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(57) ABSTRACT

A liquid crystal display includes: a first substrate and a pixel
electrode thereon, a second substrate facing the first substrate
and a common electrode thereon; at least one alignment layer
on at least one of the pixel electrode and the common elec-
trode; and a liquid crystal layer between the pixel electrode
and the common electrode. A pixel including the pixel elec-
trode includes a plurality of domains including a first domain.
The domains have average orientations of the liquid crystal
molecules different from each other. The pixel electrode has
a first opening in the first domain, and the first opening
extends substantially parallel to an edge of the pixel elec-
trode.
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LIQUID CRYSTAL DISPLAY

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2012-0041144, filed on
Apr. 19, 2012, which is incorporated herein by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Exemplary embodiments of the present invention
relate to a liquid crystal display.

[0004] 2. Discussion of the Background

[0005] A liquid crystal display (LCD) is one of the most
widely used flat panel displays, and includes a pair of panels
including a plurality of field generating electrodes such as
pixel electrodes and a common electrode and a liquid crystal
layer filled in a gap between the two panels.

[0006] An electric field is generated by applying electric
voltages to the field generating electrodes, and the electric
field changes orientations of liquid crystal molecules in the
liquid crystal layer, thereby controlling polarization of inci-
dent light to display images.

[0007] Among the LCDs, a vertically aligned (VA) mode
where long axes of the liquid crystal molecules are perpen-
dicular to surfaces of the panels in the absence of electric field
is promising since the vertically aligned mode provides high
contrast ratio and wide viewing angle.

[0008] A pixel of a VA mode LCD may include a plurality
of domains, wherein average orientations of the liquid crystal
molecules in different domains being different from each
other in order to obtain a wide viewing angle. In order to form
multiple domains, a plurality of cutouts may be provided in
the field generating electrodes. However, such a structure
may cause the decrease of the opening ratio, and the liquid
crystal molecules far from the cutouts may have a large
response time.

[0009] Another method of forming multiple domains in a
pixel is to illuminate light to an alignment layer to control
orientations of the liquid crystal molecules. The light-induced
alignment may require no cutout in the field generating elec-
trodes, thereby increasing the opening ratio, and may provide
pretilt, thereby improving the response time. However, the
light-induced alignment may not significantly improve the
decrease of the light transmittance due to fringe fields caused
by edges of the field generating electrodes.

SUMMARY OF THE INVENTION

[0010] An exemplary embodiment of the present invention
discloses a liquid crystal display which includes: a first sub-
strate; a second substrate facing the first substrate; a pixel
electrode on the first substrate; a common electrode on the
second substrate; at least one alignment layer on at least one
of the pixel electrode and the common electrode, the at least
one alignment layer treated by a polarized light; and a liquid
crystal layer between the pixel electrode and the common
electrode, the liquid crystal layer including a plurality of
liquid crystal molecules, wherein a pixel including the pixel
electrode includes a plurality of domains including a first
domain, the plurality of domains have average orientations of
the liquid crystal molecules different from each other, the
pixel electrode includes a first opening in the first domain, and
the first opening extends substantially parallel to a tail-side
edge portion of an edge of the pixel electrode disposed close
to a tail of an average director of the first domain.
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[0011] Another exemplary embodiment of the present
invention discloses a liquid crystal display which includes: a
first substrate; a second substrate facing the first substrate; a
pixel electrode on the first substrate; a common electrode on
the second substrate; and a liquid crystal layer between the
pixel electrode and the common electrode, the liquid crystal
layer including a plurality of liquid crystal molecules,
wherein a pixel including the pixel electrode is divided into a
plurality of domains, and the plurality of domains have aver-
age orientations of the liquid crystal molecules different from
each other, a portion ofthe pixel electrode in at least one of the
plurality of domains includes an opening extending along a
tail-side edge portion of an edge of the pixel electrode dis-
posed close to a tail of an average director of the at least one
of the plurality of domains, the pixel electrode has a continu-
ous surface except for the opening, and the common electrode
has a continuous surface.

[0012] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1isaschematic plan view of a pixel of a liquid
crystal display according to an exemplary embodiment of the
invention.

[0014] FIG. 2 is a schematic sectional view of the liquid
crystal display shown in FIG. 1 taken along line II-II.

