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(57) ABSTRACT

Provided is a liquid crystal display, including: a first sub-
strate; a pixel electrode disposed on the first substrate; a
second substrate facing the first substrate; a common elec-
trode disposed on the second substrate; and a liquid crystal
layer disposed between the first substrate and the second
substrate, the liquid crystal layer including a plurality of
liquid crystal molecules, in which the common electrode
includes a cross-shaped cutout, the cross-shaped cutout over-
lapping the pixel electrode and dividing the pixel electrode
into a plurality of subregions, and the pixel electrode includes
a direction controller extend in a direction parallel to a line
connecting an intersecting point of the cross-shaped cutout
and a pixel corner edge opposing the intersecting point.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0024129 filed in the
Korean Intellectual Property Office on Mar. 6, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND
[0002] (a) Technical Field
[0003] Embodiments of the present invention relate to a
liquid crystal display.
[0004] (b) Description of the Related Art
[0005] A liquid crystal display, which is one of the most

common types of flat panel displays currently in use, includes
two sheets of display panels with field generating electrodes
such as a pixel electrode, a common electrode, and the like
and a liquid crystal layer interposed therebetween. The liquid
crystal display device generates an electric field in the liquid
crystal layer by applying voltages to the field generating
electrodes, and determines the direction of liquid crystal mol-
ecules of the liquid crystal layer by the generated electric
field, thus controlling polarization of incident light so as to
display images.

[0006] Among the liquid crystal displays, a vertically
aligned mode liquid crystal display in which liquid crystal
molecules are aligned so that long axes thereof are vertical to
the display panels while the electric field is not applied has
been developed.

[0007] Inthe vertically aligned mode liquid crystal display,
it is important to secure a wide viewing angle, and to this end,
amethod of forming a plurality of domains is used by forming
domain controlling patterns such as minute cutouts or protru-
sions in the field generating electrode. Since the cutouts and
the protrusions determine tilt directions of the liquid crystal
molecules, the cutouts and the protrusions are appropriately
disposed and the plurality of domains having different tilt
directions of the liquid crystal molecules are formed, thereby
increasing a viewing angle and a visibility of the liquid crystal
display.

[0008] Particularly, when the minute cutouts are formed on
the pixel electrode to have a plurality of branch electrodes, the
liquid crystal molecules in a central region of each domain
may be easily controlled, but an aperture ratio of the liquid
crystal display is reduced.

[0009] The above information disclosed in this Back-
ground section is only for improvement of understanding of
the background of the invention and therefore it may contain
information that does not form a prior art that is known to a
person having ordinary skill in the art.

SUMMARY

[0010] Embodiments of the present invention have been
made in an effort to provide a liquid crystal display having
advantages of having a wide viewing angle and a rapid
response speed, reducing decrease of an aperture ratio of the
liquid crystal display, and controlling liquid crystal mol-
ecules even in a central region of each domain.

[0011] An exemplary embodiment of the present invention
provides aliquid crystal display, including: a first substrate; a
pixel electrode disposed on the first substrate; a second sub-
strate facing the first substrate; a common electrode disposed
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on the second substrate; and a liquid crystal layer disposed
between the first substrate and the second substrate, the liquid
crystal layer including a plurality of liquid crystal molecules,
in which the common electrode may include a cross-shaped
cutout, the cross-shaped cutout overlapping the pixel elec-
trode and dividing the pixel electrode into a plurality of sub-
regions, and the pixel electrode may include a direction con-
troller extending in a direction parallel to a line connecting an
intersecting point of the cross-shaped cutout and a pixel cor-
ner edge opposing the intersecting point.

[0012] The direction controller may be disposed at least
one central portion of the plurality of subregions.

[0013] The direction controller may be a cutout formed in
the pixel electrode, or a concave portion or a convex portion
of the surface of the pixel electrode.

[0014] Thedirection controller may be disposed ina region
corresponding to the most central portion among nine equal
parts of each of the plurality of subregions.

[0015] The pixel electrode may have a cutout formed along
one of the edges of the pixel electrode.

[0016] The liquid crystal molecules of the liquid crystal
layer may be aligned to have pretilts in a direction parallel to
the line connecting the intersecting point of the cross-shaped
cutout and the pixel corner edge opposing the intersecting
point.

[0017] The liquid crystal molecules of the liquid crystal
layer may be aligned to be substantially vertical to the sur-
faces of the first substrate and the second substrate, when an
electric field is not applied in the liquid crystal layer.

[0018] The direction controller may be disposed at least a
portion of the pixel electrode near the pixel corner edge
opposing the intersecting point. The pixel electrode may have
a cutout formed along one of the edges of the pixel electrode,
and the direction controller extends from the cutout of the
pixel electrode, the direction controller being a plurality of
minute cutouts.

[0019] Yet another exemplary embodiment of the present
invention provides a liquid crystal display, including: a first
substrate; a pixel electrode disposed on the first substrate; a
second substrate facing the first substrate; a common elec-
trode disposed on the second substrate; and a liquid crystal
layer disposed between the first substrate and the second
substrate, the liquid crystal layer including a plurality of
liquid crystal molecules, in which the pixel electrode may
have a cross-shaped first cutout, the pixel electrode is divided
into a plurality of subregions by the cross-shaped cutout, the
cross-shaped cutout overlapping edges of the pixel electrode
and the common electrode may include a second cutout
including a diagonal portion extending in a direction parallel
to aline connecting two adjacent overlapping points in which
the cross-shaped first cutout and the edges of the pixel elec-
trode overlap.

[0020] The second cutout may further include a straight-
line portion extending to be parallel to the edge of the pixel
electrode and protruding from the diagonal portion.

[0021] The straight-line portion may include a horizontal
portion and a vertical portion, and lengths of the horizontal
portion and the vertical portion are substantially the same as
or different from each other.

[0022] The pixel electrode may further have a third cutout
formed along one of the edges of the pixel electrode, and the
third cutout of the pixel electrode may not be overlapped with
the second cutout of the common electrode.
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[0023] According to the exemplary embodiments of the
present invention, the liquid crystal display has a wide view-
ing angle and a rapid response speed, reduces decrease of an
aperture ratio of the liquid crystal display, and controls liquid
crystal molecules even in a central region of each domain.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a layout view illustrating a liquid crystal
display according to an exemplary embodiment ofthe present
invention.

[0025] FIG. 2 is a cross-sectional view of the liquid crystal
display of FIG. 1 taken along line II-1I.

[0026] FIG. 3 is a plan view illustrating a basic region of a
field generating electrode of the liquid crystal display accord-
ing to the exemplary embodiment of the present invention.
[0027] FIG. 4 is a cross-sectional view of the liquid crystal
display of FIG. 1 taken along line TV-IV.

[0028] FIG.51s a cross-sectional view illustrating a part of
a liquid crystal display device according to another exem-
plary embodiment of the present invention.

[0029] FIG. 6is a cross-sectional view illustrating a part of
the liquid crystal display device according to another exem-
plary embodiment of the present invention.

[0030] FIG. 7 is a plan view illustrating a basic area of a
field generating electrode of the liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion.

[0031] FIG. 81s a diagram illustrating a process that liquid
crystal molecules have pretilts by using prepolymers poly-
merized by light such as ultraviolet light.

[0032] FIG. 9 is a schematic view illustrating alignment
directions of directors of the liquid crystal molecules of the
liquid crystal display according to the exemplary embodi-
ment of the present invention.

[0033] FIG. 10 is a plan view illustrating a basic area of a
field generating electrode of the liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion.

[0034] FIGS. 11 to 14 are plan views illustrating results of
transmittance of the liquid crystal display according to an
Experimental Example of the present invention.

[0035] FIGS. 15 to 18 are plan views illustrating results of
transmittance of the liquid crystal display according to
another Experimental Example of the present invention.

[0036] FIG. 19 is a plan view illustrating a field generating
electrode of the liquid crystal display according to another
exemplary embodiment of the present invention.

[0037] FIG. 20 is a plan view illustrating a basic area of a
field generating electrode of the liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion.

[0038] FIG. 21 is a plan view illustrating a field generating
electrode of the liquid crystal display according to another
exemplary embodiment of the present invention.

[0039] FIG. 22 is a plan view illustrating a basic area of a
field generating electrode of the liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion.

[0040] FIGS. 23 to 24 are plan views illustrating results of
transmittance of the liquid crystal display according to an
Experimental Example of the present invention.
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[0041] FIG. 25 is a schematic view illustrating a part of the
field generating electrode of the liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0042] Embodiments of the present invention will be
described more fully hereinafter with reference to the accom-
panying drawings. As those skilled in the art would realize,
the described embodiments may be modified in various dif-
ferent ways, all without departing from the spirit or scope of
the present invention.

[0043] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. 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 ele-
ment, there are no intervening elements present.

[0044] Then, a liquid crystal display according to an exem-
plary embodiment of the present invention will be described
with reference to FIGS. 1 and 2. FIG. 1 is a layout view
illustrating a liquid crystal display according to an exemplary
embodiment of the present invention, and FIG. 2 is a cross-
sectional view of the liquid crystal display of FIG. 1 taken
along line I1-I1.

[0045] Referring to FIGS. 1 and 2, the liquid crystal display
according to the exemplary embodiment includes a lower
panel 100 and an upper panel 200 facing each other, a liquid
crystal layer 3 interposed between the two panels 100 and
200, and a pair of polarizers (not illustrated) attached to outer
surfaces of the panels 100 and 200.

[0046]

[0047] A plurality of gate conductors including a plurality
of gate lines 121, a plurality of step-down gate lines 123, and
a plurality of storage electrode lines 125 is formed on an
insulation substrate 110.

[0048] The gate line 121 and the step-down gate line 123
mainly extend in a horizontal direction to transfer gate sig-
nals. The gate line 121 may include a first gate electrode 124/
and a second gate electrode 1241 protruding upward and
downward, and the step-down gate line 123 may include a
third gate electrode 124¢ protruding upward. The first gate
electrode 124/ and the second gate electrode 1241 are con-
nected with each other to form one protrusion.

[0049] The storage electrode line 125 mainly extends in a
horizontal direction to transfer a predetermined voltage such
as acommon voltage. The storage electrode line 125 includes
a storage electrode extending along an edge of the first sub-
pixel electrode 191% and an expanded capacitor electrode
126.

[0050] A gate insulating layer 140 is formed on the gate
lines 121, 123, and the storage electrode line 125.

