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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/844,316, filed on Sep. 3, 2015, which
claims priority to Korean Patent Application No. 10-2015-
0025398 filed on Feb. 23,2015, and all the benefits accruing
therefrom under 35 U.S.C. §119, the content of which in its
entirety is herein incorporated by reference.

BACKGROUND

(a) Field

[0002] Exemplary embodiments of the invention relate to
a liquid crystal display.

(b) Description of the Related Art

[0003] A liquid crystal display (“LLCD”), which is one of
the most common types of flat panel displays currently in
use, includes two sheets of display panels with field gener-
ating electrodes, such as a pixel electrode, a common
electrode, and the like, and a liquid crystal layer interposed
therebetween. In the liquid crystal layer, voltages are applied
to the field generating electrodes to generate an electric field
in the liquid crystal layer. Then, the alignment of liquid
crystal molecules of the liquid crystal layer is determined by
the electric field to control the polarization of incident light,
thereby displaying images.

[0004] Among the LCDs, a vertically aligned mode L.CD,
in which liquid crystal molecules are aligned such that long
axes of the liquid crystal molecules are perpendicular to a
display panel in a state in which no electrical field is applied,
has been developed.

[0005] In the vertical alignment (“VA”) mode LCD, a
wide viewing angle is considered an important issue, and
can be realized by cutouts such as minute slits in the field
generating electrodes. Since cutouts and protrusions can
determine the tilt directions of the liquid crystal molecules,
the tilt directions can be distributed in various directions by
using the cutouts and the protrusions, thereby widening the
reference viewing angle.

SUMMARY

[0006] In a case of providing a plurality of branch elec-
trodes by forming minute slits in a pixel electrode, a
response speed of liquid crystal molecules is reduced due to
the relationship with liquid crystal control power other than
the minute slits of the liquid crystal molecules, and thus
texture is displayed for a period of time. Accordingly, the
portion at which the texture is displayed is covered by a light
blocking member or the luminance of the portion at which
the texture is displayed is reduced, thereby decreasing
transmittance. Further, the transmittance is reduced due to
the minute slits and the pattern of a pixel electrode con-
nected to the minute slits.

[0007] In addition, since the size of one pixel is reduced as
the LCD has a higher resolution, the minute slits and the
texture or the pattern of the pixel electrode connected to the
minute slits are increased comparatively with the pixel area.
Accordingly, the transmittance is significantly reduced in a
high resolution LCD.

[0008] The invention has been made in an effort to provide
an LCD having the advantage of being capable of improving
transmittance. Further, the invention has been made in an
effort to provide an LCD having the advantage of being
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capable of preventing a problem caused by transmittance
reduction even where the size of a pixel is reduced as the
LCD has a higher resolution.

[0009] An exemplary embodiment of the invention pro-
vides an LCD including a first insulation substrate, a gate
line, a data line configured to cross the gate line while being
insulated therefrom, a thin film transistor (“TFT”) connected
to the gate line and the data line, a pixel electrode configured
to include a first subpixel electrode connected to the TFT
and a second subpixel electrode, a second insulation sub-
strate configured to face the first insulation substrate, a
common electrode disposed on the second insulation sub-
strate, and a liquid crystal layer disposed between the first
insulation substrate and the second insulation substrate to
include a plurality of liquid crystal molecules, where each of
the first subpixel electrode and the second subpixel electrode
includes one unit pixel electrode including a plurality of
minute branches that is extended from one horizontal stem
and one vertical stem.

[0010] In an exemplary embodiment, the unit pixel elec-
trode may have two domains having different alignment
directions of liquid crystal molecules.

[0011] Inan exemplary embodiment, a region at which the
first subpixel electrode is disposed may be a first subpixel
area and a region at which the second subpixel electrode is
disposed is a second subpixel area, the vertical stem may be
disposed to be adjacent to one vertical side of the first
subpixel area and the second subpixel area, one end of the
horizontal stem may be connected to a center of the vertical
stem, and the minute branches may be disposed to obliquely
extend from the vertical stem and the horizontal stem toward
the horizontal stem.

[0012] In an exemplary embodiment, the first subpixel
electrode may have a structure in which the vertical stem is
disposed at a right side and the horizontal stem is extended
from the right side to a left side, and the minute branches
may be extended in an upper right direction or in a lower
right direction. The second subpixel electrode may have a
structure in which the vertical stem is disposed at the left
side and the horizontal stem is extended from the left side to
the right side, and the minute branch may be extended in an
upper left direction or in a lower left direction.

[0013] In an exemplary embodiment, a width of each of
the first subpixel electrode and the second subpixel electrode
may be equal to or less than about 140 micrometers (um).
[0014] In an exemplary embodiment, a width of each of
the vertical stem or the horizontal stem may be equal to or
less than about 25 pm.

[0015] Inanexemplary embodiment, the LCD may further
include a third subpixel electrode configured to be adjacent
to aleft side or a right side of the first subpixel electrode, and
a fourth subpixel electrode configured to be adjacent to aleft
side or a right side of the second subpixel electrode, where
the third subpixel electrode and the first subpixel electrode
have a facing structure, and the fourth subpixel electrode and
the second subpixel electrode have a facing structure.
[0016] Inanexemplary embodiment, the LCD may further
include a shielding electrode disposed between adjacent
subpixel electrodes, above the data line, and the shielding
electrode may be disposed at a same layer as the subpixel
electrode.

[0017] Inanexemplary embodiment, the LCD may further
include a shielding electrode disposed between adjacent
subpixel electrodes, above the data line, and the shielding
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electrode may be disposed at a layer that is lower than that
of the subpixel electrode so as to partially overlap the
subpixel electrode.

[0018] In an exemplary embodiment, alignment direction
of the liquid crystal molecules which are aligned by the first
subpixel electrode and the third subpixel electrode adjacent
thereto may be the same, and alignment direction of the
liquid crystal molecules which are aligned by the by the
second subpixel electrode and the fourth subpixel electrode
adjacent thereto may be the same.

[0019] Inanexemplary embodiment, the LCD may further
include a third subpixel electrode configured to be adjacent
to aleft side or a right side of the first subpixel electrode, and
a fourth subpixel electrode configured to be adjacent to aleft
side or a right side of the second subpixel electrode, and the
third subpixel electrode and the first subpixel electrode have
a same directional structure, and the fourth subpixel elec-
trode and the second subpixel electrode have a same direc-
tional structure.

[0020] Inanexemplary embodiment, the LCD may further
include a voltage-dividing reference line extending in a
direction of the data line, so as to include a horizontal
portion and a vertical portion.

[0021] In an exemplary embodiment, the vertical portion
of the voltage-dividing reference line may be disposed to
overlap the first subpixel electrode and the vertical stem of
the second subpixel electrode.

[0022] In an exemplary embodiment, the horizontal por-
tion of the voltage-dividing reference line may be over-
lapped with horizontal sides of the first subpixel area and the
second subpixel area, and thus may be overlapped with one
horizontal end of the minute branches of the first subpixel
electrode and the second subpixel electrode.

[0023] In an exemplary embodiment, a TFT disposed
between a TFT forming region provided between the first
subpixel area and the second subpixel area may include a
first TFT connected to the gate line, the data line, and the
first subpixel electrode, a second TFT connected to the gate
line, the data line, and the second subpixel electrode, and a
third TFT connected to the gate line, the voltage-dividing
reference line, and the second subpixel electrode.

[0024] In an exemplary embodiment, a TFT disposed
between a TFT forming region provided between the first
subpixel area and the second subpixel area may include a
first TFT connected to the gate line, the data line, and the
first subpixel electrode, and a second TFT connected to the
gate line, the data line, and the second subpixel electrode.
[0025] Inanexemplary embodiment, the LCD may further
include a color filter disposed on the first insulation substrate
or the second insulation substrate, and a light blocking
member disposed on the first insulation substrate or the
second insulation substrate.

[0026] In an exemplary embodiment, the light blocking
member may be provided in an extending direction of the
gate line.

[0027] In an exemplary embodiment, the LCD may be a
curved LCD.
[0028] In accordance with the LCD according to the

exemplary embodiment of the invention, it is possible to
eliminate display quality deterioration caused by transmit-
tance reduction that is generated by a portion at which
texture is generated, and a pattern of the pixel electrode in
the LCD includes a pattern of the minute electrode. Further,
even when the LCD has a high resolution, no display quality
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deterioration is generated by the transmittance reduction. In
addition, the exemplary embodiment of the invention may
be applied to a flat LCD as well as the curved LCD.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other exemplary embodiments,
advantages and features of this disclosure will become more
apparent by describing in further detail exemplary embodi-
ments thereof with reference to the accompanying drawings,
in which:

[0030] FIG. 1 is a schematic diagram of a pixel according
to an exemplary embodiment of the invention;

[0031] FIG. 2 is a cross-sectional view taken along a line
1I-IT of the pixel according to the exemplary embodiment of
FIG. 1;

[0032] FIGS. 3 to 5 are stepwise processing views illus-
trating the pixel according to the exemplary embodiment of
FIG. 1;

[0033] FIG. 6 illustrates a relationship between the size of
a pixel and texture generation;

[0034] FIG. 7 illustrates texture generated in an LCD;
[0035] FIG. 8 is a cross-sectional view to explain the
reason that texture is generated as shown in FIGS. 6 and 7,
[0036] FIG. 9illustrates transmittance of a pixel according
to an experimental example and a comparative example;
[0037] FIGS. 10 and 11 illustrate a structure of adjacent
pixel electrodes according to an exemplary embodiment of
the invention;

[0038] FIGS. 12 and 13 are cross-sectional views illus-
trating a region of a pixel according to exemplary embodi-
ments of the invention;

[0039] FIGS. 14 to 17 are equivalent circuit diagrams
illustrating a pixel according to exemplary embodiments of
the invention;

[0040] FIG. 18 is a schematic diagram of a pixel according
to the exemplary embodiment of FIG. 17;

[0041] FIG. 19 is a plan view of a pixel according to the
exemplary embodiment of FIG. 18;

[0042] FIG. 20 is an equivalent circuit diagram illustrating
an exemplary embodiment of a pixel according to the
invention; and

[0043] FIG. 21 illustrates a process for providing a pretilt
to liquid crystal molecules by using prepolymers that are
polymerized by light such as ultraviolet rays.

DETAILED DESCRIPTION

[0044] The invention will be described more fully here-
inafter 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 invention.
[0045] In the drawings, the thickness of layers, films,
panels, regions, efc., are exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. 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. In contrast, when
an element is referred to as being “directly on” another
element, there are no intervening elements present.

[0046] It will be understood that, although the terms
“first,” “second,” “third” etc. may be used herein to describe



US 2018/0011379 A1

various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, “a first element,” “component,”
“region,” “layer” or “section” discussed below could be
termed a second element, component, region, layer or sec-
tion without departing from the teachings herein.

[0047] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes™ and/
or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.

