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FIG. 1A
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FIG. 1B
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FIG. 5
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CURVED DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation of U.S. patent
application Ser. No. 14/957,247, filed on Dec. 2, 2015, and
claims the priority from and the benefit of Korean Patent
Application No. 10-2015-0001319, filed on Jan. 6, 2015,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND
Field
[0002] The present invention relates to a curved display
device.
Discussion of the Background
[0003] A liquid crystal display (LCD), one of the most

widely used flat panel displays (FPDs), includes two display
substrates with field generating electrodes such as a pixel
electrode, a common electrode, and the like, formed thereon
and a liquid crystal layer interposed therebetween.

[0004] A voltage is applied to a field generating electrode
to generate an electric field in a liquid crystal layer, whereby
orientation of liquid crystal molecules of the liquid crystal
layer is determined and polarization of incident light is
controlled to display an image.

[0005] Among LCDs, a vertically aligned mode LCD, in
which liquid crystal modules are aligned such that a longer
axis thereof is perpendicular to upper and lower display
substrates in a state in which an electric field is not applied,
has come to prominence due to a large constant ratio and
ease in realization of a wide reference viewing angle.
[0006] In such a vertically aligned mode LCD, a plurality
of domains in which orientation directions of liquid crystal
are different may be formed in a single pixel in order to
realize a wide viewing angle.

[0007] In order to form a plurality of domains, a method
of forming a cutout portion such as a fine slit, or the like, in
a field generating electrode or forming a protrusion on a field
generating electrode is used. In this method, liquid crystal is
aligned in a direction perpendicular to a fringe field by the
fringe field formed between the edge of the cutout portion or
a protrusion and a field generating electrode facing the edge,
thus forming a plurality of domains.

[0008] However, application of an LCD including such
pretilting to a curved display device may generate texture
due to misalignment and result in a reduction in transmit-
tance.

[0009] 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

[0010] The present invention has been made in an effort to
provide a curved display device having advantages of
improving a display defect such as texture or spot due to
misalignment.

[0011] An exemplary embodiment of the present invention
provides a curved display device including: a first substrate;
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a thin film transistor (TFT) disposed on the first substrate; a
pixel electrode connected to the TFT; a second substrate
facing the first substrate; a common electrode positioned on
the second substrate; and a liquid crystal layer interposed
between the first substrate and the second substrate, wherein
the pixel electrode includes a cross-shaped stem portion
including a horizontal stem portion and a vertical stem
portion intersecting the horizontal stem portion and a plu-
rality of fine branches extending from the cross-shaped stem
portion, each of the fine branches includes a first portion and
a second portion having a width greater than that of the first
portion, and the first portion is connected to the cross-shaped
stem portion.

[0012] An extending line from the boundary between the
first portion and the second portion may be parallel to the
vertical stem portion.

[0013] The first substrate may include a first pixel, a
second pixel, and a third pixel, and the first pixel may be
provided such that the first portion is disposed on both sides
of the vertical stem portion in plan view.

[0014] The second pixel may be provided such that the
first portion is disposed only on the right side of the vertical
stem portion in plan view.

[0015] The third pixel may be provided such that the first
portion is disposed only on the left side of the vertical stem
portion in plan view.

[0016] When the first substrate is trisected in a Y-axis
direction, the first substrate may include a central portion, a
left outer portion disposed on the left side of the central
portion, and a right outer portion disposed on the right side
of the central portion.

[0017] The first pixel may be disposed in the central
portion.
[0018] The second pixel may be disposed in the left outer
portion.
[0019] The third pixel may be disposed in the right outer
portion.
[0020] An extending line from the boundary between the

first portion and the second portion may be parallel to the
horizontal stem portion.

[0021] The first substrate may include a fourth pixel, a
fifth pixel, and a sixth pixel, and the fourth pixel may be
provided such that the first portion is disposed above and
below the horizontal stem portion in plan view.

[0022] The fifth pixel may be provided such that the first
portion is disposed only below the horizontal stem portion in
plan view.

[0023] The sixth pixel may be provided such that the first
portion is disposed only above the horizontal stem portion in
plan view.

[0024] When the first substrate is trisected in an X-axis
direction, the first substrate may include a central portion, an
upper outer portion disposed above the central portion, and
a lower outer portion disposed below the central portion.