[0051] A plurality of semiconductors 1544, 154/, 154¢, 157
made of amorphous or crystalline silicon or the like is formed
on the gate insulating layer 140. The semiconductors include
first and second semiconductors 154k and 154/ extending
toward the first and second gate electrodes 124/ and 124/ and
connected with each other, and a third semiconductor 154¢

First, the lower panel 100 will be described.
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connected with the second semiconductor 154/. The third
semiconductor 154¢ is extended to form a fourth semicon-
ductor 157.

[0052] A plurality of ohmic contacts (not illustrated) is
formed on the semiconductors 154/, 154/, 154¢, 157. A first
ohmic contact (not illustrated) is formed on the first semicon-
ductor 154/, and a second ohmic contact 1645 and a third
ohmic contact (not illustrated) are formed on the second
semiconductor 154/ and the third semiconductor 154c,
respectively. The third ohmic contact is extended to form a
fourth ohmic contact 167.

[0053] Data conductors including a plurality of data lines
171, a plurality of first drain electrodes 175/, a plurality of
second drain electrodes 175/, and a plurality of third drain
electrodes 175¢ are formed on the ohmic contacts 1645 and
167.

[0054] The data lines 171 transfer data signals and mainly
extend in a vertical direction to cross the gate lines 121 and the
step-down gate lines 123. Each data line 171 includes a first
source electrode 1734 and a second source electrode 173/
which extend toward the first gate electrode 124/ and the
second gate electrode 1241

[0055] Thefirst drainelectrode 175k, the second drain elec-
trode 1751, and the third drain electrode 175¢ include one
wide end portion and the other rod-shaped end portion,
respectively. The rod-shaped end portions of the first drain
electrode 175/ and the second drain electrode 175/ are par-
tially surrounded by the first source electrode 173/ and the
second source electrode 173/. One wide end portion of the
second drain electrode 175/ is again extended to form a third
source electrode 173¢ which is bentina ‘U’-lettered shape. A
wide end portion 177¢ of the third drain electrode 175¢ is
overlapped with the capacitor electrode 126 to form a step-
down capacitor Cstd, and the rod-shaped end portion is par-
tially surrounded by the third source electrode 173¢.

The first/second/third gate electrodes 124/4/124//124c¢, the
first/second/third source electrodes 173/4/1731/173¢, and the
first/second/third drain electrodes 175/4/175//175¢ form first/
second/third thin film transistors (TFTs) Qh/Ql/Qc together
with the first/second/third semiconductor islands 154%/154//
154c, respectively, and channels of the thin film transistors
are formed in the respective semiconductors 154//154//154¢
between the respective source electrodes 1734/1731/173¢ and
the respective drain electrodes 175k/175//175¢.

[0056] The semiconductors 1544, 154/, and 154¢ has sub-
stantially the same plane shape as the data conductors 171,
175k, 175/, and 175¢ and the ohmic contacts 1645 and 167
therebelow, except for channel regions between the source
electrodes 1734, 173/, and 173¢ and the drain electrodes
175k, 1751, and 175¢. That is, the semiconductor 154/, 154/,
and 154¢ includes exposed portions not covered by the data
conductors 171,175k, 175/, and 175¢ such as a space between
the source electrodes 1735, 173/, and 173¢ and the drain
electrodes 175/, 175/, and 175c¢.

[0057] Alower passivation layer 180p made of an inorganic
insulator such as silicon nitride or silicon oxide is formed on
the data conductors 171, 175k, 175/, and 175¢ and the
exposed portion of the semiconductors 154/, 154/, and 154c¢.
[0058] Color filters 230 are disposed on the lower passiva-
tion layer 180p. The color filters 230 are disposed in most of
regions except for a place where the first thin film transistor
Qh, the second thin film transistor Ql, and the third thin film
transistor Qc are disposed. However, the color filters 230 may
be elongated in a vertical direction along a space between the
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adjacent data lines. Fach color filter 230 may display one of
primary colors such as three primary colors of red, green and
blue.

[0059] Alightblocking member 220 is disposed on aregion
where the color filter 230 is not disposed and a portion of the
color filter 230. The light blocking member 220 is called a
black matrix and blocks light leakage. The light blocking
member 220 extends along the gate line 121 and the step-
down gate line 123 to be expanded upward and downward,
and includes a first light blocking member (not shown) which
covers a region in which the first thin film transistor Qh, the
second thin film transistor Ql, and the third thin film transistor
Qc are disposed and a second light blocking member (not
shown) which extends along the data line 171. A height of a
part of the light blocking member 220 may be smaller than a
height of the color filter 230.

[0060] An upper passivation layer 180¢ is formed on the
color filter 230 and the light blocking member 220. The upper
passivation layer 180¢ may prevent the color filter 230 and the
light blocking member 220 from being lifted. and prevent
defects such as an afterimage which may be caused by impu-
rities such as an organic material from the color filter 230.

[0061] A plurality of first contact holes 185/ and a plurality
of second contact holes 185/ exposing the wide end portion of
the first drain electrode 175k and the wide end portion of the
second drain electrode 175/, respectively, are formed in the
lower passivation layer 180p, the light blocking member 220,
and the upper passivation layer 180q.

[0062] A plurality of pixel electrodes 191 is formed on the
upper passivation layer 1804.

[0063] Referring to FIG. 2, each pixel electrode 191
includes the first subpixel electrode 191% and the second
subpixel electrode 1911 separated from each other with two
gate lines 121 and 123 therebetween and disposed upper and
lower a pixel area with respect to the gate lines 121 and 123 to
be adjacent to each other in a column direction.

[0064] The pixel electrode 191 has a plurality of cutouts
91a and 915 formed along an edge thereof. The cutout 91a of
the pixel electrode 191 is formed along an edge of the first
subpixel electrode 1914, and the cutout 915 is formed along
an edge of the second subpixel electrode 1911.

[0065] By forming the cutouts 91a and 915 along the edges
of the pixel electrode 191, tilt directions of directors of the
liquid crystal molecules disposed at the edges of the pixel
electrodes 191% and 191/ may be controlled by reducing
magnitude of a fringe field which influences the edge of the
pixel area.

[0066] The pixel electrode 191 has direction controllers
92a and 924. The direction controllers 92a and 926 may be
the cutouts formed in the pixel electrode 191, or concave
portions or convex portions on the surface of the pixel elec-
trode. The direction controllers 92a and 925 prevent irregular
movement of the liquid crystal molecules which may occur in
the central portion of the domain by additionally controlling
the tilt directions of the directors of the liquid crystal mol-
ecules in the central portion of the domain of the pixel area to
be described below, more particularly, azimuthal angles
which are directions of the directors of the liquid crystal
molecules, thereby preventing deterioration of display qual-
ity such as a texture due to the irregular movement of the
liquid crystal molecules or deterioration of transmittance.
Here, the azimuthal angle means a tilt angle based on the
signal line of the liquid crystal display, for example, the gate
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line or the data line, when the directors of the liquid crystal
molecules are projected to the substrate surface.

[0067] The first subpixel electrode 191% and the second
subpixel electrode 191/ receive data voltages from the first
drain electrode 175/ and the second drain electrode 175/
through the first contact hole 185/ and the second contact
hole 185/, respectively. The first subpixel electrode 191/% and
the second subpixel electrode 1917 supplied with the data
voltages which generate an electric field together with a com-
mon electrode 270 of a common electrode panel 200 to deter-
mine directions of the liquid crystal molecules of the liquid
crystal layer 3 between two electrodes 191 and 270. As such,
luminance of light passing through the liquid crystal layer 3
varies according to the determined directions of the liquid
crystal molecules.

[0068] The first subpixel electrode 1914 and the common
electrode 270 form a first liquid crystal capacitor together
with the liquid crystal layer 3 therebetween, and the second
subpixel electrode 191/ and the common electrode 270 form
a second liquid crystal capacitor together with the liquid
crystal layer 3 therebetween. As a result, even after the first
and second thin film transistors Qh and QI are turned off, the
applied voltage is maintained.

[0069] The first and second subpixel electrodes 191/ and
191/ are overlapped with the storage electrode line 125 in
addition to the storage electrode 129 to form the first and the
second storage capacitors, and the first and the second storage
capacitors reinforce voltage maintaining capacity of the first
and the second liquid crystal capacitors.

[0070] The capacitor electrode 126 and the expansion 177¢
of the third drain electrode 175¢ are overlapped with each
other with the gate insulating layer 140 and the semiconduc-
tor layers 157 and 167 therebetween to form the step-down
capacitor Cstd. In another exemplary embodiment of the
present invention, the semiconductor layers 157 and 167
which are disposed between the capacitor electrode 126 and
the expansion 177¢ of the third drain electrode 175¢ which
form the step-down capacitor Cstd may be removed.

[0071] A colored member 320a is formed on the upper
passivation layer 180¢g. The colored member 320a is disposed
on the light blocking member 220. The colored member 320a
extends along the gate line 121 and the step-down gate line
123 to be expanded upward and downward, and includes a
first colored member (not shown) and a second colored mem-
ber (not shown) which are disposed along the first light block-
ing member which covers a region in which the first thin film
transistor Qh, the second thin film transistor Ql, and the third
thin film transistor Qc are disposed and the second light
blocking member which extends along the data line 171.
[0072] Thecolored members 320a compensate for a differ-
ence in height between the light blocking member 220 and the
color filter 230, uniformly control a cell gap between the
liquid crystal layer disposed on the color filter 230 and the
liquid crystal layer disposed on the light blocking member
220, and reinforce a prevention role in light leakage of the
light blocking member 220. As such, since the colored mem-
bers 320a compensate for the difference in height between the
light blocking member 220 and the color filter 230 and thus
the liquid crystal molecules disposed between the light block-
ing member 220 and the color filter 230 are not accurately
controlled by a step between the light blocking member 220
and the color filter 230, it is possible to prevent the generated
light leakage of an edge portion of the pixel electrode. Fur-
ther, since the cell gap on the light blocking member 220 is
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decreased, an average cell gap is decreased and thus a total
amount of the liquid crystal used in the liquid crystal display
may be reduced.

[0073] A lower alignment layer (not illustrated) is formed
on the pixel electrode 191, the exposed upper passivation
layer 180¢, and the colored members 320a. The lower align-
ment layer may be a vertical alignment layer.

[0074]

[0075] A common electrode 270 is formed on an insulation
substrate 210. The common electrode 270 has a plurality of
cutouts 271a and 2716.

[0076] The cutout 271a of the common electrode 270 cor-
responds to the first subpixel electrode 191/, and the silt 2715
corresponds to the second subpixel electrode 191/.