[0048] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned
over, elements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the
figure. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other
elements would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0049] “About” or “approximately” as used herein is
inclusive 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.

[0050] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0051] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
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of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.
[0052] The structure of a pixel of a liquid crystal display
(“LCD”) according to an exemplary embodiment of the
invention will now be described in detail with reference to
FIGS. 1 and 2.

[0053] FIG. 1is a schematic diagram of a pixel according
to an exemplary embodiment of the invention, and FIG. 2 is
a cross-sectional view taken along a line II-II of the pixel
according to the exemplary embodiment of FIG. 1.

[0054] Referring to FIGS. 1 and 2, a gate conductor
including a gate line 121 and storage electrode lines 131 and
132 is disposed on a first insulation substrate 110 that
includes transparent glass or plastic. The gate line 121
includes gate electrodes 124a, 1245, and 124¢, and a wide
gate pad (not illustrated) for contact with another layer or an
external driving circuit.

[0055] In an exemplary embodiment, the gate line 121 and
the storage electrode lines 131 and 132 may include an
aluminum-based metal, such as, aluminum (Al) or an alu-
minum alloy, a silver-based metal such as silver (Ag) or a
silver alloy, a copper-based metal such as copper (Cu) or a
copper alloy, a molybdenum-based metal such as molybde-
num (Mo) or a molybdenum alloy, chromium (Cr), tantalum
(Ta), and titanium (Ti). In an exemplary embodiment, the
gate line 121 may have a multilayered structure including at
least two conductive layers having different physical prop-
erties.

[0056] The gate line 121 is disposed to traverse a pixel
area in an extending direction of a row. A pair of subpixel
electrodes for displaying different grays is disposed at
opposite ends of the gate line 121. In the exemplary embodi-
ment of FIG. 1, the first subpixel electrode 191a for dis-
playing a high gray is disposed above the gate line 121, and
the second subpixel electrode 1915 for displaying a low gray
is disposed below the gate line 121.

[0057] Inanexemplary embodinment, the storage electrode
lines 131 and 132 include the same material as the gate line
121, and may be provided by using the same process as that
of the gate line 121.

[0058] In an exemplary embodiment, the first storage
electrode line 131 disposed above the gate line 121 may
have a quadrangular shape so as to surround the first
subpixel electrode 191a, for example. An uppermost side of
the quadrangular shaped first storage electrode line 131 may
horizontally extend out of one pixel area so as to be
connected to another layer or an external driving circuit.
Further, the quadrangular shaped first storage electrode line
131 has an extending structure including a left vertical side
thereof that is downwardly extended to a first contact hole
185a. This extending structure may not be included accord-
ing to another exemplary embodiment.

[0059] The second storage electrode line 132 disposed
below the gate line 121 includes a pair of horizontal portions
and one vertical portion that connects the pair of horizontal
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portions at edges thereof. Further, the second storage elec-
trode line 132 has an extending structure extending
upwardly from the horizontal portion to a second contact
hole 1855. In another exemplary embodiment, this extend-
ing structure may not be included.

[0060] Shapes of the storage electrode lines 131 and 132
are described and illustrated in the above exemplary
embodiment, but are not limited thereto, and the storage
electrode lines 131 and 132 may have any shape for pet-
forming the same function without being limited thereto.

[0061] A gate insulating layer 140 is disposed on the gate
conductor to cover the gate conductor. A conduct hole is
defined in a portion of the gate conductor which corresponds
to the gate pad (not illustrated) to expose the gate pad. The
portions of the gate conductor other than the conduct hole
may be covered by the gate insulating layer 140. In an
exemplary embodiment, the gate insulating layer 140 may
include a material including silicon oxide or silicon nitride,
for example.

[0062] A semiconductor layer including a first semicon-
ductor layer 1544, a second semiconductor layer 1545, and
a third semiconductor layer 154¢ is disposed on the gate
insulating layer 140. The semiconductor layers other than
the first semiconductor layer 154a, the second semiconduc-
tor layer 1545, and the third semiconductor layer 154¢ are
disposed below the region at which a data conductor includ-
ing a data line 171, a divided reference voltage line 172, a
source electrode 173, and a drain electrode 175 is disposed.
This structure is provided in the case that a semiconductor
layer is etched together with a data conductor when the data
conductor is etched, and the first semiconductor layer 154a,
the second semiconductor layer 1545, and the third semi-
conductor layer 154¢ defining a channel of a thin film
transistor (“TFT”) are disposed to correspond to a photore-
sist corresponding to a transflective region or a slit region on
a mask.

[0063] In an exemplary embodiment, the semiconductor
layer may include an amorphous silicon semiconductor, an
oxide semiconductor, or a polycrystalline semiconductor, for
example.

[0064] A plurality of ohmic contacts (not illustrated) may
be disposed on the semiconductors other than the first
semiconductor layer 1544, the second semiconductor layer
1545, and the third semiconductor layer 154¢, and may be
omitted when the semiconductor layer includes an oxide
semiconductor.

[0065] The data conductor including the data line 171, the
divided reference voltage line 172, the source electrode 173,
and the drain electrode 175 is disposed on the ohmic
contacts. This data conductor will be described in more
detail as follows.

[0066] The data conductor includes a data line 171, a first
source electrode 1734, a second source electrode 1735, a
third source electrode 173¢, a first drain electrode 1754, a
second drain electrode 175b, a third drain electrode 175¢,
and a divided reference voltage line 172.

[0067] In an exemplary embodiment, the data conductor
may include an aluminum-based metal such as aluminum
(Al) or an aluminum alloy, a silver-based metal such as
silver (Ag) or a silver alloy, a copper-based metal such as
copper (Cu) or a copper alloy, a molybdenum-based metal
such as molybdenum (Mo) or a molybdenum alloy, chro-
mium (Cr), tantalum (Ta), and titanium (Ti). In an exemplary
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embodiment, the data conductor may have a multilayered
structure including at least two conductive layers having
different physical properties.

[0068] The data line 171 is extended in an extending
direction of rows on one pixel area, and includes a first
source electrode 1734 and a second source electrode 1735.
The first source electrode 173a and the second source
electrode 1735 may have a U-shape, but the invention is not
limited thereto.

[0069] The data line 171 includes a wide data pad (not
illustrated) for connection with another layer or an external
driving circuit.

[0070] The first drain electrode 1754 is disposed to face
the first source electrode 173a and has, for example, an
I-shape corresponding to the U-shaped first source electrode
173a, and includes a widely expanded region that is con-
nected to the first subpixel electrode 191a.

[0071] Similarly, the second drain electrode 1755 is dis-
posed to face the second source electrode 1735 and has, e.g,,
an [-shape corresponding to the U-shaped second source
electrode 1735, and includes a widely expanded region that
is connected to the second subpixel electrode 1915.

[0072] The third source electrode 173c¢ is provided to
extend from one surface of the second drain electrode 1756.
As illustrated in FIG. 1, the second drain electrode 1755 is
extended to form an expanded region, and is extended again
from the expanded region to constitute the third source
electrode 173c.

[0073] The divided reference voltage line 172 is extended
in an extending direction of rows, but is bent and extended
differently from the data line 171, and includes a third source
electrode 173¢ and a third drain electrode 175¢ constituting
a TFT.

[0074] The divided reference voltage line 172 includes a
plurality of horizontal portions and a plurality of vertical
portions which connect the horizontal portions. Specifically,
the divided reference voltage line 172 includes horizontal
portions and vertical portions such that the vertical portions
connect the horizontal portions with each other at one end of
the horizontal portions which are parallel. A structure of the
divided reference voltage line 172 will be described in more
detail. The divided reference voltage line 172 is roughly
divided into three areas. Specifically, the divided reference
voltage line 172 is roughly divided into a high gray subpixel
area in which the first subpixel electrode 191a for displaying
a high gray is disposed, a low gray subpixel area in which
the second subpixel electrode 1915 for displaying a low gray
is disposed, and a TFT forming area disposed between the
two subpixel areas in which three TFTs are disposed.
[0075] The divided reference voltage line 172 disposed in
the high gray subpixel area has an inverse angulated
r -shaped structure, includes a pair of horizontal portions
and one vertical portion which connects the horizontal
portions, and is disposed along an outer circumference of the
high gray subpixel area. The divided reference voltage line
172 disposed in the low gray subpixel area has an angulated
r -shaped structure, includes a pair of horizontal portions
and one vertical portion for the connecting the horizontal
portions, and is disposed at an outer circumference of the
low gray subpixel area. Finally, the divided reference volt-
age line 172 disposed in the TFT forming area includes the
angulated | -shaped structure, a vertical portion for con-
necting the inverse angulated - -shaped structure, and the
third drain electrode 175¢. In this case, the vertical portion
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is disposed at a right side of the TFT forming area, and the
third drain electrode 175¢ is extended from a horizontal
portion disposed below the inverse angulated  -shaped
structure. The detailed structure of the divided reference
voltage line 172 may be variously changed according to
exemplary embodiments.

[0076] The data conductor, the ohmic contacts, and the
semiconductor layer may be simultaneously provided by
using one mask.

[0077] The first gate electrode 124a, the first source elec-
trode 1734a, and the first drain electrode 1754 constitute a
first TFT Qa (refer to FIG. 14) together with the first
semiconductor layer 1544, and a channel of the first TFT is
defined at the first semiconductor layer 154a disposed
between the first source electrode 173a and the first drain
electrode 175a. Similarly, the second gate electrode 1245,
the second source electrode 1735, and the second drain
electrode 1755 constitute a second TFT Qb (refer to FIG. 14)
together with the second semiconductor layer 154b, and a
channel of the second thin film layer is defined at the second
semiconductor layer 1545 disposed between the second
source electrode 1735 and the second drain electrode 1755.
The third gate electrode 124c¢, the third source electrode
173c¢, and the third drain electrode 175¢ constitute a third
TFT Qc (refer to FIG. 14) together with the third semicon-
ductor layer 154¢, and a channel of the third thin film layer
is defined at the third semiconductor layer 154¢ disposed
between the third source electrode 173¢ and the third drain
electrode 175¢.

[0078] A first passivation layer 180p is disposed on the
data conductor and the exposed semiconductor layers 154a,
154b, and 154¢. In an exemplary embodiment, the first
passivation layer 180p may include a silicon nitride, a
silicon oxide, or the like that is used to form an inorganic
insulating layer, for example. In an exemplary embodiment,
a second passivation layer 180¢ is disposed on the first
passivation layer 180p, and may include an organic material
unlike the first passivation layer 180p, for example. Accord-
ing to another exemplary embodiment, one of the first
passivation layer 180p and the second passivation layer
1804 may be omitted. According to another exemplary
embodiment, a color filter may be disposed at the position of
the second passivation layer 180¢. In this case, the first
passivation layer 180p may serve to prevent a pigment of the
color filter from flowing into the exposed semiconductor
layers 154a, 154b, and 154¢. Even when the color filter is
disposed, the second passivation layer 180g may be pro-
vided to cover the color filter.

