality of
color filters overlaps with each other has a flat shape.

15. The curved liquid crystal display as claimed in claim
10, further comprising a light blocking member between two
adjacent color filters among the plurality of color filters, the
light blocking member being on the first substrate and at a
position overlying the data line.

16. The curved liquid crystal display as claimed in claim
15, further comprising a column spacer attached onto the light
blocking member.

17. A curved liquid crystal display, comprising:

a first substrate having a curved shape;

a plurality of common electrodes and a plurality of pixel
electrodes on the first substrate, the plurality of common
electrodes and plurality of pixel electrodes being alter-
nately separated from each other and being on a same
layer;

a second substrate having a curved shape, the second sub-
strate facing the first substrate;

vertical alignment layers on inner sides of the first substrate
and the second substrate; and

aliquid crystal layer between the vertical alignment layers,

wherein liquid crystal molecules of the liquid crystal layer
are aligned to be vertical to surfaces of the first substrate
and the second substrate when an electric field is not
formed.

18. The curved liquid crystal display as claimed in claim
17, wherein the liquid crystal molecules are aligned to be
horizontal to the surfaces of the first substrate and the second
substrate in the direction of the electric field, when the electric
field is formed in the liquid crystal layer.
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