[0015] FIG. 3,FIG.4,FIG.5,and FIG. 6 are schematic plan
views showing a method of manufacturing an LCD shown in
FIG. 1 according to an exemplary embodiment of the inven-
tion.

[0016] FIG. 7is a schematic plan view of a pixel of an LCD
according to a comparative example.

[0017] FIG. 8is a graph showing azimuthal distributions of
liquid crystal molecules of LCDs according to an exemplary
embodiment and a comparative example.

[0018] FIG. 9 and FIG. 10 are plan views schematically
showing arrangements of liquid crystal molecules in the first
domain of the LCD according to an exemplary embodiment
and a comparative example, respectively.

[0019] FIG. 11 is a plan view schematically showing elec-
tric fields and an arrangement of the liquid crystal molecules
near a boundary of the first domain of the LCD according to
an exemplary embodiment.

[0020] FIG. 12 and FIG. 13 are schematic sectional views
of the LCD showing equipotential lines and arrangements of
liquid crystal molecules in a domain of an LCD in a simula-
tion.

[0021] FIG. 14 is a schematic plan view of a pixel of aliquid
crystal display according to another exemplary embodiment.
[0022] FIG. 15 and FIG. 16 are schematic plan views show-
ing a method of manufacturing an LCD shown in FIG. 14
according to an exemplary embodiment.

[0023] FIG. 17 is aschematic plan view of a pixel of aliquid
crystal display according to another exemplary embodiment.
[0024] FIG. 18 and FIG. 19 are schematic plan views show-
ing a method of manufacturing an LCD shown in FIG. 17
according to an exemplary embodiment.

[0025] FIG. 20 is an equivalent circuit diagram of a pixel in
an LCD according to another exemplary embodiment.
[0026] FIG. 21 is a schematic layout view of a pixel having
an equivalent circuit shown in FIG. 20 according to an exem-
plary embodiment.
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[0027] FIG. 22 is a schematic sectional view of the LCD
shown in FIG. 21 taken along line XXII-XXII.

[0028] FIG. 23 is a schematic plan view of a pixel of an
LCD according to another exemplary embodiment.

[0029] FIG. 24 is a schematic plan view of a pixel and a
light blocking area of an LCD according to another exem-
plary embodiment.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0030] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure is thorough, and will fully convey
the scope of the invention to those skilled in the art.

[0031] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. It will be
understood that when an element or layer is referred to as
being “on” or “connected to” another element or layer, it can
be directly on or directly connected to the other element or
layer, or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
no intervening elements or layers present. In contrast, it will
be understood that when an element such as a layer, film,
region, or substrate is referred to as being “beneath” another
element, it can be directly beneath the other element or intet-
vening elements may also be present. Meanwhile, when an
element is referred to as being “directly beneath” another
element, there are no intervening elements present. It will be
understood that for the purposes of this disclosure, “at least
oneof X, Y, and Z” can be construed as X only, Y only, Z only,
or any combination of two or more items X, Y, and 7 (e.g.,
XYZ, XYY, YZ, 77).

[0032] Hereinafter, a structure of a pixel of a liquid crystal
display according to exemplary embodiments will be
described in detail with reference to FIG. 1 and FIG. 2.
[0033] FIG.11isaschematic plan view of a pixel of a liquid
crystal display according to an exemplary embodiment of the
invention, and FIG. 2 is a schematic sectional view of the
liquid crystal display shown in FIG. 1 taken along line II-I1.
Although FIG. 1 and FIG. 2 show a single pixel PX, a liquid
crystal display according to an exemplary embodiment may
include a plurality of pixels repeatedly arranged in rows and
columns.

