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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0010585 filed in the
Korean Intellectual Property Office on Jan. 22, 2015; the
entire contents of the Korean Patent Application are incorpo-
rated herein by reference.

BACKGROUND
[0002] (a) Field
[0003] The technical field is related to a liquid crystal dis-
play device.
[0004] (b) Description of Related Art
[0005] A liquid crystal display device may include two

panels with field generating electrodes, such as a pixel elec-
trode and a common electrode, and may include a liquid
crystal layer interposed between the two panels. The liquid
crystal display device may apply a voltage to the field gener-
ating electrode to apply an electric field to the liquid crystal
layer. The electric field may determine orientations of liquid
crystal molecules in the liquid crystal layer. Therefore, light
transmitted through the liquid crystal layer may be controlled,
such that an image may be displayed.

[0006] The above information disclosed in this Back-
ground section is for enhancement of understanding of the
background related to the invention. The Background section
may contain information that does not form the prior art that
1s already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0007] Some features may be described based on a plan
view associated with a described device without explicitly
referring to the plan view.

[0008] An embodiment may be related to a curve display
device. The curved display device may include a first pixel
electrode, a common electrode, and a liquid crystal layer
positioned between the first pixel electrode and the common
electrode. The first pixel electrode may be longer in a first
direction than in a second direction in a plan view associated
with the curved display device. The second direction may be
perpendicular to the first direction. The common electrode
may have a first slit and a first conductive portion. The firstslit
may be longer in the first direction than in the second direc-
tionin the plan view and may abut the first conductive portion.
The first conductive portion may be longer than an end-to-end
(and/or edge-to-edge) length of the first slit in the first direc-
tion in the plan view and may have no opening that extends in
the second direction in the plan view.

[0009] In the plan view, the first conductive potion may
extend from a first edge of the common electrode to a second
edge of the common electrode in the first direction with a
constant width in the second direction.

[0010] A minimum width of the first conductive portion in
the second direction may be greater than or equal to three
times a maximum width of the first slit in the second direc-
tion.

[0011] The common electrode may have a second conduc-
tive portion. The second conductive portion and the first con-
ductive portion may respectively abut opposite edges of the
first slit. The second conductive portion may be longer than
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the end-to-end length of the first slit in the first direction in the
plan view and may not have any opening that extends in the
second direction in the plan view.

[0012] The common electrode may have a plurality of
notches. The notches may extend from the first slit in the
second direction. Each of the notches may have a triangular
shape in the plan view. A maximum length of each of the
notches in the second direction may be less than or equal to
three times a minimum width of the first slit in the second
direction in the plan view.

[0013] The curved display device may include a second
pixel electrode, which may immediately neighbor the first
pixel electrode and may be aligned with the first pixel elec-
trode in the second direction in the plan view. The common
electrode may have a second slit. The second slit may be
longer in the first direction than in the second direction in the
plan view. The first slit may be positioned on the first pixel
electrode. The second slit may be positioned on the second
pixel electrode. In the plan view, a minimum distance
betweenthe first slit and the second slit in the second direction
may be greater than or equal to three times a maximum width
of the first slit in the second direction.

[0014] The curved display device may include a third pixel
electrode, which may immediately neighbor the second pixel
electrode and may be aligned with the second pixel electrode
in the second direction in the plan view. The first pixel elec-
trode, the second pixel electrode, and the third pixel electrode
may belong to a same pixel of the curved display device. The
common electrode may have a third slit. The third slit may be
longer in the first direction than in the second direction in the
plan view. The third slit may be positioned on the third pixel
electrode. In the plan view, a minimum distance between the
third slit and the second slit in the second direction may be
greater than or equal to three times a maximum width of the
second slit in the second direction.

[0015] The first slit may be longer than the first pixel elec-
trode in the first direction in the plan view.

[0016] An embodiment may be related to a curve display
device. The curved display device may include a first pixel
electrode, a common electrode, and a liquid crystal layer
positioned between the first pixel electrode and the common
electrode. The first pixel electrode may be longer in a first
direction than in a second direction in a plan view associated
with the curved display device. The second direction may be
perpendicular to the first direction. The common electrode
may have a first slit. The first slit may be longer than the first
pixel electrode in the first direction in the plan view.

[0017] The first slit may be positioned on the first pixel
electrode. A first portion of the first slit may extend beyond a
first edge of the first pixel electrode in the plan view.

[0018] The curved display device may include a first tran-
sistor, which may be electrically connected to the first pixel
electrode. The first portion of the first slit may be positioned
on a portion of the first transistor.

[0019] The first portion of the first slit may be positioned on
a drain electrode of the first transistor.