[0079] Inthe case where the second passivation layer 180¢
is the color filter, and where the color filter is disposed at an
additional position, the second passivation layer 1804 may
intrinsically display any one primary color, and examples of
the primary colors may include three primary colors such as
red, green, and blue, or yellow, cyan, and magenta, or the
like. Although not illustrated, a color filter may further
include a color filter for displaying a mixed color of the
primary colors or white in addition to the primary colors.

[0080] A first contact hole 1854 and a second contact hole
1856 are defined in the first and second passivation layers
180p and 180¢ to expose the first and second drain elec-
trodes 175a and 1755, respectively.

[0081] A pixel electrode 191 and a shielding electrode 199
are disposed on the second passivation layer 180g.
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[0082] The pixel electrode 191 includes the first subpixel
electrode 191a and the second subpixel electrode 1915,
which interpose the gate line 121 therebetween to be sepa-
rated from and to neighbor each other in the column direc-
tion. The first subpixel electrode 191a is disposed in the high
gray subpixel area, and the second subpixel electrode 1915
is disposed in the low gray subpixel area.

[0083] Each of the first subpixel electrode 191a and the
second subpixel electrode 1915 includes one horizontal stem
193a and 1936 and one vertical stem 194a and 19454, and
further includes a plurality of minute branches 197a and
1975 which is obliquely extended therefrom.

[0084] In this case, the minute branches 1974 are arranged
in two directions, and thus the first subpixel electrode 191a
or the second subpixel electrode 1915 has two domains. The
structure of the first subpixel electrode 191a or the second
subpixel electrode 1915 including two domains is referred to
as one unit pixel electrode.

[0085] As shown in FIG. 1, the low gray subpixel area is
about 1.5 times to about 2.5 times larger than the high gray
subpixel area. As such, although the two subpixel areas are
different from each other, one horizontal stem and one
vertical stem are provided in each of the two subpixel areas
according to the exemplary embodiment of the invention. In
other words, according to an exemplary embodiment of the
invention, the first and second subpixel electrodes 191a and
1915 respectively include the minute branches 1972 and
1975, each of which is arranged in two directions, and thus
each includes two domains. These two domains are fewer
than the four domains of one general subpixel electrode. The
improved transmittance due to using the reduced number of
domains will be described later with reference to FIGS. 6 to
9.

[0086] Extending directions of the minute branches 197a
in the high gray subpixel electrode are different from those
of the minute branches 1975 in the low gray subpixel
electrode. Specifically, in the high gray subpixel electrode
191aq, the vertical stem 194a is disposed at a right side, the
horizontal stems 193a are extended from the right side to a
left side, and the minute branches 197a are extended in an
upper right direction or in a lower right direction. In contrast,
in the low gray subpixel electrode 1915, the vertical stem
1945 is disposed at the left side, the horizontal stem 1935 is
extended from the left side to the right side, and the minute
branches 1975 are extended in an upper left direction or in
a lower left direction.

[0087] The vertical stems 194a and 1945 of the first
subpixel electrode 191a and the second subpixel electrode
1915, respectively, are overlapped with the vertical portions
of the divided reference voltage line 172, and the horizontal
stems 193a and 1935 thereof are not overlapped with the
horizontal portions of the divided reference voltage line 172.
[0088] Although the pixel size gets smaller in a higher
resolution LCD, a predetermined number of minute
branches or stems may be provided to have a predetermined
size. In the exemplary embodiment of the invention, one
stem is provided in one subpixel area, and thus the texture
generated in the pixel area can be controlled, display errors
can be reduced, and light transmittance can be improved.
[0089] Further, in the case of providing a curved display
device, it is possible to reduce display errors caused by
misalignment between upper and lower substrates through
the pixel electrode that is extended from the horizontal stem.
As a result, the LCD according to the exemplary embodi-
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ment of the invention can be applied to a curved LCD having
a curved structure as well as a general LCD having a flat
structure. Particularly, the LCD according to the exemplary
embodiment of the invention has relatively further improved
characteristics in the curved structure compared to other
pixel structures.

[0090] The shielding electrode 199 includes vertical por-
tions 196 that are extended along the data line 171, and one
or more horizontal portions 198 that interconnect the adja-
cent vertical portions 196. The horizontal portion 198 of the
shielding electrode 199 may include an expanded region at
the center thereof. The shielding electrode 199 may receive
the same voltage as a common electrode 270 (refer to FIG.
8). Accordingly, no electric field is generated between the
shielding electrode 199 and the common electrode 270, and
thus liquid crystal molecules interposed therebetween are
not aligned. As a result, the liquid crystal molecules inter-
posed between the shielding electrode 199 and the common
electrode 270 are in a black state. As such, in the case that
a polarizer (not illustrated) is attached such that a state in
which no electric field is applied to the liquid crystal
molecules is displayed as black, the corresponding region
can be covered by the liquid crystal molecules themselves to
be invisible without using an additional light blocking
member. Accordingly, in the display device according to the
exemplary embodiment of the invention, a light blocking
member disposed on a second insulation substrate to extend
in an extending direction of columns (an extending direction
of the data line) can be omitted at some portions at least,
thereby improving transmittance. In this case, the light
blocking member may be provided in the extending direc-
tion of the gate line, and may be disposed on a first or second
insulation substrate.

[0091] In an exemplary embodiment, the pixel electrode
191 and the shielding electrode 199 may include a trans-
parent material such as indium tin oxide (“ITO”) and indium
zine oxide (“1Z0”).

[0092] An upper display panel will now be described.
Although not illustrated, the upper display panel is a con-
stituent element that is required to accommodate a liquid
crystal layer in the LCD. However, in an LCD including an
additional structure for accommodating the liquid crystal
layer, the upper display panel may be omitted.

[0093] The upper display panel included in an LCD will
be described.
[0094] A light blocking member (not illustrated) is dis-

posed on a second insulation substrate (not illustrated)
disposed to face a first insulation substrate 110 including
transparent glass, plastic, or the like. The light blocking
member is also referred to as a black matrix and prevents
light leakage. The light blocking member which is described
to be disposed in the upper display panel may be disposed
in a lower display panel according to another exemplary
embodiment.

[0095] In the exemplary embodiment, the light blocking
member may be disposed to extend in a column direction
extending along the data line 171. This is because no light
blocking member is additionally required since the liquid
crystal layer itself displays black at the region provided
along the data line 171 by the action of the shielding
electrode 199. However, to accomplish a stronger light
blocking characteristic, a light blocking member may be
disposed along the data line 171. In this case, although the
light blocking member is disposed along the data line 171,
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this light blocking member may have a width that is nar-
rower than that of a general light blocking member. Accord-
ingly, the transmittance can be improved.

[0096] A plurality of color filters (not illustrated) is also
disposed on the second insulation substrate.

[0097] An overcoat (not illustrated) may be disposed on
the color filters and the light blocking member. The overcoat
may include an organic insulator in order to remove steps
caused by the color filters and the light blocking member and
to provide a flat surface. In another exemplary embodiment,
the overcoat may be omitted.

[0098] A common electrode 270 (refer to FIG. 8) is
disposed on the overcoat. In an exemplary embodiment, the
common electrode 270 may include the same material as
that of the pixel electrode 191, and may be provided in a flat
surface type to receive a common voltage, for example.
[0099] Further, an alignment layer (not illustrated) may be
disposed inside the pixel electrode 191 and the common
electrode 270.

[0100] A liquid crystal layer (not illustrated) may be
disposed inside the alignment layer between the lower
display panel and the upper display panel. The liquid crystal
layer has negative dielectric anisotropy, and liquid crystal
molecules of the liquid crystal layer are aligned such that
long axes thereof are perpendicular to surfaces of the upper
and lower display panels in a state in which no electric field
is generated.

[0101] The first and second subpixel electrodes 191a and
1915, to which the data voltage is applied, generate an
electric field along with the common electrode 270 (refer to
FIG. 8) of the upper display panel 200 (refer to FIG. 8),
thereby determining the alignment directions of the liquid
crystal molecules of the liquid crystal layer interposed
between the two electrodes 191 and 270. Depending on the
determined directions of the liquid crystal molecules, a
phase difference of light passing through the liquid crystal
layer is varied, and thus an amount of light passing through
the polarizer is adjusted to control display luminance.
[0102] In the above exemplary embodiments, the pixel
structure of the LCD in which one horizontal stem 1935 and
one vertical stem 1945 are provided even in the low gray
subpixel area was described.

[0103] Hereinafter, a detailed structure thereof will be
described with reference to FIGS. 3 to 5.

[0104] FIGS. 3 to 5 are stepwise processing views illus-
trating the pixel according to the exemplary embodiment of
FIG. 1.

[0105] First, a structure of the gate conductor is illustrated
in FIG. 3.
[0106] Referring to FIG. 3, the gate conductor includes the

gate line 121 and the storage electrode lines 131 and 132. A
gate conductor material is stacked on an insulation substrate,
and then a photoresist pattern is disposed thereon in order to
be etched to form the gate conductor.

[0107] The gate line 121 is disposed to traverse a pixel
area in an extending direction of rows. The first storage
electrode line 131 has a quadrangular structure above the
gate line 121, and the second storage electrode line 132 has
an angulated - -shaped structure.

[0108] The gate line 121 has a partially bent structure that
upwardly and downwardly protrudes at portions at which the
first to third gate electrodes 124a, 1245, and 124c¢ are
disposed.
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[0109] An uppermost side of the quadrangular shaped first
storage electrode line 131 may be out of one pixel area so as
to horizontally extend to be connected to another layer or an
external driving circuit. Further, the quadrangular shaped
first storage electrode line 131 has an extending structure,
including a left vertical side thereof that is downwardly
extended to a first contact hole 185a (refer to FIG. 1). This
extending structure may not be included according to
another exemplary embodiment.

[0110] The angulated - -shaped structure of the second
storage electrode line 132 includes a pair of horizontal
portions and one vertical portion that connects the pair of
horizontal portions at edges thereof. Further, the second
storage electrode line 132 has an extending structure extend-
ing upwardly from the horizontal portion to a second contact
hole 1855 (refer to FIG. 1). This extending structure may not
be included according to another exemplary embodiment.
[0111] After the gate conductor illustrated in FIG. 3 is
provided, a gate insulating layer material, a semiconductor
material, and a data conductor material are sequentially
stacked. Next, the semiconductor material and the data
conductor material are etched by using one mask, to form a
structure illustrated in FIG. 4. According to another exem-
plary embodiment, an ohmic contact layer may be further
disposed between the semiconductor material and the data
conductor material to have the same shape as that of the data
conductor.