[0034] Referring to FIG. 1 and FIG. 2, a liquid crystal
display (LCD) according to exemplary embodiments
includes a first panel 100, a second panel 200 facing the first
panel 100, and a liquid crystal layer 300 disposed between the
first panel 100 and the second panel 200. The first panel 100
includes a first substrate 110, a pixel electrode 191 disposed
on an inner surface of the first substrate 110, a first alignment
layer 130 disposed on the pixel electrode 191, and a first
polarizer 140 disposed on an outer surface of the first sub-
strate 110. The second panel 200 includes a second substrate
210, a common electrode 270 disposed on an inner surface of
the second substrate 210, a second alignment layer 230 dis-
posed on the common electrode 210, and a second polarizer
240 disposed on an outer surface of the second substrate 210.
The pixel electrode 191 may be substantially rectangular, and
the common electrode 210 may cover an entire surface of the
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second panel 200, but embodiments are not limited thereto.
The first panel 100 and the second panel 200 may include
switching elements (not shown), color filters (not shown),
light blocking members (not shown), etc., and one of the first
polarizer 140 and the second polarizer 240 may be omitted.
[0035] The liquid crystal layer 300 may include a nematic
liquid crystal material having negative dielectric anisotropy.
Liquid crystal molecules 302 included in the liquid crystal
layer 300 may be oriented such that long axes of the liquid
crystal molecules 302 are aligned substantially parallel to a
direction normal to surfaces of the alignment layers 130 and
230 (or to a thickness direction of the liquid crystal layer 300)
with a pretilt, in the absence of electric field between the
electrodes 191 and 210. When a potential difference is given
between the pixel electrode 191 and the common electrode
210 to generate an electric field across the liquid crystal layer
300, the liquid crystal molecules 302 may be oriented such
that their long axes are aligned substantially perpendicular to
the electric field in a direction largely determined by a direc-
tion of the pretilt.

[0036] According to an exemplary embodiment of the
present invention, a pixel PX may include a region of the LCD
corresponding to the pixel electrode 191, and the pixel PX
may include a plurality of domains having different pretilt
directions. For example, referring to FIG. 1, the pixel PX may
include four domains, first to fourth domains Da, Db, D¢ and
Dd divided by a transverse center line 94 and a longitudinal
center line 95. Most of the liquid crystal molecules 302 in
each of the domains Da, Db, D¢ and Dd may be oriented to
have a pretiltin a direction denoted by an arrow Aa, Ab, Ac or
Adinatop view or a plan view. A tail of the arrow Aa, Ab, Ac
or Ad may denote one of two opposite ends of a liquid crystal
molecule 302, which is closer to a surface of the pixel elec-
trode 191, and a head of the arrow Aa, Ab, Ac or Ad may
denote the other end ofthe liquid crystal molecule 302, which
is closer to the common electrode 210. Hereinafter, the end of
the liquid crystal molecule 302 closer to the surface of the
pixel electrode 191 is referred to as a tail of the liquid crystal
molecule 302, and the other end of the liquid crystal molecule
302 closer to the common electrode 210 is referred to as a
head of the liquid crystal molecule 302. However, the head
and tail of the arrow Aa, Ab, Ac or Ad may be defined in a
reverse manner, and thus the heads and tails of the arrows Aa,
Ab, Ac and Ad shown in FIG. 1 may be reversed.

[0037] When anaverage liquid crystal molecule is assumed
to have an orientation that is substantially the same as the
average of the orientations of the liquid crystal molecules 302
in a domain Da, Db, De or Dd, the average liquid crystal
molecule may tilt in the pretilt direction of the domain Da,
Db, Dc or Dd under an electric field. Therefore, the arrow Aa,
Ab, Ac or Ad may denote the orientation of the average liquid
crystal molecule or the average of the orientations of the
liquid crystal molecules 302. The orientation of the average
liquid crystal molecule in the domain Da, Db, Dc or Dd is
referred to as “average director” in the specification. The
average director may coincide with the pretilt direction.
[0038] In FIG. 1 and following figures, a rightward direc-
tion and a leftward direction among transverse directions on
ahorizontal plane, that is, a plane substantially parallel to the
surfaces of the substrates 110 and 210 are referred to as a first
direction D1 and a second direction D2, respectively. An
upward direction and a downward direction among longitu-
dinal directions on the horizontal plane are referred to as a
third direction D3 and a fourth direction D4, respectively. An
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upper rightward direction and a lower leftward direction on
the horizontal plane are referred to as a firth direction D5 and
a sixth direction D6, respectively, and an upper leftward
direction and a lower rightward direction on the horizontal
plane are referred to as a seventh direction D7 and a eighth
direction D8, respectively. The fifth to eighth directions D5,
D6, D7 and D8 may make an angle of about 45 degrees with
the first to fourth directions D1, D2, D3 and D4, respectively.
[0039] The polarizer 140 or 240 may have a polarization
axis substantially parallel to a transverse direction, that is, the
first direction or the second direction, or to a longitudinal
direction, that is, the third direction or the fourth direction.
The polarization axes of the first polarizer 140 and the second
polarizer 240 may make substantially a right angle.

