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A liquid crystal display (“LCD”) includes a first substrate, a
second substrate, and a liquid crystal layer interposed
between the first and second substrates. A pixel electrode is
formed on the first substrate and provided with a first domain
divider. A common electrode is formed on the second
substrate and provided with a second domain divider. The
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common electrode has a concavo-convex portion in a saw-
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LIQUID CRYSTAL DISPLAY AND METHOD
THEREOF

[0001] This application claims priority to Korean Patent
Application No. 2006-94937, filed on Sep. 28, 2006, and all
benefits accruing therefrom under 35 U.S.C. §119, and the
contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (“LCD”) and method thereof. More particularly, the
present invention relates to an LCD having an improved
viewing angle, and a method of improving a viewing angle
of an LCD.

[0004] 2. Description of the Related Art

[0005] In general, a liquid crystal display (“LCD”) uses
liquid crystals having a mesomorphic phase representing
both liquid and solid properties to display an image. The
LCD has two substrates and a liquid crystal layer including
the liquid crystals interposed between the two substrates.
[0006] When an electric field is applied to the liquid
crystals, an alignment of the liquid crystals is changed and
light transmittance of the LCD varies according to the
alignment of the liquid crystals. The LCD controls the
electric field to align the liquid crystals, so that a desired
image is displayed thereon.

[0007] In a conventional display apparatus, an image
quality when viewed at a position in front of the display
apparatus is superior to that when viewed at a position in a
lateral side of the display apparatus. The LCD has a nar-
rower viewing angle than that of the conventional display
apparatus, which allows a user to properly view a displayed
image. As a result, the image when viewed at the position in
the lateral side of the LCD is extremely distorted in com-
parison with the image when viewed at the position in front
of the LCD, thereby causing deterioration of the image
quality of the LCD.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention provides a liquid crystal
display (“LCD”) capable of widening a viewing angle and
improving an image quality.

[0009] The present invention also provides a method of
improving a viewing angle of an LCD.

[0010] In exemplary embodiments of the present inven-
tion, an LCD includes a first substrate, a second substrate, a
liquid crystal layer, a gate line and a data line, a pixel
electrode, and a common electrode. The first substrate has a
pixel area. The second substrate faces the first substrate. The
liquid crystal layer is interposed between the first and second
substrates. The gate line and the data line are arranged on the
first substrate and cross each other. The pixel electrode is
positioned in the pixel area and provided with a first domain
divider. The common electrode is arranged on the second
substrate and provided with a second domain divider. The
first and second domain dividers divide the pixel area into a
plurality of domains.

[0011] The second domain divider extends in a first direc-
tion and a second direction symmetric with the first direction
with respect to a longitudinal direction of the gate line in
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order to have a curved portion of the second domain divider.
The common electrode has a concavo-convex portion in a
saw-toothed shape in a plan view of the common electrode,
and the concavo-convex portion is positioned in a region
where the curved portion is formed.

[0012] The concavo-convex portion may be formed in a
region where an included angle between the first direction
and the second direction is greater than 180 degrees.
[0013] The first domain divider may be spaced apart from
the second domain divider, and portions of the first domain
divider may extend substantially parallel to portions of the
second domain divider in order to have a curved portion of
the first domain divider. The pixel electrode may have a
concavo-convex portion in a saw-toothed shape in a plan
view of the pixel electrode, and the concavo-convex portion
may be positioned corresponding to the curved portion of
the first domain divider.

[0014] The concavo-convex portion of the common elec-
trode and the concavo-convex portion of the pixel electrode
may be alternately arranged with each other. Alternatively,
the concavo-convex portion of the common electrode and
the concavo-convex portion of the pixel electrode may be
arranged to an end portion of the first and second domain
dividers, respectively.

[0015] The LCD may include a storage electrode and a
transparent insulating layer pattern. The storage electrode
may be spaced apart from the gate line and overlapped with
the curved portion of the second domain divider in a plan
view of the LCD. The transparent insulating layer pattern
may be arranged between the data line and the pixel elec-
trode, and is partially opened in an area corresponding to the
storage electrode. The concavo-convex portion may be
successively formed along an area corresponding to the
storage electrode to an area corresponding to an end portion
of the storage electrode.

[0016] The first domain divider may be defined by a
cut-out section obtained by removing a portion of the pixel
electrode. The second domain divider may be defined by a
cut-out section obtained by removing a portion of the
common electrode. Alternatively, the second domain divider
may be defined by a protrusion formed on a portion of the
commor electrode.

[0017] In aplan view of the LCD, a distance between the
first domain divider and a convex portion of the concavo-
convex portion of the second domain divider may be less
than a distance between the first domain divider and a
concave portion of the concavo-convex portion of the sec-
ond domain divider.

[0018] A convex portion of the concavo-convex portion
supplements a controlling force of the second domain
divider over liquid crystals in the liquid crystal layer and a
concave portion of the concavo-convex portion increases an
aperture ratio of the LCD.

