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(57) ABSTRACT

A curved display apparatus curved in a first direction includes
a first substrate which includes a first base substrate and a
plurality of pixel electrodes disposed on the first base sub-
strate, a second substrate which includes a second base sub-
strate, a protrusion pattern disposed between two adjacent
pixel electrodes among the plurality of pixel electrodes in a
plan view and protruded from the second base substrate, and
a common electrode disposed on the second base substrate
which is configured to generate an electric field in coopera-
tion with the plurality of pixel electrodes, and a liquid crystal
layer interposed between the first substrate and the second
substrate.
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Fig. 2
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Fig. 3A
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Fig. 3B

W13
BS?V} ) SUB2
00—
CE— |
PR—
LC CG2
SCEj+1 — o .

PEj — '
A= TR
DLj+ :

ol A SuB1
BS1 \\\

W11 PEj+1
W12




Patent Application Publication  Jun. 18,2015 Sheet 5 of 9 US 2015/0168793 A1

Fig. 4
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Fig. 6A
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CURVED DISPLAY APPARATUS

[0001] This U.S. non-provisional patent application claims
priority to Korean Patent Application No. 10-2013-0157330,
filed on Dec. 17, 2013, and all the benefits accruing therefrom
under 35 U.S.C. §119, the contents of which are hereby
incorporated by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] The invention relates to a display apparatus. More
particularly, the invention relates to a curved display appara-
tus including a curved display panel.

[0004] 2. Description of the Related Art

[0005]  Aliquidcrystal display (“LCD”) includes two trans-
parent substrates and a liquid crystal layer disposed between
the two substrates. The LCD drives the liquid crystal layer to
control a light transmittance in each pixel, thereby displaying
a desired image.

[0006] In a vertical alignment (“VA”) mode LCD among
various operation modes of the LCD, liquid crystal molecules
of the liquid crystal layer are vertically aligned when an
electric field is generated between the two substrates to trans-
mit the light, to thereby the image. The VA mode LCD aligns
the liquid crystal molecules in different directions by using
liquid crystal domains, and thus a viewing angle of the LCD
1s improved.

[0007] Inrecentyears,acurved display apparatus has been
developed. The curved display apparatus has a curved display
area in which the image is displayed, and thus the curved
display apparatus provides a viewer with the image having
improved three-dimensional (“3D”) effect, sense of immer-
sion, virtual presence, etc.

SUMMARY

[0008] The invention provides a curved display apparatus
capable of improving a display quality of a curved display
panel thereof.

[0009] Exemplary embodiments of the invention provide a
curved display apparatus curved in a first direction and
including a first substrate, a second substrate facing the first
substrate, and a liquid crystal layer interposed between the
first and second substrates. The first substrate includes a first
base substrate and a plurality of pixel electrodes disposed on
the first base substrate. The second substrate includes a sec-
ondbase substrate, a protrusion pattern disposed between two
adjacent pixel electrodes of the plurality of pixel electrodes to
each other among the pixel electrodes in a plan view and
protruded from the second base substrate, and a common
electrode disposed on the second base substrate which is
configured to generate an electric field in cooperation with the
plurality of pixel electrodes.

[0010] Inanexemplary embodiment, the firstsubstrate fur-
ther may include a plurality of signal lines disposed on the
first base substrate and an insulating layer covering the signal
lines. The protrusion pattern is disposed along signal lines
extending in a second direction crossing the first direction
among the signal lines in the plan view.

[0011] Inanexemplary embodiment, thefirst substrate may
further include a shielding electrode disposed along the signal
lines extending in the second direction among the signal lines
and electrically insulated from the pixel electrodes. The pro-
trusion pattern may have a width equal to or greater than a
width of the shielding electrode in a cross section.

Jun. 18,2015

[0012] 1In an exemplary embodiment, the signal lines may
include gate lines extending in the first direction and data
lines extending in the second direction, and the shielding
electrode may be disposed along the data lines.

[0013] According to the above, although the misalignment
occurs between the first and second substrates, the curved
display apparatus may have improved response speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other advantages of the invention
will become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings, in which:

[0015] FIG. 1A is a perspective view showing a curved
display apparatus according to an exemplary embodiment of
the invention;

[0016] FIG. 1B is a cross-sectional side view showing the
curved display apparatus shown in FIG. 1A;

[0017] FIG. 2is aplan view showing an exemplary embodi-
ment of a first substrate according to the invention;

[0018] FIG. 3A is a cross-sectional view taken along line
I-I' shown in FIG. 2;

[0019] FIG. 3B is a cross-sectional view taken along line
II-II' shown in FIG. 2;

[0020] FIG. 4isa graph showing a response time of aliquid
crystal layer as a function of a height of a protrusion pattern
on a second base substrate;

[0021] FIG. 5is aplan view showing an exemplary embodi-
ment of a pixel structure of acurved display apparatus accord-
ing to the invention;

[0022] FIG. 6A is a cross-sectional view taken along line
III-IIT" shown in FIG. 5;

[0023] FIG. 6B is a cross-sectional view taken along line
IV-IV' shown in FIG. 5;

[0024] FIG. 7A is a graph showing an exemplary embodi-
ment of a brightness in a boundary area between two adjacent
pixels of a curved display apparatus when the pixels are
driven to white according to the invention; and

[0025] FIGS. 7A and 7B are graphs showing exemplary
embodiments of a brightness measured in nits in a boundary
area between two adjacent pixels of a curved display appara-
tus when the pixels are driven to display a white color and a
black color, respectively, according to the invention.