[0040] The first domain Da is disposed in an upper left
quadrant of the pixel electrode 191 divided by the transverse
center line 94 and the longitudinal center line 95. The liquid
crystal molecules 302 in the first domain Da may be oriented
to have a pretilt in the fifth direction D5, and thus the liquid
crystal molecules 302 may tilt in the fifth direction D5 on
average when an electric field is generated between the elec-
trodes 191 and 210.

[0041] The second domain Db is disposed in an upper right
quadrant of the pixel electrode 191. The liquid crystal mol-
ecules 302 in the second domain Db may be oriented to have
a pretilt in the eighth direction D8, and thus the liquid crystal
molecules 302 may tilt in the eighth direction D8 on average
when an electric field is generated between the electrodes 191
and 210.

[0042] The third domain Dc is disposed in a lower right
quadrant of the pixel electrode 191. The liquid crystal mol-
ecules 302 in the third domain Dc may be oriented to have a
pretilt in the sixth direction D6, and thus the liquid crystal
molecules 302 may tilt in the sixth direction D6 on average
when an electric field is generated between the electrodes 191
and 210.

[0043] The fourth domain Dd is disposed in a lower left
quadrant of the pixel electrode 191. The liquid crystal mol-
ecules 302 in the fourth domain Dd may be oriented to have a
pretilt in the seventh direction D7, and thus the liquid crystal
molecules 302 may tilt in the seventh direction D7 on average
when an electric field is generated between the electrodes 191
and 210.

[0044] Therefore, in a plan view, the average directors of
adjacent domains Da, Db, Dc and Dd may make an angle of
about 90 degrees. When sequential head-to-tail connection of
the average directors from the first domain Da to the fourth
domain Dd is drawn, for example, the head of the average
director of the n-th domain (n=1, 2 and 3) Da, Db or Dc is
connected to the tail of the average director of the (n+1)-th
domain Db, Dc or Dd, and the head of the average director of
the fourth domain Dd is connected to the tail of the average
director of the first domain Da, a clockwise loop may be
obtained

[0045] According to an exemplary embodiment, a portion
of the pixel electrode 191 in each domain Da, Db, Dc or Dd
has an opening or a cutout 90. Referring to FIG. 1, when the
average director Aa, Ab, Ac or Ad of the domain Da, Db, Dc
or Dd is shown in the domain Da, Db, D¢ or Dd, the cutout 90
may extend along a portion of an edge disposed close to the
tail of the average director Aa, Ab, Ac or Ad of the corre-
sponding domain Da, Db, Dc or Dd, and the cutout 90 may be
substantially paralle] to the edge portion. In other words, the
cutout 90 may extend substantially parallel to a portion of an
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edge of the pixel electrode 191 disposed away from the aver-
age orientation of the liquid crystal molecules 302. The cutout
90 may be spaced apart from the edge portion of the pixel
electrode 191 substantially parallel thereto by a distance D,
and the cutout 90 may extend substantially from a portion of
an edge of the pixel electrode 191 disposed close to the head
of the average director Aa, Ab, Ac or Ad substantially to the
transverse center line 94 or the longitudinal center line 95 of
the pixel electrode 191.

[0046] Forexample, in case of the first domain Da, an upper
half of a left edge and a left half of an upper edge of the pixel
electrode 191 may form boundaries of the first domain Da.
Since the average orientation of the liquid crystal molecules
302 in the first domain Da points in the upper rightward
direction, the upper half of the left edge of the pixel electrode
191 is disposed away from the average orientation of the
liquid crystal molecules 302, and the left half of the upper
edge of the pixel electrode 191 is disposed close to the aver-
age orientation of the liquid crystal molecules 302. In other
words, the upper half of the left edge of the pixel electrode
191 is disposed close to the tail of the average director, and the
left half of the upper edge of the pixel electrode 191 is dis-
posed close to the head of the average director. Therefore, the
cutout 90 of the first domain Da may extend substantially
parallel to the upper half of the left edge of the pixel electrode
191. Hereinafter, aportion of the pixel electrode 191 disposed
close to the tail of the average director Aa, Ab, Ac or Ad, or
disposed away from the average orientation of the liquid
crystal molecules 302 is referred to as “a tail-side edge por-
tion,” and a portion of the pixel electrode 191 disposed close
to the head of the average director Aa, Ab, Ac or Ad, or
disposed close from the average orientation of the liquid
crystal molecules 302 is referred to as “a head-side edge
portion.”