[0019] In other exemplary embodiments of the present
invention, a method of improving a viewing angle of an
LCD includes forming a first domain divider in a pixel
electrode, forming a second domain divider in a common
electrode, the second domain divider spaced from the first
domain divider in a plan view of the LCD, the second
domain divider having a first portion extending in a first
direction and a second portion extending in a second direc-
tion, the second portion meeting the first portion at a curved
portion of the second domain divider, forming a concavo-
convex portion in the common electrode at least at a region
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corresponding to the curved portion of the second domain
divider, wherein a convex portion of the concavo-convex
portion supplements a controlling force of the second
domain divider over liquid crystals in the LCD and a
concave portion of the concavo-convex portion increases an
aperture ratio of the LCD.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other features and advantages of the
present invention will become readily apparent by reference
to the following detailed description when considered in
conjunction with the accompanying drawings wherein:
[0021] FIG. 1 is a plan view illustrating an exemplary
embodiment of a liquid crystal display (“LLCD”) according
to the present invention;

[0022] FIGS. 2A and 2B are plan views illustrating an
operation of the exemplary LCD of FIG. 1;

[0023] FIG. 3 is a cross-sectional view taken along line I-I'
shown in FIG. 1;

[0024] FIG. 4 is an enlarged view of an area in which an
exemplary concavo-convex portion is formed in FIG. 1;
[0025] FIG. 5 is a cross-sectional view taken along line
II-IT' shown in FIG. 1;

[0026] FIG. 6 is an enlarged view of an area in which an
exemplary curved portion is formed in FIG. 1;

[0027] FIG. 7is a plan view illustrating another exemplary
embodiment of an LCD according to the present invention;
[0028] FIG. 8 is a cross-sectional view taken along line
III-1IT' shown in FIG. 7,

[0029] FIG.9is a plan view illustrating another exemplary
embodiment of an LCD according to the present invention;
[0030] FIG. 10 is a cross-sectional view taken along line
IV-IV' shown in FIG. 9;

[0031] FIG. 11 is a plan view illustrating another exem-
plary embodiment of an LCD according to the present
invention;

[0032] FIG. 12 is an enlarged view of portion A' in FIG.
11; and
[0033] FIG. 13 is a cross-sectional view taken along line

V-V' shown in FIG. 11.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] Hereinafter, exemplary embodiments of the present
invention will be explained in detail with reference to the
accompanying drawings. However, the scope of the present
invention is not limited to such embodiments and the present
invention may be realized in various forms. The embodi-
ments to be described below are nothing but the ones
provided to bring the disclosure of the present invention to
perfection and assist those skilled in the art to completely
understand the present invention. The present invention is
defined only by the scope of the appended claims. In
addition, the size of layers and regions shown in the draw-
ings can be simplified or magnified for the purpose of clear
explanation. Also, the same reference numerals are used to
designate the same elements throughout the drawings.

[0035] It will be understood that when an element is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
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elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0036] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to 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 section without departing from
the teachings of the present invention.

[0037] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
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, operations, 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.
[0038] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary term “below” can encompass both an orientation
of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein interpreted accordingly.
[0039] 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 invention 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.

[0040] Embodiments of the present invention are
described herein with reference to cross section illustrations
that are schematic illustrations of idealized embodiments of
the present invention. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
embodiments of the present invention should not be con-
strued as limited to the particular shapes of regions illus-
trated 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



US 2008/0079885 A1l

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 invention.
[0041] FIG. 1 is a plan view illustrating an exemplary
embodiment of a liquid crystal display (“LLCD”) according
to the present invention.

[0042] Referring to FIG. 1, the LCD includes a first
substrate 10 and a second substrate 20 facing the first
substrate 10. Pixel areas are defined on the first substrate 10
to display an image thereon. In FIG. 1, since the pixel areas
have a same structure and function, hereinafter, only one
pixel area has been illustrated as an example of the present
exemplary embodiment.

[0043] The first substrate 10 includes a pixel electrode 11
formed thereon and arranged in each of the pixel areas. The
second substrate 20 includes a common electrode 21 formed
thereon to cover a whole surface, or substantially an entire
surface, of the second substrate 20.

[0044] The pixel electrode 11 is provided with a first
domain divider 12 and the common electrode 21 is provided
with a second domain divider 22. The first and second
domain dividers 12 and 22 are spaced apart from each other
in the plan view of the LCD. Each of the first and second
domain dividers 12 and 22 extends in a first direction D1 and
a second direction D2. The first and second directions D1
and D2 are inclined relative to a horizontal direction and
symmetrical with each other with respect to the horizontal
direction. As an example of the present exemplary embodi-
ment, the inclined angle of the first and second domain
dividers 12 and 22 is in a range of about +45 degrees with
reference to the horizontal direction, such that each of the
first and second domain dividers 12 and 22 is bent at an
angle in a range of about +90 degrees.

[0045] The second domain divider 22 includes a first
portion extending in the first direction D1 and a second
portion extending in the second direction D2, and the second
domain divider 22 is curved at a position where the first and
second portions meet with each other. In other words, the
first portion and the second portion of the second domain
divider 22 meet at an angle. Hereinafter, the position where
the first and second portions meet with each other is defined
as a curved portion. The common electrode 21 includes a
concavo-convex portion 25 in a saw-toothed shape when
viewed from a plan view, which is positioned corresponding
to the curved portion of the second domain divider 22.
[0046] FIGS. 2A and 2B are plan views illustrating an
operation of the exemplary LCD of FIG. 1.

[0047] Referring to FIG. 2A, liquid crystals 31 are aligned
between the first and second substrates 10 and 20. The liquid
crystals 31 have an oval shape with a long axis and a short
axis, and an alignment of the liquid crystals 31 is defined by
a direction of the long axis. The liquid crystals 31 are
vertically aligned with respect to the first and second sub-
strates 10 and 20.

[0048] Under this alignment state, the liquid crystals 31 do
not exert any optical effect on a light passing therethrough,
so that a phase of the light is maintained while the light
passes through the liquid crystals 31. The first and second
substrates 10 and 20 are attached with first and second
polarizing plates (not shown) on their external surfaces,
respectively, such that axes of the first and second polarizing
plates are substantially perpendicular to each other. There-
fore, the light is linearly polarized by the first polarizing
plate attached to the first substrate and is absorbed by the
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second polarizing plate attached to the second substrate after
passing through the liquid crystals 31. As a result, the LCD
becomes a black state.