DETAILED DESCRIPTION

[0026] It will be understood that when an element or layer
1s referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0027] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from

another region, layer or section. Thus, a first element, com-
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ponent, region, layer or section discussed below could be
termed a second element, component, region, layer ot section
without departing from the teachings of the invention.
[0028] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0029] The terminology used herein is for the purpose of
describing particular exemplary embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms, “a”, “an’ and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “includes”
and/or “including”, when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0030] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0031] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0032] Hereinafter, the invention will be explained in detail
with reference to the accompanying drawings.

[0033] FIG. 1A is a perspective view showing a curved
display apparatus according to an exemplary embodiment of
the invention and FIG. 1B is a cross-sectional side view
showing the curved display apparatus shown in FIG. 1A.
[0034] Referring to FIG. 1A, a display apparatus DP has a
shape curved in a first direction D1. In particular, the display
apparatus DP is curved in a direction in which a viewer sees
the display apparatus DP such that the viewer recognizes an
image displayed ina curved display screen, i.e., a display area
DA. Hereinafter, the display apparatus DP which provides the
display area DA having the curved shape is referred to as the
curved display apparatus. When the image is displayed
through the curved display apparatus DP, three-dimensional
(“3D”) effect, sense of immersion, and virtual presence of the
image recognized by the viewer may be improved.
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[0035] The curved display apparatus DP includes a first
substrate SUB1, a second substrate SUB2 which is disposed
on and faces the first substrate SUB1, and a light control layer
(not shown) interposed between the first substrate SUB1 and
the second substrate SUB2. In the illustrated exemplary
embodiment, a liquid crystal layer will be described as a light
control layer.

[0036] The first and second substrates SUB1 and SUB2
have a shape curved in the first direction D1. A portion or a
whole portion of the first substrate SUB1 may be continu-
ously curved in the first direction D1, and thus the display area
DA is curved in the first direction D1 to have the curved shape.
In addition, the second substrate SUB2 may be curved along
the first substrate SUBL.

[0037] In the illustrated exemplary embodiment, a center
portion of the curved display apparatus DP may be lower than
both end portions thereof in a cross section.

[0038] Referring to FIG. 1B, when the first and second
substrates SUB1 and SUB2 are curved, a normal line 10
vertical to a tangent line 11 that contacts a first point P1 of the
first substrate SUB1 passes through a second point P2 of the
second substrate SUB2. However, a gaze line 15, which
passes through the second point P2 in a direction at which the
viewer sees the curved display apparatus DP, passes through
a third point P3 different from the first point P1 in the first
substrate SUBI1.

[0039] Inexemplary embodiments, a distance between the
first point P1 and the third point P3 may have a value depend-
ing on a curvature of the curved display apparatus DP. That is,
as the curvature of the curved display apparatus DP is
increased, the distance between the first point P1 and the third
point P3 is increased.

[0040] As described above, a phenomenon in which a posi-
tion of the first point P1 does not match with that of the third
point P3 is referred to as a mis-alignment between the first
substrate SUB1 and the second substrate SUB2. Hereinafter,
a structure of the curved display apparatus DP, which effec-
tively prevents a texture defect from being recognized due to
the mis-alignment, will be described.

[0041] FIG. 2 is a plan view showing the first substrate
SUBI1 according to an exemplary embodiment of the inven-
tion, FIG. 3A is a cross-sectional view taken along line I-I'
shown in FIG. 2, and FIG. 3B is a cross-sectional view taken
along line II-IT' shown in FIG. 2.

[0042] Referringto FIGS. 2, 3A, and 3B, the curved display
apparatus DP includes the first substrate SUB1, the second
substrate SUB2, and the liquid crystal layer LC interposed
between the first substrate SUB1 and the second substrate
SUB2.

[0043] The curved display apparatus DP includes a plural-
ity of pixel areas PA arranged in a matrix form. For the
convenience of explanation, only one pixel area PA arranged
in ani-th row by a j-th column has been shown in FIGS. 2, 3A,
and 3B. Hereinafter, “i” and “” indicate the number of row
and column of the pixel. Since the pixel areas PA have the
same structure, for the convenience of explanation, only one
pixel will be described in the illustrated exemplary embodi-
ment. In an exemplary embodiment, the pixel area PA has a
rectangular shape elongated in one direction, but it should not
be limited thereto or thereby. That is, in other exemplary
embodiments, the pixel area PA may have various other
shapes, e.g., a'V shape, a Z shape, etc.
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[0044] The first substrate SUB1 includes a first base sub-
strate BS1, a gate line GL, a data line DL, a thin film transistor
(“TFT”) TR, a pixel electrode PE, and a shielding electrode
SCE.

[0045] The first base substrate BS1 includes an insulating
material and has flexibility.

[0046] The gateline GL is provided in a plural number and
extends in the first direction D1 on the first base substrate
BS1. FIGS. 2, 3A, and 3B show (i-1)th and i-th gate lines
GLi-1 and GLiamong the gate lines GL, and hereinafter, the
(i-1)th and i-th gate lines GLi-1 and GLi will be referred to
as first and second gate liens GLi-1 and GLi, respectively.
[0047] The dataline DL is provided in a plural number and
extends in a second direction D2 crossing the first direction
D1. The data lines DL are disposed on the first base substrate
BS1 and insulate from the gate lines GL with a gate insulating
line GI disposed between the data lines DL and the gate lines
GL. FIGS. 2,3A, and 3B show j-th and (j+1)th data lines DI
and DLj+1 among the data lines DL, and hereinafter, the j-th
and (j+1)th data lines DLj and DLj+1 will be referred to as
first and second data lines DLj and DLj+1, respectively.
[0048] The TFT TR is electrically connected to the second
gate line GLi and the first data line DL to switch a signal
applied to the pixel electrode PEj, which will be described
below in further detail. In detail, the TFT TR includes a gate
electrode GE branched from the second gate line GLi, a
source electrode SE branched from the first data line DLj, and
a drain electrode DE electrically connected to the pixel elec-
trode PEj. A semiconductor pattern SM is disposed between
the source electrode SE and the drain electrode DE to provide
a conductive channel.