[0047] Although FIG. 1 shows that the opening or the cut-
out 90 is open to communicate with a boundary of the pixel
electrode 191, the opening or the cutout 90 may be closed to
be surrounded by the pixel electrode 191.

[0048] The orientations of the liquid crystal molecules 302
may be obtained by treating the alignment layers 130 and 230.
One of the alignment layers 130 and 230 may be omitted.
[0049] A method of treating alignment layers so that the
liquid crystal molecules 302 may be oriented as shown in
FIG. 1 according to exemplary embodiments is described in
detail with reference to FIG. 3, FIG. 4, FIG. 5, and F1G. 6.
[0050] FIG. 3,FIG.4,FIG.5, and FIG. 6 are schematic plan
views showing a method of manufacturing an LCD shown in
FIG. 1 according to an exemplary embodiment.

[0051] According to an exemplary embodiment, the align-
ment layers may include a photosensitive polymer.

[0052] According to an exemplary embodiment, photosen-
sitive polymer layers are formed on the first substrate 110 and
the second substrate 210, and are exposed to polarized ultra-
violet (UV) light to form the alignment layers 130 and 230. It
may be assumed that the molecules in the photosensitive
polymer layers are aligned in an illumination direction of the
polarized UV light. According to another exemplary embodi-
ment, it may be assumed that the molecules in the photosen-
sitive polymer layers are aligned in an opposite direction to an
illumination direction of the polarized UV light. According to
another exemplary embodiment, another type of light or an
ion beam may be used rather than the UV light.

[0053] Hereinafter, a process of UV illumination will be
described in detail.
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[0054] First, referring to FIG. 3, a first light-induced orien-
tation is performed in a direction on an area of the first panel
100. For example, the first light-induced orientation may be
performed in the first direction D1 on an area of the first
alignment layer 130 corresponding to the first domain Da and
the second domain Db.

[0055] Next, referring to FIG. 4, a second light-induced
orientation is performed in another direction on another area
of the first panel 100. The direction of the second light-
induced orientation may be the opposite to the direction of the
first light-induced orientation.

[0056] For example, the second light-induced orientation
may be performed in the second direction D2 onan areaof the
first alignment layer 130 corresponding to the third domain
Dc and the fourth domain Dd.

[0057] Referring to FIG. 5, a third light-induced orientation
is performed in a direction on an area of the second panel 200.
The area of the second panel 200 treated by the third light-
induced orientation may overlap portions of the areas of the
first panel 100 treated by the first and second light-induced
orientations, and the direction in the third light-induced ori-
entation may make an angle of about 90 degrees with the
directions in the first and second light-induced orientations.
For example, the third light-induced orientation may be per-
formed 1n the third direction D3 on an area of the second
alignment layer 230 corresponding to the first domain Da and
the fourth domain Dd.

[0058] Next, referring to FIG. 6, a fourth light-induced
orientation is performed in another direction on another area
of the second panel 200. The area of the second panel 200
treated by the fourth light-induced orientation may overlap
other portions of the areas of the first panel 100 treated by the
first and second light-induced orientations, and the direction
of the fourth light-induced orientation may be the opposite to
the direction of the third light-induced orientation. For
example, the fourth light-induced orientation may be per-
formed in the fourth direction D4 on an area of the second
alignment layer 230 corresponding to the second domain Db
and the third domain Dc.

[0059] As a result, the liquid crystal molecules 302 dis-
posed between the first panel 100 and the second panel 200
may have pretilt by the alignment layers 130 and 230. The
direction ofthe pretilt may be substantially parallel to a vector
sum of the alignment directions of the first alignment layer
130 and the second alignment layer 230.