[0049] Referring to FIG. 2B, the LCD applies a data
voltage corresponding to an image displayed to the pixel
electrode 11. In addition. the LCD applies a constant com-
mon voltage to the common electrode 21. Due to a voltage
difference between the data voltage and the common volt-
age, an electric field is established between the first and
second substrates 10 and 20. The liquid crystals 31 have a
dielectric anisotropy, and are aligned in an inclined direction
with respect to the first and second substrates 10 and 20 by
the electric field.

[0050] When the liquid crystals 31 are aligned as
described above, a phase of the light is shifted due to the
liquid crystals 31 being inclined relative to the first and
second substrates 10 and 20 while the light passes through
the liquid crystals 31. The phase-shifted light may pass
through the second polarizing plate to display an image.
During this operation, an intensity of the light passing
through the second polarizing plate varies according to the
inclined angle of the liquid crystals 31, and the inclined
angle of the liquid crystals 31 is adjusted by controlling an
intensity of the electric field.

[0051] FIG. 3 isa cross-sectional view taken along line I-I'
shown in FIG. 1.

[0052] Referring to FIG. 3, the LCD includes a liquid
crystal layer 30 having the liquid crystals 31 interposed
between the first and second substrates 10 and 20. The first
domain divider 12 is defined by a cut-out section obtained by
removing a predetermined portion of the pixel-electrode 11.
The second domain divider 22 is defined by a cut-out section
obtained by removing a predetermined portion of the com-
mon electrode 21. Since the data voltage or the common
voltage can not be applied to the cut-out sections of the pixel
electrode 11 and the common electrode 21, changes in the
intensity and the direction of the electric field established
between the pixel electrode 11 and the common electrode 21
are established.

[0053] As illustrated by dashed lines in FIG. 3, the electric
field changed by the cut-out sections is formed along with a
line connecting the first and second domain dividers 12 and
22 adjacent to each other. The electric field in a left-side
region of the first domain divider 12 (or the second domain
divider 22) is different from the electric field in a right-side
region of the first domain divider 12 (or the second domain
divider 22). The liquid crystals 31 are aligned substantially
perpendicular to the direction of the electric field. Therefore,
the alignment of the liquid crystals 31 in the left-side region
of the first domain divider 12 (or the second domain divider
22) is different from the alignment of the liquid crystals 31
in the right-side region of the first domain divider 12 (or the
second domain divider 22).

[0054] If the pixel area is divided into plural pixel regions
according to the alignment of the liquid crystals 31 and each
pixel region is defined as a domain, the pixel area is divided
into plural domains by the first and second domain dividers
12 and 22. Since the liquid crystals 31 are differently aligned
in each domain, optical characteristics of the domains may
be compensated with each other to widen the viewing angle
of the LCD.

[0055] FIG. 4 is an enlarged view of an area in which an
exemplary concavo-convex portion is formed in FIG. 1.
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[0056] Referring to FIG. 4, the common electrode 21
includes the concavo-convex portion 25 which is positioned
corresponding to the second domain divider 22. The con-
cavo-convex portion 25 has the saw-toothed shape, and the
saw-toothed shape may include various shapes protruding
from the second domain divider 22 towards the first domain
divider 12 adjacent to the second domain divider 22. For
example, as illustrated in FIG. 4, the saw-toothed shape may
have a rectangular shape. Although not illustrated in FIG. 4,
the saw-toothed shape may alternatively have a triangular
shape, a circular shape, etc.

[0057] The concavo-convex portion 25 changes a distance
between the first and second domain dividers 12 and 22. If
a protruding portion and a recessed portion of the concavo-
convex portion 25 are defined as a convex portion and a
concave portion, respectively, a first distance d1 between the
first domain divider 12 and the convex portion of the second
domain divider 22 is shorter than a second distance d2
between the first domain divider 12 and the concave portion
of the second domain divider 22.

[0058] Respective portions of the first and second domain
dividers 12 and 22 extend substantially parallel to each
other. The protruding direction of the convex portion is
perpendicular to the extending direction of the first and
second domain dividers 12 and 22. In an exemplary embodi-
ment, if a first portion of the second domain divider 22
extends in the second direction D2, then the convex portion
protruding from the first portion of the second domain
divider 22 extends in the first direction D1, and if a second
portion of the second domain divider 22 extends in the first
direction D1, then the convex portion protruding from the
second portion of the second domain divider 22 extends in
the second direction D2. In the illustrated exemplary
embodiment, the first and second distances d1 and d2 are
constant. Since the liquid crystals 31 are successively
aligned between the first and second domain dividers 12 and
22 adjacent to each other to define a predetermined domain,
a width of the predetermined domain is dependent on the
first and second distances d1 and d2.

[0059] FIG. 5 is a cross-sectional view taken along line
II-IT' shown in FIG. 1.

[0060] Referring to FIG. 5, the width of the domain at a
position corresponding to the convex portion is defined by
the first distance d1 between the first domain divider 12 and
the convex portion of the concavo-convex portion 25 of the
second domain divider 22, and the width of the domain at a
position corresponding to the concave portion is defined by
the second distance d2 between the first domain divider 12
and the concave portion of the concavo-convex portion 25 of
the second domain divider 22.

[0061] If the first and second domain dividers 12 and 22
are positioned closely to the liquid crystals 31, a controlling
force for aligning the liquid crystals 31 by the first and
second domain dividers 12 and 22 (hereinafter, referred to as
the controlling force) is gradually increased. Therefore,
when the width of the domain becomes narrower, the
controlling force becomes stronger, so that the liquid crys-
tals 31 are uniformly aligned. If the width of the domain is
too wide, there exist some liquid crystals 31 that are too far
from the first and second domain dividers 12 and 22. The
controlling force may not reach to the some liquid crystals
31. As a result, some liquid crystals 31 are not uniformly
aligned, thereby causing deterioration of the image quality
of the LCD.
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[0062] In order to reduce the width of the domain, there
needs to be a lot of the first and second domain dividers 12
and 22. Since the first and second domain dividers 12 and 22
are defined by cut-out sections of the pixel electrode 11 and
the common electrode 21, respectively, an area of the pixel
electrode 11 and the common electrode 21 is decreased
when increasing the number of the first and second domain
dividers 12 and 22. Therefore, it is preferable that the
number of the first and second domain dividers 12 and 22 is
decreased in order to increase the aperture ratio.