[0049] An insulating layer INS is disposed on the TFT TR.
The insulating layer INS is disposed to correspond to the pixel
areas PA. The insulating layer INS includes a color pixel
representing a color. In an exemplary embodiment, the color
pixel may be a red color pixel R, a green color pixel G, or a
blue color pixel B, and may further include a magenta color
pixel, a yellow color pixel, a cyan color pixel, etc.

[0050] The pixel electrode PEj is connected to the second
gate line GLi and the first data line DLj through the TFT TR.
The pixel electrode PEj is disposed in the pixel area PA. The
pixel electrode PEj is disposed on the insulating layer and
connected to the drain electrode DE of the TFT TR through a
contact hole CH.

[0051] The pixel electrode PEj is spaced apart from and
electrically insulated from other pixel electrodes, i.e., a left
side pixel electrode PEj-1 and a right side pixel electrode
PEj+1, adjacent to the pixel electrode PE;.

[0052] In the illustrated exemplary embodiment, the pixel
electrode PE; includes a trunk portion T0 and a plurality of
branch portions B0 extending from the trunk portion T0 in a
radial form, for example. The trunk portion T0 has a cross
shape, and thus the pixel area PA is divided into four domains,
1.e., first, second, third, and fourth domains DM1, DM2,
DM3, and DM4, by the trunk portion T0. The branch portions
B0 extend substantially in parallel to each other and are
spaced apart from each other in each domain defined by the
trunk portion T0. As an exemplary embodiment, the branch
portions B0 extend in a direction inclined at about 45 degrees
with respect to the trunk portion T0. In the branch portions
B0, a distance between two adjacent branch portions B0 to
each other is measured in terms of a micrometer, and a plu-
rality of micro-slits US is defined therebetween. Due to the
micro-slits US, liquid crystal molecules of the liquid crystal
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layer LC are aligned in different directions in each domain
when the liquid crystal molecules are initially aligned.
[0053] According to another exemplary embodiment, the
shape of the pixel electrode PEj should not be limited to the
above-described shape.

[0054] A firstshielding electrode SCE; is disposed between
the pixel electrode PEj and the left side pixel electrode PEj-1
and a second shielding electrode SCEj+1 is disposed between
the pixel electrode PEj and the right side pixel electrode
PEj+1.

[0055] The first and second shielding electrodes SCE;j and
SCE;j+1 are disposed along the first and second data lines DL;j
and DLj+1, respectively, and have a width W12 equal to or
greater than awidth W11 of'the first and second data lines DL
and DLj+1. When viewed in a plan view, the first and second
shielding electrodes SCE;j and SCEj+1 are disposed to cover
the first and second data lines DLj and DLj+1, respectively.
[0056] The first shielding electrode SCEj is electrically
insulated from the pixel electrode PEj and the left side pixel
electrode PEj+1 and the second shielding electrode SCEj+1 is
electrically insulated from the pixel electrode PEj and the
right side pixel electrode PEj+1.

[0057] In an exemplary embodiment, the first and second
shielding electrodes SCEj and SCEj+1 are applied with a
voltage at the same level as that of the common voltage
applied to the common electrode. Accordingly, the electric
field is not generated between the first shielding electrode
SCE; and the common electrode CE and between the second
shielding electrode SCEj+1 and the common electrode CE. In
an exemplary embodiment, when the liquid crystal molecules
ofthe liquid crystal layer LC have a negative dielectric anisot-
ropy, the liquid crystal molecules are vertically aligned with
respect to the surface of the second shielding electrode
SCEj+1 in a non-electric field state. When the liquid crystal
molecules are vertically aligned, the light provided from the
backlight assembly is blocked by the liquid crystal molecules
vertically aligned. Therefore, when an area to block the light
provided form the backlight assembly is defined as a light
blocking area, the areas in which the first and second shield-
ing electrodes SCEj and SCEj+1 are provided may serve as
the light blocking areas. As described above, since the first
and second shielding electrodes SCEj and SCEj+1 are pro-
vided along the first and second data lines DIj and DLj+1,
respectively, the light emitting areas are provided in the sec-
ond direction D2. As a result, a black matrix BM is not
disposed on the second substrate SUB2 corresponding to the
areas in which the first and second shielding electrodes SCE;
and SCEj+1 are provided.

[0058] When the pixel electrode PEj and the first and sec-
ond shielding electrodes SCEj and SCEj+1 are disposed on
the first substrate SUBI, the light blocking area may be effec-
tively prevented from moving to the pixel area PA even
though the first substrate SUB1 and the second substrate
SUB2 are misaligned with each other. Thus, a vertical dark
line may be effectively prevented from appearing on the pixel
area PA along the second direction D2 substantially vertical
to the first direction D1 in which the curved display apparatus
DP is curved.

[0059] Inanother exemplary embodiment, the first and sec-
ond shielding electrodes SCEj and SCEj+1 may be omitted.
When the first and second shielding electrodes SCEj and
SCE;j+1 are omitted, a separate light blocking member, e.g,,
the black matrix BM, may be disposed in areas corresponding
to the areas in which the first and second shielding electrodes
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SCE;j and SCEj+1 are provided. In an exemplary embodi-
ment, the black matrix BM may be disposed on one of the first
substrate SUB1 and the second substrate SUB2.