[0060] For example, the liquid crystal molecules 302 in the
first domain Da may have a pretilt in the fifth direction D5
substantially parallel to a vector sum of the first direction D1
and the third direction D3, since the first alignment layer 130
is aligned in the first direction D1 and the second alignment
layer 230 is aligned in the third direction D3. The liquid
crystal molecules 302 in the second domain Db may have a
pretilt in the eighth direction D8 substantially parallel to a
vector sum of the first direction D1 and the fourth direction
D4, since the first alignment layer 130 is aligned in the first
direction D1 and the second alignment layer 230 is aligned in
the fourth direction D4. The liquid crystal molecules 302 in
the third domain Dc may have a pretilt in the sixth direction
D6 substantially parallel to a vector sum of the second direc-
tion D2 and the fourth direction D4, since the first alignment
layer 130 is aligned in the second direction D2 and the second
alignment layer 230 is aligned in the fourth direction D4. The
liquid crystal molecules 302 in the fourth domain Dd may
have apretilt in the seventh direction D7 substantially parallel
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to a vector sum of the second direction D2 and the third
direction D3, since the first alignment layer 130 is aligned in
the second direction D2 and the second alignment layer 230 is
aligned in the third direction D3.

[0061] Therefore, the orientations of the liquid crystal mol-
ecules 302 may circulate clockwise as shown in FIG. 1.
[0062] Next, LCDsaccording to an exemplary embodiment
and a comparative example will be described in detail with
reference to FIG. 7 and FIG. 8.

[0063] FIG. 7is a schematic plan view of a pixel of an LCD
according to a comparative example, and FIG. 8 is a graph
showing azimuthal distributions of liquid crystal molecules
of LCDs according to an exemplary embodiment and a com-
parative example.

[0064] Referringto FIG.7, apixel PX of an LCD according
to a comparative example includes a pixel electrode 191. The
pixel electrode 191 shown in FIG. 7 has no opening while the
pixel electrode 191 shown in FIG. 1 has the cutouts 90. Except
for the opening, the pixel PX shown in FIG. 7 may be sub-
stantially the same as the pixel PX shown in FIG. 1. Detailed
description of same elements will be omitted.

[0065] FIG. 8 is simulated azimuthal distributions of the
liquid crystal molecules 302 as function of a distance from a
tail-side edge portion of the pixel electrode 191 in the first
domains Da of the exemplary embodiment shown in FIG. 1
and the comparative example shown in FIG. 7 when a poten-
tial difference is given between the pixel electrode 191 and
the common electrode 210 to generate an electric field in the
liquid crystal layer 300. The azimuthal angles of the liquid
crystal molecules 302 mean angles that the long axes of the
liquid crystal molecules 302 make with the transverse center
line 94.

[0066] Since the polarization angles of the polarizers 140
and 240 are substantially parallel to a transverse direction or
a longitudinal direction, the first domain Da may have a
maximum transmittance when the azimuthal angles of all the
liquid crystal molecules 302 is about 45 degrees, ideally.
[0067] Referring to FIG. 8, in the comparative example, the
liquid crystal molecules 302 in a central region of the first
domain Da may have an azimuthal angle of about 45 degrees,
and the azimuthal angle deviates from 45 degrees as it
approaches a boundary of the domain. In particular, the azi-
muthal angle approaches zero as it becomes closer to the
tail-side edge portion of the pixel electrode 191. This indi-
cates that the liquid crystal molecules 302 are aligned in a
direction substantially perpendicular to the tail-side edge por-
tion of the pixel electrode 191. However, in the exemplary
embodiment, the azimuthal angle of the liquid crystal mol-
ecules 302 adjacent to the tail-side edge portion of the pixel
electrode 191 is also close to about 45 degrees.

[0068] Explanation about the simulation result shown in
FIG. 8 will be given in detail with reference to F1IG.9, F1G. 10,
and FIG. 11.

[0069] FIG. 9 and FIG. 10 are plan views schematically
showing arrangements of liquid crystal molecules in the first
domain of the LCD according to an exemplary embodiment
and a comparative example, respectively, and FIG. 11 is a
plan view schematically showing electric fields and an
arrangement of the liquid crystal molecules near a boundary
of the first domain of the LCD according to an exemplary
embodiment.