[0112] Referring to FIG. 4, the data conductor includes a
data line 171, a first source electrode 1734, a second source
electrode 1735, a third source electrode 173¢, a first drain
electrode 1754, a second drain electrode 1755, a third drain
electrode 175¢, and a divided reference voltage line 172.
[0113] The data line 171 is extended in an extending
direction of rows on one pixel area, and includes a first
source electrode 1734 and a second source electrode 1735.
Fach of the first source electrode 173¢ and the second source
electrode 1735 are disposed to have a U-shape. Specifically,
the first source electrode 173a has a U-shape with an upper
side open, and the second source electrode 173 has a
U-shape with a right side open.

[0114] The first drain electrode 1754 is disposed to face
the first source electrode 173¢ and to have an I-shape
corresponding to the U-shaped first source electrode 173a,
and includes a widely expanded region that is connected to
the first subpixel electrode 191a.

[0115] The second drain electrode 1755 is disposed to face
the second source electrode 1735 and to have an I-shape
corresponding to the U-shaped second source electrode
1736, and includes a widely expanded region that is con-
nected to the second subpixel electrode 1915.

[0116] The third source electrode 173¢ is provided by
extending from a surface of the second drain electrode 1755
and then extending from a region extended from the second
drain electrode 1755.

[0117] The divided reference voltage line 172 is extended
in an extending direction of rows, but is bent and extended
unlike the data line 171 and third drain electrode 175¢. The
divided reference voltage line 172 includes horizontal por-
tions and vertical portions such that the vertical portions
connect the horizontal portions which are parallel with each
other at one end of the horizontal portions. As illustrated in
FIG. 4, the divided reference voltage line 172 is roughly
divided into three areas. The divided reference voltage line
172 disposed in the high gray subpixel area has an inverse
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angulated | -shaped structure, includes a pair of horizontal
portions and one vertical portion which connects the hori-
zontal portions, and is disposed along an outer circumfer-
ence of the high gray subpixel area. Further, the divided
reference voltage line 172 disposed in the low gray subpixel
area has an angulated | - -shaped structure, includes a pair of
horizontal portions and one vertical portion which connects
the horizontal portions, and is disposed along an outer
circumference of the low gray subpixel area. Finally, the
divided reference voltage line 172 disposed in the TFT
forming area includes a vertical portion for connecting the
inverse angulated r -shaped structure and the angulated
L -shaped structure, and the third drain electrode 175¢. In
this case, the vertical portion is disposed at a right side of the
TFT forming area, and the third drain electrode 175¢ is
extended from a horizontal portion disposed below the
inverse angulated ¢ -shaped structure.

[0118] When the data conductor is etched, the semicon-
ductor layer is also etched, and most parts of the semicon-
ductor layer are disposed below the data conductor. How-
ever, the first semiconductor layer 154a, the second
semiconductor layer 1545, and the third semiconductor layer
154¢ at which channels of the thin film layers are respec-
tively defined are exposed thereabove. A slit mask or a
transflective mask is employed to form the first semicon-
ductor layer 154aq, the second semiconductor layer 1545, and
the third semiconductor layer 154¢, which are exposed.
[0119] In other words, when the data conductor is pro-
vided, the slit mask or the transflective mask is employed. In
this case, the slit mask or the transflective mask includes a
transmissive region, a blocking region, and a transflective
region. A transflective layer or slits are provided at the
transflective region. Photoresist provided as the transmissive
region and the blocking region is used to form most patterns
of the data conductor, and the first semiconductor layer
1544, the second semiconductor layer 1545, and the third
semiconductor layer 154¢, as the remaining regions, are
provided by the photoresist provided through the transflec-
tive region. The patterns of the data conductor, the first
semiconductor layer 154a, the second semiconductor layer
1545, and the third semiconductor layer 154¢ are provided
by using one mask and one process.

[0120] Next, the first and second passivation layers 180p
and 180q are provided to cover the data conductor and the
exposed semiconductors (the first semiconductor layer 1544,
the second semiconductor layer 1545, and the third semi-
conductor layer 154¢) and a gate insulating layer, thereon.
Next, a first contact hole 1854 and a second contact hole
1850 are respectively defined to expose the first drain
electrode 1754 and the second drain electrode 1755.
[0121] Next, as illustrated in FIG. 5. the pixel electrode
191 and the shielding electrode 199 are provided.

[0122] The pixel electrode 191 includes the first subpixel
electrode 191a and the second subpixel electrode 1915. The
first subpixel electrode 191a is disposed in the high gray
subpixel area, and the second subpixel electrode 1915 is
disposed in the low gray subpixel area.

[0123] The first subpixel electrode 191a¢ and the second
subpixel electrode 1915 respectively include one horizontal
stem 1934 and 1935 and one vertical stem 1944 and 1945,
and further include a plurality of minute branches 197a and
1975 which is obliquely extended therefrom, respectively.
[0124] In this case, the minute branches 1974 are arranged
in two directions, and thus the first subpixel electrode 191a
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or the second subpixel electrode 1915 has two domains. The
structure of the first subpixel electrode 191a or the second
subpixel electrode 1914 including two domains is referred to
as one unit pixel electrode.

[0125] The low gray subpixel area is about 1.5 times to
about 2.5 times larger than the high gray subpixel area. As
such, although the two subpixel areas are different from each
other, one horizontal stem and one vertical stem are provided
in each of the two subpixel areas according to the exemplary
embodiment of the invention. In other words, according to
an exemplary embodiment of the invention, the first and
second subpixel electrodes 191a and 1915 respectively
includes the minute branches 1974 and 1975, each of which
is arranged in two directions, and thus each includes two
domains. These two domains are fewer than the four of the
domains of one general subpixel electrode. The transmit-
tance improvement caused by using the reduced number of
domains will be described later with reference to FIGS. 6 to
9.

[0126] The vertical stems 194a and 194b of the first
subpixel electrode 191a and the second subpixel electrode
1915 are overlapped with the vertical portions of the divided
reference voltage line 172, and the horizontal stems 193a
and 1934 thereof are not overlapped with the horizontal
portions of the divided reference voltage line 172.

[0127] Although the pixel size gets smaller in a higher
resolution LCD, a predetermined number of minute
branches or stems may be provided to have a predetermined
size. In the exemplary embodiment of the invention, one
stem is provided in one subpixel area, and thus the texture
generated in the pixel area can be controlled, display errors
can be reduced, and light transmittance can be improved.
[0128] Further, in the case of providing a curved display
device, it is possible to reduce display errors caused by
misalignment between upper and lower substrates through
the pixel electrode that is extended from the horizontal stem.
As a result, the LCD according to the exemplary embodi-
ment of the invention can be applied to a curved LCD having
a curved structure as well as a general LCD having a flat
structure. Particularly, the LCD according to the exemplary
embodiment of the invention has relatively further improved
characteristics in the curved structure compared to other
pixel structures.

[0129] The shielding electrode 199 includes vertical por-
tions 196 that are extended along the data line 171, and one
or more horizontal portions 198 that interconnect the adja-
cent vertical portions 196. The horizontal portion 198 of the
shielding electrode 199 may include an expanded region at
the center thereof. The shielding electrode 199 may receive
the same voltage as a common electrode 270 (refer to FIG.
8). Accordingly, no electric field is generated between the
shielding electrode 199 and the common electrode 270, and
thus liquid crystal molecules interposed therebetween are
not aligned. As a result, the liquid crystal molecules inter-
posed between the shielding electrode 199 and the common
electrode 270 are in a black state. As such, in the case that
a polarizer (not illustrated) is attached such that a state in
which no electric field is applied to the liquid crystal
molecules is displayed as black, the corresponding region
can be covered by the liquid crystal molecules themselves to
be invisible without using an additional light blocking
member. Accordingly, in the display device according to the
exemplary embodiment of the invention, a light blocking
member disposed on a second insulation substrate to extend
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in the column direction can be omitted at some portions at
least, thereby improving transmittance.

[0130] In an exemplary embodiment, the pixel electrode
191 and the shielding electrode 199 may include a trans-
parent material such as ITO and IZ0.

[0131] Characteristics of an LCD having a structure pro-
vided as such will be described with reference to FIGS. 6 to
9.

[0132] FIG. 6 illustrates a relationship between the size of
a pixel and texture generation.

[0133] Two pixels, each having different widths and tex-
tures, are illustrated in FIG. 6.

[0134] The left pixel illustrates a high gray subpixel
electrode of a pixel included in an LCD having 46-inch full
HD resolution (on the left) along with a photograph of
texture (on the right). The left pixel has a width of about 210
micrometers (um), and one stem has a width of about 35 pm
Further, fourteen slits are provided by the minute branches.
It is shown that when the pixel having this structure is used,
barely any texture is generated.

[0135] The right pixel illustrates a high gray subpixel
electrode of a pixel included in an LCD having 55-inch full
HD resolution (on the left) along with a photograph of
texture (on the right). The right pixel has a width of about
105 pm, and one stem has a width of about 18 pm Further,
seven slits are provided by the minute branches. It is seen
that when the pixel having this structure is used, a significant
amount of texture is generated, thereby reducing the trans-
mittance.

[0136] One reason that the transmittance is deteriorated by
such texture is that the space occupied by the pixel electrode
is reduced as the resolution is increased. In addition, another
reason is that a rate at which widths of the stems and/or the
minute branches are reduced is relatively smaller than a rate
at which an area of the pixel is reduced. This is because the
widths of the stems and/or the minute branches are deter-
mined by the resolution of a light exposer, and as the pattern
of the pixel electrode is miniaturized, the resolution of the
light exposer approaches its limit.

[0137] Further, the structure of the pixel electrode used in
FIG. 6 includes two unit pixel electrodes each of which
includes one horizontal stem, one vertical stem, and a
plurality of minute branches, unlike in the exemplary
embodiment of the invention. As a result, a connector may
be disposed to connect the two unit pixel electrodes, and the
alignment direction of the liquid crystal molecules posi-
tioned around the connector may be different from the
alignment direction of the liquid crystal molecules posi-
tioned at each domain. In FIG. 6, it can be seen that no
texture is generated in the left pixel having a large size,
while the problem in the alignment of the liquid crystal
molecules affects the domains in the right pixel.

[0138] As such, since one subpixel electrode includes a
unit pixel electrode having two domains in a high resolution
pixel having a small size, each of the subpixel electrodes
includes unit pixel electrodes having two domains in the
invention.

[0139] According to the experiment in FIG. 6, in the case
the pixel electrode has a width of about 105 um when two
unit pixel electrodes are used, texture is generated. However,
in the case of 210 um, no texture is generated. In consider-
ation of another experiment, in the case that the pixel
electrode has a width of 140 um or less, it is possible to help
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to improve display quality by using one unit pixel electrode
to form one subpixel electrode, as in the exemplary embodi-
ment of the invention.

[0140] Further, in the case that the horizontal stem or
vertical stem has a width of 25 yum or less, it is possible to
help to improve display quality by using one unit pixel
electrode to form one subpixel electrode.