[0020] The first transistor may be electrically connected to
first pixel electrode through a contact hole. The first portion of
the first slit may be positioned on the contact hole.

[0021] A connection part of the first pixel electrode pro-
trudes from the first edge of the first pixel electrode. A drain
electrode of the first transistor directly contacts the connec-
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tion part of the first pixel electrode. The first portion of the
first slit may be positioned on the connection part of the first
pixel electrode.

[0022] A second portion of the first slit may extend beyond
a second edge of the first pixel electrode in the plan view.
[0023] The second portion of the first slit may be longer
than or shorter than the first portion of the first slit.

[0024] Thecurve display device may include a second pixel
electrode, which may immediately neighbor the first pixel
electrode and may be aligned with the first pixel electrode in
the first direction in the plan view. A first portion of the first
slit may be positioned on the first pixel electrode. A second
portion of the first slit may be positioned on the second pixel
electrode. The curved display device may include a transistor.
A portion of the transistor may be positioned between the first
pixel electrode and the second pixel electrode in the plan
view. A third portion of the first slit may be positioned on the
portion of the transistor.

[0025] An embodiment may be related to a curved liquid
crystal display, which may include the following elements: a
lower panel on which a pixel electrode including at least one
pixel unit electrode (or sub-pixel electrode) is positioned; an
upper panel on which a common electrode including at least
one common unit electrode is positioned; and a liquid crystal
layer positioned between the lower panel and the upper panel,
in which the pixel unit electrode is an integrated plate shape
which is formed long in a horizontal direction and the com-
mon unit electrode includes openings in a horizontal direc-
tion.

[0026] The pixel electrode may include a high gray pixel
electrode and a low gray pixel electrode and the high gray
pixel electrode and the low gray pixel electrode may each
include one pixel unit electrode.

[0027] The openings in the horizontal direction of the com-
mon electrode may be each formed in a center of the high gray
pixel electrode and a center of the low gray pixel electrode.
[0028] Thehigh gray pixel electrode and the low gray pixel
electrode may have a horizontally long rectangular shape.
[0029] An area occupied by the low gray pixel electrode
may be larger than that occupied by the high gray pixel
electrode.

[0030] The openings of the common electrode may be
formed in the same direction as a direction in which the
curved liquid crystal display is bent.

[0031] The openings of the common electrode may be
extendedly formed to adjacent pixels in a horizontal direc-
tion.

[0032] An area of some of the openings of the common
electrode may be formed with a notch.

[0033] Thenotch may be vertically formed to a direction in
which the openings of the common electrode are formed.
[0034] The same number of notches may be formed in each
pixel unit electrode.

[0035] The pixel electrode may include a high gray pixel
electrode and a low gray pixel electrode and six notches may
be formed in a high gray pixel electrode forming area and a
low gray pixel electrode forming area, respectively.

[0036] Thehigh gray pixel electrode and the low gray pixel
electrode may be each applied with different voltages.
[0037] The pixel electrode may include a high gray pixel
electrode, a middle gray pixel electrode, and a low gray pixel
electrode and the high gray pixel electrode, the middle gray
pixel electrode, and the low gray pixel electrode may each
include one pixel unit electrode.
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[0038] Theopenings in the horizontal direction of the com-
mon electrode may be each formed in the center of the high
gray pixel electrode, the center of the middle gray pixel elec-
trode, and the center of the low gray pixel electrode, respec-
tively.

[0039] The openings of the common electrode may be
formed in the same direction as a direction in which the
curved liquid crystal display is bent.

[0040] According to embodiments, in a liquid crystal dis-
play device, even if there is horizontal misalignment between
a common electrode and pixel electrodes, alignment direc-
tions of liquid crystal molecules may remain substantially
consistent (e.g., remain two intended alignment directions).
Therefore, even if the misalignment occurs due to bending
performed in the process of manufacturing the liquid crystal
display device, unwanted texture may not significantly occur
in images displayed by the liquid crystal display device.
Advantageously, satisfactory and/or consistent image quality
may be attained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1 is a schematic diagram illustrating elements
and/or structures related to a pixel of a liquid crystal display
device (or liquid crystal display for conciseness) according to
an embodiment.

[0042] FIG. 21isa schematic plan view illustrating elements
and/or structures related to a pixel of a liquid crystal display
according to an embodiment.

[0043] FIG. 3 is a schematic plan view illustrating some
pixel electrodes of a liquid crystal display according to an
embodiment.

[0044] FIG. 4 is a schematic plan view illustrating a com-
mon electrode of a liquid crystal display according to an
embodiment.