[0077] The cutouts 271a and 2715 may have a cross shape
when viewed from a top of the display panel, and ends of the
cutouts 271a and 2715 protrude from corresponding edges of
the first subpixel electrode 191/ and the second subpixel
electrode 191/. As such, by forming the ends of the cutouts of
the common electrode 270 to protrude from the edges of the
pixel electrode, the fringe field stably influences up to the
edges of the pixel area and thus the alignment of the liquid
crystal molecules may be controlled in a desired direction
even in the edges of the pixel area. Further, even though
misalignment of the lower panel 100 and the upper panel 200
occurs, the cutouts 271a and 2715 of the common electrode
270 may be overlapped with the subpixel electrode 191% and
the second subpixel electrode 191/

[0078] Widths of the cutouts 271a and 2715 may be sub-
stantially same to or smaller than about three times the thick-
ness of the liquid crystal layer 3, the cell gap.

[0079] Areas corresponding to the first subpixel electrode
191/ and the second subpixel electrode 191/ may be divided
into a plurality of subregions by the cutouts 271a and 2715
and the edges of the first subpixel electrode 191/ and the
second subpixel electrode 191/.

[0080] Anupper alignment layer (not illustrated) is formed
on the common electrode 270. The upper alignment layer
may be a vertical alignment layer.

[0081] Polarizers (not illustrated) are provided on outer
sides of the two panels 100 and 200, and transmissive axes of
the two polarizers are perpendicular to each other and one
transmissive axis thereof may be parallel to the gate line 121.
However, thepolarizer may be disposed only on the outer side
of any one of the two panels 100 and 200.

[0082] The liquid crystal layer 3 interposed between the
lower panel 100 and the upper panel 200 includes liquid
crystal molecules 31 having negative dielectric anisotropy.

[0083] At least one of the liquid crystal layer 3, the lower
alignment layer, and the upper alignment layer may include
photoreactive materials. For example, the photoreactive
material may be a photopolymerizable material.

[0084] The liquid crystal molecules 31 of the liquid crystal
layer 3 are aligned so that long axes thereof are vertical to the
surfaces of the two panels 100 and 200 while an electric field
is not applied. Accordingly, incident light does not pass
through an orthogonal polarizer but is blocked while the
electric field is not applied.

[0085] The liquid crystal molecules 31 may be initially
aligned to have a pretilt such that the long axes of the liquid
crystal molecules 31 are arranged to be inclined toward a
intersecting point of the cross-shaped cutout. Accordingly,

Next, the upper panel 200 will be described.
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each of the first and second subpixel electrodes 191/ and 191/
has four subregions having different pretilt directions of the
liquid crystal molecules 31.

[0086] Inthe case of the liquid crystal display according to
the exemplary embodiment, the cross-shaped cutouts are
formed on the common electrode, but the cross-shaped cut-
outs may be formed in at least one of the pixel electrode and
the common electrode which are the field generating elec-
trodes. In detail, the cross-shaped cutouts may be formed in
the pixel electrode and may be formed in both the pixel
electrode and the common electrode.

[0087] As describe above, the first subpixel electrode 191%
and the second subpixel electrode 191/ supplied with the data
voltages which generate the electric field together with the
common electrode 270 of the common electrode panel 200,
and as a result, the liquid crystal molecules of the liquid
crystal layer 3 which are aligned so as to be vertical to the
surfaces of the two electrodes 191 and 270 while the electric
field is not applied are tilted in a horizontal direction to the
surfaces of the two electrodes 191 and 270 and luminance of
light passing through the liquid crystal layer 3 varies accord-
ing to the tilted degree of the liquid crystal molecules.
[0088] According to another exemplary embodiment of the
present invention, the liquid crystal display may further
include a spacer 325 for maintaining a cell gap between two
panels 100 and 200, and the spacer 325 may be formed on the
same layer as the colored members 320a at the same time.
[0089] Then, referring back to FIG. 1, a driving method of
the liquid crystal display according to the exemplary embodi-
ment of the present invention will be described.

[0090] As described above, the first switching element Qh
and the second switching element QI are three-terminal ele-
ments such as a thin film transistor, and control terminals
thereof are connected to the gate line 121, input terminals are
connected to the data line 171, an output terminal of the first
switching element Qh is connected to the first subpixel elec-
trode 1914, and an output terminal of the second switching
element QI is connected to the second subpixel electrode 191/
and the input terminal of the third switching element Qc.
[0091] The third switching element Qc s also a three-ter-
minal element such as a thin film transistor, and a control
terminal thereof is connected to the step-down gate line 123,
an input terminal is connected to the output terminal of the
second switching element QI connected with the second sub-
pixel electrode 191/, and an output terminal is connected to
the step-down capacitor Cstd.

[0092] When a gate-onsignal is applied to the gate line 121,
the first switching element Qh and the second switching ele-
ment QI which are connected to the gate line 121 are turned
on. As a result, the data voltage applied to the data line 171 1s
applied to the first subpixel electrode 1917~ and the second
subpixel electrode 191/ through the turned-on first switching
element Qh and second switching element Ql. In this case,
magnitudes of the data voltages applied to the first subpixel
electrode 191/ and the second subpixel electrode 191/ are the
same as each other. Accordingly, the charged voltages in the
first liquid crystal capacitor and the second liquid crystal
capacitor are the same as each other. Next, when a gate-off
signal is applied to the gate line 121 and the gate-on signal is
applied to the step-down gate line 123, the first switching
element Qh and the second switching element Q1 are turned
off and the third switching element Qc is turned on. Then,
charges move to the step-down capacitor Cstd from the sec-
ond subpixel electrode 191/ through the third switching ele-
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ment Qc. Then, the charged voltage of the second liquid
crystal capacitor Clcl is decreased, and the step-down capaci-
tor Cstd is charged. Since the charged voltage of the second
liquid crystal capacitor Clcl is decreased by capacitance of
the step-down capacitor Cstd, the charged voltage of the
second liquid crystal capacitor Clcl is lower than the charged
voltage of the first liquid crystal capacitor Clch.

[0093] In this case, the sub-pixels having different crystal
capacitors Clch and Clel represent different gamma curves.
The gamma curve of the pixel becomes a combined gamma
curves of the two sub-pixels. A combined gamma curve at the
side becomes closest to the reference gamma curve at the
front. Assuch, side visibility is improved by converting image
data.

[0094] Intheillustrated exemplary embodiment, in order to
differ the voltage charged in the first liquid crystal capacitor
from the voltage charged in the second liquid crystal capaci-
tor, the output terminal of the second switching element Q1
connected to the second subpixel electrode 191/ configuring
the second liquid crystal capacitor and the third switching
element Qc connected to the step-down capacitor Cstd are
included. However, in a liquid crystal display according to
another exemplary embodiment of the present invention, the
third switching element Qc for connecting the second liquid
crystal capacitor to a reference divided voltage line may be
included. In detail, the second liquid crystal capacitor
includes a third switching element including a first terminal
connected to the gate line 121 such as the first switching
element Qh and the second switching element Ql, a second
terminal connected to the second subpixel electrode 191/
configuring the second liquid crystal capacitor, and a third
terminal connected to a divided voltage capacitor overlapped
with the reference divided voltage line, and as a result, a part
of the voltage charged in the second liquid crystal capacitor is
divided into the divided voltage capacitor and thus the voltage
charged in the second liquid crystal capacitor is decreased due
to a difference between a common voltage and the reference
divided voltage. By the above method, the charged voltage
between the first liquid crystal capacitor and the second liquid
crystal capacitor may be differently set. Further, in a liquid
crystal display according to another exemplary embodiment
of the present invention, the first liquid crystal capacitor and
the second liquid crystal capacitor are connected to different
data lines, respectively and receive different data voltages,
and as a result, the charged voltage between the first liquid
crystal capacitor and the second liquid crystal capacitor may
be differently set. In addition, by various different methods,
the charged voltage between the first liquid crystal capacitor
and the second liquid crystal capacitor may be differently set.
Differentiation of the voltage charged in the first liquid crystal
capacitor from the voltage charged in the second liquid crys-
tal capacitor is not limited to the method described above.
Applying different voltage from different data lines to the first
sub-pixel and the second sub-pixel, respectively, may be
used. Common voltage swing which change common voltage
level of the first sub-pixel and the second sub-pixel to have
different voltage may be used too.

[0095] A basic area of a field generating electrode of the
liquid crystal display according to the exemplary embodi-
ment of the present invention will be described with reference
to FIG. 3. FIG. 3 1s a plan view illustrating a basic area of a
field generating electrode of the liquid crystal display accord-
ing to the exemplary embodiment of the present invention.
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[0096] As illustrated in FIG. 3, a basic area of the field
generating electrode includes a pixel electrode 191 facing the
common electrode 270 having cutout 271, a cutout 91 of the
pixel electrode 191 surrounding the cutout 271 of the com-
mon electrode 270, and a direction controller 92 formed in the
pixel electrode 191.

[0097] When the liquid crystal display is viewed from the
top, the basic area defined by the cutout 271 of the common
electrode 270 and the edge of the pixel electrode 191 may be
divided into a plurality of domains Da, Db, Dc, and Dd. The
plurality of domains Da, Db, Dc, and Dd may be symmetrical
to each other. The cutout 271 of the common electrode 270
may be an axis of symmetry.

[0098] As described above, the cutout 271 of the common
electrode 270 may have a cross shape when viewed from the
top, and an end 272 of the cutout 271 protrudes from an edge
of the corresponding pixel electrode 191. A width of the
cutout 271 of the common electrode 270 may be about 2 um
to about 10 pm.

[0099] Thecutout 91 of the pixel electrode 191 is formed in
a substantially quadrangular ring shape along the edge of the
pixel electrode 191, and has disconnected portion corre-
sponding to the cutout 271 of the common electrode 270. As
such, the disconnected portion ofthe cutout 91 formed on the
pixel electrode 191 becomes a connecting portion of an inner
portion and an outer portion of the pixel electrode. A width of
the connecting portion of the pixel electrode is larger than a
width of the cutout 271 of the common electrode 270.
[0100] The cutout 91 of the pixel electrode 191 may be
disposed at a position substantially same to or smaller than
two times the cell gap of the liquid crystal display, and the
width of the cutout 91 may be substantially same to or smaller
than two times the cell gap of the liquid crystal display.
[0101] The cutout 91 of the pixel electrode 191 may control
tilt directions of the directors of the liquid crystal molecules
disposed at the edge of the pixel electrode 191 by a fringe
field.

[0102] The width of the cross-shaped cutout 271 may be
substantially same to or smaller than about three times the
thickness of the liquid crystal layer 3, the cell gap.