[0141] FIG. 7 also illustrates texture generated in a pixel
of a 55-inch LCD, as shown in the right pixel of FIG. 6.
[0142] In FIG. 7, a structure in which the high gray
subpixel electrode includes two unit pixel electrodes and the
low gray subpixel electrode includes two unit pixel elec-
trodes is illustrated.

[0143] As indicated by arrows in FIG. 7, it can be seen that
texture is generated around a connector which connects the
two unit pixel electrodes. Accordingly, in the case of the
pixel having a predetermined size level i.e., a width of 210
wm or less, it is possible to reduce the texture by using one
unit pixel electrode.

[0144] FIG. 8 illustrates the reason that texture is gener-
ated in a curved LCD.

[0145] FIG. 8 is a cross-sectional view of an LCD accord-
ing to an embodiment, which will be described in brief.
[0146] In the lower display panel, the data line 171 is
disposed in the lower substrate 110. Further, different color
filters are separately disposed based on the data line 171.
Although an insulating layer and a wiring layer may be
disposed between the lower insulation substrate 110 and the
data line 171, they are omitted for the sake of brevity in this
illustration. The pixel electrode 191 may be disposed on the
color filters 230. In the upper display panel, a light blocking
member 220 is disposed at a side of an upper insulation
substrate 210. Further, an overcoat 250 is disposed to cover
the light blocking member 220. The common electrode 270
is disposed below the overcoat 250. A liquid crystal layer
having liquid crystal molecules 31 is disposed between the
upper display panel and the lower display panel.

[0147] In the case that the LCD is provided as a curved
type, curvatures of an upper substrate and a lower substrate
are changed, alignment directions of an upper group and a
lower group of liquid crystal modules are partially inverse to
each other. These opposite alignments may be viewed as
texture when generated at one domain. Accordingly, the
curved LCD has a higher possibility of generating texture
than the flat LCD. Accordingly, as in the exemplary embodi-
ment of the invention, the texture can be reduced to improve
transmittance by using one unit pixel electrode to form each
subpixel electrode.

[0148] FIG. 9 illustrates transmittance comparison
between an experimental example in which one subpixel
electrode is provided by using one unit pixel electrode and
a comparative example in which one of two subpixel elec-
trodes includes two unit pixel electrodes.

[0149] FIG. 9 illustrates a portion of one display panel,
specifically a first pixel and a second pixel and a third pixel
that are upwardly and downwardly adjacent to the first pixel.
That is, one pixel extends from a top black line to a bottom
black line over a middle bold black line in each picture. The
adjacent pixels are illustrated at an upper side and a lower
side of the pixel. Specifically, one subpixel (high gray
subpixel) of the pixel extends from the top black line to the
middle bold black line, and the other subpixel (low gray
subpixel extends from the middle bold black line to the
bottom black line). Further, in the left column of FIG. 9, one
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subpixel includes one unit pixel electrode, and thus no black
line is displayed between the high gray subpixel area and the
low gray subpixel area. As a result, no luminance loss is
generated.

[0150] In contrast, in the comparative example illustrated
on the right side of FI1G. 9, the high gray subpixel electrode
includes one unit pixel electrode, while the low gray sub-
pixel electrode includes two unit pixel electrodes. Although
the low gray subpixel electrode is larger than the high gray
subpixel electrode, and thus the low gray subpixel electrode
includes two unit pixel electrodes, a relative small amount of
texture may be generated. Accordingly, this case is selected
as the comparative example. However, as illustrated on the
right side of FIG. 9, a black line is generated at the center of
the low gray subpixel area of the comparative example,
thereby reducing the luminance. In this case, the central
black line is generated between the two unit pixel electrodes.
This central black line causes the luminance reduction,
thereby deteriorating the display quality. Accordingly, the
luminance characteristic of the experimental example can be
more improved than the comparative example.

[0151] In the above experimental example, it was
described that the transmittance can be improved by using
one unit pixel electrode to form one subpixel electrode in the
case of the pixel having a width of 140 pm or less, or the
horizontal stem or the vertical stem having a width of 25 pm
or less.

[0152] Hereinafter, the arrangement between adjacent
pixel electrodes will be described.

[0153] FIGS. 10 and 11 illustrate a structure of adjacent
pixel electrodes according to an exemplary embodiment of
the invention.

[0154] First, FIG. 10 illustrates an arrangement relation-
ship of one subpixel electrode with another subpixel elec-
trode that is adjacent thereto.

[0155] In the exemplary embodiment of FIG. 10, in a first
subpixel electrode disposed at a left side (n™-column pixel),
a vertical stem 194 is disposed at the left side, and a
horizontal stem 193 and minute branches 197 are disposed
to extend from the left side toward a right side. In a second
subpixel electrode disposed at the right side ((11+1)-column
pixel), a vertical stern 194-1 is disposed at the right side, and
a horizontal stem 193-1 and minute branches 197-1 are
disposed to extend from the right side toward the left side.
This structure is referred to as a facing structure.

[0156] According to embodiments, the second subpixel
electrode disposed at the right side ((n+1)”-column pixel)
has a symmetrical structure with the first subpixel electrode
disposed at a left side (n™-column pixel). According to
another exemplary embodiment, in the second subpixel
electrode disposed at the right side ((n+1)”-column pixel),
a vertical stem may be disposed at the left side, and a
horizontal stem and minute branches are disposed to extend
from the left side toward the right side. This structure is
referred to as a same-directional structure. Since the same-
directional structure is provided by repeating one pixel, no
additional illustration thereof is provided

[0157] Similarly, FIG. 11 illustrates a structure of adjacent
pixels in the case of having the same facing structure as
illustrated in FIG. 10.

[0158] The symbols “<” and “>” illustrated in FIG. 11 do
not indicate a structure that substantially pertains to the
pixel, but are added to clearly indicate the directions in
which the subpixel electrodes are provided.
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[0159] As shown in FIG. 11, each subpixel electrode has
the facing structure of horizontally adjacent pixels. How-
ever, as described above, all the adjacent subpixel electrodes
may have the same-directional structure.

[0160] Hereinafter, exemplary embodiments according to
layer positions of the shielding electrode 199 will be
described with reference to FIGS. 12 and 13.

[0161] FIGS. 12 and 13 are cross-sectional views illus-
trating a region of a pixel according to exemplary embodi-
ments of the invention.

[0162] In the exemplary embodiment of FIG. 12, pixel
electrodes 191R and 1911 and a shielding electrode 199 are
provided in the same layer as in the exemplary embodiment
of FIG. 1.

[0163] The structure of FIG. 12 will be described in brief
[0164] A gate insulating layer 140 is covered on the lower
insulation substrate 110. The data line 171 is disposed on the
gate insulating layer 140. A passivation layer 180 is disposed
on and to cover data line 171. The pixel electrodes 191R and
1911 and the shielding electrode 199 are disposed on the
passivation layer 180. The shielding electrode 199 is dis-
posed above the data line 171, and is provided along an
extending direction of the data line 171. The right pixel
electrode 191R is disposed at a right side of the shielding
electrode 199, and the left pixel electrode 191L is disposed
at a left side of the shielding electrode 199.

[0165] Inthe exemplary embodiment of FIG. 12, the pixel
electrodes 191R and 191L and the shielding electrode 199
are provided at the same layer, and thus a predetermined
margin needs to be provided between the pixel electrodes
191R and 191L and the shielding electrode 199 to prevent
short-circuit therebetween. In other words, a predetermined
distance is generally maintained between the left pixel
electrode 191L and the right pixel electrode 191R. Accord-
ingly, although the alignment directions of the liquid crystal
molecules positioned in adjacent pixel areas are different
from each other, the liquid crystal molecules are less likely
to affect each other. As a result, as shown in FIG. 12,
although the liquid crystal molecules positioned in adjacent
pixel areas are aligned in different directions, no problem is
generated. In the exemplary embodiment of FIG. 12, when
the liquid crystal molecules positioned at the adjacent pixel
areas have the same alignment direction, no problem is
generated either.

[0166] As illustrated in FIG. 13, the pixel electrodes 191R
and 191L and the shielding electrode 199 are provided at
different layers.

[0167] A structure illustrated in FIG. 13 will be described
in brief.
[0168] A gate insulating layer 140 is coated on the lower

insulation substrate 110. The data 171 is disposed on the gate
insulating layer 140. The first passivation layer 180p is
disposed on and to cover the data line 171. The shielding
electrode 199 is disposed on the first passivation layer 180p.
The shielding electrode 199 is disposed above the data line
171, and is provided along an extending direction of the data
line 171. The second passivation layer 180 is disposed on
and to cover the shielding electrode 199, and the pixel
electrodes 191R and 1910 are disposed on the second
passivation layer 180q¢.

[0169] In the exemplary embodiment of FIG. 13, the pixel
electrodes 191R and 191L and the shielding electrode 199
are provided at different layers. In an exemplary embodi-
ment, the shielding electrode 199 is provided at a layer that
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is lower than the pixel electrodes 191R and 191L. In this
case, even when the pixel electrodes 191R and 191L are
overlapped with the shielding electrode 199, short-circuit is
generated. Accordingly, a distance between the adjacent
pixel electrodes can be reduced. As a result, when liquid
crystal molecules positioned at two adjacent pixels are
aligned in different directions, the liquid crystal molecules
affect each other, thereby generating texture. Accordingly, in
the exemplary embodiment of FIG. 13, the display quality
can be improved by allowing the liquid crystal molecules
positioned at two adjacent pixels to be aligned in the same
direction.

[0170] The exemplary embodiment of the invention is
related to the structure of the pixel electrode, and thus other
structures may be varied. Hereinafter, various kinds of pixels
are illustrated through the equivalent circuit diagrams of the
pixels of FIGS. 14 to 17 and 20. Hereinafter, structures for
differently adjusting voltage levels of two subpixel elec-
trodes in various ways will be described through simple
circuit diagrams.

[0171] First, an exemplary embodiment of FIG. 14 will be
described.
[0172] In FIG. 14, a circuit diagram of a pixel which

applies different levels of voltages to two subpixel elec-
trodes by using a reference voltage line RL described above
is illustrated.

[0173] In FIG. 14, a high gray subpixel and a low gray
subpixel are respectively indicated by PXa and PXb.
[0174] Referring to FIG. 14, an LCD according to an
exemplary embodiment of the invention includes signal
lines including the gate line GL, the data line DL, a reference
voltage line RL transferring a reference voltage, and the like,
and the pixel PX connected thereto.

[0175] Each pixel includes first and second subpixels PXa
and PXb. The first subpixel PXa includes the first switching
element Qa and the first liquid crystal capacitor Clea, and the
second subpixel PXb includes the second and third switch-
ing elements Qb and Qc and the second liquid crystal
capacitor Clch. The first and second switching elements Qa
and Qb are each connected to the gate line GL and the data
line DL, and the third switching element Qc is connected to
the output terminal of the second switching element Qb and
the reference voltage line RL. The output terminal of the first
switching element Qa is connected to the first liquid crystal
capacitor Clca, and the output terminal of the second switch-
ing element Qb is connected to the second input liquid
crystal capacitor Clch and the input terminal of the third
switching element Qc. The control terminal of the third
switching element Qc is connected to the gate line GL, an
input terminal thereof is connected to the second liquid
crystal capacitor Clcb, and the output terminal thereof is
connected to the reference voltage line RL.