[0025] The fourth pixel may be disposed in the central
portion.
[0026] The fifth pixel may be disposed in the upper outer
portion.
[0027] The sixth pixel may be disposed in the lower outer
portion.
[0028] An exemplary embodiment of the present inven-

tion provides a curved display device including a first
substrate, a thin film transistor (TFT) disposed on the first
substrate, a pixel electrode connected to the TFT, a second
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substrate overlapping the first substrate, a liquid crystal layer
disposed between the first substrate and the second sub-
strate, and a common electrode disposed between the second
substrate and the liquid crystal layer, in which the pixel
electrode includes a cross-shaped stem portion including a
horizontal stem portion and a vertical stem portion intet-
secting the horizontal stem portion, and a plurality of fine
branches extending from the cross-shaped stem portion, at
least one of the plurality of the fine branches includes a first
portion and a second portion having a width greater than that
of the first portion, and an extending line from a boundary
between the first portion and the second portion is sloped at
an angle in a range of -10 degrees to +10 degrees with
respect to the vertical stem portion.

[0029] An exemplary embodiment of the present inven-
tion provides a curved display device including a first
substrate, a thin film transistor (TFT) disposed on the first
substrate, a pixel electrode connected to the TFT, a second
substrate overlapping the first substrate, a liquid crystal layer
disposed between the first substrate and the second sub-
strate, and a common electrode disposed between the second
substrate and the liquid crystal layer, in which the pixel
electrode includes a cross-shaped stem portion including a
horizontal stem portion and a vertical stem portion inter-
secting the horizontal stem portion, and a plurality of fine
branches extending from the cross-shaped stem portion, at
least one of the plurality of the fine branches includes a first
portion and a second portion having a width greater than that
of the first portion, and an extending line from a boundary
between the first portion and the second portion is sloped at
an angle in a range of -10 degrees to +10 degrees with
respect to the horizontal stem portion.

[0030] According to an embodiment of the present inven-
tion, since the fine branch has a first portion and a second
portion having different widths and the first portion having
a smaller width is connected to the cross-shaped stem
portion, texture may be improved, thus enhancing transmit-
tance of the curved display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by refer-
ence to the following detailed description when considered
in conjunction with the accompanying drawings, in which
like reference symbols indicate the same or similar compo-
nents, wherein:

[0032] FIGS. 1A and 1B are schematic perspective views
of curved display devices according to exemplary embodi-
ments of the present invention.

[0033] FIG. 2 is a layout view of a pixel of the curved
display device of FIG. 1A.

[0034] FIG. 3 is a cross-sectional view taken along line
1I-11T of FIG. 2.

[0035] FIG. 4 is a cross-sectional view taken along line
IV-IV of FIG. 2.

[0036] FIG. 5 is an enlarged view of a pixel electrode of
FIG. 2.
[0037] FIG. 6Ais a view illustrating a simulation result of

a curved display device in which a fine branch of a pixel
electrode has a uniform width, and FIG. 6B is a view
illustrating a simulation result of a curved display device
according to an exemplary embodiment of the present
invention.
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[0038] FIGS. 7 and 8 are views schematically illustrating
pixel electrodes disposed in different pixels of the curved
display device of FIG. 1A.

[0039] FIG. 9 is a plan view briefly illustrating the curved
display device of FIG. 1A.

[0040] FIG. 10 is a plan view briefly illustrating a curved
display device according to another exemplary embodiment
of the present invention.

[0041] FIGS. 11 through 13 are views illustrating a pixel
structure of the curved display device of FIG. 10.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0042] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0043] To clarify the present invention, portions irrespec-
tive of description are limited and like numbers refer to like
elements throughout the specification.

[0044] Also, in the drawings, sizes and thickness of com-
ponents are arbitrarily shown for the description purposes,
so the present invention is not limited to the illustrations of
the drawings.

[0045] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. In the
drawings, the thickness of layers, films, panels, regions, etc.,
are exaggerated for clarity. It will 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.

[0046] Throughout the specification, unless explicitly
described to the contrary, the word “comprise” and varia-
tions such as “comprises” or “comprising”, will be under-
stood to imply the inclusion of stated elements but not the
exclusion of any other elements. Throughout the specifica-
tion, when an electrode is referred to as being “on”, it may
be positioned on or under another element and does not
necessarily positioned above with respect to a gravitation
direction.

[0047] Throughout the specification, when it is referred to
“in plan view”, it means that a target element is viewed from
above, and when it is referred to “in cross-sectional view”,
it means that a target element taken vertically is viewed from
the side.

[0048] A curved display device according to an exemplary
embodiment of the present invention will be described with
reference to FIGS. 1 through 5.

[0049] FIG. 1A is a schematic perspective view of a
curved display device according to an exemplary embodi-
ment of the present invention.