[0103] The direction controller 92 of the pixel electrode
191 is disposed at the central portion of each of the domains
Da, Db, D¢, and Dd. In more detail, when each of the domains
Da, Db, Dc, and Dd is divided into nine small regions by
dividing a width of each of the domains Da, Db, D¢, and Dd
into three equal parts Dx1, Dx2, and Dx3 and dividing a
length thereof into three equal parts Dy1, Dy2, and Dy3, the
direction controller 92 of the pixel electrode 191 is disposed
in a region corresponding to the central portion positioned in
a second row and a second column (Dx2, Dy2) among the
nine small regions of each ofthe domains Da, Db, Dc, and Dd.
[0104] Thedata voltage is applied to the pixel electrode 191
and the common voltage is applied to the common electrode
270 to generate an electric field in the liquid crystal layer 3
between two panels 100 and 200. Then, the liquid crystal
molecules 31 of the liquid crystal layer 3 are tilted such that
the long axes of the liquid crystal molecules 31 are arranged
to be parallel to a line connecting the intersecting point of the
cross-shaped cutout and a pixel corner edge opposing the
intersecting point by a fringe field due to the cutout 271 of the
common electrode 270 and the edge of the pixel electrode
191, in response to the electric field. Inaddition, tilt directions
of the liquid crystal molecules 31 in one basic area of the field
generating electrode becomes a total of four. That is, the tilt
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directions of the liquid crystal molecules 31 in each of the
domains Da, Db, Dc, and Dd are different from each other.
[0105] The direction controller 92 of the pixel electrode
191 extends in a parallel direction to the tilt directions of the
liquid crystal molecules 31 in each of the domains Da, Db,
De¢, and Dd.

[0106] The direction controller 92 may be the cutout
formed in the pixel electrode 191, or concave portions or
convex portions on the surface of the pixel electrode. The
concave portions or convex portions on the surface of the
pixel electrode may be formed by concave or convex portions
in an insulating layer under the pixel electrode. The direction
controller 92 may prevent irregular movement of the liquid
crystal molecules which may occur in the central portion of
the domain by additionally controlling the tilt directions of
the directors of the liquid crystal molecules in the central
portion of each domain, more particularly, azimuthal angles
which are directions of the directors of the liquid crystal
molecules, thereby preventing deterioration of display qual-
ity such as a texture due to the irregular movement of the
liquid crystal molecules or deterioration of transmittance.
The width of the direction controller may be 3 um, the dis-
tance between the direction controllers may be 3 pm and the
depth of the direction controller may be the same as the
thickness of the pixel electrode.

[0107] Inthe case of the liquid crystal display according to
the exemplary embodiment, the cross-shaped cutout is
formed in the common electrode, but may be formed in at
least one of the pixel electrode and the common electrode. In
detail, the cross-shaped cutout may be formed in the pixel
electrode and may be formed in both the pixel electrode and
the common electrode.

[0108] The direction controller 92 of the pixel electrode
191 will be described with reference to FIGS. 4 to 6. FIG. 4is
a cross-sectional view of the liquid crystal display of FIG. 1
taken along line IV-1V, FIG. 5 is a cross-sectional view illus-
trating a part of a liquid crystal display device according to
another exemplary embodiment of the present invention, and
FIG. 6 is a cross-sectional view illustrating a part of the liquid
crystal display device according to another exemplary
embodiment of the present invention.

[0109] First, referring to FIG. 4, the direction controller 92a
of the pixel electrode 191 is a cutout formed in the pixel
electrode 191. As such, the tilt directions of the directors of
the liquid crystal molecules is additionally controlled in the
central portion of each domain by the cutout of the pixel
electrode 191, in a plurality of domains corresponding to the
pixel electrode 191. Accordingly, it is possible to prevent
deterioration of display quality such as a texture due to irregu-
lar movement of the liquid crystal molecules or deterioration
of transmittance by preventing irregular movement of the
liquid erystal molecules which may occur in the central por-
tion of the domain.

[0110] Next, referring to FIG. 5, the direction controller
92a of the pixel electrode 191 is aconcave portion of the pixel
electrode 191. The concave portion configuring the first direc-
tion controller 92¢ of the pixel electrode 191 may be formed
by forming openings in the upper passivation layer 180g
disposed below the pixel electrode 191 and then forming the
pixel electrode 191 thereon. However, in order to form the
concave portion of the pixel electrode 191, an additional
insulating layer instead of the upper passivation layer 180q is
formed and the openings may be formed in the additional
insulating layer. The width of the opening in the upper pas-



US 2014/0253859 A1l

sivation layer 180¢ may be wider than the target width of the
concave portion on the pixel electrode.

[0111] As such, in a plurality of domains corresponding to
the pixel electrode 191, the tilt directions of the directors of
the liquid crystal molecules are additionally controlled in the
central portion of each domain by the concave portion of the
surface of the pixel electrode 191. Accordingly, it is possible
to prevent deterioration of display quality such as a texture
due to irregular movement of the liquid crystal molecules or
deterioration of transmittance by preventing irregular move-
ment of the liquid crystal molecules which may occur in the
central portion of the domain.

[0112] Next, referring to FIG. 6, the direction controller
92a of the pixel electrode 191 1s a convex portion of the pixel
electrode 191. The convex portion configuring the first direc-
tion controller 92¢ of the pixel electrode 191 may be formed
by forming an insulation convex pattern 82 below the pixel
electrode 191 and then forming the pixel electrode 191
thereon. However, in order to form the convex portion of the
pixel electrode 191, an additional convex pattern 82 is not
formed, but a convex pattern may be formed by forming a
thickness difference in the upper passivation layer 180¢ dis-
posedunder the pixel electrode 191. The distance between the
convex portions may be wider than the target width of the
concave portion on the pixel electrode.

[0113] As such, in a plurality of domains corresponding to
the pixel electrode 191, the tilt directions of the directors of
the liquid crystal molecules are additionally controlled in the
central portion of each domain by the convex portion on the
surface of the pixel electrode 191. Accordingly, it is possible
to prevent deterioration of display quality such as a texture
due to irregular movement of the liquid crystal molecules or
deterioration of transmittance by preventing irregular move-
ment of the liquid crystal molecules which may occur in the
central portion of the domain.

[0114] Then, a basic area of a field generating electrode of
the liquid crystal display according to the exemplary embodi-
ment of the present invention will be described with reference
to FIG. 7. FIG. 7 1s a plan view illustrating a basic area of a
field generating electrode ofa liquid crystal display according
to another exemplary embodiment of the present invention.
[0115] Referring to FIG. 7, the basic area of the field gen-
erating electrode of the liquid crystal display according to the
exemplary embodiment is almost similar to the basic area of
the field generating electrode of the liquid crystal display
according to the exemplary embodiment illustrated in FIG. 3.
[0116] As illustrated in FIG. 7, the basic area of the field
generating electrode includes a pixel electrode 191 corre-
sponding to the cutout 271 of the common electrode 270, a
cutout 91 of the pixel electrode 191 surrounding the cutout
271 of the common electrode 270, and a direction controller
92 of the pixel electrode 191. When the liquid crystal display
is viewed from the top, the basic area defined by the cutout
271 of the common electrode 270 and the edge of the pixel
electrode 191 may be divided into a plurality of domains Da,
Db, Dc, and Dd, and the plurality of domains Da, Db, Dc, and
Dd may be symmetrical to each other. The cutout 271 of the
common electrode 270 may be an axis of symmetry.

[0117] Thecutout 91 of the pixel electrode 191 is formed in
a substantially quadrangular ring shape along the edge of the
pixel electrode 191, and is disconnected at four portions
where two edges of the pixel electrode 191 extending in
different directions meet each other, that is, at the portions
adjacent to the corner portions of the pixel electrode 191. As
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such, the disconnected portion of the cutout 91 formed on the
pixel electrode 191 becomes a connecting portion of an inner
portion and an outer portion of the pixel electrode. Unlike the
exemplary embodiment illustrated in FIG. 3 described above,
the cutout 91 of the pixel electrode 191 is partially overlapped
with the cutout 271 of the common electrode 270. The cutout
91 of the pixel electrode 191 may have disconnected portion
corresponding to the cutout 271 of the common electrode 270
too.

[0118] The direction controller 92 of the pixel electrode
191 is disposed at the central portion of each of the domains
Da, Db, D¢, and Dd. In more detail, when each of the domains
Da, Db, Dc, and Dd is divided into nine small regions by
dividing a width and a length of each of the domains Da, Db,
Dc, and Dd into three equal parts, the direction controller 92
of the pixel electrode 191 is disposed in a region correspond-
ing to the central portion positioned in a second row and a
second column among the nine small regions of each of the
domains Da, Db, Dc, and Dd.

[0119] The direction controller 92 of the pixel electrode
191 extends in a parallel direction to the tilt directions of the
liquid crystal molecules 31 in each of the domains Da, Db,
Dc, and Dd.

[0120] The direction controller 92 may be the cutout
formed in the pixel electrode 191, or a concave portion or a
convex portion of the surface of the pixel electrode. The
concave portions or convex portions on the surface of the
pixel electrode may be formed by concave or convex portions
in an insulating layer under the pixel electrode. The direction
controller 92 may prevent irregular movement of the liquid
crystal molecules which may occur in the central portion of
the domain by additionally controlling the tilt directions of
the directors of the liquid crystal molecules in the central
portion of each domain, more particularly, azimuthal angles
which are directions of the directors of the liquid crystal
molecules, thereby preventing deterioration of display qual-
ity such as a texture due to the irregular movement of the
liquid crystal molecules or deterioration of transmittance.
The width of the direction controller may be ( )um, the dis-
tance between the direction controllers may be ( )um and the
depth of the direction controller may be ( )um.

[0121] Inthe case of the liquid crystal display according to
the exemplary embodiment, the cross-shaped cutout is
formed in the common electrode, but may be formed in at
least one of the pixel electrode and the common electrode
which are the field generating electrodes. In detail, the cross-
shaped cutout may be formed in the pixel electrode and may
be formed in both the pixel electrode and the common elec-
trode.

[0122] Then, a method of initially aligning the liquid crys-
tal molecules 31 to have pretilts will be described with refer-
ence to FIGS. 8 and 9. FIG. 8 is a diagram illustrating a
process of forming liquid crystal molecules have pretilts by
using prepolymers polymerized by light such as ultraviolet
light, and FIG. 9 is a schematic view illustrating alignment
directions of directors of the liquid crystal molecules of the
liquid crystal display according to the exemplary embodi-
ment of the present invention.