[0060] The second substrate SUB2 is disposed to face the
first substrate SUB1. The second substrate SUB2 includes a
second base substrate BS2, a protrusion pattern PR, a black
matrix BM, an overcoating layer OC, and the common elec-
trode CE.

[0061] The second base substrate BS2 includes an insulat-
ing material and has flexibility.

[0062] The protrusion pattern PR is disposed on the second
base substrate BS2 and extends in the second direction D2.
The protrusion pattern PR is provided along the first and
second data lines DLj and DLj+1 and has a width W13 equal
to or greater than the width W11 of each of the first and second
data lines DIj and DLj+1. When viewed in a plan view, the
protrusion pattern PR is disposed to cover the first and second
data lines DLj and DLj+1. In addition, the protrusion pattern
PR is provided along the first and second shielding electrodes
SCE; and SCEj+1 and has the width W13 equal to or greater
than the width W12 of each of the first and second shielding
electrodes SCEj and SCEj+1. When viewed in a plan view,
the protrusion pattern PR covers the first and second shielding
electrodes SCE;j and SCEj+1.

[0063] When a distance between the first substrate SUB1
and the second substrate SUB2 is referred to as a cell gap, the
cell gap in an area in which the protrusion pattern PR is
provided is smaller than that in an area in which the protrusion
pattern PR is not provided since the protrusion pattern PR is
protruded from the second base substrate BS2. In detail, a
distance CG1 between the common electrode CE disposed on
the protrusion pattern PR and the first and second shielding
electrodes SCEj and SCEj+1 disposed on the first substrate
SUBL is smaller than a distance CG2 between the common
electrode CE disposed in the area in which the protrusion
pattern PR is not disposed and the first and second shielding
electrodes SCEj and SCEj+1. As a height of the protrusion
pattern PR from the second substrate SUB2 becomes greater,
the cell gap becomes smaller.

[0064] The height of the protrusion pattern PR may be set
depending on a wavelength of light passing through the liquid
crystal layer LC and a refractive index anisotropy of the liquid
crystal layer LC. In an exemplary embodiment, the height of
the protrusion pattern PR may be A*m/(2*An), where “m” is
a positive odd number, “A” is a wavelength of light passing
through the liquid crystal layer LC, and “An” is the refractive

index anisotropy of the liquid crystal layer LC, for example.

[0065] Inanexemplary embodiment, the protrusion pattern
PR may include an organic polymer, such as polyimide,
polyamideimide, polyamide, polyetherimide, polyethere-
therketone, polyetherketone, polyketonesulfide, polyether-
sulfone, cycloolefin polymer, polysulfone, polyphenylene-
sulfide, polyphenyleneoxide, polyethyleneterephthalate,
polybutyleneterephthalate, polyethylenenaphthalate, polyac-
etal, polycarbonate, polyacrylate, acryl resin, acrylic resin,
polyvinylaleohol, polypropylene, cellulose, triacetylcellu-
lose, epoxy resin, phenol resin, or any combinations thereof,
for example.

[0066] Theblack matrix BM is disposed on the second base
substrate BS2 to block the light passing through the liquid
crystal layer LC. The black matrix BM is disposed to cover
the gate line GL. In addition, the black matrix BM is disposed
to cover the TFT TR when viewed in a plan view.
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[0067] Theovercoating layer OC is disposed on the protru-
sion pattern PR and the black matrix BM to cover the protru-
sion pattern PR and the black matrix BM. In another exem-
plary embodiment, the overcoating layer OC may be omitted.

[0068] The common electrode CE is disposed on the over-
coating layer OC and generates the electric field in coopera-
tion with the pixel electrode PE.

[0069] The liquid crystal layer L.C includes the liquid crys-
tal molecules having the dielectric anisotropy and the refrac-
tive index anisotropy. In the illustrated exemplary embodi-
ment, the liquid crystal layer LC may include the liquid
crystal molecules having a negative dielectric anisotropy.

[0070] In the liquid crystal layer LC, the liquid crystal
molecules may be aligned in different directions from each
other when the liquid crystal molecules are initially aligned.
FIG. 2 shows the liquid crystal molecules initially aligned in
different directions in the first, second, third, and fourth
domains DM1, DM2, DM3, and DM4.

[0071] The liquid crystal molecules of the liquid crystal
layer LC are aligned by the electric field provided between the
pixel electrode PE and the common electrode CE. The com-
mon electrode CE is applied with the common voltage and the
pixel electrode PE is applied with the data voltage from the
first data line DLj. Accordingly, the electric field is generated
to correspond to a difference in electric potential between the
common voltage and the data voltage, and the alignment of
the liquid crystal molecules of the liquid crystal layer LC is
changed in accordance with intensity of the electric field,
thereby controlling the transmittance of the light passing
through the liquid crystal layer L.C.

[0072] In an exemplary embodiment, the light supplied to
the liquid crystal layer LC may be the light provided from the
backlight assembly (not shown) disposed at a rear side of the
first substrate SUBI, for example.

[0073] The curved display apparatus having the above-de-
scribed structure has a response speed that is not substantially
slow even when the misalignment occurs between the first
substrate SUB1 and the second substrate SUB2 due to the
following reason.