[0070] FIG. 9 schematically shows an arrangement of lig-
uid crystal molecules 304 and 306 in the first domain Da
according to a comparative example. A liquid crystal mol-
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ecule 304 near a center region of the first domain Da may be
oriented such that its long axis is substantially parallel to the
average director Aa of the first domain Da shown in FIG. 1.
However, a fringe field is generated in a region near the
tail-side edge portion of the pixel electrode 191 (referred to as
“an edge region” hereinafter) due to the edge of the pixel
electrode 191. A horizontal component of the fringe field may
be substantially perpendicular to the edge of the pixel elec-
trode 191. In the edge region, an orientation of a liquid crystal
molecule 306 may not be parallel to the average director Aa of
the first domain Da shown in FIG. 7 since a force caused by
the horizontal field component is greater than an aligning
force caused by the alignment layers 130 and 230. That is, the
long axis of the liquid crystal molecule 304 may make an
angle of'about 45 degrees with the transverse center line 94 in
the center region, while the long axis of the liquid crystal
molecule 306 may be substantially parallel to the transverse
center line 94 in the edge region. In this way, an angle that the
long axis of the liquid crystal molecule 306 makes with the
polarization axis of the polarizer 140 or 240 shown in FIG. 1,
the polarization axis being substantially parallel to the trans-
verse center line 94 or the longitudinal center line 95, deviates
from 45 degrees in the edge region, and thus light transmit-
tance may be decreased.

[0071] FIG. 10 schematically shows an arrangement of lig-
uid crystal molecules 304 and 306 in the first domain Da
according to an exemplary embodiment. Unlike the compara-
tive example, the long axis of the liquid crystal molecules 306
may make an angle of about 45 degrees with the transverse
center line 94 even in the edge region.

[0072] Referring to FIG. 11, a reference character A
denotes a first horizontal field component caused by an edge
of the pixel electrode 191. In this exemplary embodiment, the
cutout 90 may cause a second horizontal field component B
and a third horizontal field component C. In the edge region,
the second horizontal field component B caused by an edge of
the cutout 90 adjacent to the edge of the pixel electrode 191
may be significant. The second horizontal field component B
may be generated by a left boundary of the cutout 90, and may
point toward the edge of the pixel electrode 191, that is, may
be reverse-parallel to the first horizontal field component A.

[0073] In the edge region, the strength of the second hori-
zontal field component B may vary depending on the distance
D between the tail-side edge portion of the pixel electrode 191
and the cutout 90 and the width W of the cutout 90. When the
second horizontal field component B is smaller than the first
horizontal field component A, a net horizontal field compo-
nent in the edge region may have a direction substantially
parallel to the first horizontal field component A, and may
have a magnitude smaller than the first horizontal field com-
ponent A.

[0074] Therefore, since the horizontal field component in
the exemplary embodiment is smaller than that in the com-
parative example in the edge region, the liquid crystal mol-
ecule 306 may be oriented relatively closer to the average
orientation of the liquid crystal molecules 302 in the first
domain Da, thatis, closer to the average director Aa of the first
domain Da. Accordingly, the decrease in the transmittance in
the edge region due to the irregular orientations of the liquid
crystal molecules may be reduced. The simulation shown in
FIG. 8 shows that the transmittance in the exemplary embodi-
ment increases by about 2% compared with the comparative
example.
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[0075] FIG. 12 and FIG. 13 are schematic sectional views
of the LCD showing equipotential lines and arrangements of
liquid crystal molecules in a domain of an LCD in a simula-
tion.

[0076] Inthe simulation, the material property of the liquid
crystal layer 300 was set to be substantially the same as
MAT-08-369 (manufactured by MERK), and the thickness of
the liquid crystal layer 300 was about 3.2 pm.

[0077] FIG. 12 shows the arrangement of the liquid crystal
molecules 302 when both the distance D between the tail-side
edge portion of the pixel electrode 191 and the cutout 90 and
the width W ofthe cutout 90 are all about 3 pm. It may be seen
that the liquid crystal molecules 302 in the edge region are
oriented close to the average orientation of the liquid crystal
molecules 302 in the domain.

[0078] FIG. 13 shows the arrangement of the liquid crystal
molecules 302 when the distance D between the tail-side edge
portion of the pixel electrode 191 is about 3 um, and the width
W of the cutout 90 is about 7 pm. Some of the liquid crystal
molecules 302 in the edge region are oriented approximately
the opposite to the average orientation of the liquid crystal
molecules 302 in the domain.