[0123] First, a prepolymer 330 such as monomers curable
by polymerization by light such as ultraviolet rays is injected
between the two panels 100 and 200 together with a liquid
crystal material. In this case, the prepolymer 330 may be
included in the liquid crystal layer, alignment layers (not
illustrated) formed on the two panels 100 and 200, and both of
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the liquid crystal layer and the alignment layers. The prepoly-
mer 330 may be reactive mesogen polymerizable by the light
such as ultraviolet rays.

[0124] Next, data voltages are applied to the first and the
second subpixel electrodes 191/ and 1911 and a common
voltage is applied to the common electrode 270 of the upper
panel 200 to generate an electric field in the liquid crystal
layer 3 between the two panels 100 and 200. Then, the liquid
crystal molecules 31 of the liquid crystal layer 3 are tilted
such that the long axes of the liquid crystal molecules 31 are
arranged to be parallel to a line connecting the intersecting
point of the cross-shaped cutout and a pixel edge opposing the
intersecting point by a fringe field due to the cutout 271 of the
common electrode 270 and the edge of the pixel electrode
191, in response to the electric field. In addition, tilt directions
of the liquid crystal molecules 31 in one basic area of the field
generating electrode becomes a total of four.

[0125] Referringto FIG. 9A, directors 301a and 3015 of the
liquid crystal molecules in the portion adjacent to the edges of
the pixel electrode 191 ofthe basic area of the field generating
electrode is substantially vertical to the edges of the pixel
electrode 191. Further, directors 302a and 3024 of the liquid
crystal molecules in the portion adjacent to the edges of the
cutout 271 of the common electrode of the basic area of the
field generating electrode is substantially vertical to the edges
of the cutout 271 of the common electrode 270.

[0126] As such, the liquid crystal directors are determined
according to the fringe field generated by the edge of the pixel
electrode 191, the cutout 91 of the pixel electrode 191, and the
cutout 271 of the common electrode. The liquid crystal direc-
tors are secondly arranged in a direction for allowing the
liquid crystal molecules to meet each other to minimize defor-
mation. The secondary alignment direction becomes a vector
sum direction of the directions of the respective directors.
[0127] Therefore, finally, as illustrated in FIG. 9B, a liquid
crystal director 3045 is arranged to be parallel to a line con-
necting the intersecting point of the cross-shaped cutout and
a pixel corner edge opposing the intersecting point.

[0128] In this case, the cutout 91 of the pixel electrode 191
helps many liquid crystal molecules be secondly aligned even
in the portion adjacent to the edge of the pixel electrode 191
like the liquid crystal director 3045 of FIG. 9B, by controlling
amagnitude of the fringe field applied to the edges of the pixel
electrode 191 and decreasing the number of liquid crystal
molecules having the directors 301a and 3015 which are
vertical to the edges of the pixel electrode 191 in the portion
adjacent to the edges of the pixel electrode 191. As aresult, it
is possible to prevent deterioration of display quality by pre-
venting the liquid crystal molecules in the edges of the pixel
electrode from being tilted in the direction vertical to the
edges of the pixel electrode. In detail, the directors of the
liquid crystal molecules may be tilted and aligned so as to
form a predetermined angle with the edges of the pixel elec-
trode 191, not the direction vertical to the edges of the pixel
electrode 191, when viewed from the top.

[0129] Further, the directors 303a of the liquid crystal mol-
ecules disposed around the direction controller 92 of the pixel
electrode 191 collide with each other while facing the direc-
tion vertical to a length direction of the direction controller
92, and as a result, the directors 3045 of the liquid crystal
molecules are aligned in the length direction of the direction
controller 92. Accordingly, the direction controller 92 of the
pixel electrode 191 may additionally control the tilt directions
of the directors of the liquid crystal molecules in the central
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portion of each domain, more particularly, the azimuthal
directions which are the directions of the directors of the
liquid crystal molecules.

[0130] Accordingly, the directors of the liquid crystal mol-
ecules 31 are similarly aligned in each of the subregions Da,
Db, Dc, and Dd, and the tilt directions of the liquid crystal
molecules become a total of four in each basic area of the field
generating electrode.

[0131] In detail, in a first region among the respective sub-
regions, the directors of the liquid crystal molecules 31 are
obliquely aligned in a lower right direction toward the central
portion of the cutout 271 from the edges of the pixel electrode,
and in a second region, the directors of the liquid crystal
molecules 31 are obliquely aligned in a lower left direction
toward the central portion of the cutout 271 from the edges of
the pixel electrode. In addition, in a third region, the directors
of the liquid crystal molecules 31 are obliquely aligned in an
upper right direction toward the central portion of the cutout
271 from the edges of the pixel electrode, and in a fourth
region, the directors of the liquid crystal molecules 31 are
obliquely aligned in an upper left direction toward the central
portion of the cutout 271 from the edges of the pixel electrode.
[0132] As such, while the liquid crystal molecules of the
liquid crystal layer 3 are aligned, when light such as ultravio-
let rays is irradiated, the prepolymer 330 is polymerized to
form a polymer 370.

[0133] If the prepolymer 330 is included in the alignment
layer, the prepolymer of the alignment layer is polymerized
and thus the polymer 370 is formed in the alignment layer.
The alignment direction of the liquid crystal molecules 31 is
determined by the polymer 370 so as to have pretilts in the
direction described above. Accordingly, even in a state where
the voltages are not applied to the field generating electrodes
191 and 270, the liquid crystal molecules 31 are aligned so as
to have pretilts in four different directions.

[0134] Then, a basic area of a field generating electrode of
the liquid crystal display according to another exemplary
embodiment of the present invention will be described with
reference to FIG. 10. FIG. 10 is a plan view illustrating a basic
area of a field generating electrode of a liquid crystal display
according to another exemplary embodiment of the present
invention.

[0135] Referring to FIG. 10, the basic area of the field
generating electrode includes a pixel electrode 191 facing the
common electrode 270 having the cutout 271, a cutout 91 of
the pixel electrode 191 surrounding the cutout 271 of the
common electrode 270, and a minute cutout 93 formed on the
pixel electrode 191.

[0136] When the liquid crystal display is viewed from the
top, the basic area defined by the cutout 271 of the common
electrode 270 and the edge of the pixel electrode 191 may be
divided into a plurality of domains Da, Db, Dc, and Dd, and
the plurality of domains Da, Db, D¢, and Dd may be sym-
metrical to each other. The cutout 271 of the common elec-
trode 270 may be an axis of symmetry.

[0137] As described above, the cutout 271 of the common
electrode 270 may have a cross shape when viewed from the
top. and an end 272 of the cutout 271 protrudes from an edge
of the corresponding pixel electrode 191. A width of the
cutout 271 of the common electrode 270 may be about 2 pm
to about 10 pm.

[0138] The cutout 91 of the pixel electrode 191 is formed in
a substantially quadrangular ring shape along the edge of the
pixel electrode 191, and has disconnected portion corre-
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sponding to the cutout 271 of the common electrode 270. As
such, the disconnected portion ofthe cutout 91 formed on the
pixel electrode 191 becomes a connecting portion of the pixel
electrode. A width of the connecting portion of an inner
portion and an outer portion of the pixel electrode is larger
than a width of the cutout 271 of the corresponding common
electrode 270.

[0139] The cutout 91 of the pixel electrode 191 may be
disposed at a position substantially same to or smaller than
two times the cell gap of the liquid crystal display, and the
width of the cutout 91 may be substantially same to or smaller
than two times the cell gap of the liquid crystal display.

[0140] The cutout 91 of the pixel electrode 191 may control
tilt directions of directors of the liquid crystal molecules
disposed at the edge of the pixel electrode 191, more particu-
larly, the azimuthal angles which are the directions of the
directors of the liquid crystal molecules, by a fringe field.

[0141] The minute cutout 93 of the pixel electrode 191 is a
plurality of cutouts extending from the cutout 91 formed
along the edge of the pixel electrode 191. The minute cutout
93 extends in a direction parallel to a line connecting the
intersecting point of the cross-shaped cutout and a pixel cor-
ner edge opposing the intersecting point.

[0142] When each of the domains Da, Db, D¢, and Dd is
divided into four small regions by dividing a width of each of
the domains Da, Db, Dc, and Dd into two equal parts Dxx1
and Dxx2 and dividing a length thereof into two equal parts
Dyy1 and Dyy2, the minute cutout 93 is disposed in the entire
area adjacent to respective corners where the edges of the
pixel electrode extending in different directions meet among
the four small regions of each of the domains Da, Db, Dc, and
Dd. That is, each of the domains Da, Db, D¢, and Dd is formed
throughout the region adjacent to each corner where two
edges of the pixel electrode meets among the four small
regions.

[0143] Thedata voltage is applied to the pixel electrode 191
and the common voltage is applied to the common electrode
270 to generate an electric field in the liquid crystal layer 3
between the two panels 100 and 200. Then, the liquid crystal
molecules 31 of the liquid crystal layer 3 are tilted such that
the long axes of the liquid crystal molecules 31 are arranged
to be parallel to a line connecting the intersecting point of the
cross-shaped cutout and a pixel corner edge opposing the
intersecting point. by a fringe field due to the cutout 271 of the
common electrode 270 and the edge of the pixel electrode
191, in response to the electric field. In addition, tilt directions
of the liquid crystal molecules 31 in one basic area of the field
generating electrode becomes a total of four. That is, the tilt
directions of the liquid crystal molecules 31 in each of the
domains Da, Db, Dc, and Dd are different from each other.

[0144] The minute cutout 93 of the pixel electrode 191 is
formed to extend in a parallel direction to the tilt directions of
the liquid crystal molecules 31 in each ofthe domains Da, Db,
Dc, and Dd. Accordingly, the tilt directions of the liquid
crystal molecules are controlled from the corner portion of
the pixel electrode 191 to the central portion of each domain.
That is, the minute cutout 93 of the pixel electrode 191 may
prevent irregular movement of the liquid crystal molecules
which may occur in the central portion of the domain by
additionally controlling the tilt directions of the directors of
the liquid crystal molecules, more particularly, azimuthal
angles which are directions of the directors of the liquid
crystal molecules, thereby preventing deterioration of display
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quality such as a texture due to the irregular movement of the
liquid crystal molecules or deterioration of transmittance.
[0145] Inthe case of the liquid crystal display according to
the exemplary embodiment, the cross-shaped cutout is
formed on the common electrode, but may be formed on at
least one of the pixel electrode and the common electrode
which are the field generating electrodes. In detail, the cross-
shaped cutout may be formed on the pixel electrode and may
be formed on both the pixel electrode and the common elec-
trode.

[0146] Then, results of transmittance of the liquid crystal
display according to an Experimental Example of the present
invention will be described with reference to FIGS. 11 to 14.
FIGS. 11 to 14 are plan views illustrating results of transmit-
tance of the liquid crystal display according to an Experimen-
tal Example of the present invention.