[0063] According to the present exemplary embodiment,
both the controlling force, such as may be accomplished by
a narrower domain, and the aperture ratio, such as may be
accomplished by reducing a number of first and second
domain dividers 12 and 22, are satisfied by using the
concavo-convex portion 25 that includes the convex portion
supplementing the controlling force and the concave portion
maintaining the aperture ratio. The aperture ratio is thus
increased by the concave portions of the concavo-convex
portion 25 as compared to not having the concave portions
and thus having only a wider second domain divider 22, or
as compared to providing additional domain dividers.
[0064] Referring again to FIG. 1, the concavo-convex
portion 25 is limited within a region corresponding to the
curved portion of the second domain divider 22. As
described above, the curved portion is a region defined by an
intersecting area of first and second portions of the second
domain divider 22, where the first and second portions
extend in different directions D1 and D2. As also described
above, the liquid crystals 31 are aligned in the direction
substantially perpendicular to the first direction D1 by the
first portion of the second domain divider 22 extending in
the first direction D1 and aligned in the direction substan-
tially perpendicular to the second direction D2 by the second
portion of the second domain divider 22 extending in the
second direction D2. Since the first portion is adjacent to the
second portion in the curved region of the second domain
divider 22, the controlling force by the first portion interferes
with the controlling force by the second portion. As a result,
the liquid crystals 31 may not be uniformly aligned in the
curved region of the second domain divider 22, to thereby
cause the deterioration of the image quality of the LCD.
However, according to the present exemplary embodiment,
the concavo-convex portion 25 may supplement the con-
trolling force in the curved region to maintain the image
quality.

[0065] FIG. 6 is an enlarged view of an area in which the
exemplary curved portion is formed in FIG. 1.

[0066] In FIG. 6, among two regions defined by intersect-
ing the first portion and the second portion, the region where
the included angle between the first and second portions is
greater than 180 degrees is defined as a first region Al, and
a region where the included angle between the first and
second portions is less than 180 degrees is defined as a
second region A2.

[0067] The concavo-convex portion 25 may be formed at
the first region A1 and/or at the second region A2. However,
in order to prevent the decrease of the aperture ratio by the
concavo-convex portion 25, it is preferable that the concavo-
convex portion 25 is formed at only one region of the first
and second regions Al and A2. In this case, providing the
concavo-convex portion 25 at the first region Al is a better
choice than providing the concavo-convex portion 25' at the
second region A2 as described below.
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[0068] If the concavo-convex portion 25' is formed in the
second region A2 and the first and second directions D1 and
D2 are substantially perpendicular to each other, liquid
crystals 314" adjacent to the second portion are aligned in the
second direction D2. In addition, liquid crystals 315" adja-
cent to the first portion are aligned in the first direction D1.
As a result, the liquid crystals 31a' aligned in the second
direction D2 and the liquid crystals 315" aligned in the first
direction D1 interfere with each other towards an intersec-
tion of first and second portions of the second domain
divider 22 because the second region A2 has a structure
gradually narrowed toward the curved region of the second
domain divider 22. Therefore, an operation of the concavo-
convex portion 25' against the liquid crystals 314' and 315’
may be deteriorated in the second region A2.

[0069] On the contrary, in the first region Al, the liquid
crystals 31a aligned in the second direction D2 and the
liquid crystals 315 aligned in the first direction D1 do not
interfere with each other since the first region Al has a
structure that is more widely spread than the second region
A2. Therefore, the operation of the concavo-convex portion
25 may be properly maintained.

[0070] FIG. 7is a plan view illustrating another exemplary
embodiment of an LCD according to the present invention.
[0071] Referring to FIG. 7, the LCD includes a first
substrate 60 and a second substrate 70 facing the first
substrate 60. Pixel areas having a same structure and func-
tion are defined on the first substrate 60. The first substrate
60 includes a storage electrode 61 and a pixel electrode 63
formed thereon and arranged in each pixel area. The storage
electrode 61 is formed between the first substrate 60 and the
pixel electrode 63. The second substrate 70 includes a
common electrode 71 formed thereon and corresponding to
the pixel electrode 63. The pixel electrode 63 is provided
with a first domain divider 65 and the common electrode 71
is provided with a second domain divider 72 spaced apart
from the first domain divider 65 in a plan view of the LCD.
[0072] Each of the first and second domain dividers 65 and
72 extends in a first direction D1 and a second direction D2
that are inclined relative to a horizontal direction and
symmetrical with each other with respect to the horizontal
direction. The second domain divider 72 includes a first
portion extending in the first direction D1 and a second
portion extending in the second direction D2, and the second
domain divider 72 is curved at a position where the first and
second portions meet with each other. The common elec-
trode 71 includes a concavo-convex portion 75 in a saw-
toothed shape when viewed from a plan view, which is
positioned corresponding to the curved portion of the second
domain divider 72. The concavo-convex portion 75 is suc-
cessively formed relative to an end portion of the storage
electrode 61 along the storage electrode 61. In other words,
alocation of the curved portion of the second domain divider
72 overlaps a location of the storage electrode 61.

[0073] FIG. 8 is a cross-sectional view taken along line
HI-1IT' shown in FIG. 7.