[0045] FIG. 5isa schematic plan view illustrating elements
and/or structures related to a pixel of a liquid crystal display
according to an embodiment.

[0046] FIG. 6is a schematic plan view illustrating elements
and/or structures related to a pixel of a liquid crystal display
according to an embodiment.

[0047] FIG. 7is a schematic plan view illustrating elements
and/or structure in a display device according to an embodi-
ment.

[0048] FIG. 8is a schematic plan view illustrating elements
and/or structure in a display device according to an embodi-
ment.

[0049] FIG. 9 is a schematic diagram illustrating orienta-
tions of liquid crystal molecules in a liquid crystal display
according to an embodiment.

[0050] FIG. 10 is a schematic diagram illustrating elements
and/or structures related to a pixel of a liquid crystal display
according to an embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0051] Some embodiments are described with reference to
the accompanying drawings. As those skilled in the art would
realize, the described embodiments may be modified in vari-
ous ways.

[0052] Although the terms “first”, “second”, etc. may be
used herein to describe various elements, these elements
should not be limited by these terms. These terms may be used
to distinguish one element from another element. Thus, a first
element discussed below may be termed a second element
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without departing from the teachings of the present invention.
The description of an element as a “first” element may not
require or imply the presence of a second element or other
elements. The terms “first”, “second”, etc. may also be used
herein to differentiate different categories or sets of elements.

For conciseness, the terms “first”, “second”, etc. may repre-
3% <<

sent, for example, “first-category (or first-set)”, “second-cat-
egory (or second-set)”, etc., respectively.

[0053] Inthe drawings, thicknesses of layers, films, panels,
regions, etc., may be exaggerated for clarity. Like reference
numerals may designate like elements. When a first element
(such as a layer, film, region, or substrate) is referred to as
being “on” a second element, the first element can be directly
on the second element, or one or more intervening elements
may also be present. When a first element is referred to as
being “directly on” a second element, there are no intended
intervening elements provided between the first element and
the second element.

[0054] The term “connect” may mean “electrically con-
nect”. The term “insulate” may mean “electrically insulate”.

[0055] A drawing and related description may use a stand-
ing or hung position (and/or orientation) of a device as an
example. The device may have various positions and/or ori-
entations.

[0056] A drawing may represent a plan view projected on a
plane. Some curved elements and/or some curved structures
may appear flat and/or straight in the plan view and may be
described according to the plan view.

[0057] FIG. 1 is a schematic diagram illustrating elements
and/or structures related to a pixel PX of a liquid crystal
display device (or liquid crystal display or display device for
conciseness) according to an embodiment. The schematic
diagram may represent a plan view projected on a plane. The
liquid crystal display may be a curved liquid crystal display
and may include curved elements and/or curved structures.

[0058] The pixel PX may be a horizontal pixel that is long
in ahorizontal direction than in a vertical direction in the plan
view. The pixel PX includes a thin film transistor area TA and
a display area DA. The display area DA may include field
generating electrodes, e.g., pixel electrodes, and liquid crystal
molecules. An image (or a portion of an image) may be
displayed in the display area DA. The thin film transistor area
TA may include one or more thin film transistors and one or
more wirings for transferring voltages to the pixel electrodes.

[0059] The liquid crystal display may include a reference
voltage line V that extends in a vertical direction along a
center of the display area DA. The display area DA may
include two sub-pixel areas: one high gray sub-pixel area H
sub and one low gray sub-pixel area L sub. The high gray
sub-pixel area H sub and the low gray sub-pixel area L, sub
may be aligned in a vertical direction. When the liquid crystal
display is in a standing or hung position, the high gray sub-
pixel area H sub may be positioned above the low gray sub-
pixel area L sub. The reference voltage line V vertically
passes through a center of the high gray sub-pixel area H sub
and a center of the low gray sub-pixel area L sub in the plan
view.

[0060] FIG.2isaschematic plan view illustrating elements
and/or structures related to the pixel PX of the liquid crystal
display illustrated in FIG. 1 according to an embodiment.
FIG. 3 is a schematic plan view illustrating some pixel elec-
trodes of the liquid crystal display according to an embodi-
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ment. FIG. 4 is a schematic plan view illustrating a common
electrode of the liquid crystal display according to an embodi-
ment.

[0061] Theliquid crystal display may include an insulating
substrate. The liquid crystal display may include a plurality of
gate lines 121, which may be positioned on the insulating
substrate.

[0062] A gateline 121 may have a curved structure and may
extend in a horizontal direction in a plan view of the liquid
crystal display. A first gate electrode 124a, a second gate
electrode 1245, and a third gate electrode 124¢ may extend
and/or protrude upward from the gate line 121.