[0147] In the Experimental Example, after forming the
basic area of the field generating electrode of the liquid crystal
display as illustrated in FIG. 3, forming the basic area of the
field generating electrode of the liquid crystal display as
illustrated in FIG. 10, and then applying the voltage having a
predetermined magnitude, as results of transmittance, the
basic area of the field generating electrode of the liquid crystal
display is illustrated by an electron micrograph. FIG. 11
illustrates a case where the direction controller 92 of the pixel
electrode 191 is formed in the basic area of the field generat-
ing electrode of the liquid crystal display, and the direction
controller 92 is formed by a cutout pattern of the pixel elec-
trode 191, as illustrated in FIGS. 3 and 4. FIG. 12 illustrates
a case where the direction controller 92 of the pixel electrode
191 is formed in the basic area of the field generating elec-
trode of the liquid crystal display, and the direction controller
92 is formed by a concave portion on the surface of the pixel
electrode 191, as illustrated in FIGS. 3 and 5. FIG. 13 illus-
trates a case where the direction controller 92 of the pixel
electrode 191 is formed in the basic area of the field generat-
ing electrode of the liquid crystal display, and the direction
controller 92 is formed by a convex portion on the surface of
the pixel electrode 191, as illustrated in FIGS. 3 and 6. FIG. 14
illustrates a case where the minute cutout 93 is formed in the
basic area of the field generating electrode of the liquid crystal
display, as illustrated in FIG. 10. All the other conditions are
the same.

[0148] Referring to FIGS. 11 to 14, like the liquid crystal
displays according to the exemplary embodiments of the
present invention, when the basic area of the field generating
electrode is formed, the alignment of the liquid crystal mol-
ecules is not irregular even in the central portion in each
domain, and as a result, deterioration of transmittance even in
the central portion in each domain does not occur.

[0149] Then, results of transmittance of the liquid crystal
display according to another Experimental Example of the
present invention will be described with reference to FIGS. 15
to 18. FIGS. 15 to 18 are plan views illustrating results of
transmittance of the liquid crystal display according to
another Experimental Example of the present invention.
[0150] Inthe Experimental Example, unlike the basic areas
of the field generating electrodes of the liquid crystal displays
according to the exemplary embodiments described above, in
the case where the direction controller 92 or the minute cutout
93 of the pixel electrode 191 is not formed and in the case
where the basic area of the field generating electrode of the
liquid crystal display is formed as illustrated in FIG. 3 and the
basic area of the field generating electrode of the liquid crystal
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display is formed as illustrated in FIG. 10, after applying a
predetermined magnitude of voltage, as results of transmit-
tance, the basic area of the field generating electrode of the
liquid crystal display is illustrated by an electron micrograph.
In all the cases, the transmittance is measured twice under
different conditions.

[0151] FIG. 15 illustrates the case where the direction con-
troller 92 or the minute cutout 93 of the pixel electrode 191 is
not formed, similarly to a liquid crystal display in the related
art. FIG. 16 illustrates a case where the direction controller 92
of the pixel electrode 191 is formed in the basic area of the
field generating electrode of the liquid crystal display, and the
direction controller 92 is formed by a cutout pattern of the
pixel electrode 191, as illustrated in FIGS. 3 and 4. F1G. 17
illustrates a case where the direction controller 92 of the pixel
electrode 191 is formed in the basic area of the field generat-
ing electrode of the liquid crystal display, and the direction
controller 92 is formed by a convex portion on the surface of
the pixel electrode 191, as illustrated in FIGS. 3 and 6. F1G. 18
illustrates a case where the minute cutout 93 is formed in the
basic area of the field generating electrode of the liquid crystal
display, as illustrated in FIG. 10. All the other conditions are
the same.

[0152] Referring to FIG. 15, in the case where the direction
controller 92 or the minute cutout 93 of the pixel electrode
191 is not formed, similarly to a liquid crystal display in the
related art, irregular movement of the liquid crystal molecules
in the central portion of each domain occurs and thus the
deterioration of transmittance is large in the central portion of
each domain.

[0153] Referring to FIGS. 16 to 18 in addition to FIG. 15,
similarly to a liquid crystal display in the related art, when
comparing the case where the direction controller 92 or the
minute cutout 93 of the pixel electrode 191 is not formed, like
the liquid crystal displays according to the exemplary
embodiments of the present invention, when the basic area of
the field generating electrode is formed, the alignment of the
liquid crystal molecules is not irregular even in the central
portion in each domain, and as a result, the deterioration of
transmittance even in the central portion in each domain does
not occur.

[0154] Then, a liquid crystal display according to another
exemplary embodiment of the present invention will be
described with reference to FIGS. 19 and 20. FIG. 19is a plan
view illustrating a field generating electrode of the liquid
crystal display according to another exemplary embodiment
of the present invention, and FIG. 20 is a plan view illustrating
abasic area of a field generating electrode of the liquid crystal
display according to another exemplary embodiment of the
present invention.

[0155] A layout and a structure of the liquid crystal display
according to the exemplary embodiment are similar to the
liquid crystal display according to the exemplary embodi-
ment illustrated in FIGS. 1 and 2. Accordingly, the detailed
description is omitted.

[0156] Then, a field generating electrode of one pixel area
of the liquid crystal display according to the exemplary
embodiment of the present invention will be described with
reference to FIGS. 19 and 20.

[0157] As illustrated in FIG. 19, the pixel electrode 191 of
the liquid crystal display according to the exemplary embodi-
ment includes a first subpixel electrode 1914 and a second
subpixel electrode 191/ which are separated from each other.
A cutout 91a is formed along an edge of the first subpixel
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electrode 191/, and a cutout 915 is formed along an edge of
the second subpixel electrode 1911.

[0158] However, unlike the liquid crystal displays accord-
ing to the exemplary embodiments described above, in the
liquid crystal display according to the exemplary embodi-
ment, the first subpixel electrode 191/ and the second sub-
pixel electrode 191/ have cross-shaped cutouts 94a and 945
when viewed from the top, and the cross-shaped cutout is not
formed in the common electrode 270. The cutout 94a is
formed in the first subpixel electrode 191%, and the cutout 945
is formed in the second subpixel electrode 191/.

[0159] Further, the common electrode 270 has cutouts 273a
and 2730 extending to have predetermined angles with the
cross-shaped cutouts 94a and 945 of the pixel electrode 191.
The cutout 2734 of the common electrode 270 corresponds to
the first subpixel electrode 191/, and the cutout 2735 corre-
sponds to the second subpixel electrode 191/,

[0160] The first subpixel electrode 191/ is divided into four
subregions by the edges of the first subpixel electrode 191/
and the cutout 94a. The cutout 2734 of the common electrode
270 includes a first portion corresponding to two subregions
positioned at the left among the four subregions of the first
subpixel electrode 1914, and a second portion corresponding
to two subregions positioned at the right among the four
subregions of the first subpixel electrode 191/, and the first
portion and the second portion may be separated from each
other. Further, the first portion and the second portion may be
symmetrical to each other. A cross-shaped vertical line of the
cutout 944 of the first subpixel electrode 191/ may be an axis
of symmetry.

[0161] The cutout 2734 of the common electrode 270 may
include two diagonal portions inclined at a predetermined
angle, for example, about 45 degrees with any one of the
cutout directions of a cross-shaped cutout. Further, the diago-
nal portions may pass through the central portions of the four
subregions of the first subpixel electrode 191/.

[0162] Similarly to this, the second subpixel electrode 191/
has two regions divided into four subregions by the edges of
the second subpixel electrode 191/ and the cutout 945. That s,
the second subpixel electrode 191/ includes a first region
disposed to be adjacent to the first subpixel electrode 191/
and divided into four subregions, and a second region dis-
posed below the first region and divided into four subregions.
The layout of the cutout 945 and the cutout 2735 in the first
region and the second region is almost the same as that of the
cutout 94a and the cutout 273a corresponding to the first
subpixel electrode 1914.

[0163] Then, a basic region of a field generating electrode
of the liquid crystal display according to the exemplary
embodiment will be described with reference to FIG. 20.
[0164] As illustrated in FIG. 20, the basic area of the field
generating electrode includes a pixel electrode 191 corre-
sponding to the cutout 273 of the common electrode 270, a
cross-shaped cutout 94 formed in the pixel electrode 191, a
cutout 91 surrounding the cross-shaped cutout 94 and formed
along the edge of the pixel electrode 191, and a cutout 273 of
the common electrode 270 including a diagonal portion
extending to have a predetermined angle with the cross-
shaped cutout 94 of the pixel electrode 191.

[0165] When the liquid crystal display is viewed from the
top, the basic area defined by the cross-shaped cutout 94 of the
pixel electrode 191 and the edge of the pixel electrode 191
may be divided into a plurality of domains Da, Db, Dc, and
Dd, and the plurality of domains Da, Db, D¢, and Dd may be
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symmetrical to each other. The cross-shaped cutout 94 of the
pixel electrode 191 may be an axis of symmetry.

[0166] The cutout 273 formed on the common electrode
270 is not overlapped with the cutout 91 formed along the
edge of the pixel electrode 191. However, the cutout 273
formed on the common electrode 270 may be overlapped with
the cutout 91 formed along the edge of the pixel electrode
191.

[0167] Thecutout 91 of the pixel electrode 191 is formed in
a substantially quadrangular ring shape along the edge of the
pixel electrode 191, and is disconnected around a portion
corresponding to an end of the cross-shaped cutout 94 of the
pixel electrode 191. As such, the disconnected portion of the
cutout 91 formed on the pixel electrode 191 becomes a con-
necting portion of the pixel electrode.

[0168] Thecutout 91 of the pixel electrode 191 may control
the tilt directions of directors of the liquid crystal molecules
disposed at the edge of the pixel electrode 191, more particu-
larly, the azimuthal angles of the directors of the liquid crystal
molecules, by controlling an effect of a fringe field.

[0169] Thedata voltage is applied to the pixel electrode 191
and the common voltage is applied to the common electrode
270 to generate an electric field in the liquid crystal layer 3
between the two panels 100 and 200. Then, the liquid crystal
molecules 31 of the liquid crystal layer 3 are tilted substan-
tially parallel to a line connecting the intersecting point of the
cross-shaped cutout and a pixel corner edge opposing the
intersecting point by a fringe field due to the cross-shaped
cutout 94 of the pixel electrode 191 and the edge of the pixel
electrode 191, in response to the electric field. In addition, tilt
directions of the liquid crystal molecules 31 in one basic area
of the field generating electrode becomes a total of four. That
is, the tilt directions of the liquid crystal molecules 31 in each
of the domains Da, Db, Dc, and Dd are different from each
other.