[0176] An operation of the pixel PX shown in FIG. 14 will
now be described. When a gate-on voltage Von is first
applied to the gate line GL, the first, second, and third
switching elements Qa, Qb, and Qc connected thereto are
turned on. Accordingly, the data voltage applied to the data
line DL is applied to the first liquid crystal capacitor Clca
and the second liquid crystal capacitor Clcb, respectively,
through the first switching element Qa and the second
switching element Qb, which are turned on, and thus the first
liquid crystal capacitor Clca and the second liquid crystal
capacitor Clcb are charged in proportion to a difference
between the data voltage and the common voltage. In this
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case, the same data voltage is transferred to the first liquid
crystal capacitor Clca and the second liquid crystal capacitor
Clcb through first and second switching elements Qa and
Qb, but the charging voltage of the second liquid crystal
capacitor Clcb is divided through the third switching ele-
ment Qc. As a result, the charging voltage of the second
liquid crystal capacitor Clcb is smaller than that of the first
liquid crystal capacitor Clca, and thus the luminance of the
two subpixels PXa and Pxb may be different. Accordingly,
by appropriately adjusting the voltage of the first liquid
crystal capacitor Clca and the voltage of the second liquid
crystal capacitor Clcb, an image viewed from the side can be
controlled to approach an image viewed from the front as
closely as possible, thereby improving side visibility.
[0177] However, the pixel structure of the LCD according
to the exemplary embodiment of the invention may be
varied without being limited to the exemplary embodiment
of FIG. 14.

[0178] Hereinafter, an exemplary embodiment of FIG. 15
will be described.

[0179] An LCD according to the exemplary embodiment
of the invention includes signal lines including a plurality of
gate lines GL, a plurality of data lines DL, and a plurality of
storage electrode lines SI, and a plurality of pixels PX
connected thereto. Each pixel PX includes a pair of first and
second subpixels PXa and PXb, a first subpixel electrode is
provided in the first subpixel PXa, and a second subpixel
electrode is provided in the second subpixel PXb.

[0180] The LCD according to the exemplary embodiment
of the invention includes a switching element Q coupled to
the gate line GL and the data line DL, a first storage
capacitor Csta and a first liquid crystal capacitor Clca that
are coupled to the switching element Q to be provided in the
first subpixel PXa, a second liquid crystal capacitor Clch and
a second storage capacitor Cstb that are coupled to the
switching element Q to be provided in the second subpixel
PXb, and an auxiliary capacitor Cas that is provided between
the switching element Q and the second liquid crystal
capacitor Clcb.

[0181] The switching element Q is a three-terminal ele-
ment such as a TFT or the like that is disposed in the lower
display panel, a control terminal thereof is connected to the
gate line GL, an input terminal thereof is coupled to the data
line DL, and an output terminal thereof is connected to the
first liquid crystal capacitor Clca, the first storage capacitor
Csta, the auxiliary capacitor Cas.

[0182] One terminal of the auxiliary capacitor Cas is
connected to the output terminal of the switching element Q,
and the other terminal thereof is connected to the second
liquid crystal capacitor Clcb and the second storage capaci-
tor Cstb.

[0183] The charged voltage of the second liquid crystal
capacitor Clcb is lower than the charged voltage of the first
liquid crystal capacitor Clca through the action of the
auxiliary capacitor Cas, thereby improving the side visibility
of the LCD.

[0184] Hereinafter, an exemplary embodiment of FIG. 16
will be described.

[0185] An LCD according to the exemplary embodiment
of the invention includes signal lines including a plurality of
gate lines GLn and GL(n+1), a plurality of data lines DL,
and a plurality of storage electrode lines SL. and a plurality
of pixels PX connected thereto. Each pixel PX includes a
pair of first and second subpixels PXa and PXb, a first
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subpixel electrode is provided in the first subpixel PXa, and
a second subpixel electrode is provided in the second
subpixel PXb.

[0186] The LCD according to the exemplary embodiment
of the invention further includes a first switching element Qa
and a second switching element Qb connected to the gate
line GLn and the data line DL, a first liquid crystal capacitor
Clca connected to the first switching element Qa to be
provided in a first subpixel PXa, a second liquid crystal
capacitor Clcb connected to the first storage capacitor Csta
and the second switching element Qb to be provided in a
second subpixel PXb, a third switching element Qc which is
connected to the second switching element Qc and is
switched by the gate line GL(n+1) in the next stage, and an
auxiliary capacitor Cas which is connected to the third
switching element Qc.

[0187] The first switching element Qa and the second
switching element Qb are three terminal elements, such as
TFTs which are disposed in the lower display panel, control
terminals are connected to the gate line GLn, input terminals
are connected to the data line DL, and output terminals are
connected to the first liquid crystal capacitor Clca and the
first storage capacitor Csta, and the second liquid crystal
capacitor Clcb and the second storage capacitor Cstb,
respectively.

[0188] The third switching element Qc is also a three
terminal element such as a TFT which is provided in the
lower display panel 100, a control terminal is connected to
the gate line GL(n+1) of the next stage, and an input terminal
is connected to the second liquid crystal capacitor Clcb, and
an output terminal is connected to the auxiliary capacitor
Cas.

[0189] One terminal of the auxiliary capacitor Cas is
connected to the output terminal of the third switching
element Qc and the other terminal is connected to the storage
capacitor SL.

[0190] An operation of the LCD according to the exem-
plary embodiment of the invention will be described. When
a gate-on voltage is applied to the gate line GLn, the first
switching element Qa and the second switching element Qb,
which are connected thereto, are turned on, and the data
voltage of the data line 171 is applied to the first and second
subpixel electrodes.

[0191] Next, when a gate-off voltage is applied to the gate
line GLn and a gate-on voltage is applied to the gate line
GL(n+1) of the next stage, the first and second switching
elements Qa and Qb are turned off and the third switching
element Qc is turned on. As a result, charges of the second
subpixel electrode which is connected to the output terminal
of the second switching element Qb flows into the auxiliary
capacitor Cas so that the voltage of the second liquid crystal
capacitor Clcb is lowered.

[0192] As such, the side visibility of the LCD may be
improved by differently adjusting the charged voltages of
the first and second liquid crystal capacitors Clca and Clcb.

[0193] Next, an exemplary embodiment of FIG. 17 will be
described.
[0194] An LCD according to the exemplary embodiment

of the invention includes signal lines including a plurality of
gate lines GL, a plurality of data lines DL1 and DL.2, and a
plurality of storage electrode lines SL and a plurality of
pixels PX connected thereto. Each pixel PX includes a pair
of first and second liquid crystal capacitors Clca and Clcb
and first and second storage capacitors Csta and Csth.
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[0195] Each subpixel includes one liquid crystal capacitor
and one storage capacitor and further includes one TFT Q.
The TFTs Q of two subpixels in one pixel are connected to
the same gate line GL, but connected to different data lines
DL1 and DL2. The different data lines DL1 and DL2
simultaneously apply different levels of data voltages so that
the first and second liquid crystal capacitors Clca and Clch
of the two pixels have different charging voltages. As a
result, the side visibility of the LCD may be improved.
[0196] An exemplary embodiment of the invention corre-
sponding to the exemplary embodiment of FIG. 17 will be
described in detail with reference to FIGS. 18 and 19 before
a pixel structure is described with reference to FIG. 20.
[0197] FIG. 18 is a schematic diagram of a pixel according
to the exemplary embodiment of FIG. 17.

[0198] In the exemplary embodiment of FIG. 18, a gate
conductor including a gate line 121 and a storage electrode
line 131 is disposed on a first insulation substrate including
transparent glass or plastic. The gate line 121 includes gate
electrodes 124a and 1245 and a wide gate pad (not illus-
trated) for contact with another layer or an external driving
circuit.

[0199] The gate line 121 is disposed to traverse a pixel
area in an extending direction of rows. A pair of subpixel
electrodes for displaying different grays is disposed at
opposite ends of the gate line 121. In the exemplary embodi-
ment of FIG. 18, the first subpixel electrode 191a for
displaying a high gray is disposed above the gate line 121,
and the second subpixel electrode 1915 for displaying a low
gray is disposed below the gate line 121.

[0200] The storage electrode line 131 may include the
same material as that of the gate line 121, and may be
provided by using the same process as that of the gate line
121.

[0201] The first storage electrode line 131 disposed above
the gate line 121 may have such a quadrangular shape so as
to surround the first subpixel electrode 191a. An upper side
and a lower side of the quadrangular shaped first storage
electrode line 131 may be out of one pixel area so as to
horizontally extend to be connected to another layer or an
external driving circuit. Further, the lower side of the first
storage electrode line 131 has an extending structure that is
downwardly extended to a first contact hole 185a. This
extending structure may not be included according to
another exemplary embodiment.

[0202] On the gate conductor, the gate conductor is cov-
ered by a gate insulating layer 140 (refer to FIG. 2). A
conduct hole is defined at a portion of the gate conductor
which corresponds to the gate pad (not illustrated) to expose
the gate pad. The portions of the gate conductor other than
the conduct hole may be covered by the gate insulating layer
140.

[0203] Semiconductor layers including a first semiconduc-
tor layer 154a and a second semiconductor layer 1545 are
disposed on the gate insulating layer 140. The semiconduc-
tor layers other than the first semiconductor layer 154a and
the second semiconductor layer 154 are disposed below the
region at which a data conductor including first and second
data lines 171a and 1715, first and second source electrodes
173a and 1735, and first and second drain electrodes 175a
and 175b is disposed. This structure is provided in the case
that a semiconductor layer is etched together with a data
conductor when the data conductor is etched, the first
semiconductor layer 154a and the second semiconductor

Jan. 11,2018

layer 1544 forming a channel of the TFT are disposed to
correspond to a photoresist corresponding to a transflective
region or a slit region on a mask.

[0204] The semiconductor layer may include an amor-
phous silicon semiconductor, an oxide semiconductor, or a
polycrystalline semiconductor.

[0205] A plurality of ohmic contacts (not illustrated) may
be disposed on the semiconductors other than the first
semiconductor layer 154a and the second semiconductor
layer 1545, and may be omitted when the semiconductor
layer includes an oxide semiconductor.

[0206] A data conductor is disposed on the ohmic con-
tacts.
[0207] The data conductor includes first and second data

lines 171a and 1715, a first source electrode 1734, a second
source electrode 1735, a first drain electrode 1754, and a
second drain electrode 175b.