[0063] The liquid crystal display includes a gate insulating
layer, which is positioned on the gate line 121 and the gate
electrodes 124a, 1245, and 124c¢. A first semiconductor 154a,
a second semiconductor 1545, and a third semiconductor
154¢ may respectively overlap the first gate electrode 124aq,
the second gate electrode 1245, and the third gate electrode
124¢ and may be positioned on the gate insulating layer.
[0064] The liquid crystal display includes data conductors,
which include a data line 171, a first source electrode 173a, a
first drain electrode 175a, a second source electrode 1735, a
second drain electrode 1755, a third source electrode 173¢, a
third drain electrode 175¢, and a reference voltage line 178.
The source electrodes and drain electrodes may be positioned
on the corresponding ones of the first semiconductor 154a,
the second semiconductor 1545, and the third semiconductor
154¢ and may be positioned on the gate insulating layer.
[0065] The dataline 171 mainly extends in a vertical direc-
tion. The first source electrode 1734 and the second source
electrode 1735 may extend from the data line 171 and may
respectively overlap the gate electrodes 124a and 1245.
[0066] The reference voltage line 178 may include a main
line 1784, which is substantially parallel to the data line 171,
and a branch part 1785, which extends from the main line
1784 and is substantially parallel to the gate line 121. The
branch part 1785 extends to the thin film transistor area TA.
An end of the branch part 1785 forms the third drain electrode
175¢.

[0067] The first drain electrode 175a faces the first source
electrode 173a, the second drain electrode 1755 faces the
second source electrode 1735, and the third drain electrode
175¢ faces the third source electrode 173¢. The third source
electrode 173¢ is connected to the second drain electrode
175b.

[0068] The first gate electrode 124a, the first source elec-
trode 173a, the first drain electrode 1754, and the first semi-
conductor 154a form a first thin film transistor. The second
gate electrode 1245, the second source electrode 1735, the
second drain electrode 1755, and the second semiconductor
1545 form a second thin film transistor. The third gate elec-
trode 124c, third source electrode 173¢, the third drain elec-
trode 175¢, and the third semiconductor 154¢ form a third thin
film transistor. The first thin film transistor and the second
thin film transistor may receive data voltages through the
source electrodes 1734 and 1735. The third thin film transis-
tor may receive a reference voltage through the source elec-
trode 173c.

[0069] A passivation layer is positioned on the data con-
ductors. Pixel electrodes are positioned on the passivation
layer.

[0070] The pixel PX includes a high gray pixel electrode
191a, which is positioned in the high gray sub-pixel area H
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sub, and a low gray pixel electrode 1915, which is positioned
in the low gray sub-pixel area L sub.

[0071] Thehigh gray pixel electrode 191a and the low gray
pixel electrode 1915 may extend in a horizontal direction in
the plan view. Long edges of the pixel electrodes 191a and
1915 may be curved. Short edges of the pixel electrodes 191a
and 1915 may be substantially straight. A horizontal length of
the high gray pixel electrode 191a is substantially equal to a
horizontal length of the low gray pixel electrode 1915, but a
vertical width of the high gray pixel electrode 1914 is nar-
rower than a vertical width of the low gray pixel electrode
1915, An area of the high gray pixel electrode 1914 is smaller
than an area of the low gray pixel electrode 1915. Referring to
FIG. 2 and FIG. 3, each of the high gray pixel electrode 191a
and the low gray pixel electrode 1915 according to an
embodiment may have a continuous plate shape in the plan
view and may substantially have no slits or holes.

[0072] Referring to FIG. 2, the first drain electrode 175a of
the first thin film transistor is connected to a connection part
195a of the high gray pixel electrode 191a through a first
contact hole 185a.

[0073] The second drain electrode 1755 of the second thin
film transistor is connected to a connection part 1955 of the
low gray pixel electrode 1915 through a second contact hole
1835.

[0074] The third thin film transistor may connect the sec-
ond drain electrode 17556 of the second thin film transistor to
the reference voltage line 178 to change a level of the data
voltage that is applied to the low gray pixel electrode 1915.
[0075] Referring to FIG. 2 and FIG. 4, the liquid crystal
display may include a common electrode 270, which may be
configured to receive a common voltage. Two long edges of
the common electrode 270 may extend in a horizontal direc-
tion (or first direction) in a plan view of the liquid crystal
display. The long edges of common electrode 270 may be
curved. Two short edges of the common electrode 270 may
extend in a vertical direction (or second direction) perpen-
dicular to the horizontal direction in the plan view of the
liquid crystal display. The short edges of the common elec-
trode 270 may be substantially straight.