[0074] Referring to FIG. 8, the LCD includes a liquid
crystal layer 80 interposed between the first and second
substrates 60 and 70. The liquid crystal layer 80 includes
liquid crystals (not shown). The first substrate 60 includes a
transparent insulating layer pattern 62 arranged between the
storage electrode 61 and the pixel electrode 63. The trans-
parent insulating layer pattern 62 includes a first transparent
insulating layer pattern 62a and a second transparent insu-
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lating layer pattern 625. The first transparent insulating layer
pattern 62a has a thickness thicker than that of the second
transparent insulating layer pattern 625. The first transparent
insulating layer pattern 62¢ may be disposed between the
pixel electrode 63 and the second transparent insulating
layer pattern 625, and the second transparent insulating layer
pattern 625 may be disposed between the pixel electrode 63
and the storage electrode 61 in an area of the storage
electrode 61 and between the first transparent insulating
layer pattern 62a and the first substrate 60 in an area outside
of the storage electrode 61. The first transparent insulating
layer pattern 62¢ includes an organic material and the
second transparent insulating layer pattern 624 includes an
inorganic material. The storage electrode 61, the pixel
electrode 63, and the transparent insulating layer pattern 62
form a storage capacitor.

[0075] The storage capacitor maintains a data voltage
applied to the pixel electrode 63 for a predetermined time.
At this operation, in accordance with having a high capaci-
tance, the storage capacitor may maintain the data voltage
for a longer time. The storage capacitor may have the high
capacitance in accordance with thinning of the transparent
insulating layer pattern 62. In order to decrease the thickness
of the transparent insulating layer pattern 62, the first
transparent insulating layer pattern 62¢ is removed from a
region corresponding to the storage electrode 61.

[0076] The second domain divider 72 is defined by a
protrusion including an insulating material to which a com-
mon voltage cannot be applied. The protrusion changes an
intensity and a direction of the electric field established
between the pixel electrode 63 and the common electrode
71. Therefore, an operation of the protrusion is identical to,
or at least substantially the same as, that of the cut-out
section of the previously described embodiment.

[0077] The pixel electrode 63 has a stepped portion cor-
responding to the storage electrode 61 where the first
transparent layer pattern 62a is opened. An alignment of the
liquid crystals within the liquid crystal layer 80 is affected by
a surface shape of the stepped portion. As a result, a
controlling force for alignment of the liquid crystals by the
first and second domain dividers 65 and 72 is reduced.
[0078] In addition, a distance between the pixel electrode
63 and the common electrode 71 is increased by the lack of
the first transparent layer pattern 62a in a region correspond-
ing to the storage electrode 61. The electric field applied to
the liquid crystals is also reduced in that area, so that the
controlling force generated by the first and second domain
dividers 65 and 72 is weakened. Since the second domain
divider 72 is positioned farther from the opened area of the
fist transparent insulating layer pattern 62a adjacent the
storage electrode 61 than the first domain divider 65, the
controlling force generated by the second domain divider 72
is weakened more than the controlling force generated by
the first domain divider 65.

[0079] As described above, the concavo-convex portion
75 of the common electrode 71 supplements the controlling
force generated by the second domain divider 72. Therefore,
if the concavo-convex portion 75 is formed on an area of the
common electrode 71 corresponding to the opened area, the
controlling force by the second domain divider 72 may be
supplemented.

[0080] The concavo-concave portion 75 is successively
formed from the curved portion to an area corresponding to
the end portion of the storage electrode 61 in order to
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supplement the controlling force in two different aspects.
That is, the concavo-convex portion 75 may supplement the
controlling force in the curved portion of the second domain
divider 72 and prevent the controlling force from being
weakened in the opened area of the first transparent layer
pattern 62a.

[0081] According to the exemplary embodiment shown in
FIGS. 7 and 8, and the previous described embodiment
shown in FIGS. 1 to 6, the second domain dividers 22 and
72 are defined by the cut-out section and the protrusion,
respectively. On the contrary, the first domain dividers 12
and 65 are defined by only the cut-out section. In alternative
exemplary embodiments, the first domain dividers 12 and 65
and the second domain divider 22 may be defined by a
protrusion such as the second domain divider 72. However,
it is preferable that the first domain dividers 12 and 65 are
defined by the cut-out section when considering the fabri-
cation process. The pixel electrodes 11 and 63 are formed
through a patterning process to be separated corresponding
to the pixel areas. The cut-out section of the first domain
dividers 12 and 65 may be formed together when the pixel
electrodes 11 and 63 are formed through the same patterning
process. However, in the case of forming the protrusion, an
additional patterning process is necessary to form the pro-
trusion after forming the pixel electrodes 11 and 63 through
the patterning process. Therefore, the first domain dividers
12 and 65 are defined by the cut-out section in order to
decrease the number of patterning processes.

[0082] FIG.9isaplan view illustrating another exemplary
embodiment of an LCD according to the present invention.
[0083] Referring to FIG. 9, the LCD includes a first
substrate 100 and a second substrate 200 facing the first
substrate 100. The first substrate 100 includes a plurality of
signal lines formed thereon. The signal lines include a gate
line 110 and a data line 140. The gate line 110 extends
substantially parallel to a horizontal direction. The data line
140 extends substantially parallel to a vertical direction. The
gate line 110 and the data line 140 may be substantially
perpendicular to each other and cross each other. In an
exemplary embodiment, the gate line 110 and the data line
140 may define a pixel area. Although only one pixel area is
illustrated in FIG. 9, plural pixel areas having a same
structure and function are defined on the first substrate 100.
The first substrate 100 includes a thin film transistor (“TFT”)
“T’, a storage electrode 112, and a pixel electrode 160
arranged in each pixel area.