[0208] The first and second data lines 171a and 1715 are
extended along left and right edges of one pixel area in an
extending direction, and each includes the first source elec-
trode 173a and the second source electrode 1735. The first
source electrode 173a and the second source electrode 1735
may have a U-shape, but are not limited thereto.

[0209] The data line 171 includes a wide data pad (not
illustrated) for connection with another layer or an external
driving circuit.

[0210] The first drain electrode 1754 is disposed to face
the first source electrode 173a and has, for example, an
I-shape corresponding to the U-shaped first source electrode
173a, and includes a widely expanded region that is con-
nected to the first subpixel electrode 191a.

[0211] Similarly, the second drain electrode 1755 is dis-
posed to face the second source electrode 1734 and has, for
example, an [-shape corresponding to the U-shaped second
source electrode 1735, and includes a widely expanded
region that is connected to the second subpixel electrode
1915.

[0212] The data conductor, the ohmic contacts, and the
semiconductor layer may be simultaneously provided by
using one mask.

[0213] The first gate electrode 124aq, the first source elec-
trode 173a, and the first drain electrode 175a constitute one
first TFT Qa together with the first semiconductor layer
154a, and a channel of the first TFT is defined at the first
semiconductor layer 154a disposed between the first source
electrode 173a and the first drain electrode 175a. Similarly,
the second gate electrode 1245, the second source electrode
173b, and the second drain electrode 1755 constitute one
second TFT Qb together with the second semiconductor
layer 1545, and a channel is defined at the second semicon-
ductor layer 1545 between the second source electrode 1735
and the second drain electrode 1755.

[0214] A first passivation layer is disposed on the data
conductor and the exposed semiconductor layers 154a and
154b. In an exemplary embodiment, the first passivation
layer may include a silicon nitride, a silicon oxide, or the like
that is used to form an inorganic insulating layer, for
example. The second passivation layer is disposed on the
first passivation layer 180p, and may include an organic
material, unlike the first passivation layer. According to
another exemplary embodiment, one of the first passivation
layer and the second passivation layer may be omitted.
According to another exemplary embodiment, a color filter
may be disposed at the position of the second passivation
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layer. In this case, the first passivation layer 180p may serve
to prevent a pigment of the colot filter from flowing into the
exposed semiconductor layers 154a and 15454. Even when
the color filter is disposed, the second passivation layer may
be provided to cover the color filter.

[0215] A first contact hole 1854 and a second contact hole
185b are defined in the first and second passivation layers to
expose the first and second drain electrodes 1754 and 1756,
respectively.

[0216] First and second subpixel electrode 191a and 1915
may be disposed on the second passivation layer.

[0217] The first and second subpixel electrode 191a and
1915 may be separately disposed with the gate line 121
therebetween to be adjacent to each other in the column
direction. The first subpixel electrode 191a is disposed in the
high gray subpixel area, and the second subpixel electrode
1915 is disposed in the low gray subpixel area.

[0218] The first subpixel electrode 191a and the second
subpixel electrode 1915 respectively include one horizontal
stem 193a and 1935, and one vertical stem 194a and 1945,
and further include a plurality of minute branches 197a and
1975 which is obliquely extended therefrom.

[0219] In this case, the minute branches 197a are arranged
in two directions, and thus the first subpixel electrode 191a
or the second subpixel electrode 1915 has two domains. The
structure of the first subpixel electrode 191a or the second
subpixel electrode 1915 including two domains is referred to
as one unit pixel electrode.

[0220] As illustrated in FIG. 18, the low gray subpixel
area is about 1.5 times to about 2.5 times larger than the high
gray subpixel area. As such, although the two subpixel areas
are different from each other, one horizontal stem and one
vertical stem are provided in each of the two subpixel areas
according to the exemplary embodiment of the invention. In
other words, according to an exemplary embodiment of the
invention, the first and second subpixel electrodes 191a and
1915 respectively include the minute branches 1972 and
1975, each of which is arranged in two directions, and thus
each includes two domains. These two domains are fewer
than the four the domains of one general subpixel electrode.
[0221] Although the pixel size gets smaller in a higher
resolution LCD, a predetermined number of minute
branches or stems may be provided to have a predetermined
size. In the exemplary embodiment of the invention, one
stem is provided in one subpixel area, and thus the texture
generated in the pixel area can be controlled, display errors
can be reduced, and light transmittance can be improved.
[0222] Further, in the case of providing a curved display
device, it is possible to reduce display errors caused by
misalignment between upper and lower substrates through
the pixel electrode that is extended from the horizontal stem.
As a result, the LCD according to the exemplary embodi-
ment of the invention can be applied to a curved LCD having
a curved structure as well as a general LCD having a flat
structure. In particular, the LCD according to the exemplary
embodiment of the invention has relatively further improved
characteristics in the curved structure compared to other
pixel structures.

[0223] In an exemplary embodiment, the first and second
subpixel electrodes 191a and 1915 may include a transpar-
ent material such as ITO and 1ZO.

[0224] An upper display panel will now be described.
Although not illustrated, the upper display panel is a con-
stituent element that is required to accommodate a liquid
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crystal layer in the LCD. However, in an LCD including an
additional structure for accommodating the liquid crystal
layer, the upper display panel may be omitted.

[0225] The upper display panel included in an LCD will
be described.
[0226] A light blocking member (not illustrated) is dis-

posed on a second insulation substrate (not illustrated)
disposed to face a first insulation substrate 110 including
transparent glass, plastic, or the like. The light blocking
member is also referred to as a black matrix and prevents
light leakage. The light blocking member which is described
to be disposed in the upper display panel may be disposed
in a lower display panel according to another exemplary
embodiment.

[0227] In the exemplary embodiment, the light blocking
member may be disposed to extend along the data line 121
and the first and second data lines 171¢ and 1715 in an
extending direction of columns.

[0228] A plurality of color filters (not illustrated) is also
disposed on the second insulation substrate.

[0229] An overcoat (not illustrated) may be disposed on
the color filters and the light blocking member. In an
exemplary embodiment, the overcoat may include an
organic insulator, to serve to remove steps caused by the
color filters and the light blocking member and provide a flat
surface. In another exemplary embodiment, the overcoat
may be omitted.

[0230] A common electrode 270 (refer to FIG. 8) is
disposed on the overcoat. The common electrode 270 may
include the same material as that of the pixel electrode 191
(refer to FIG. 8), and may be provided in a flat surface type
to receive a common voltage.

[0231] Further, an alignment layer (not illustrated) may be
disposed inside the pixel electrode 191 and the common
electrode 270.

[0232] A liquid crystal layer (not illustrated) may be
disposed inside the alignment layer between the lower
display panel and the upper display panel. In an exemplary
embodiment, the liquid crystal layer has negative dielectric
anisotropy, and liquid crystal molecules of the liquid crystal
layer are aligned such that long axes thereof are perpen-
dicular to surfaces of the upper and lower display panels in
a state in which no electric field is generated.

[0233] The first and second subpixel electrodes 191a and
1915 to which the data voltage is applied generate an electric
field along with the common electrode 270 of the upper
display panel 200, thereby determining the alignment direc-
tions of the liquid crystal molecules of the liquid crystal
layer interposed between the two electrodes 191 and 270.
Depending on the determined directions of the liquid crystal
molecules, a phase difference of light passing through the
liquid crystal layer is varied, and thus an amount of light
passing through the polarizer is adjusted to control display
luminance.

[0234] In the above exemplary embodiments, the pixel
structure of the LCD in which one horizontal stem 1935 and
one vertical stem 1944 are provided even in the low gray
subpixel area was described.

[0235] Hereinafter, adjacent pixels will be described with
reference to FIG. 19.

[0236] FIG. 19 is a plan view of a pixel according to the
exemplary embodiment of FIG. 18.
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[0237] Additional arrows illustrated in FIG. 19 indicate
alignment directions of the liquid crystal molecules, and the
adjacent pixels have a facing structure to face each other.
[0238] Although the facing structure is illustrated in FIG.
19, the adjacent pixels may have a same-directional struc-
ture.

[0239] Hereinafter, an equivalent circuit of a pixel in
which different voltages are applied to two subpixel elec-
trodes according to an exemplary embodiment will be
described with reference to FIG. 20.

[0240] The LCD according to an exemplary embodiment
of the invention, as shown in FIG. 20, includes a gate line
GL, a data line DL, a first power line SL1, a second power
line SL.2, and a first switching element Qa and a second
switching element Qb, which are connected to the gate line
GL and the data line DL.

[0241] The LCD according to an exemplary embodiment
of the invention further includes an auxiliary step-up capaci-
tor Csa which is connected to the first switching element Qa,
a first liquid crystal capacitor Clca, an auxiliary step-down
capacitor Csb which is connected to the second switching
element Qb, and a second liquid crystal capacitor Clcb.
[0242] The first switching element Qa and the second
switching element Qb include three terminal elements such
as TFTs. The first switching element Qa and the second
switching element Qb are connected to the same gate line
GL and the same data line DL to be turned on at the same
time, thereby outputting the same data signal.

[0243] A voltage which swings with a predetermined
period is applied to the first power line SL1 and the second
power line SL2. A first low voltage is applied to the first
power line SL1 during a predetermined period (e.g., one
horizontal period 1 H) and a first high voltage is applied
thereto during a next predetermined period. A second high
voltage is applied to the second power line SI.2 during a
predetermined period and a second low voltage is applied
thereto during a next predetermined period. In this case, the
first period and the second period are repeated multiple
times for one frame so that a swinging voltage is applied to
the first power line SL.1 and the second power line SL2. In
this case, the first low voltage is equal to the second low
voltage and the first high voltage is equal to the second high
voltage.

[0244] The auxiliary step-up capacitor Csa is connected to
the first switching element Qa and the first power line SL1,
and the auxiliary step-down capacitor Csb is connected to
the second switching element Qb and the second power line
SL2.

[0245] A voltage Va of a terminal (hereinafter, referred to
as a “first terminal”) at a portion at which the auxiliary
step-up capacitor Csa is connected to the first switching
element Qa is lowered when the first low voltage is applied
to the first power line SL.1 and rises when the first high
voltage is applied. Thereafter, the voltage Va of the first
terminal swings as a voltage of the first power line SLL1
swings.

[0246] Similarly, a voltage Vb of a terminal (hereinafter,
referred to as a “second terminal”) at a portion at which the
auxiliary step-up capacitor Csb is connected to the second
switching element Qb is lowered when the second high
voltage is applied to the second power line SL.2 and rises
when the second high voltage is applied. Thereafter, the
voltage Vb of the second terminal swings as a voltage of the
second power line SL.2 swings.
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[0247] As such, although the same data voltage is applied
to two sub-pixels, the voltages Va and Vb of the pixel
electrodes of two sub-pixels are varied according to the
magnitude of the voltages swung in the first and second
power lines SL.1 and SL.2, and thus the transmittance of the
two sub-pixels is controlled differently, thereby improving
the side visibility.

[0248] In the above, various exemplary embodiments of
the invention were described.