[0076] Thecommon electrode 270 may have a first opening
71 (or slit 71) and a second opening 72 (or slit 72), which are
formed at positions corresponding to a center of the high gray
pixel electrode 1914 and a center of the low gray pixel elec-
trode 1915, respectively. The first opening 71 may cross the
center of the high gray pixel electrode 191« in a horizontal
direction in a plan view of the liquid crystal display. The
second opening 72 may cross the center of the low gray pixel
electrode 1915 in a horizontal direction in the plan view of the
liquid crystal display. Long edges of the openings 71 and 72
may be curved. Short edges of the openings 71 and 72 may be
substantially straight. Each of the openings 71 and 72 may be
longer than each of the pixels 191a and 1915 in the horizontal
direction in the plan view of the liquid crystal display.
[0077] The first opening 71 and the second opening 72 are
parallel to each other. When the pixel electrodes 191a and
1915 and the common electrode 270 are applied with volt-
ages, the openings 71 and 72 of the common electrode 270
may affect alignment directions (and/or orientations) of lig-
uid crystal molecules in the liquid crystal layer of the liquid
crystal display.

[0078] The common electrode 270 may include a conduc-
tive portion 271, a conductive portion 272, and a conductive
portion 273. Each of the portions 271, 272, and 273 may be
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curved. Each of the portions 271, 272, and 273 may extend in
the horizontal direction (or first direction) from a first short
edge of the common electrode 270 to a second short edge of
the common electrode 270.

[0079] Theopening 71 may be positioned between the por-
tions 271 and 272 and may abut each of the portions 271 and
272. The opening 72 may be positioned between the portions
272 and 273 and may abut each of the portions 272 and 273.
[0080] Each the portions 271, 272, and 273 may be longer
than each of the openings 71 and 72 in the horizontal direction
in the plan view of the liquid crystal display. A minimum
width (or minimum dimension) of the portion 271 in the
vertical direction (or second direction), a minimum width of
the portion 272 in the vertical direction, and/or a minimum
width of the portion 273 in the vertical direction may be
greater than or equal to three times a maximum width of the
opening 71 inthe vertical direction and/or may be greater than
or equal to three times a maximum width of the opening 72 in
the vertical direction.

[0081] The minimum width of the portion 272 in the verti-
cal direction may be greater than or equal to each of the
minimum width of the portion 271 in the vertical direction
and minimum width of the portion 273 in the vertical direc-
tion. The minimum width of the portion 272 in the vertical
direction may be greater than or equal to three times (e.g., five
times) a maximum width of the opening 71 in the vertical
direction and/or may be greater than or equal to five times a
maximum width of the opening 72 in the vertical direction.
[0082] Each the portions 271, 272, and 273 may have a
constant width in the vertical direction from the first short
edge of the common electrode 270 to the second short edge of
the commeon electrode.

[0083] Each of the portions 271, 272, and 273 may have no
slits or openings that extend in the vertical direction. Each of
the portions 271, 272, and 273 may substantially have no
openings.

[0084] Thehigh gray pixel electrode 191a and the low gray
pixel electrode 1915 each may be a sub-pixel electrode. The
high gray pixel electrode 191a may be used for controlling
alignment directions of corresponding liquid crystal mol-
ecules in the high gray sub-pixel area H sub. The low gray
pixel electrode 1915 may be used for controlling alignment
directions of corresponding liquid crystal molecules in the
low gray sub-pixel area L sub.

[0085] According to an embodiment, the openings corre-
sponding to adjacent pixel electrodes are not connected to
each other. That is, the openings 71 and 72 of a pixel are
separated from openings 71 and 72 of other pixels. According
to an embodiment, openings 71 and 72 may extend over
multiple adjacent pixels arranged in a pixel row.

[0086] Aliquidcrystal layer may beinterposed between the
pixel electrodes and the common electrode and may include
liquid crystal molecules, which may have a negative dielec-
tric anisotropy. Major axes of the liquid crystal molecules
may be substantially vertical, i.e., substantially perpendicular
to the substrate when no electric field is present in the liquid
crystal layer.

[0087] Whenthe pixel PX is applied with a data voltage, the
high gray pixel electrode 191a may receive the data voltage
through the first thin film transistor as it is. The low gray pixel
electrode 1915 may receive the data voltage through the sec-
ond thin film transistor and may receive an intermediate-level
reference voltage through the third thin film transistor. As a
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result, the voltage level at the high gray pixel electrode 191a
may be different from the voltage level at the low gray pixel
electrode 1915.