[0084] The TFT ‘T’ includes a gate electrode 111, a source
electrode 141, and a drain electrode 142. The gate electrode
111 branches from the gate line 110. The source electrode
141 branches from the data line 140. The drain electrode 142
is spaced apart from the source electrode 141 and electri-
cally connected with the pixel electrode 160 through a
contact hole 155.

[0085] The LCD applies operational signals to the gate
line 110 and the data line 140, so that a data voltage is
applied to the pixel electrode 160. The storage electrode 112
and the pixel electrode 160 facing the storage electrode 112
form a storage capacitor. The storage capacitor maintains the
data voltage for a predetermined time.

[0086] The second substrate 200 includes a common elec-
trode 240 formed thereon. The pixel electrode 160 and the
common electrode 240 are provided with a first domain
divider 170 and a second domain divider 250, respectively.
The second domain divider 250 is spaced apart from the first
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domain divider 170 in a plan view and has portions extend-
ing substantially parallel to portions of the first domain
divider 170 except for a predetermined portion that is
substantially parallel to the gate line 110 or the data line 140.
The predetermined portion prevents the liquid crystals from
not uniformly aligning at a fringe of the pixel area where an
electric field may be distorted by a lateral electric field
generated between two adjacent pixel areas.

[0087] The pixel area is divided into two equal sections by
a virtual line (not shown) substantially parallel to a longi-
tudinal direction of the gate line 110. The first and second
domain dividers 170 and 250 extend in first and second
directions D1 and D2, respectively, inclined to the virtual
line and symmetrical with each other with respect to the
virtual line. The first and second directions D1 and D2 may
extend about +45 degrees with respect to the virtual line.
[0088] Each of the first and second domain dividers 170
and 250 includes a first portion extending in the first
direction D1 and a second portion extending in the second
direction D2. The pixel electrode 160 includes a first con-
cavo-convex portion 175 formed at a position where the first
portion of the first domain divider 170 is adjacent to the
second portion of the first domain divider 170. The common
electrode 240 includes a second concavo-convex portion
255 formed at a position where the first portion of the second
domain divider 250 meets with the second portion of the
second domain divider 250.

[0089] The first concavo-convex portion 175 supplements
a controlling force for alignment of the liquid crystals by the
first domain divider 170. The second concavo-convex por-
tion 255 supplements a controlling force for alignment of the
liquid crystals by the second domain divider 250.

[0090] The first and second concavo-convex portions 175
and 255 are formed in a region where an included angle
between the first direction D1 and the second direction D2
is greater than 180 degrees in order to strengthen the
controlling force. In addition, the first and second concavo-
convex portions 175 and 255 are successively formed in an
area of the pixel electrode 160 and the common electrode
240 where the first domain divider 170 and the second
domain divider 250 overlap an end portion of the storage
electrode 112 to supplement the controlling force at an area
corresponding to the storage electrode 112.

[0091] Meanwhile, the first concavo-convex portion 175
or the second concavo-convex portion 255 is not necessary
to be formed at all positions where the first portion is
adjacent to the second portion or the first portion meets with
the second portion. For example, the first concavo-convex
portion 175 may not be formed if a first domain divider 170’
is positioned in an area that is too narrow to form the first
concavo-convex portion 175. Further, the second concavo-
convex portion 255 may not be formed if first and second
portions of a predetermined second domain divider 250" are
sufficiently spaced apart from each other.

[0092] FIG. 10 is a cross-sectional view taken along line
IV-IV' shown in FIG. 9.

[0093] Referring to FIG. 10, a liquid crystal layer 300 is
interposed between the first and second substrates 100 and
200. The gate electrode 111 and the storage electrode 112 are
formed on the first substrate 100 and spaced apart from each
other. The gate electrode 111 and the storage electrode 112
are covered by a gate insulating layer 120. A semiconductor
layer pattern 130 is formed on the gate insulating layer 120
to partially overlap the gate electrode 111. The semiconduc-
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tor layer pattern 130 includes an active layer pattern 131 and
an ohmic contact layer pattern 132. The ohmic contact layer
pattern 132 is separated into two parts. The source electrode
141 and the drain electrode 142 are formed on the two
separated parts of the ohmic contact layer pattern 132,
respectively.

[0094] The source electrode 141 and the drain electrode
142 are covered by a transparent insulating layer pattern
151, 152. The transparent insulating layer pattern 151, 152
is opened in a predetermined region to define a contact hole
155 exposing a portion of the drain electrode 142. The pixel
electrode 160 is formed on the transparent insulating layer
pattern 151, 152 and is electrically connected with the drain
electrode 142 through the contact hole 155.

[0095] The transparent insulating layer pattern 151, 152
includes a first transparent insulating layer pattern 151 and
a second transparent insulating layer pattern 152. The first
transparent insulating layer pattern 151 includes an organic
layer having a relatively thick thickness from about 3 to
about 6 micrometers. The first transparent insulating layer
pattern 151 lengthens a vertical distance between the data
line 140 and the pixel electrode 160 to prevent the data line
140 and the pixel electrode 160 from being coupled with
each other. The first transparent insulating layer pattern 151
may include an opened area 156 corresponding to the
storage electrode 112. The second transparent insulating
layer pattern 152 includes an inorganic layer. The second
transparent insulating layer pattern 152 serves as a protec-
tion layer protecting a channel area between the source
electrode 141 and the drain electrode 142 of the TFT “T".
[0096] The storage electrode 112, the pixel electrode 160
and the second transparent insulating layer pattern 152 form
a storage capacitor. The first transparent insulating layer
pattern 151 is opened at opened area 156 corresponding to
the storage capacitor to increase a capacitance of the storage
capacitor.