[0074] As discussed above, the liquid crystal molecules of
the liquid crystal layer LC are initially aligned in different
directions in each of the first, second, third, and fourth
domains DM1, DM2, DM3, and DM4. However, when the
misalignment occurs between the first substrate SUB1 and
the second substrate SUB2, the initial alignment of the liquid
crystal molecules in the boundary area between the two adja-
cent pixels to each other, i.e., in the areas in which the data line
DL and/or the shielding electrode SCE are provided, is
changed. Due to the change of the initial alignment of the
liquid crystal molecules, the response speed of the liquid
crystal molecules is lowered.

[0075] In the illustrated exemplary embodiment, the pro-
trusion pattern PR is provided in the boundary area between
the two adjacent pixels to each other, i.e.,in the areas in which
the data line DL and/or the shielding electrode SCE are pro-
vided. The cell gap in the area in which the protrusion pattern
PR is disposed is smaller than the cell gap in the area in which
the protrusion pattern PR is not disposed, and thus the
response speed of the liquid crystal molecules in the area in
which the protrusion pattern PR is disposed is faster than the
response speed of the liquid crystal molecules in the area in
which the protrusion pattern PR is not disposed.
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[0076] FIG. 4 is a graph showing the response time of the
liquid crystal layer as a function of the height of the protrusion
pattern on the second base substrate.

[0077] Referring to FIG. 4, as the height of the protrusion
pattern measured in micrometers (um) becomes high, the
response speed measured in milliseconds (ms) becomes slow.
This means that the response speed becomes fast as the cell
gap becomes small. In addition, the response speed according
to the height of the protrusion pattern is predictable. There-
fore, when the height of the protrusion pattern is controlled,
the response speed in the boundary area between the adjacent
two pixels to each other may be controlled. As a result,
although the initial alignment direction in the boundary area
between the two pixels adjacent to each other is changed by
the misalignment occurring between the first substrate and
the second substrate, the response speed may be controlled by
providing the protrusion pattern.

[0078] The curved display apparatus according to the illus-
trated exemplary embodiment may have different structure
from the above-described structure.

[0079] FIG. 5 is a plan view showing a pixel structure of a
curved display apparatus according to an exemplary embodi-
ment of the invention, FIG. 6 A is a cross-sectional view taken
along a line III-IIT shown in FIG. 5, and FIG. 6B is a cross-
sectional view taken along a line IV-IV' shown in FIG. 5. The
curved display apparatus DP includes a plurality of pixels.
Forthe convenience of explanation, however, only two pixels,
e.g., afirst pixel Pij anda second pixel Pi(j+1), arranged in the
first direction D1 have been shown in FI1G. 5. Details of other
pixels will be omitted since the other pixels have the same
structure and function as those of the two pixels.

[0080] Referring to FIGS.5, 6A, and 6B, the curved display
apparatus DP includes a first substrate SUBI, a second sub-
strate SUB2 facing the first substrate SUB1, and a liquid
crystal layer LC interposed between the first substrate SUB1
and the second substrate SUB2.

[0081] The first substrate SUB1 includes a first base sub-
strate BS1, first and second gate lines GLi-1 and GL4, first,
second, third, and fourth data lines DL1j, DL2j, DL1(j+1),
and DL2(j+1), and a storage line.

[0082] In an exemplary embodiment, the first base sub-
strate BS1 may be an insulating substrate having light trans-
mitting property and flexibility, e.g., aplastic substrate. In an
exemplary embodiment, the first pixel Pij is disposed in a first
pixel area defined by the first and second gate lines GLi-1 and
GLiand the firstand second data lines DL1j and DL2j, and the
second pixel Pi(j+1) is disposed in a second pixel area defined
by the first and second gate lines GLi-1 and GLi and the third
and fourth data lines DL1(j+1) and DL2(j+1). However, the
invention is not limited thereto, and the plurality of pixels
may not be defined by the gate lines and the data lines.
[0083] The first pixel Pij includes first and second thin film
transistors TR1 and TR2 and first and second sub-pixel elec-
trodes SPE1 and SPE2, and the second pixel Pi(j+1) includes
third and fourth thin film transistors TR3 and TR4 and third
and fourth sub-pixel electrodes SPE3 and SPE4.

[0084] A shielding electrode SCE is disposed between the
firstand second pixels Pij and Pi(j+1). The shielding electrode
SCE extends in a second direction D2 substantially perpen-
dicular to the first direction D1.

[0085] As shown in FIG. 5, the first and second gate lines
GLi-1 and GL1i extend in the first direction D1 and the first,
second, third, and fourth data lines DL1j, DL2j, DL1(j+1),
and DL2(j+1) extend in the second direction D2 substantially
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perpendicular to the first direction D1. The first and second
gate lines GLi-1 and GLi are insulated from the first, second,
third, and fourth data lines DL1j, DL2j, DL1(j+1), and DL2
(j+1) while crossing the first, second, third, and fourth data
lines DL1j, DL2j, DL1(j+1), and DL2(j+1) by the gate insu-
lating layer GI.

[0086] The first TFT TR1 includes a first gate electrode
GE1 branched from the second gate line GLi, a first source
electrode SE1 branched from the first data line DL1j, and a
first drain electrode DE1 spaced apart from the first source
electrode SE1 by a predetermined distance. The second TFT
TR2 includes a second gate electrode GE2 branched from the
second gate line GLi. a second source electrode SE2 branched
from the second data line D12/, and a second drain electrode
DE2 spaced apart from the second source electrode SE2 by a
predetermined distance.

[0087] The first pixel area PA1 includes a first sub-pixel
area SPA1 and a second sub-pixel area SPA2 arranged in the
second direction D2. In an exemplary embodiment, the first
sub-pixel area SPA1 may have a size different from a size of
the second sub-pixel area SPA2. In detail, the first sub-pixel
area SPA1 may be smaller than the second sub-pixel area
SPA2.