[0088] The pixel electrodes 191a and 1915, which are
applied with different levels of data voltage, may generate an
electric field in the liquid crystal layer along with the common
electrode 270 (which may receive a common voltage) to
determine orientations of liquid crystal molecules in the lig-
uid crystal layer. In an embodiment, the liquid crystal mol-
ecules may be inclined toward the opening 71 and 72 of the
common electrode 270.

[0089] According to an embodiment, the pixel PX extends
in the horizontal direction (according to the plan view of the
liquid crystal display), the openings 71 and 72 of the common
electrode 270 extend in the horizontal direction, the common
electrode 270 may have substantially no slits or openings that
extend in the vertical direction, and each of the openings 71
and 72 may be longer than each of the pixels 191a and 1915
in the horizontal direction. Therefore, even if curving the
liquid crystal display device may cause misalignment
between the common electrode 270 and the pixel electrodes
191a and 1915 in the horizontal direction, substantially no
conspicuous unwanted texture may occur in images dis-
played by the liquid crystal display device. Advantageously,
satisfactory image quality may be attained.

[0090] A black matrix may be provided in the thin film
transistor area TA. The black matrix may be positioned on the
same substrate where pixel electrodes are positioned. In an
embodiment, even if misalignment occurs between the com-
mon electrode and the pixel electrodes, transmittance reduc-
tion potentially caused by misalignment of the black matrix
may be prevented. The black matrix may be formed after the
pixel electrodes have been formed. The black matrix may
function as a column spacer.

[0091] FIG.S5isa schematic plan view illustrating elements
and/or structures related to the pixel PX of the liquid crystal
display according to an embodiment. FIG. 6 is a schematic
plan view illustrating elements and/or structures related to the
pixel of the liquid crystal display according to an embodi-
ment. Referring to FIG. 5, even if the common electrode 270
and the openings 71 and 72 are misaligned to the left, both the
openings 71 and 72 may still extend beyond short edges of the
pixel electrodes 191a and 1915 and may still substantially
expose the same center horizontal portions of the pixel elec-
trodes 191a and 1915. Therefore, alignment directions of
liquid crystal molecules may remain the same regardless of
misalignment or substantial alignment. Advantageously, con-
sistent and/or satisfactory image display quality may be
attained.

[0092] Referring to FIG. 6, even if the common electrode
270 and the openings 71 and 72 are misaligned to the right,
both the openings 71 and 72 may still substantially expose the
same center horizontal portions of the pixel electrodes 191a
and 191b. Therefore, alignment directions of liquid crystal
molecules may remain the same regardless of misalignment
or substantial alignment. Advantageously, consistent and/or
satisfactory image display quality may be attained.

[0093] FIG.71saschematic plan view illustrating elements
and/or structure in a display device according to an embodi-
ment. Some components of the display device associated with
FIG. 7 may be substantially identical to or analogous to some
components discussed above with reference to one or more of
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FIG. 1,FIG. 2, FIG. 3, FIG. 4, FIG. 5, and FIG. 6. Description
related to identical components and/or analogous compo-
nents may not be repeated.

[0094] Referring to FIG. 7, in the display device, the open-
ings 711 and 721 of the common electrode may extend over
multiple adjacent pixels that are arranged in a pixel row. The
openings 711 and 721 and the common electrode may have
features that are substantially identical to or analogous to
some features of the previously-discussed openings 71 and 72
and common electrode 270.

[0095] Each of the openings 711 and 721 may be longer
than a combination of the pixel electrodes of the adjacent
pixels and the thin film transistor area(s) TA between the pixel
electrodes in a horizontal direction in a plan view of the
display device. The openings 711 and 721 may cross the thin
film transistor area(s) TA without discontinuity. The manu-
facturing of the common electrode may be substantially
simple. Advantageously, manufacturing cost associated with
the display device may be minimized. The openings 711 and
721 may enable consistent liquid crystal molecule orienta-
tions regardless of misalignment. Advantageously, satisfac-
tory and/or consistent image display quality may be attained.
[0096] FIG. 81is a schematic plan view illustrating elements
and/or structure in a display device according to an embodi-
ment. Some components of the display device associated with
FIG. 8 may be substantially identical to or analogous to some
components discussed above with reference to one or more of
FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, FIG. 6, and FIG. 7.
Description elated to identical components and/or analogous
components may not be repeated.