[0097] The second substrate 200 includes a light blocking
layer pattern 210, a color filter 220 and an overcoat layer 230
formed thereon. The light blocking layer pattern 210 blocks
a light passing through the second substrate 200 at a position
corresponding to a boundary of the pixel area. The color
filter 220 is formed on the light blocking layer pattern 210.
The color filter 220 filters a white colored light into differ-
ently colored lights, such as a red colored light, a green
colored light, and a blue colored light corresponding to a set
of three colors, such as primary colors, thereby displaying an
image with various colors. The overcoat layer 230 is formed
on the color filter 220 to planarize a surface of the second
substrate 200 and protect the color filter 220. The common
electrode 240 is formed on the overcoat layer 230. The
common electrode 240 is provided with the second domain
divider 250 defined by removing a predetermined region of
the common electrode 240.

[0098] FIG. 11 is a plan view illustrating another exem-
plary embodiment of an LCD according to the present
invention.

[0099] Referring to FIG. 11, the LCD includes first and
second substrates 600 and 700. Pixel areas each of which has
a same structure and function are defined on the first
substrate 600. The first substrate 600 includes a gate line 610
and a data line 640, and a pixel electrode 660 is arranged in
each pixel area. The pixel electrode 660 includes a first pixel
electrode 661 and a second pixel electrode 662 spaced apart
from the first pixel electrode 661. The gate line 610 includes
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a first gate line 610a and a second gate line 6105. The pixel
electrode 660 extends in first and second directions D1 and
D2 inclined relative to a longitudinal direction of the gate
line 610 and symmetrical with each other, so that the pixel
electrode 660 has a curved portion. Storage electrodes 612
may be formed on the first substrate 600, extending sub-
stantially parallel to the gate line 610, between the first and
second gate lines 6104, 6105, and corresponding to a central
region of the pixel electrode 660.

[0100] First and second TFTs T1 and T2 are arranged in
each pixel area. The first TFT T1 includes a first gate
electrode 611g branching from the first gate line 610a, a first
source electrode 641s branching from the data line 640, and
a first drain electrode 641d spaced apart from the first source
electrode 641s. The first drain electrode 6414 is electrically
connected with the first pixel electrode 661 through the
contact hole 655. The second TFT T2 includes a second gate
electrode 612g branching from the second gate line 6105, a
second source electrode 642s branching from the data line
640, and a second drain electrode 6424 spaced apart from
the second source electrode 642s. The second drain elec-
trode 6424 is electrically connected with the second pixel
electrode 662 through the contact hole 656.

[0101] By an operation of the first TFT T1 and a second
TFT T2, two different data voltages are applied to the first
and second pixel electrodes 661 and 662, respectively. The
LCD has two different optical characteristics corresponding
to the first and second pixel electrodes 661 and 662, respec-
tively. As a result, two different optical characteristics com-
pensate with each other, to thereby increase an image quality
of the LCD.

[0102] The second substrate 700 includes a common elec-
trode 740 formed thereon. The pixel electrode 660 and the
common electrode 740 are provided with a first domain
divider 670 and a second domain divider 750, respectively.
The first and second domain dividers 670 and 750 are spaced
apart from each other in a plan view and have portions that
extend substantially parallel to each other. The first domain
divider 670 is positioned along with a gap between the first
and second pixel electrodes 661 and 662. The second
domain divider 750 is positioned at a center portion of the
first and second pixel electrodes 661 and 662.

[0103] As illustrated by an enlarged view shown in FIG.
12, the pixel electrode 660 includes a first concavo-convex
portion 675 corresponding to the first domain divider 670.
The first concavo-convex portion 675 is also formed at an
end portion of the pixel electrode 660. The common elec-
trode 740 includes a second concavo-convex portion 755
corresponding to the second domain divider 750. The first
and second concavo-convex portions 675 and 755 are alter-
nately arranged with each other.

[0104] In an exemplary embodiment, the first and second
concavo-convex portions 675 and 755 extend to end por-
tions of the first and second domain dividers 670 and 750
along the first and second directions D1 and D2. As a result,
a controlling force for alignment of the liquid crystals may
be supplemented over a whole area of the pixel area.

[0105] A vertical structure of the LCD, such as a cross-
sectional view, according to the present exemplary embodi-
ment is similar to that of the previous described embodiment
except for using two transistors instead of using one tran-
sistor. In addition, a vertical structure corresponding the first
TFT T1 is similar to a vertical structure corresponding to the
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second TFT T2. Therefore, only the structure corresponding
to the first TFT T1 will be described as follows.

[0106] FIG. 13 is a cross-sectional view taken along line
V-V' shown in FIG. 11.

[0107] Referring to FIG. 13, the first TFT T1 includes the
first gate electrode 611g, a gate insulating layer 620, a
semiconductor layer pattern 630 including an active layer
pattern 631 and an ohmic contact layer pattern 632, the first
source electrode 641s, and the first drain electrode 6414,
which are disposed sequentially on the first substrate 600.
The first TFT T1 is covered by a first transparent insulating
layer pattern 651 including an organic material and a second
transparent insulating layer pattern 652 including an inor-
ganic material. The first and second pixel electrodes 661 and
662 are formed on the first and second transparent insulating
layer patterns 651 and 652. The first and second pixel
electrodes 661 and 662 are spaced apart from each other. The
first pixel electrode 661 is connected to the first drain
electrode 641d through the contact hole 655. The first
domain divider 670 is positioned along with a gap between
the first and second pixel electrodes 661 and 662.

[0108] The second substrate 700 includes a light blocking
layer pattern 710, a color filter 720, an overcoat layer 730,
and the common electrode 740 formed thereon. The second
domain divider 750 includes a cut-out section, however may
alternatively include a protrusion as previously described.
The first and second substrates 600 and 700 are provided
with a liquid crystal layer 800 interposed therebetween, and
the liquid crystal layer 800 includes the liquid crystals.
[0109] According to the present invention, the LCD may
properly control the alignment of the liquid crystals, to
thereby widen the viewing angle and display a high quality
image.