[0050] Referring to FIG. 1A, a curved display device 1000
according to an exemplary embodiment of the present
invention may be curved in a horizontal direction as a longer
axis or in a vertical direction as a shorter axis. In the present
exemplary embodiment, the curved display device 1000 will
be described, but the present invention may not be limited
thereto and may also be applied to a flat panel type display.
The curved display device 1000 includes a plurality of pixels
displaying an image.
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[0051] FIG. 1B shows another embodiment of a curved
display device curved along Y-axis direction.

[0052] FIG. 2 is a layout view of a pixel of the curved
display device of FIG. 1A. FIG. 3 is a cross-sectional view
taken along line I1I-I1T of FIG. 2. FIG. 4 is a cross-sectional
view taken along line IV-IV of FIG. 2. FIG. 5 is an enlarged
view of a pixel electrode of FIG. 2.

[0053] Referring to FIGS. 2 and 5, the curved display
device according to the present exemplary embodiment
includes a first display substrate 100, a second display
substrate 200 facing one another, and a liquid crystal layer
3 interposed between the first and second display substrates
100 and 200.

[0054] Hereinafter, the first display substrate 100 will be
described.
[0055] A gate line 121 and a reference voltage line 131 are

disposed on a first substrate 110 formed of transparent glass,
plastic, and the like.

[0056] The gate line 121 extends mainly in a horizontal
direction, transmits a gate signal, and includes a first gate
electrode 124a, a second gate electrode 1245, and a third
gate electrode 124c¢.

[0057] The reference voltage line 131 extends mainly in
the horizontal direction, transmits a predetermined voltage
such as a reference voltage, and includes a first reference
electrode 1334 surrounding a first subpixel electrode 191a
and a protrusion 134 protruding in a direction toward the
gate line 121

[0058] Also, a second reference electrode 1335 surround-
ing a second subpixel electrode 1915 described hereinafter
is disposed. Although not shown in FIG. 1A, a horizontal
portion of the first reference electrode 1334 is connected to
a horizontal portion of the second reference electrode 1335
of a previous pixel, as an integral line.

[0059] A gate insulating layer 140 is disposed on the gate
line 121 and the reference voltage line 131.

[0060] A first semiconductor 154a, a second semiconduc-
tor 1545, and a third semiconductor 154c¢ are disposed on the
gate insulating layer 140.

[0061] A plurality of resistive contact members are dis-
posed on the first semiconductor 1544, the second semicon-
ductor 1545, and the third semiconductor 154¢, and here, in
FIG. 2, only the resistive contact members 163a and 164a
formed on the first semiconductor 154 are illustrated, and
in FIG. 3, only the resistive contact member 165¢ formed on
the third semiconductor 154¢ is illustrated. This is because
a cross-section of other portions is not taken.

[0062] A plurality of data lines 171 including a first source
electrode 173¢ and a second source electrode 1735 and data
conductors 171, 173¢, 175a, 175b, and 175¢ including a first
drain electrode 1754, a second drain electrode 1755, and a
third source electrode 173¢ and a third drain electrode 175¢
are disposed on the resistive contact members 163a, 1654,
and 165¢ and the gate insulating layer 140. The third drain
electrode 715¢ overlaps with a protrusion 134 of the refer-
ence voltage line 131.

[0063] The first gate electrode 124a, the first source elec-
trode 173q, and the first drain electrode 175a form a first thin
film transistor (TFT) together with the first semiconductor
154a, and a channel of the first TFT is formed in a semi-
conductor portion 154a between the first source electrode
173a and the first drain electrode 1754

[0064] Similarly, the second gate electrode 1245, the sec-
ond source electrode 1735, and the second drain electrode
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1756 form a second TFT together with the second semicon-
ductor 1545, a channel of the second TFT is formed in the
semiconductor portion 1545 between the second source
electrode 17356 and the second drain electrode 1755, the third
gate electrode 124c, the third source electrode 173¢, and the
third drain electrode 175¢ form a third TFT together with the
third semiconductor 154¢, and a channel of the third TFT is
formed in the semiconductor portion 154¢ between the third
source electrode 173¢ and the third drain electrode 175c¢.
[0065] A passivation layer 180 is disposed on the data
conductors 171, 173¢, 175a, 1755, and 175¢ and the exposed
portions of the semiconductors 1544, 1545, and 154¢. The
passivation layer 180 may be formed of an organic insulat-
ing material and may have a smooth surface.

[0066] The passivation layer 180 may have a dual-layer
structure including a lower inorganic layer and an upper
organic layer so as not to damage the exposed portions of the
semiconductors 154a, 1544, and 154¢, while saving excel-
lent insulating properties of the organic layer.

[0067] In the passivation layer 180, a first contact hole
1854, a second contact hole 1855, and a third contact hole
185¢, exposing the first drain electrode 175a, the second
drain electrode 175b, and the third drain electrode 175¢,
respectively, are disposed.