[0088] The first sub-pixel electrode SPE1 is disposed in the
first sub-pixel area SPA1 and electrically connected to the
first drain electrode DE1 of the first TFT TR1. The second
sub-pixel electrode SPE2 is disposed in the second sub-pixel
area SPA2 and electrically connected to the second drain
electrode DE2 of the second TFT TR2.

[0089] The first sub-pixel electrode SPE1 includes a first
trunk portion T1 and a plurality of first branch portions Bl
extending from the first trunk portion T1 in a radial form to
divide the first sub-pixel area SPA1 into plural domains. In an
exemplary embodiment, the first trunk portion T1 has a cross
shape, and thus the first sub-pixel area SPA1 is divided into
four domains by the first trunk portion T1. The first branch
portions B1 extend substantially in parallel to each other and
are spaced apart from each other in each domain defined by
the first trunk portion T1. As an exemplary embodiment, the
first branch portions B1 extend in a direction inclined at about
45 degrees with respect to the first trunk portion T1. In the first
branch portions B1, a distance between two adjacent first
branch portions Bl to each other is measured in terms of a
micrometer, and a plurality of first micro-slits US1 is defined
therebetween. Due to the first micro-slits US1, liquid crystal
molecules of the liquid crystal layer LC are aligned in differ-
ent directions in each domain when the liquid crystal mol-
ecules are initially aligned.

[0090] The second sub-pixel electrode SPE2 includes a
second trunk portion T2 and a plurality of second branch
portions B2 extending from the second trunk portion T2 ina
radial form to divide the second sub-pixel area SPA2 into
plural domains. The second trunk portion T2 has a cross
shape, and thus the second sub-pixel area SPA2 is divided into
four domains by the second trunk portion T2. The second
branch portions B2 extend substantially in parallel to each
other and are spaced apart from each other in each domain
defined by the second trunk portion T2. In the second branch
portions B2, a distance between two adjacent second branch
portions B2 to each other is measured in terms of a microme-
ter, and a plurality of second micro-slits US2 is defined ther-
ebetween. Due to the second micro-slits US2, liquid crystal
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molecules of the liquid crystal layer L.C are aligned in differ-
ent directions in each domain when the liquid crystal mol-
ecules are initially aligned.

[0091] The storage line is disposed between the first sub-
pixel area SPA1 and the second sub-pixel area SPA2 and
includes a main storage line MSLi extending in the first
direction D1, and first and second sub-storage lines SSL1 and
SSL.2 branched from the main storage line MSL1 and extend-
ing in the second direction D2.

[0092] The main storage line MSLi is partially overlapped
with the first and second sub-pixel electrodes SPE1 and SPE2
in a plan view. The first and second sub-storage lines SSL.1
and SSL2 are partially overlapped with the first sub-pixel
electrode SPE1. In an exemplary embodiment, a distance
between the first and second sub-storage lines SSL1 and
SSL.2 is smaller than a distance between the first and second
data lines DL1; and DL2j, and a width of the first sub-pixel
electrode SPE1 along the first direction D1 in a plan view is
greater than a distance between the first and second sub-
storage lines SSL.1 and SSL.2 and smaller than a distance
between the first and second data lines DL1j and DL2j.
[0093] In an exemplary embodiment, the first pixel Pij fur-
ther includes a storage electrode SSE branched from the first
gate line GLi-1 and partially overlapped with the second
sub-pixel electrode SPE2.

[0094] The second pixel Pi(j+1) has the same structure and
function as those of the first pixel Pij, and thus details thereof
will be omitted.

[0095] The second pixel Pi(j+1) shares the first and second
gate lines GLi-1 and GLi with the first pixel Pij. However,
separately from the first pixel Pij, the second pixel Pi(j+1)
includes third and fourth thin film transistors TR3 and TR4
electrically connected to the third and fourth data lines DL.1
(j+1) and DL2(j+1) and third and fourth sub-pixel electrodes
SPE3 and SPEA4 electrically connected to the third and fourth
thin film transistors TR3 and TR4, respectively. In addition,
the second pixel Pi(j+1) includes third and fourth sub-storage
lines SSL.3 and SSL4.

[0096] FIG. 6A shows the cross-sectional view in the
boundary area between the first pixel Pij and the second pixel
Pi(j+1).

[0097] As shown in FIG. 6A, the second and third sub-
storage lines SSL.2 and SSL3 are disposed on the first base
substrate BS1 through the same process used to provide the
first and second gate lines GLi-1 and GLi. That is, the sub-
storage lines SSL may be in a same layer as the gate lines GL.
The second and third sub-storage lines SSL.2 and SSL3 are
covered by the gate insulating layer GI and the second and
third data lines DL2j and DL1(j+1) are disposed on the gate
insulating layer GI.

[0098] The second and third data lines DL2j and DL1(j+1)
are covered by an insulating layer INS. In the illustrated
exemplary embodiment, the red color pixel R is disposed in
the first pixel area PA1 and the green color pixel G is disposed
in the second pixel area PA2, for example. However, the
invention is not limited thereto, and color pixels having vari-
ous other colors may be disposed in the first pixel area PA1
and the second pixel area PA2

[0099] The first to fourth sub-pixel electrodes SPE1 to
SPE4 are disposed on the insulating layer INS. When viewed
in a plan view, the first sub-pixel electrode SPE1 of the first
pixel Pijis overlapped with the second sub-storage line SSL.2
and the third sub-pixel electrode SPE3 of the second pixel
Pi(j+1) is overlapped with the third sub-storage line SSL.3.
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[0100] The first and third sub-pixel electrodes SPE1 and
SPE3 are spaced apart from each other in the first direction D1
by a predetermined distance. The shielding electrode SCE is
disposed between the first pixel Pij and the second pixel
Pi(j+1). As shown in FIG. 5, the shielding electrode SCE
extends in the second direction D2 along the second and third
datalines DL2j and DL1(j+1). The shielding electrode SCE is
spaced apart from the first and third sub-pixel electrodes
SPE1 and SPE3 to be insulated from the first and third sub-
pixel electrodes SPE1 and SPE3.