[0097] Referring to FIG. 8, in the display device, notches
73 may be provided at (and directly connected to) long sides
of the openings 712 and 722 of the common electrode. The
openings 712 and 722 and the common electrode may have
features that are substantially identical to or analogous to
some features of the previously-discussed openings 71, 72,
721, and 722 and common electrodes. Each notch 73 may be
substantially short in the vertical direction, such that the
notches 73 may not cause unwanted conspicuous texture in
displayed images even if the common electrode is misaligned
with pixel electrodes in the horizontal direction. A maximum
length of anotch 73 in the vertical direction may be less than
or equal to three times a minimum width of the opening 712
in the vertical direction and/or may be less than or equal to
three times a minimum width of the opening 722 in the
vertical direction. Like the openings, a notch 73 is an area in
which a portion of the common electrode is removed. Each
notch 73 may have a triangular shape. Notches 73 may be
distributed at a predetermined interval along the horizontal
direction.

[0098] Thedisplay device associated with FIG. 8 may have
one or more of the advantages discussed with reference to one
or more of FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, FIG. 6 and
FIG. 7. The notch 73 may enable control of crowding of liquid
crystal molecules. Therefore, liquid crystal molecules may
not be irregularly crowded in the display device. Advanta-
geously, image quality may be optimized.

[0099] In an embodiment, the number of notches 73 corre-
sponding to the high gray sub-pixel area H sub may be equal
to the number of notches 73 corresponding to the low gray
sub-pixel area L sub. For example, referring to FIG. 8, 6
notches may be formed in each pixel area H sub and L sub,
respectively, and thus a total of 12 notches are formed. The
number of notches may be configured according to particular
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embodiments. In an embodiment, the number of notches cor-
responding to the high gray sub-pixel area H sub may be
unequal to the number of notches corresponding to the low
gray sub-pixel area L sub.

[0100] FIG. 9 is a schematic diagram illustrating orienta-
tions of liquid crystal molecules in a liquid crystal display
according to an embodiment. Referring to FIG. 9, liquid
crystal molecules in the liquid crystal display may be aligned
in two vertical directions. Liquid crystal molecules 310a may
head down toward the center line of the high gray sub-pixel
area H sub. Liquid crystal molecules 3105 may head up
toward the center line of the high gray sub-pixel area H sub.
There may be only two alignment directions for the liquid
crystal molecules in the high gray sub-pixel area H sub. The
alignment directions of liquid crystal molecules adjacent to
each other in the horizontal direction may be the same.
[0101] Even if there is horizontal misalignment between
the common electrode and pixel electrodes, the alignment
directions of the liquid crystal molecules may remain the only
two directions and may remain unchanged. Therefore, even if
the misalignment occurs due to bending of the liquid crystal
display, unwanted texture may not occur in display images.
Advantageously, satisfactory and/or consistent image quality
may be attained.

[0102] FIG.101is aschematic diagram illustrating elements
and/or structures related to a pixel PX of a liquid crystal
display according to an embodiment. Some components of
the liquid crystal display associated with FIG. 13 may be
substantially identical to or analogous to some components
discussed above with reference to one or more of FIG. 1, FIG.
2, FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG. 8, and FIG. 9.
Description related to substantial identical components and/
or analogous components may not be repeated.

[0103] Referring to FIG. 13, the pixel PX may include a
high gray sub-pixel area H sub, a middle gray sub-pixel area
M sub, and a low gray sub-pixel area L, sub. The middle gray
sub-pixel area is positioned between the high gray sub-pixel
area and the low gray sub-pixel area. The middle gray sub-
pixel area may be applied with a voltage lower than a voltage
applied to the high gray sub-pixel area and higher than a
voltage applied to the low gray sub-pixel area.

[0104] The pixel PX in the liquid crystal display associated
with FIG. 13 may have three sub-pixel electrodes. The com-
mon electrode of the liquid crystal display may have three
horizontal openings respectively positioned at center portions
of the high gray sub-pixel area H sub, the middle gray sub-
pixel area M sub, and the low gray sub-pixel area L sub. The
common electrode and the three horizontal openings may
have one or more of the above-discussed features.

[0105] While some embodiments have been described as
examples, possible embodiments are not limited to the
described embodiments. Embodiments are intended to cover
various modifications and equivalent arrangements within the
spirit and scope defined by the appended claims.

What is claimed is:

1. A curved display device comprising:

a first pixel electrode, which is longer in a first direction
than in a second direction in a plan view associated with
the curved display device, wherein the second direction
is perpendicular to the first direction;

a common electrode, which has a first slit and a first con-
ductive portion, wherein the first slit is longer in the first
direction than in the second direction in the plan view
and abuts the first conductive portion, and wherein the
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first conductive portion is longer than an end-to-end
length of the first slitin the first direction in the plan view
and has no opening that extends in the second direction
in the plan view; and

a liquid crystal layer positioned between the first pixel
electrode and the common electrode.