[0068] A pixel electrode 191 including a first subpixel
electrode 191a and a second subpixel electrode 1915 and an
auxiliary voltage line 137 are disposed on the passivation
layer 180. The pixel electrode 191 and the auxiliary voltage
line 137 may be formed of a transparent conductive material
such as ITO or IZO or a reflective metal such as aluminum,
silver, chromium, or an alloy thereof.

[0069] The first subpixel electrode 191a and the second
subpixel electrode 1915 neighbor in a column direction,
have an overall quadrangular shape, and include a cross-
shaped stem portion including a horizontal stem portion 192
and a vertical stem portion 193 intersecting the horizontal
stem portion 192.

[0070] The first subpixel electrode 191a and the second
subpixel electrode 1915 are divided into four sub-regions by
the horizontal stem portion 192 and the vertical stem portion
193, respectively, and each sub-region includes a plurality of
fine branches 194 and a plurality of fine slits 195. Each slit
195 is disposed between adjacent fine branches 194.
[0071] One of the plurality of fine branches 194 of the first
subpixel electrode 191a and the second subpixel electrode
1915 extends slantingly from the horizontal stem portion
192 or the vertical stem portion 193 in a left-upward
direction, and the other fine branch 194 extends slantingly
from the horizontal stem portion 192 or the vertical stem
portion 193 in a right-upward direction. Also, the other fine
branch 194 extends slantingly from the horizontal stem
portion 192 or the vertical stem portion 193 in a lefi-
downward direction, and the other remaining fine branch
194 extends slantingly from the horizontal stem portion 192
or the vertical stem portion 193 in a right-downward direc-
tion.

[0072] Each fine branch 194 makes an angle of substan-
tially ranging from 40 degrees to 45 degrees with the gate
line 121 or the horizontal stem portion 192. In particular, the
fine branches 194 included in the first subpixel electrode
1914 may make an angle of substantially 40 degrees with the
horizontal stem portion 192, and the fine branches 194
included in the second subpixel electrode 1915 may make an
angle of substantially 45 degrees with the horizontal stem
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portion 192. Fine branches 194 of two neighboring sub-
regions may be perpendicular to each other.

[0073] Each fine branch 194 includes a first portion 194a
and a second portion 1945. One side of the first portion 194a
is connected to the vertical stem portion 193 and the
horizontal stem portion 192, and the other side of the first
portion 1944 is connected to the second portion 1945 A
width L2 of the second portion 1945 is greater than a width
L1 of the first portion 194a.

[0074] Here, the first portions 194a of the fine branch 194
are disposed on both sides of the vertical stem portion 193
in plan view. That is, each of the first portions 194a is
connected to the vertical stem portion 193 on both sides of
the vertical stem portion 193.

[0075] The first portion 194a connected to the horizontal
stem portion 192 is connected only to the horizontal stem
portion 192 in a portion adjacent to the portion where the
vertical stem portion 193 and the horizontal stem portion
192 intersect.

[0076] Also, an extending line from the boundary between
the first portion 1944 and the second portion 1945 may be
parallel to the vertical stem portion 193, or may be sloped at
an angle ranging from -10 degrees to +10 degrees with
respect to a certain line parallel to the vertical stem portion
193.

[0077] InFIG. 5, only the second subpixel electrode 1915
is enlarged to be illustrated, but the fine branch 194 of the
first subpixel electrode 191 has the same shape as that of the
fine branch 194 of the second subpixel electrode 1915.
[0078] The first subpixel electrode 191a and the second
subpixel electrode 1915 are physically, electrically con-
nected to the first drain electrode 175a and the second drain
electrode 1756 through the contact holes 1854 and 1856,
respectively, and receive a data voltage from the first drain
electrode 175a and the second drain electrode 1755. Here, a
portion of the data voltage applied to the second drain
electrode 1755 is divided through the third source electrode
173¢, and thus, a magnitude of the voltage applied to the
second subpixel electrode 1915 is smaller than that of the
voltage applied to the first subpixel electrode 191a. In this
case, the voltage applied to the first subpixel electrode 191a
and the second subpixel electrode 19156 has a positive
polarity (+), and conversely, when the voltage applied to the
first subpixel electrode 191a and the second subpixel elec-
trode 1915 has a negative polarity (-), a magnitude of the
voltage applied to the first subpixel electrode 1914 is smaller
than that applied to the second subpixel electrode 1915.
[0079] Here, the area of the second subpixel electrode
1915 may be one time to two times the area of the first
subpixel electrode 191a.