[0101] Theshieldingelectrode SCEis disposed on the insu-
lating layer INS similar to the first and third sub-pixel elec-
trodes SPE1 and SPE3. In an exemplary embodiment, the
shielding electrode SCE includes a transparent conductive
material, e.g., indium tin oxide (“ITO”) or indium zinc oxide
(“120™), similar to the first and third sub-pixel electrodes
SPE1 and SPE3.

[0102] The shielding electrode SCE is applied with the
voltage at the same level as that of the common voltage
applied to the common electrode CE. Accordingly, the elec-
tric field is not generated between the shielding electrode
SCE and the common electrode CE. In particular, when the
liquid crystal layer LC includes the negative liquid crystal
molecules, the liquid crystal molecules are vertically aligned
to the surface of the shielding electrode SCE in the non-
electric field state.

[0103] As described above, when the liquid crystal mol-
ecules are vertically aligned, the light provided from the
backlight assembly may be blocked by the liquid crystal
molecules vertically aligned. Therefore, the area in which the
shielding electrode SCE is provided may serve as a first light
blocking area to block the light provided from the backlight
assembly.

[0104] As described above, since the shielding electrode
SCE is provided along the second and third data lines DL2j
and DL1(j+1), the first light blocking area may be provided in
the second direction D2.

[0105] The black matrix BM is not provided on the second
substrate SUB2 corresponding to the area in which the shield-
ing electrode SCE is provided.

[0106] The second substrate SUB2 includes a protrusion
pattern PR, an overcoating layer OC, and the common elec-
trode CE.

[0107] The protrusion pattern PR is protruded from the
upper surface of the second base substrate BS2. The protru-
sion pattern PR is provided on the second base substrate BS2
and extends along the second direction D2. The protrusion
pattern PR is provided along the shielding electrodes SCE and
has a width W22 greater than a width W21 of the shielding
electrode SCE to cover the shielding electrode SCE when
viewed in a plan view. In addition, the width W22 of the
protrusion pattern PR covers the first and second data lines
DLj and DLj+1 when viewed in a plan view. Further, the
width W22 of the protrusion pattern PR is greater than a width
W23 of the second and third sub-storage lines SSL.2 and SS1.3
to cover the second and third sub-storage lines SSI.2 and
SSL3 when viewed in a plan view.

[0108] The common electrode CE receives the common
voltage and faces the first to fourth sub-pixel electrodes SPE1
to SPE4 to generate the electric field between the common
electrode CE and the first to fourth sub-pixel electrodes SPE1
to SPE4. The common electrode CE may be provided as a
single unitary and individual unit.
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[0109] As described above, the protrusion pattern PR is
disposed in the boundary area between the two adjacent pix-
els to each other, i.e., in the areas in which the data line and/or
shielding electrode are provided. The cell gap in the area in
which the protrusion pattern PR is provided is smaller than
the cell gap in the area in which the protrusion pattern PR is
not provided, and thus the liquid crystal molecules in the area,
in which the protrusion pattern PR is provided, have the
response speed faster than the response speed of the liquid
crystal molecules in the areas, in which the protrusion pattern
PR is not provided.

[0110] Referring to FIGS. 5 and 6B again, the second sub-
strate SUB2 further includes the black matrix BM. The black
matrix BM includes a material that blocks the light to block
unnecessary light.

[0111] In an exemplary embodiment, the black matrix BM
may have a stripe shape extending in the first direction D1
along the main storage line MSLi and the first and second gate
lines GLi-1 and GLi.

[0112] When the curved display apparatus DP is curved in
the first direction D1, the misalignment does not occur
between the first substrate SUB1 and the second substrate
SUB2 inthe second direction D2. Therefore, the black matrix
BM is disposed on the second substrate SUB2 and extends in
the first direction D1 to provide a second light blocking area.
That is, the second light blocking area may be provided in the
first direction D1.

[0113] Theblack matrix BM is omitted from the area of the
second substrate SUB2, which corresponds to the first light
blocking area defined by the shielding electrode SCE dis-
posed on the first substrate SUBL.

[0114] However, the invention is not limited thereto, and
the shielding electrode SCE and the black matrix BM may be
disposed in a cross area of the first and second gate lines
GLi-1 and GLi, the main storage line MSLi, and the first,
second, third, and fourth data lines DL1j, DL2j, DL1(j+1),
and DL2(j+1).

[0115] In the above-described figures, the curved display
apparatus DP is curved in a certain one direction, e.g., the first
direction D1. However, when the curved display apparatus
DP is curved in the first and second directions D1 and D2 or
in a hemi-spherical shape, the shielding electrode SCE may
be disposed on the first substrate SUB1 along the first and
second directions D1 and D2. In this case, the black matrix
BM disposed on the second substrate SUB2 may be omitted.
[0116] In the exemplary embodiment, since the protrusion
pattern is provided on the second substrate, a misalignment of
the liquid crystal molecules caused by a step difference of the
protrusion pattern and a light leakage caused by the misalign-
ment may occur.