[0170] The cutout 273 of the common electrode 270
extends in a vertical direction to the alignment directions of
the directors of the liquid crystal molecules 31 in the plurality
of domains Da, Db, Dc, and Dd. Accordingly, the liquid
crystal molecules 31 adjacent to the cutout 273 of the com-
mon electrode 270 are tilted in a vertical direction to the
extending direction of the cutout 273. The direction of the
liquid crystal molecules 31 adjacent to the diagonal portion of
the cutout 274 is parallel to the tilt directions of the liquid
crystal molecules 31 by the fringe field due to the cross-
shaped cutout 94 of the pixel electrode 191 and the edge of the
pixel electrode 191. Accordingly, the cutout 273 of the com-
mon electrode 270 helps the liquid crystal molecules 31 dis-
posed at the central portion of each domain be tilted in an
averagely tilt direction in each domain. As a result, it is
possible to prevent irregular movement of the liquid crystal
molecules which may occur in the central portion of the
domain by additionally controlling the tilt directions of the
directors of the liquid crystal molecules in the central portion
of each domain of'the pixel area, more particularly, azimuthal
angles of the directors of the liquid crystal molecules, thereby
to prevent deterioration of display quality such as a texture
due to the irregular movement of the liquid crystal molecules
or deterioration of transmittance.

[0171] Then, a liquid crystal display according to another
exemplary embodiment of the present invention will be
described with reference to FIGS. 21 and 22. FIG. 21 isa plan
view illustrating a field generating electrode of the liquid
crystal display according to another exemplary embodiment
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of the present invention, and FIG. 22 is a plan view illustrating
abasic area of a field generating electrode of the liquid crystal
display according to another exemplary embodiment of the
present invention.

[0172] Alayoutand a structure of the liquid crystal display
according to the exemplary embodiment are similar to those
of the liquid crystal display according to the exemplary
embodiment illustrated in FIGS. 1 and 2. Accordingly, the
detailed description is omitted.

[0173] Then, a field generating electrode of one pixel area
of the liquid crystal display according to the exemplary
embodiment will be described with reference to FIGS. 21 and
22.

[0174] As illustrated in FIG. 21, the pixel electrode of the
liquid crystal display according to the exemplary embodi-
ment includes a first subpixel electrode 1914 and a second
subpixel electrode 191/ which are separated from each other.
A cutout 91a is formed along an edge of the first subpixel
electrode 191/, and a cutout 915 is formed along an edge of
the second subpixel electrode 1911.

[0175] However, unlike the liquid crystal displays accord-
ing to the exemplary embodiments described above, in the
liquid crystal display according to the exemplary embodi-
ment, the first subpixel electrode 191/ and the second sub-
pixel electrode 191/ have cross-shaped cutouts 94a and 945
when viewed from the top, and the cross-shaped cutout is not
formed in the common electrode 270. The cutout 94a of the
cross-shaped cutouts 94a and 945 is formed in the first sub-
pixel electrode 1914, and the cutout 944 is formed in the
second subpixel electrode 191/.

[0176] Further, the common electrode has cutouts 274a and
274b including a diagonal portion extending to have prede-
termined angles with the cross-shaped cutouts 94a and 945 of
the pixel electrode 191 and a straight-line portion connected
with the diagonal portion and extending to be parallel to the
edge of the pixel electrode 191. The cutout 2744 of the com-
mon electrode corresponds to the first subpixel electrode
191/, and the cutout 2745 corresponds to the second subpixel
electrode 191/

[0177] The first subpixel electrode 191/ is divided into four
subregions by the edges of the first subpixel electrode 191/
and the cutout 94a. The cutout 2744 of the common electrode
270 includes a first portion corresponding to two subregions
positioned at the left among the four subregions of the first
subpixel electrode 1914, and a second portion corresponding
to two subregions positioned at the right among the four
subregions of the first subpixel electrode 191/, and the first
portion and the second portion may be separated from each
other. Further, the first portion and the second portion may be
symmetrical to each other based on a cross-shaped vertical
line of the cutout 94a of the first subpixel electrode 1914.
[0178] The cutout 274a of the common electrode 270 may
include two diagonal portions inclined at a predetermined
angle, for example, about 45 degrees with the cross-shaped
cutout 94a of the first subpixel electrode 191/ and the edges
of the first subpixel electrode 191/ and a straight-line portion
connected with the diagonal portion and extending to be
parallel to the edges of the pixel electrode 191. Further, the
diagonal portions may pass through the portion adjacent to
the central portions of the four subregions of the first subpixel
electrode 191/.

[0179] Similarly to this, the second subpixel electrode 191/
has two regions divided into four subregions by the edges of
the second subpixel electrode 191/ and the cutout 945. That s,
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the second subpixel electrode 191/ includes a first region
disposed to be adjacent to the first subpixel electrode 191/
and divided into four subregions, and a second region dis-
posed below the first region and divided into four subregions.
The layout of the cutout 945 and the cutout 2745 in the first
region and the second region is substantially the same as that
of the cutout 94a and the cutout 274a corresponding to the
first subpixel electrode 1914.

[0180] Then, a basic area of the field generating electrode
of the liquid crystal display according to the exemplary
embodiment will be described with reference to FIG. 22.
[0181] As illustrated in FIG. 22, the basic area of the field
generating electrode includes a pixel electrode 191 corre-
sponding to the cutout 271 of the common electrode 270, a
cross-shaped cutout 94 formed in the pixel electrode 191, a
cutout 91 surrounding the cross-shaped cutout 94 of the pixel
electrode 191 and formed along the edge of the pixel elec-
trode 191, and a cutout 274 formed in the common electrode
270 and including diagonal portions extending to have a
predetermined angle with the cross-shaped cutout 94 of the
pixel electrode 191 and a straight-line portion connected with
the diagonal portion and extending to be parallel to the edge
of the pixel electrode 191. Further, the diagonal portions may
pass through the portion adjacent to the central portions of the
four subregions of each subpixel electrode 191.

[0182] When the liquid crystal display is viewed from the
top, the basic area defined by the cross-shaped cutout 94 ofthe
pixel electrode 191 and the edge of the pixel electrode 191
may be divided into a plurality of domains Da, Db, Dc, and
Dd, and the plurality of domains Da, Db, Dc, and Dd may be
symmetrical to each other. The cross-shaped cutout 94 of the
pixel electrode 191 may be an axis of symmetry.

[0183] Thecutout 91 of the pixel electrode 191 is formed in
a substantially quadrangular ring shape along the edge of the
pixel electrode 191, and is disconnected around a portion
corresponding to an end of the cross-shaped cutout 94 of the
pixel electrode 191. As such, the disconnected portion of the
cutout 91 formed on the pixel electrode 191 becomes a con-
necting portion of the pixel electrode.

[0184] The cutout 274 formed on the common electrode
270 is not overlapped with the cutout 91 formed along the
edge of the pixel electrode 191. However, the cutout 274 may
be overlapped with the cutout 91 formed along the edge of the
pixel electrode 191.

[0185] Thecutout 91 ofthe pixel electrode 191 may control
the tilt directions of directors of the liquid crystal molecules
disposed at the edge of the pixel electrode 191, more particu-
larly, the azimuthal angles of the directors of the liquid crystal
molecules, by controlling an effect of a fringe field which
influences the edge of the pixel area.

[0186] Thedata voltageis applied to the pixel electrode 191
and the common voltage is applied to the common electrode
270 to generate an electric field in the liquid crystal layer 3
between the two panels 100 and 200. Then, the liquid crystal
molecules 31 of the liquid crystal layer 3 are tilted substan-
tially in parallel with a direction from four corner portions
where two edges of the pixel electrode 191 extending in
different directions meet each other toward the central portion
of the cross-shaped cutout 94 of the pixel electrode 191, by a
fringe field due to the cross-shaped cutout 94 of the pixel
electrode 191 and the edges of the pixel electrode 191, in
response to the electric field. In addition, tilt directions of the
liquid crystal molecules 31 in one basic area of the field
generating electrode becomes a total of four. That is, the tilt
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directions of the liquid crystal molecules 31 in each of the
domains Da, Db, Dc, and Dd are different from each other.
[0187] Inthis case, the diagonal portion of the cutout 274 of
the common electrode 270 extends in a vertical direction to
the alignment direction of the directors of the liquid crystal
molecules 31 in the plurality of domains Da, Db, Dc, and Dd.
Accordingly, the liquid crystal molecules 31 adjacent to the
diagonal portion of the cutout 274 of the common electrode
270 are tilted in a vertical direction to the extending direction
of the diagonal portion of the cutout 274. The direction of the
liquid crystalmolecules 31 adjacent to the diagonal portion of
the cutout 274 is parallel to the tilt directions of the liquid
crystal molecules 31 by the fringe field due to the cross-
shaped cutout 94 of the pixel electrode 191 and the edge of the
pixel electrode 191. Accordingly, the cutout 274 of the com-
mon electrode 270 helps the liquid crystal molecules 31 dis-
posed at the central portion of each domain be tilted in an
averagely tilt direction in each domain. As a result, it is
possible to prevent irregular movement of the liquid crystal
molecules which may occur in the central portion of the
domain by additionally controlling the tilt directions of the
directors of the liquid crystal molecules in the central portion
of each domain of the pixel area, more particularly, azimuthal
angles of the directors of the liquid crystal molecules, thereby
to prevent deterioration of display quality such as a texture
due to the irregular movement of the liquid crystal molecules
or deterioration of transmittance.

[0188] Then, results of transmittance of the liquid crystal
display according to another Experimental Example of the
present invention will be described with reference to FIGS. 23
and 24. FIGS. 23 and 24 are plan views illustrating results of
transmittance of the liquid crystal display according to
another Experimental Example of the present invention.
[0189] Inthe Experimental Example, in the case where the
cutout 91 formed along the edge of the pixel electrode 191 is
formed and the cross-shaped cutout 271 is formed on the
common electrode 270 as illustrated in FIG. 23A, and after
the basic area of the field generating electrode of the liquid
crystal display is formed like the liquid crystal display
according to the exemplary embodiment illustrated in FIG. 22
and a voltage having a predetermined magnitude is applied as
illustrated in FIG. 24A, the basic area of the field generating
electrode of the liquid crystal display is illustrated by an
electron micrograph. In more detail, in the Experimental
Example, after the azimuthal angles and the pretilt angles of
the liquid crystal molecules of the liquid crystal layer corre-
sponding to the field generating electrode of the liquid crystal
display are defined to be the same as each other and an electric
field having a predetermined magnitude is generated in the
liquid crystallayer, the controlled degrees of the liquid crystal
molecules are compared with each other. Simulation results
for the respective cases are illustrated in FIG. 23 and FIG.
24B, respectively.