[0080] The auxiliary voltage line 173 is positioned in a
portion corresponding to the data line 171, and includes a
connection member 138 extending toward the protrusion
134 of the reference voltage line 131. The connection
member 138 is connected to the third drain electrode 175
through the third contact hole 185¢. Since a reference
voltage Vst is applied to the protrusion 134 of the reference
voltage line 131, the reference voltage Vest has a predeter-
mined voltage value, and the reference voltage Vcst is
applied to the third TFT through the third drain electrode
175¢. As aresult, the voltage applied to the second subpixel
electrode 1915 is lowered.

[0081] A first alignment layer 12 is formed on the pixel
electrode 191.
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[0082] Hereinafter, the second display substrate 200 will
be described.
[0083] A light blocking member 220 is formed on a

second substrate 210 formed of a transparent glass, plastic,
and the like. The light blocking member 220 is also called
a black matrix, preventing light leakage.

[0084] A plurality of color filters 230 are formed on the
second substrate 201 and the light blocking member 220.
The color filters 230 mostly exist within a region surrounded
by the light blocking member 220, and may extend along the
column of the pixel electrode 191. Each color filter 230 may
display one of primary colors such as red, green, and blue
colors. However, each color filter 230 may also display one
of cyan, magenta, yellow, and white-based colors, without
being limited to the primary colors of red, green, and blue
colors.

[0085] At least one of the light blocking member 220 and
the color filters 230 may be formed on the first substrate 110.
[0086] An overcoat 250 is formed on the color filters 230
and the light blocking member 220. The overcoat 250 may
be formed of an insulating material, prevent exposure of the
color filter 230, and provides a smooth surface. The overcoat
250 may be omitted.

[0087] A common electrode 270 is formed on the overcoat
250, and a second alignment layer 22 is formed on the
common electrode 270.

[0088] Polarizers (not shown) are provided on outer sur-
faces of the first and second display substrates 100 and 200,
and polarizing axes of the two polarizers are perpendicular,
and preferably, one of the two polarizing axes is parallel to
the gate line 121. One of the two polarizers may be omitted
in case of a reflective liquid crystal display device.

[0089] Simulation results of the curved display device
according to an exemplary embodiment of the present
invention will be described with reference to FIG. 6 and
Table 1.

[0090] FIG. 6A is a view illustrating a simulation result of
a curved display device in which a fine branch of a pixel
electrode has a uniform width, and FIG. 6B is a view
illustrating a simulation result of a curved display device
according to an exemplary embodiment of the present
invention.

[0091] In FIG. 6, the light blocking member disposed on
the second display substrate is shifted by 20 pm due to the
curved surface. Also, in FIG. 6A, a width of the fine branch
is 3.4 um and a width of the fine slit is 2.6 pm. In FIG. 6B,
a width of the first portion of the fine branch is 2.6 pm, and
a width of the second portion is 3.4 um. A width of the fine
slit between mutually adjacent first portions is 3.4 um, and
a width of a fine slit between mutually adjacent second
portions is 2.6 um.

[0092] Referring to FIG. 6, in the case of the curved
display device of FIG. 6A, it can be seen that texture appears
in the vicinity of the vertical stem portion of the pixel
electrode, and in the case of the curved display device of
FIG. 6B, texture in the vicinity of the vertical stem portion
of the pixel electrode is improved compared with the case of
FIG. 6A. That is, it can be seen that transmittance of the
curved display device in which a fine branch has the uniform
width is lower than transmittance of the curved display
device according to the present exemplary embodiment in
which the fine branch has different widths.

[0093] Table 1 shows brightness of the curved display
device of FIGS. 6A and 6B before and after shifting.
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[0094] Referring to Table 1, in the case of the curved
display device of FIG. 6A, it can be seen that brightness after
shifting is reduced by 13% compared with brightness before
shifting, and in the case of the curved display device of FIG.
6B, it can be seen that brightness after shifting is reduced by
11% compared with brightness before shifting. That is, it can
be is seen that a decrement of brightness of the curved
display device before and after shifting according to the
present exemplary embodiment is smaller than a decrement
of brightness of the curved display device in which the width
of the fine branch is uniform.

TABLE 1
FIG. 6A FIG. 6B
Luminance before shifting 0.23878 0.23923
Luminance after shifting 0.20739 0.21173

Variation in luminance -13% -11%
before and after shifting

[0095] In this manner, in the curved display device 1000,
since the fine branch 194 includes the first portion 194a and
the second portion 194) having different widths, and the first
portion 1944 having a smaller width is connected to the
cross-shaped stem portion, texture may be improved to
enhance transmittance. Also, a brightness decrement before
and after shifting may be improved.