[0110] Although exemplary embodiments of the present
invention have been described, it is understood that the
present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one having ordinary skill in the art within the spirit
and scope of the present invention as hereinafter claimed.

What is claimed is:

1. A liquid crystal display comprising;

a first substrate having a pixel area;

a second substrate facing the first substrate:

a liquid crystal layer interposed between the first and
second substrates;

a gate line and a data line arranged on the first substrate
and crossing each other;

a pixel electrode arranged in the pixel area and provided
with a first domain divider; and

a common electrode arranged on the second substrate and
provided with a second domain divider, the first and
second domain dividers dividing the pixel area into a
plurality of domains,

wherein the second domain divider extends in a first
direction and a second direction symmetric with the
first direction with respect to a longitudinal direction of
the gate line in order to have a curved portion of the
second domain divider, the common electrode has a
concavo-convex portion in a saw-toothed shape in a
plan view of the common electrode, and the concavo-
convex portion is positioned in a region where the
curved portion is formed.

2. The liquid crystal display of claim 1, wherein the

concavo-convex portion is formed in a region where an

Apr. 3,2008

included angle between the first direction and the second
direction is greater than 180 degrees.

3. The liquid crystal display of claim 1, wherein the first
domain divider is spaced apart from the second domain
divider and portions of the first domain divider extend
substantially parallel to portions of the second domain
divider in order to have a curved portion of the first domain
divider, the pixel electrode has a concavo-convex portion in
a saw-toothed shape in a plan view of the pixel electrode,
and the concavo-convex portion is positioned corresponding
to the curved portion of the first domain divider.

4. The liquid crystal display of claim 3, wherein the
concavo-convex portion of the common electrode and the
concavo-convex portion of the pixel electrode are formed in
a region where an included angle between the first direction
and the second direction is greater than 180 degrees.

5. The liquid crystal display of claim 3, wherein the
concavo-convex portion of the common electrode and the
concavo-convex portion of the pixel electrode are alternately
arranged with each other.

6. The liquid crystal display of claim 3, wherein the
concavo-convex portion of the common electrode and the
concavo-convex portion of the pixel electrode are arranged
to an end portion of the first and second domain dividers,
respectively.

7. The liquid crystal display of claim 3, wherein the
saw-toothed shape of the concavo-convex portion of the
common electrode and the concavo-convex portion of the
pixel electrode is protruded toward a direction substantially
perpendicular to the first direction in a region where the first
and second domain dividers extend in the first direction and
is substantially perpendicular to the second direction in a
region where the first and second domain dividers extend in
the second direction.

8. The liquid crystal display of claim 3, wherein the pixel
electrode extends in the first and second directions and is
curved in a curved region where a first extending portion of
the pixel electrode in the first direction meets a second
extending portion of the pixel electrode in the second
direction.

9. The liquid crystal display of claim 8, wherein the
concavo-convex portion of the pixel electrode is positioned
corresponding to the curved region of the pixel electrode.

10. The liquid crystal display of claim 1, further com-
prising a storage electrode spaced apart from the gate line
and overlapped with the curved portion in a plan view of the
liquid crystal display.

11. The liquid crystal display of claim 10, further com-
prising a first transparent insulating layer pattern arranged
between the data line and the pixel electrode, and partially
opened in an area corresponding to the storage electrode.

12. The liquid crystal display of claim 11, wherein the
concavo-convex portion is successively formed along an
area corresponding to the storage electrode to an area
corresponding to an end portion of the storage electrode.

13. The liquid crystal display of claim 11, wherein the first
domain divider is spaced apart from the second domain
divider and portions of the first domain divider extend
substantially parallel to portions of the second domain
divider in order to have a curved portion of the first domain
divider, and the pixel electrode has a concavo-convex por-
tion in a saw-toothed shape in a plan view of the pixel
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electrode, and the concavo-convex portion of the pixel
electrode is positioned corresponding to the curved portion
of the first domain divider.

14. The liquid crystal display of claim 13, wherein the
concavo-convex portion of the pixel electrode is succes-
sively formed along an area corresponding to the storage
electrode to an area corresponding to an end portion of the
storage electrode.

15. The liquid crystal display of claim 11, further com-
prising a second transparent insulating layer pattern
arranged between the storage electrode and the first trans-
parent insulating layer pattern to cover the storage electrode.

16. The liquid crystal display of claim 15, wherein the first
transparent insulating layer pattern is thicker than the second
transparent insulating layer pattern and comprises an organic
material, and the second transparent insulating layer pattern
comprises an inorganic material.

17. The liquid crystal display of claim 1, wherein the first
domain divider is defined by a cut-out section obtained by
removing a portion of the pixel electrode.

18. The liquid crystal display of claim 17, wherein the
second domain divider is defined by a cut-out section
obtained by removing a portion of the common electrode.
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19. The liquid crystal display of claim 17, wherein the
second domain divider is defined by a protrusion formed on
a portion of the common electrode.

20. A method of improving a viewing angle of a liquid
crystal display, the method comprising:

forming a first domain divider in a pixel electrode;

forming a second domain divider in a common electrode,

the second domain divider spaced from the first domain
divider in a plan view of the liquid crystal display, the
second domain divider having a first portion extending
in a first direction and a second portion extending in a
second direction, the second portion meeting the first
portion at a curved portion of the second domain
divider;

forming a concavo-convex portion in the common elec-

trode at least at a region corresponding to the curved
portion of the second domain divider;

wherein a convex portion of the concavo-convex portion

supplements a controlling force of the second domain
divider over liquid crystals in the liquid crystal display
and a concave portion of the concavo-convex portion
increases an aperture ratio of the liquid crystal display.
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