2. The curved display device of claim 1, wherein, in the
plan view, the first conductive potion extends from a first edge
of the common electrode to a second edge of the common
electrode in the first direction with a constant width in the
second direction.

3. The curved display device of claim 1, wherein a mini-
mum width of the first conductive portion in the second
direction is greater than or equal to three times a maximum
width of the first slit in the second direction.

4. The curved display device of claim 1, wherein the com-
mon electrode has a second conductive portion, wherein the
second conductive portion and the first conductive portion
respectively abut opposite edges of the first slit, wherein the
second conductive portion is longer than the end-to-end
length of the first slit in the first direction in the plan view and
does nothave any opening that extends in the second direction
in the plan view.

5. The curved display device of claim 1, wherein the com-
mon electrode has a plurality of notches, wherein the notches
extend from the first slit in the second direction, and wherein
each of the notches has a triangular shape in the plan view.

6. The curved display device of claim 1, wherein the com-
mon electrode has a plurality of notches, wherein the notches
extend from the first slit in the second direction, and wherein
a maximum length of each of the notches in the second
direction is less than or equal to three times a minimum width
of the first slit in the second direction in the plan view.

7. The curved display device of claim 1, further compris-
ing:

a second pixel electrode, which immediately neighbors the
first pixel electrode and is aligned with the first pixel
electrode in the second direction in the plan view,

wherein the common electrode has a second slit,

wherein the second slit is longer in the first direction than in
the second direction in the plan view,

wherein the first slit is positioned on the first pixel elec-
trode,

wherein the second slit is positioned on the second pixel
electrode, and

wherein, in the plan view, a minimum distance between the
first slit and the second slit in the second direction is
greater than or equal to three times a maximum width of
the first slit in the second direction.

8. The curved display device of claim 7, further compris-

ing:

a third pixel electrode, which immediately neighbors the
second pixel electrode and is aligned with the second
pixel electrode in the second direction in the plan view,

wherein the first pixel electrode, the second pixel electrode,
and the third pixel electrode belong to a same pixel of the
curved display device,

wherein the common electrode has a third slit,

wherein the third slit is longer in the first direction than in
the second direction in the plan view, and

wherein the third slit is positioned on the third pixel elec-
trode.

9. The curved display device of claim 8, wherein, in the

plan view, a minimum distance between the third slit and the
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second slit in the second direction is greater than or equal to
three times a maximum width of the second slit in the second
direction.

10. The curved display device of claim 1, wherein the first
slit is longer than the first pixel electrode in the first direction
in the plan view.

11. A curved display device comprising:

a first pixel electrode, which is longer in a first direction
than in a second direction in a plan view associated with
the curved display device, wherein the second direction
is perpendicular to the first direction;

acommon electrode, which has a first slit, wherein the first
slit is longer than the first pixel electrode in the first
direction in the plan view; and

a liquid crystal layer positioned between the first pixel
electrode and the common electrode.

12. The curved display device of claim 11, wherein the first
slit is positioned on the first pixel electrode, and wherein a
first portion of the first slit extends beyond a first edge of the
first pixel electrode in the plan view.

13. The curved display device of claim 12, further com-
prising:

a first transistor, which is electrically connected to the first

pixel electrode,

wherein the first portion of the first slit is positioned on a
portion of the first transistor.

14. The curved display device of claim 13, wherein the first
portion of the first slit is positioned on a drain electrode of the
first transistor.

15. The curved display device of claim 13, wherein the first
transistor is electrically connected to first pixel electrode
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through a contact hole, and wherein the first portion of the
first slit is positioned on the contact hole.

16. The curved display device of claim 13, wherein a con-
nection part of the first pixel electrode protrudes from the first
edge of the first pixel electrode, wherein a drain electrode of
the first transistor directly contacts the connection part of the
first pixel electrode, wherein the first portion of the first slit is
positioned on the connection part of the first pixel electrode.

17. The curved display device of claim 12, wherein a sec-
ond portion of the first slit extends beyond a second edge of
the first pixel electrode in the plan view.

18. The curved display device of claim 17, wherein the
second portion of the first slit is longer than the first portion of
the first slit.

19. The curve display device of claim 11, further compris-
ing:

a second pixel electrode, which immediately neighbors the
first pixel electrode and is aligned with the first pixel
electrode in the first direction in the plan view,

wherein a first portion of the first slit is positioned on the
first pixel electrode, and

wherein a second portion of the first slit is positioned on the
second pixel electrode.

20. The curved display device of claim 19, further com-

prising:

atransistor, wherein a portion of the transistor is positioned
between the first pixel electrode and the second pixel
electrode in the plan view, and wherein a third portion of
the first slit is positioned on the portion of the transistor.
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