[0096] Another pixel of the curved display device of FIG.
1A will be described with reference to FIGS. 7 and 8.
[0097] A structure of another pixel of the curved display
device of FIG. 1A is the same as that of the pixel of FIG. 2,
except for a position in which the first portion of the fine
branch is disposed. Thus, only pixel electrodes disposed in
different pixels of the curved display device of FIG. 1a
schematically illustrated in FIGS. 7 and 8 will be described.
[0098] FIGS. 7 and 8 are views schematically illustrating
pixel electrodes disposed in different pixels of the curved
display device of FIG. 1A. Here, since the shape of the fine
branch of the first subpixel electrode is the same as that of
the fine branch of the second subpixel electrode, only the
second subpixel electrode illustrated in FIGS. 7 and 8 will
be described.

[0099] Referring to FIG. 7, a first portion 194« of the fine
branch 194 is disposed only on the right side of the vertical
stem portion 193 in plan view. That is, the first portion 194a
of the fine branch 194 is connected to the right side of the
vertical stem portion 193. Also, the first portion 194a of the
fine branch 194 is also connected to the horizontal stem
portion 192 at the portion adjacent to the portion in which
the vertical stem portion 193 and the horizontal stem portion
192 intersect. Also, an extending line from the boundary
between the first portion 194a and the second portion 1945
may be parallel to the vertical stem portion 193, or may be
sloped at an angle ranging from —10 degrees to +10 degrees
with respect to a certain line parallel to the vertical stem
portion 193.

[0100] Referring to FIG. 8, the first portion 194a of the
fine branch 194 is disposed only on the left side of the
vertical stem portion 193 in plan view. That is, the first
portion 194a of the fine branch 194 is connected to the left
side of the vertical stem portion 193. Also, the first portion
194a of the fine branch 194 is also connected to the
horizontal stem portion 192 at the portion adjacent to the
portion in which the vertical stem portion 193 and the
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horizontal stem portion 192 intersect. Also, an extending
line from the boundary between the first portion 194a and
the second portion 1945 may be parallel to the vertical stem
portion 193, or may be sloped at an angle ranging from -10
degrees to +10 degrees with respect to a certain line parallel
to the vertical stem portion 193.

[0101] A pixel layout of the curved display device of FIG.
1A will be described with reference to FIG. 9.

[0102] FIG. 9 is a plan view briefly illustrating the curved
display device of FIG. 1A.

[0103] Referring to FIG. 9, the curved display device 1000
according to the present exemplary embodiment is curved in
an X-axis direction with respect to a vertical central line CL1
extending along a Y axis. The curved display device 1000
includes a central portion C and a left outer portion P1 and
a right outer portion P2 respectively disposed on the left and
right of the central portion C in plan view. Here, the central
portion C indicates a central portion when the curved display
device 1000 is trisected in the Y-axis direction.

[0104] The pixel having the structure of FIG. 2 is disposed
in the central portion C. That is, the pixel in which the first
portion 194a of the fine branch 194 is disposed on both sides
of the vertical stem portion 193 in plan view is disposed in
the central portion C of the curved display device 1000.
[0105] The pixel having the structure of FIG. 7 is disposed
in the left outer portion P1. That is, the pixel in which the
first portion 194a of the fine branch 194 is disposed on the
right side of the vertical stem portion 193 is disposed in the
left outer portion P1 of the curved display device 1000 in
plan view.

[0106] The pixel having the structure of FIG. 8 is disposed
in the right outer portion P2.

[0107] That is, the pixel in which the first portion 194a of
the fine branch 194 is disposed on the left side of the vertical
stem portion 193 is disposed in the right outer portion P2 of
the curved display device 1000 in plan view.

[0108] Hereinafter, a curved display device according to
another exemplary embodiment of the present invention will
be described with reference to FIGS. 10 through 13.
[0109] FIG. 10 is a plan view briefly illustrating a curved
display device according to another exemplary embodiment
of the present invention.

[0110] Referring to FIG. 10, a curved display device 2000
according to the present exemplary embodiment is curved in
the Y-axis direction with respect to a horizontal central line
CL2 extending along the X axis. The curved display device
2000 includes a central portion C and an upper outer portion
P1 and a lower outer portion P2 respectively disposed above
and below the central portion C in plan view. Here, the
central portion C is a central portion when the curved display
device 2000 is trisected in the X-axis direction.

[0111] FIGS. 11 through 13 are views illustrating a pixel
structure of the curved display device of FIG. 10.