[0249] 1In the above LCDs, the unit pixel electrode per-
taining to the pixel electrode has the minute branches 197,
and since the number of unit pixel electrodes is high, the
number of the minute branches 197 is high. As a result the
liquid crystal control force to control the liquid crystal
molecule may be sufficiently obtained, and thus a prepoly-
mer polymerized by light may not be additionally included
in the liquid crystal layer.

[0250] However, according to another exemplary embodi-
ment, the liquid crystal control force may be partially
decreased, and thus the prepolymer may be included in the
liquid crystal layer.

[0251] A method of forming the pretilt in the case of
including the prepolymer will be described with reference to
FIG. 21.

[0252] FIG. 21 illustrates a process for providing a pretilt
to liquid crystal molecules by using prepolymers that are
polymerized by light such as ultraviolet rays.

[0253] Referring to FIG. 21, prepolymers 330 such as a
monomer that is polymerized by light such as ultraviolet
rays are first injected along with a liquid crystal material
between the two display panels 100 and 200. The prepoly-
mer 330 may be a reactive mesogen that is polymerized by
light such as ultraviolet rays.

[0254] Next, an electric field is generated at the liquid
crystal layer 3 between two display panels 100 and 200 by
respectively applying a data voltage and a common voltage
to the first and second subpixel electrodes and the common
electrode 270 of the upper display panel 200. Thus, liquid
crystal molecules 31 of the liquid crystal layer 3 are inclined
in a predetermined direction in response to the electric field.
[0255] As such, when light from ultraviolet rays is irra-
diated in the state that the liquid crystal molecules 31 of the
liquid crystal layer 3 are inclined in the predetermined
direction, the prepolymer 330 is polymerized, and thus a
pretilt providing polymer 350 is provided as shown in FIG.
21. The pretilt providing polymer 350 contacts the display
panels 100 and 200. Alignment directions of the liquid
crystal molecules 31 are determined such that the liquid
crystal molecules 31 have pretilt as in the aforementioned
directions. Accordingly, the liquid crystal molecules 31 are
arranged to have pretilt corresponding to four different
directions even in a state in which a voltage is not applied
to the field generating electrodes 191 and 270 (refer to FIG.
8).

[0256] As aresult, the liquid crystal molecules 31 have the
pretilt of four directions in each region of the upper and
lower subpixels of one pixel.

[0257] The pretilt using the polymer as shown in FIG. 21
is additionally used in the case that the texture is not reduced
through the control for the liquid crystal control force
provided by the minute branches 197 (refer to FIG. 8).
[0258] The exemplary embodiment of FIG. 21 has been
described based on the case that the liquid crystal layer
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includes a photo-reactive material, but this is true of the case
that the alignment layer may include the photo-reactive
material.

[0259] 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.

What is claimed is:

1. A display device, comprising:

a first substrate;

a first gate line and a second gate line, which are disposed
on the first substrate and separated from each other in
a first direction;

afirst data line and a second data line, which cross the first
gate line and the second gate line;

a first thin film transistor connected to the first gate line;

a second thin film transistor connected to the second gate
line; and

a pixel electrode layer disposed over the first substrate,

wherein the pixel electrode layer comprises a plurality of
unit electrodes arranged in the first direction, and unit
electrodes of the plurality of unit electrodes of the pixel
electrode layer disposed between the first gate line and
the second gate line in a plan view is divided into two
portions, which are a first portion and a second portion,

the first portion consists of two domains, which are a first
domain and a second domain,

the second portion consists of two domains, which are a
third domain and a fourth domain,

the first portion includes:

a first vertical stem at an edge of the first portion;

a first horizontal stem connected to the first vertical sten;

first upper branches, which are disposed in the first
domain and extend from the first horizontal stem; and

first lower branches, which are disposed in the second
domain and extend from the first horizontal stem and in
a direction different from an extending direction of the
first upper branches, and

the second portion includes:

a second vertical stem at an edge of the second portion;

a second horizontal stem connected to the second vertical
stem;

second upper branches, which are disposed in the third
domain and extend from the second horizontal stem;
and

second lower branches, which are disposed in the fourth
domain and extend from the second horizontal stem
and in a direction different from an extending direction
of the second upper branches.

2. The display device of claim 1, further comprising:

a second substrate overlapping the first substrate;

a liquid crystal layer between the first substrate and the
second substrate and includes a plurality of liquid
crystal molecules; and

a common electrode between the liquid crystal layer and
the second substrate, wherein:

the first and second domains of the first portion have
different alignment directions of the plurality of liquid
crystal molecules from each other, and
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the third and fourth domains of the second portion have
different alignment directions of the plurality of liquid
crystal molecules from each other.

3. The display device of claim 2, wherein:

the first horizontal stem is connected to a center of the first
vertical stem,

the second horizontal stem is connected to a center of the
second vertical stem, and

the first upper branches, the first lower branches, the
second upper branches, and the second lower branches
extend in an oblique direction with respect to the first
direction.

4. The display device of claim 1, wherein

the first vertical stem is disposed at a right edge of the first
portion, and the second vertical stem is disposed at a
left edge of the second portion.

5. The display device of claim 1, wherein

a portion of the first lower branches protrudes out than the
rest of the first lower branches.

6. The display device of claim 5, wherein

a portion of the second upper branches protrudes out than
the rest of the second upper branches.

7. A display device, comprising;

a first substrate;

to a first gate line and a second gate line, which are
disposed on the first substrate and separated from each
other in a first direction;

a first data line and a second data line, which cross the first
gate line and the second gate line;

a first thin film transistor connected to the first gate line;

a second thin film transistor connected to the second gate
line; and

a pixel electrode layer disposed over the first substrate,

wherein the pixel electrode layer comprises a plurality of
unit electrodes arranged in the first direction, and unit
electrodes of the plurality of unit electrodes of the pixel
electrode layer disposed between the first gate line and
the second gate line in a plan view is divided into two
portions, which are a first portion and a second portion,

the first portion has only two domains, which are a first
domain and a second domain,

the second portion has only two domains, which are a
third domain and a fourth domain,

the first portion includes:

a first vertical stem at an edge of the first portion;

a first horizontal stem connected to the first vertical stem;

first upper branches, which are disposed in the first
domain and extend from the first horizontal stem; and

first lower branches, which are disposed in the second
domain and extend from the first horizontal stem and in
a direction different from an extending direction of the
first upper branches, and

the second portion includes:

a second vertical stem at an edge of the second portion;

a second horizontal stem connected to the second vertical
stem;

second upper branches, which are disposed in the third
domain and extend from the second horizontal stem;
and

second lower branches, which are disposed in the fourth
domain and extend from the second horizontal stem
and in a direction different from an extending direction
of the second upper branches.
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8. A display device comprising:

a first substrate;

a first gate line disposed on the first substrate;

a first data line crossing the first gate line;

a first thin film transistor connected to the first gate line
and the first data line; and

a plurality of pixel electrodes, wherein adjacent pixel
electrodes of the plurality of pixel electrodes in a first
direction and a second direction in a display area of the
first substrate have a same structure as each other,

wherein:

an entire area of the pixel electrode is divided into a first
portion and a second portion,

the first portion is connected to the first thin film transis-
tor, and consists of a first domain and a second domain,

the second portion consists of a third domain and a fourth
domain,

the first portion includes:

a first vertical stem at an edge of the first portion;

a first horizontal stem connected to the first vertical stem;

first upper branches, which are disposed in the first
domain and extend from the first horizontal stem; and

first lower branches, which are disposed in the second
domain and extend from the first horizontal stem and in
a direction different from an extending direction of the
first upper branches, and

the second portion includes:

a second vertical stem at an edge of the second portion;

a second horizontal stem connected to the second vertical
stem;

second upper branches, which are disposed in the third
domain and extend from the second horizontal stem;
and

second lower branches, which are disposed in the fourth
domain and extend from the second horizontal stem
and in a direction different from an extending direction
of the second upper branches.

9. The display device of claim 8, further comprising:

a second substrate overlapping the first substrate;

a liquid crystal layer between the first substrate and the
second substrate and includes a plurality of liquid
crystal molecules; and

a common electrode between the liquid crystal layer and
the second substrate,

wherein:

the first and second domains of the first portion have
different alignment directions of the plurality of liquid
crystal molecules from each other, and

the third and fourth domains of the second portion have
different alignment directions of the plurality of liquid
crystal molecules from each other.

10. The display device of claim 9, wherein:

the first horizontal stem is connected to a center of the first
vertical stem,

the second horizontal stem is connected to a center of the
second vertical stem, and

the first upper branches, the first lower branches, the
second upper branches, and the second lower branches
extend in an oblique direction with respect to the first
direction and the second direction.
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11. The display device of claim 8, wherein

the first vertical stem is disposed at a right edge of the first
portion, and the second vertical stem is disposed at a
left edge of the second portion.

12. The display device of claim 8, wherein

a portion of the first lower branches protrudes out of an
imaginary line to which ends of the rest of the first
lower branches are aligned in the second direction.

13. The display device of claim 12, wherein

a portion of the second upper branches protrudes out of an
imaginary line to which ends of the second upper
branches are aligned in the second direction.

14. The display device of claim 8, wherein the display

device is a curved display device.

15. The display device of claim 8, further comprising:

a second data line crossing the first gate line,

wherein the first vertical stem is adjacent to one of the first
data line and the second data line, and the second
vertical stem is adjacent to the other one of the first data
line and the second data line.

16. The display device of claim 8, wherein

the first vertical stem is disposed at a first side of the first
portion, and the second vertical stem is disposed at a
second side of the second portion, the first side oppos-
ing the second side.

17. A display device comprising:

a first substrate;

a first gate line disposed on the first substrate;

a first data line crossing the first gate line;

a first thin film transistor connected to the first gate line
and the first data line; and

a plurality of pixel electrodes, wherein adjacent pixel
electrodes of the plurality of pixel electrodes in a first
direction and a second direction in a display area of the
first substrate have a same structure as each other,

wherein:

an entire area of the pixel electrode is divided into two
portions, which are first portion and a second portion,

the first portion is connected to the first thin film transis-
tor, and has only two domains, which are a first domain
and a second domain,

the second portion has only two domains, which are a
third domain and a fourth domain,

the first portion includes:

a first vertical stem at an edge of the first portion;

a first horizontal stem connected to the first vertical stem;

first upper branches, which are disposed in the first
domain and extend from the first horizontal stem; and

first lower branches, which are disposed in the second
domain and extend from the first horizontal stem and in
a direction different from an extending direction of the
first upper branches, and

the second portion includes:

a second vertical stem at an edge of the second portion;

a second horizontal stem connected to the second vertical
stem;

second upper branches, which are disposed in the third
domain and extend from the second horizontal stem;
and

second lower branches, which are disposed in the fourth
domain and extend from the second horizontal stem
and in a direction different from an extending direction
of the second upper branches.
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