[0117] FIG. 7Ais a graph showing a brightness measured
in terms of nit in the boundary area between the two adjacent
pixels of the curved display apparatus when the pixels are
driven to display a white color according to an exemplary
embodiment of the invention and FIG. 7B is a graph showing
a brightness in the boundary area between the two adjacent
pixels of the curved display apparatus when the pixels are
driven to display a black color according to an exemplary
embodiment of the invention. In FIGS. 7A and 7B, a first
graph Ref is a position graph of a conventional curved display
apparatus not including the protrusion pattern and a second
graph Scom is a position graph of the curved display appara-
tus including the protruding pattern according to the inven-
tion. Here, the curved display apparatus has the structure
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shown in FIG. 5 and the position measured between a first
position P1 and a second position P2 shown in FIG. 5.
[0118] Referring to FIGS. 7A and 7B, when the light leak-
age occurs due to the protrusion pattern, abnormal brightness
is observed in the first and second graphs. However, the
abnormal brightness is not observed in the first and second
graphs. This means that the light leakage does not occur inthe
curved display apparatus according to the invention even
though the curved display apparatus includes the protrusion
pattern.

[0119] Although the exemplary embodiments of the inven-
tion have been described, it is understood that the invention
should not be limited to these exemplary embodiments but
various changes and modifications can be made by one ordi-
nary skilled in the art within the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A curved display apparatus curved in a first direction,
comprising:

a first substrate which comprises:

a first base substrate; and

a plurality of pixel electrodes disposed on the first base
substrate;

a second substrate which comprises:

a second base substrate;

a protrusion pattern disposed between two adjacent
pixel electrodes among the plurality of pixel elec-
trodes when viewed in a plan view and protruded from
the second base substrate; and

a common electrode which is disposed on the second
base substrate and configured to generate an electric
field in cooperation with the plurality of pixel elec-
trodes, and

aliquid crystal layer interposed between the first substrate

and the second substrate.

2. The curved display apparatus of claim 1, wherein

the first substrate further comprises a plurality of signal

lines disposed on the first base substrate, and an insulat-

ing layer covering the signal lines, and

the protrusion pattern is disposed along the plurality of

signal lines extending in a second direction crossing the

first direction among the plurality of signal lines, when
viewed in the plan view.

3. The curved display apparatus of claim 2, wherein

the first substrate further comprises a shielding electrode

disposed along the plurality of signal lines extending in

the second direction among the plurality of signal lines
and electrically insulated from the plurality of pixel
electrodes.

4. The curved display apparatus of claim 3, wherein the
protrusion pattern has a width equal to or greater than a width
of the shielding electrode when viewed in the plan view.

5. The curved display apparatus of claim 4, wherein

the protrusion pattern protrudes from an upper surface of

the second base substrate and has a height of A¥*m/

(2*u),

where “A\” is a wavelength of light, “m” is a positive odd

number and “An” is the refractive index anisotropy of the

liquid crystal layer.

6. The curved display apparatus of claim 3, wherein the
protrusion pattern comprises an organic material.

7. The curved display apparatus of claim 3, further com-
prising an overcoating layer disposed between the protrusion
pattern and the common electrode.
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8. The curved display apparatus of claim 3, wherein the
shielding electrode receives a voltage at the same level as that
of a voltage applied to the common electrode.

9. The curved display apparatus of claim 3, wherein the
liquid crystal layer comprises negative type liquid crystal
molecules.

10. The curved display apparatus of claim 3, wherein

the plurality of signal lines comprises:

gate lines extending in the first direction; and
data lines extending in the second direction, and

the shielding electrode is disposed along the data lines.

11. The curved display apparatus of claim 10, wherein the
shielding electrode has a width equal to or greater than a
width of the data lines when viewed in the plan view.

12. The curved display apparatus of claim 10, wherein the
second substrate further comprises a black matrix disposed
on the second base substrate and extending along the gate
lines.

13. The curved display apparatus of claim 10, wherein

each of the plurality of pixel electrodes is electrically insu-

lated from an adjacent pixel electrode of the plurality of
pixel electrodes, with at least one data lines of the data
lines disposed therebetween, and

the shielding electrode is disposed between the two adja-

cent pixel electrodes.

14. The curved display apparatus of claim 13, wherein the
shielding electrode is disposed on the insulating layer and
comprises a same material as that of the plurality of pixel
electrodes.

15. The curved display apparatus of claim 3, wherein the
insulating layer comprises red, green, and blue color pixels.
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16. The curved display apparatus of claim 3, wherein

each of the plurality of pixel electrodes comprises a first

sub-pixel electrode and a second sub-pixel electrode,
which are arranged in the second direction, and

the second substrate further comprises a black matrix

extending in the first direction between the first sub-

pixel electrode and the second sub-pixel electrode.

17. The curved display apparatus of claim 16, wherein the
first sub-pixel electrode comprises at least two domains
arranged in the second direction and the at least two domains
have different liquid crystal alignment directions.

18. The curved display apparatus of claim 16, wherein the
second sub-pixel electrode comprises at least two domains
arranged in the second direction and the at least two domains
have different liquid crystal alignment directions.

19. The curved display apparatus of claim 16, wherein

the plurality of signal lines comprises:

gate lines extending in the first direction;

a first data line extending in the second direction and
electrically connected to the first sub-pixel electrode;
and

asecond data line extending in the second direction and
electrically connected to the second sub-pixel elec-
trode, and

the shielding electrode extends along the first and second

data lines.

20. The curved display apparatus of claim 19, wherein the
black matrix extends along the gate lines and is configured to
cover the gate lines when viewed in a plan view.

* ok %k
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