[0112] Referring to FIGS. 11 through 13, a pixel structure
of the curved display device of FIG. 10 has the same
structure as that of FIG. 2, except for a position in which a
first portion of a fine branch is disposed. Thus, only the pixel
electrode disposed in the curved display device of FI1G. 10
illustrated in FIGS. 11 through 13 will be described. Also,
the shape of the fine branch of the first subpixel electrode is
the same as that of the fine branch of the second subpixel
electrode, and thus, only the second subpixel electrode 1915
illustrated in FIGS. 11 through 13 will be described.
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[0113] Referring to FIG. 11, the first portion 194a of the
fine branch 194 is disposed above and below the horizontal
stem portion 192 in plan view. That is, the first portion 194a
of the fine branch 194 is connected to the upper and lower
portions of the horizontal stem portion 192 in plan view.
Also, the first portion 194a of the fine branch 194 is also
connected to the vertical stem portion 193 at the portion
adjacent to the portion in which the vertical stem portion 193
and the horizontal stem portion 192 intersect. Also, an
extending line from the boundary between the first portion
194a and the second portion 1945 may be parallel to the
horizontal stem portion 192, or may be sloped at an angle
ranging from —10 degrees to +10 degrees with respect to a
certain line parallel to the horizontal stem portion 192.
[0114] The pixel having such a structure is disposed in the
central portion C of the curved display device 2000.
[0115] Referring to FIG. 12, the first portion 194a of the
fine branch 194 is disposed only below the horizontal stem
portion 192 in plan view. That s, the first portion 194a of the
fine branch 194 is connected to the lower portion of the
horizontal stem portion 192 in plan view. Also, the first
portion 194a of the fine branch 194 is also connected to the
vertical stem portion 193 at the portion adjacent to the
portion in which the vertical stem portion 193 and the
horizontal stem portion 192 intersect. Also, an extending
line from the boundary between the first portion 194a and
the second portion 1945 may be parallel to the horizontal
stem portion 192, or may be sloped at an angle ranging from
-10 degrees to +10 degrees with respect to a certain line
parallel to the horizontal stem portion 192.

[0116] The pixel having such a structure is disposed in the
upper outer portion P1 of the curved display device.
[0117] Referring to FIG. 13, the first portion 194a of the
fine branch 194 is disposed above the horizontal stem
portion 192 in plan view. That s, the first portion 194a of the
fine branch 194 is connected to the upper portion of the
horizontal stem portion 192 in plan view. Also, the first
portion 194a of the fine branch 194 is also connected to the
vertical stem portion 193 at the portion adjacent to the
portion in which the vertical stem portion 193 and the
horizontal stem portion 192 intersect. Also, an extending
line from the boundary between the first portion 1944 and
the second portion 1945 may be parallel to the horizontal
stem portion 192, or may be sloped at an angle ranging from
-10 degrees to +10 degrees with respect to a certain line
parallel to the horizontal stem portion 192.

[0118] The pixel having such a structure is disposed in the
lower outer portion P2 of the curved display device.
[0119] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

DESCRIPTION OF SYMBOLS

[0120] 110: first substrate

[0121] 121: gate line

[0122] 124a, 1245, 124c¢: first, second, and third gate
electrode

[0123] 131: reference voltage line

[0124] 137: auxiliary voltage line
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[0125] 154a, 1545, 154c¢: first, second, and third semicon-
ductor

[0126] 171: data line

[0127] 173a, 173b, 173¢: first, second, and third source
electrode

[0128] 178a, 175b, 175¢: first, second, and third drain
electrode

[0129] 191a, 1915 first and second subpixel electrode
[0130] 192: horizontal stem portion

[0131] 193: vertical stem portion

[0132] 194 fine branch

[0133] 194a- first portion

[0134] 194b: second portion

[0135] 210: second substrate

[0136] 270: common electrode

What is claimed is:

1. A curved display device comprising:

a first substrate;

a thin film transistor (TFT) disposed on the first substrate;

a pixel electrode connected to the TFT;

a second substrate overlapping the first substrate;

a liquid crystal layer disposed between the first substrate

and the second substrate; and

a common electrode disposed between the second sub-

strate and the liquid crystal layer,

wherein:

the pixel electrode comprises a cross-shaped stem portion,

the cross-shaped stem portion comprising:

a horizontal stem portion and a vertical stem portion
intersecting the horizontal stem portion; and

a plurality of fine branches extending from the cross-
shaped stem portion;

at least one of the fine branches comprises a first portion

and a second portion having a width greater than that of
the first portion; and

an extending line from a boundary between the first

portion and the second portion is sloped at an angle in
a range of -10 degrees to +10 degrees with respect to
the vertical stem portion.

2. The curved display device of claim 1, wherein:

at least one of the fine branches comprises a plurality of

boundaries between the first portion and the second
portion; and

the extending line connects the plurality of the boundar-

ies.