[0190] Referring to FIGS. 23 to 24, like the liquid crystal
displays according to the exemplary embodiments of the
present invention, when the basic area of the field generating
electrode is formed, the azimuthal angles of the liquid crystal
molecules may be controlled even in the central portion in
each domain, and as a result, the alignment of the liquid
crystal molecules is not irregular and thus deterioration of
transmittance even in the central portion in each domain does
not occur. Further, similarly to the liquid crystal display in the
related art, as compared with the case of forming the basic
area of the field generating electrode configuring the cross-
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shaped cutout and the cutout formed along the edge of the
pixel electrode, like the liquid crystal display according to the
exemplary embodiments illustrated in FIG. 20 or 22, in the
case of forming the cutout having the diagonal portion which
is vertical to the average tilt directions of the directors of the
liquid crystal molecules of each domain, the alignment of the
liquid crystal molecules is regular even in the central portion
in each domain and thus the deterioration of transmittance
does not occur even in the central portion of each domain.
[0191] Then, a cutout having a diagonal portion of the
liquid crystal display according to another exemplary
embodiment of the present invention will be described with
reference to FIG. 25. F1G. 25 is a schematic view illustrating
a part of the field generating electrode of the liquid crystal
display according to another exemplary embodiment of the
present invention.

[0192] Referring to FIG. 25, a ratio of a horizontal length
Dx and a vertical length Dy of each domain may be controlled
by controlling a width of a vertical portion of the cross-shaped
cutout 94 formed on the pixel electrode 191. For example, as
illustrated in FIG. 25A, in the case where widths of the hori-
zontal portion and the vertical portion of the cross-shaped
cutout 94 are almost the same as each other, the horizontal
length Dx and the vertical length Dy of each domain may be
the same as each other. On the contrary, as illustrated in FIG.
25B, in the case where the width of the horizontal portion of
the cross-shaped cutout 94 is narrower than the width of the
vertical portion, the horizontal length Dx of each domain may
be smaller than the vertical length Dy. As such, in the case
where the horizontal length Dx and the vertical length Dy of
the domain Da are different from each other, the averagely tilt
directions of the directors ofthe liquid crystal molecules may
be different from each other.

[0193] Inthis case, the diagonal portion ofthe cutout 274 of
the common electrode 270 may extend in a vertical direction
to the averagely tilt directions of the directors of the liquid
crystal molecules in the domain Da, by controlling lengths of
the diagonal portion and the straight-line portion of the cutout
274 of the common electrode 270. For example, in the case of
FIG. 25A, the diagonal portion of the cutout 274 of the com-
mon electrode 270 is inclined to form a first angle 61 with the
horizontal portion of the cross-shaped cutout 94, and the first
angle 81 may be about 45 degrees. In this case, the lengths of
the horizontal portion and the vertical portion of the cutout
274 of the common electrode 270 may be almost the same as
each other.

[0194] On the contrary, in the case of FIG. 25B, the diago-
nal portion of the cutout 274 of the common electrode 270 is
inclined to form a second angle 82 with the horizontal portion
of the cross-shaped cutout 94 formed on the pixel electrode
191, and the second angle 62 may be larger than about 45
degrees. In this case, the length of the vertical portion of the
straight-line portion connected to the diagonal portion of the
cutout 274 of the common electrode 270 is larger than the
length of the horizontal portion, and as a result, the extending
direction of the diagonal portion may be controlled.

[0195] As such, in the liquid crystal display according to
the exemplary embodiment of the present invention, even
though the pixel electrode is not formed to have a plurality of
branch electrodes, a plurality of subregions having different
tilt directions of the liquid crystal are formed to thereby
increase a viewing angle of the liquid crystal display, the
liquid crystal molecules are aligned in predetermined direc-
tions to thereby increase a response speed of the liquid crystal
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molecules, and the pixel electrode is divided into two portions
to receive different voltages to thereby increase visibility and
improve an aperture ratio and transmittance. Further, the tilt
directions of the directors of the liquid crystal molecules even
in the central portion of the subregion of the pixel area, more
particularly, the azimuthal angles of the directors of the liquid
crystal molecules may be additionally controlled. Accord-
ingly, it is possible to prevent deterioration of display quality
such as a texture due to irregular movement of the liquid
crystal molecules or deterioration of transmittance by pre-
venting the irregular movement of the liquid crystal mol-
ecules which may occur in the central portion of the domain.
[0196] 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 con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate;

a pixel electrode disposed on the first substrate;

a second substrate facing the first substrate;

a common electrode disposed on the second substrate; and
a liquid crystal layer disposed between the first substrate

and the second substrate, the liquid crystal layer includ-
ing a plurality of liquid crystal molecules,

wherein the common electrode includes a cross-shaped
cutout, the cross-shaped cutout overlapping the pixel
electrode and dividing the pixel electrode into a plurality
of subregions, and

wherein the pixel electrode includes a direction controller
extending in a direction parallel to a line connecting an
intersecting point of the cross-shaped cutout and a pixel
corner edge opposing the intersecting point.

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

the direction controller is disposed at least one central
portion of the plurality of subregions.

3. The liquid crystal display of claim 2, wherein:

the direction controller is a cutout formed in the pixel
electrode, or a concave portion or a convex portion ofthe
surface of the pixel electrode.

4. The liquid crystal display of claim 3, wherein:

the direction controller is disposed in a region correspond-
ing to the most central portion among nine equal parts of
each of the plurality of subregions.

5. The liquid crystal display of claim 4, wherein:

the pixel electrode has a cutout formed along one of edges
of the pixel electrode.

6. The liquid crystal display of claim 4, wherein:

the liquid crystal molecules of the liquid crystal layer are
aligned to have pretilts in a direction parallel to the line
connecting the intersecting point of the cross-shaped
cutout and the pixel corner edge opposing the intersect-
ing point.

7. The liquid crystal display of claim 4, wherein:

the liquid crystal molecules of the liquid crystal layer are
aligned to be substantially vertical to the surfaces of the
first substrate and the second substrate when an electric
field is not applied in the liquid crystal layer.
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8. The liquid crystal display of claim 2, wherein:

the direction controller is disposed in a region correspond-
ing to the most central portion among nine equal parts of
each of the plurality of subregions.

9. The liquid crystal display of claim 8, wherein:

the pixel electrode has a cutout formed along an edge of the
pixel electrode.

10. The liquid crystal display of claim 8, wherein:

the liquid crystal molecules of the liquid crystal layer are
aligned 10 have pretilts in a direction parallel to the line
connecting the intersecting point of the cross-shaped
cutout and the pixel corner edge opposing the intersect-
ing point.

11. The liquid crystal display of claim 8, wherein:

the liquid crystal molecules of the liquid crystal layer are
aligned to be substantially vertical to the surfaces of the
first substrate and the second substrate when an electric
field is not applied in the liquid crystal layer.

12. The liquid crystal display of claim 1, wherein:

the direction controller is disposed at least a portion of the
pixel electrode near the pixel corner edge opposing the
intersecting point.

13. The liquid crystal display of claim 12, wherein:

the pixel electrode has a cutout formed along one of the
edges of the pixel electrode, and

wherein the direction controller extends from the cutout of
the pixel electrode, the direction controller being a plu-
rality of minute cutouts.

14. The liquid crystal display of claim 12, wherein:

the liquid crystal molecules of the liquid crystal layer are
aligned to have pretilts in a direction parallel to the line
connecting the intersecting point of the cross-shaped
cutout and the pixel corner edge opposing the intersect-
ing point.

15. The liquid crystal display of claim 12, wherein:

the liquid crystal molecules of the liquid crystal layer are
aligned to be substantially vertical to the surfaces of the
first substrate and the second substrate when an electric
field is not applied in the liquid crystal layer.

16. A liquid crystal display, comprising:

a first substrate;

a pixel electrode disposed on the first substrate;

a second substrate facing the first substrate;

acommon electrode disposed on the second substrate; and

a liquid crystal layer disposed between the first substrate
and the second substrate, the liquid crystal layer includ-
ing a plurality of liquid crystal molecules,

wherein the pixel electrode has a cross-shaped first cutout,
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the pixel electrode is divided into a plurality of subregions
by the cross-shaped cutout, the cross-shaped cutout
overlapping edges of the pixel electrode and

the common electrode includes a second cutout including a
diagonal portion extending in a direction parallel to a
line connecting two adjacent overlapping points in
which the cross-shaped first cutout and the edges of the
pixel electrode overlap.

17. The liquid crystal display of claim 16, wherein:

the second cutout further includes a straight-line portion
extending to be parallel to the edge of the pixel electrode
and protruding from the diagonal portion.

18. The liquid crystal display of claim 17, wherein:

the straight-line portion includes a horizontal portion and a
vertical portion, and

lengths of the horizontal portion and the vertical portion are
substantially the same as or different from each other.

19. The liquid crystal display of claim 18, wherein:

the pixel electrode further has a third cutout formed along
one of the edges of the pixel electrode.

20. The liquid crystal display of claim 19, wherein:

the third cutout of the pixel electrode is not overlapped with
the second cutout of the common electrode.

21. The liquid crystal display of claim 17, wherein:

the liquid crystal molecules of the liquid crystal layer are
aligned to have pretilts parallel to a line connecting the
intersecting point of the cross-shaped cutout and a pixel
corner edge opposing the intersecting point.

22. The liquid crystal display of claim 17, wherein:

the liquid crystal molecules of the liquid crystal layer are
aligned to be substantially vertical to the surfaces of the
first substrate and the second substrate when an electric
field is not applied in the liquid crystal layer.

23. The liquid crystal display of claim 16, wherein:

the pixel electrode further has a third cutout formed along
one of the edges of the pixel electrode.

24. The liquid crystal display of claim 23, wherein:

the third cutout of the pixel electrode is not overlapped with
the second cutout of the common electrode.

25. The liquid crystal display of claim 16, wherein:

the liquid crystal molecules of the liquid crystal layer are
aligned to have pretilts parallel to a line connecting the
intersecting point of the cross-shaped cutout and a pixel
corner edge opposing the intersecting point.

26. The liquid crystal display of claim 16, wherein:

the liquid crystal molecules of the liquid crystal layer are
aligned to be substantially vertical to the surfaces of the
first substrate and the second substrate when an electric
field is not applied in the liquid crystal layer.
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