3. The curved display device of claim 1, wherein the
extending line is parallel to the vertical stem portion.

4. The curved display device of claim 3, wherein:

the first substrate comprises a first pixel, a second pixel,

and a third pixel; and

the first portion of the first pixel is disposed on both sides

of the vertical stem portion in plan view.

5. The curved display device of claim 4, wherein the first
portion of the second pixel is disposed only on the right side
of the vertical stem portion in plan view.

6. The curved display device of claim 5, wherein the first
portion of the third pixel is disposed only on the left side of
the vertical stem portion in plan view.

7. The curved display device of claim 6, wherein when the
first substrate is trisected in a Y-axis direction, the first
substrate comprises a central portion, a left outer portion
disposed on the left side of the central portion, and a right
outer portion disposed on the right side of the central
portion.
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8. The curved display device of claim 7, wherein the first
pixel is disposed in the central portion.
9. The curved display device of claim 8, wherein the
second pixel is disposed in the left outer portion.
10. The curved display device of claim 9, wherein the
third pixel is disposed in the right outer portion.
11. A curved display device comprising:
a first substrate;
a thin film transistor (TFT) disposed on the first substrate;
a pixel electrode connected to the TFT;
a second substrate overlapping the first substrate;
a liquid crystal layer disposed between the first substrate
and the second substrate; and
a common electrode disposed between the second sub-
strate and the liquid crystal layer,
wherein:
the pixel electrode comprises a cross-shaped stem portion,
the cross-shaped step portion comprising;
a horizontal stem portion and a vertical stem portion
intersecting the horizontal stem portion; and
a plurality of fine branches extending from the cross-
shaped stem portion;
at least one of the fine branches comprises a first portion
and a second portion having a width greater than that of
the first portion; and
an extending line from a boundary between the first
portion and the second portion is sloped at an angle in
a range of -10 degrees to +10 degrees with respect to
the horizontal stem portion.
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12. The curved display device of claim 11, wherein:

at least one of the fine branches comprises a plurality of
boundaries between the first portion and the second
portion; and

the extending line connects the plurality of the boundar-

ies.

13. The curved display device of claim 11, wherein the
extending line is parallel to the horizontal stem portion.

14. The curved display device of claim 13, wherein:

the first substrate comprises a fourth pixel, a fifth pixel,

and a sixth pixel; and

the first portion of the fourth pixel is disposed above and

below the horizontal stem portion in plan view.

15. The curved display device of claim 14, wherein the
first portion of the fifth pixel is disposed only below the
horizontal stem portion in plan view.

16. The curved display device of claim 15, wherein the
first portion of the sixth pixel is disposed only above the
horizontal stem portion in plan view.

17. The curved display device of claim 16, wherein when
the first substrate is trisected in an X-axis direction, the first
substrate comprises a central portion, an upper outer portion
disposed above the central portion, and a lower outer portion
disposed below the central portion.

18. The curved display device of claim 17, wherein the
fourth pixel is disposed in the central portion.

19. The curved display device of claim 18, wherein the
fifth pixel is disposed in the upper outer portion.

20. The curved display device of claim 19, wherein the
sixth pixel is disposed in the lower outer portion.

* ok %k



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

IPCH XS
CPCHRF
R 54X

Hfth 237 STk
EING

BE@®F)

—MHEERRE  SFF-ER, REEE—ERLNSRSEE
(TFT) , EERITFTHERDER , SE-EREEBNF_ER , RE®E
F-NE-ERCENRFEZMREEE - ERMNRRZ BB LB
W, HRERENEFETFRETEHD , ZETHIEBEKFETE
2, EEETHIAMIRERNSNINAD X, ERFEATRSH , 2D
— MNP X BFE WO MEZT D
RE , FENE -2 ME -850 < [0 REVEEML S —E B E R

Bl ETRE

US20180011377A1

US15/711018

ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

HONG SUNG HEE
KIM JANG IL

KO UN BYOLL
PARK SEI YONG
LEE JUNG WOOK

HONG, SUNG HEE
KIM, JANG-IL

KO, UN BYOLL
PARK, SEI-YONG
LEE, JUNG WOOK

GO02F1/1337 GO2F1/1343
GO02F1/134309 G0O2F1/133707
1020150001319 2015-01-06 KR
US10146089

Espacenet USPTO

X TEETHIE-10ER+H10ENTERER.

, BB NREERTE I

2018-01-11

2017-09-21

patsnap



https://share-analytics.zhihuiya.com/view/fd55ba9e-fca6-4664-8d0f-4c62fbbb9119
https://worldwide.espacenet.com/patent/search/family/056286433/publication/US2018011377A1?q=US2018011377A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180011377%22.PGNR.&OS=DN/20180011377&RS=DN/20180011377