[0079] Table 1 summarizes aresult ofa simulation that tests
whether the orientations of the liquid crystal molecules 302 in
the edge region are the opposite or not as the distance D
between the tail-side edge portion of the pixel electrode 191
and the width W of the cutout 90 vary.
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[0080] The simulation condition of the liquid crystal layer
300 was substantially the same as the condition described
with reference to FIG. 12 and FIG. 13. That is, the material
property of the liquid crystal layer 300 was set to be substan-
tially the same as MAT-08-369 (manufactured by MERK),
and the thickness of the liquid crystal layer 300 was about 3.2
pm.

[0081] 1In Table 1, “Y’ denotes that the liquid crystal mol-
ecules 302 in the edge region were oriented close to the
average orientation of the liquid crystal molecules 302 in the
domain, and ‘N’ denotes that at least some of the liquid crystal
molecules 302 in the edge region were oriented approxi-
mately the opposite to the average orientation. ‘U’ denotes an
unstable state where the orientations of the liquid crystal
molecules 302 varied depending on the magnitude of the
applied voltage.

[0082] Referring to Table 1, the liquid crystal molecules
302 in the edge region may be oriented close to the average
orientation of the liquid crystal molecules 302 in the domain
when the distance D is in a range from about 2 pm to about 6
um. In addition, the liquid crystal molecules 302 in the edge
region may be oriented close to the average orientation of the
liquid crystal molecules 302 in the domain when the opening
width W is in a range from about 3 pm to about 7 um. The
liquid crystal molecules 302 in the edge region may be ori-
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ented not to be the opposite when the distance D or the width
W is equal to or greater than about twice the thickness of the
liquid crystal layer 300.

[0083] Although the orientations of the liquid crystal mol-
ecules 302 in the first domain Da are described above with
reference to FIG. 8, FIG. 9, FIG. 10, FIG. 11, FIG. 12, and
FIG. 13, the description may be applied in a similar way to
other domains Db, D¢ and Dd.

[0084] Hereinafter, an LCD according to another exem-
plary embodiment will be described in detail with reference
to FIG. 14, FIG. 15, and FIG. 16.

[0085] FIG. 14 is aschematic plan view of a pixel of aliquid
crystal display according to another exemplary embodiment,
and F1G. 15 and FIG. 16 are schematic plan views showing a
method of manufacturing the LCD shown in FIG. 14 accord-
ing to an exemplary embodiment.

[0086] Referring to FIG. 14, a pixel PX of a liquid crystal
display (LCD) according to another exemplary embodiment
may be substantially the same as the pixel PX of the LCD
described above with reference to FIG. 1 and FIG. 2, except
for pretilt directions, average directors, or average orienta-
tions Aa, Ab, Ac and Ad of liquid crystal molecules 302 in
domains Da, Db, Dc and Dd, and shapes of openings 92.
[0087] The pretilt direction Aa, Ab, Ac or Ad of each of the
domains Da, Db, Dc and Dd points from a corner of the pixel
electrode 191 to a center of the pixel electrode 191 or from the
center of the pixel electrode 191 to a corner of the pixel
electrode 191. For example, the average director Aa or Ac of
the first or third domain Da or Dc¢ points from a corner of the
pixel electrode 191 to the center of the pixel electrode 191,
while the average director Ab or Ad of the second or fourth
domain Db or Dd points from the center of the pixel electrode
191 to a corner of the pixel electrode 191. Therefore, the
average directors Aa, Ab, Ac and Ad of the first to fourth
domains Da, Db, Dc and Dd point in the eighth direction D8,
the fifth direction D5, the seventh direction D7, and the sixth
direction D6, respectively.

[0088] Therefore, the heads of the average directors Aa and
Ac ofthe first domain Da and the third domain D¢ disposed in
a diagonal direction face each other, and the tails of the
average directors Ab and Ad of the second domain Db and the
fourth domain Dd face each other.

[0089] Each of the openings 92 extends substantially par-
allel to and along a portion of an edge of the pixel electrode
191 disposed close to the tail of the average director Aa or Ac,
that is, a tail-side edge portion of the pixel electrode 191.
There is no opening in the second and fourth domains Db and
Dd since there is no tail-side edge portion in the domains Db
and Dd. On the contrary, in each of the first and third domains
Da and De, two edge portions of the pixel electrode 191,
which form boundaries of the domain Da or Dc, are disposed
near the tail of the average director Aa or Ac. Therefore, each
of the openings 92 in the first and third domains Da and Dc
may include two rectilinear portions meeting substantially at
aright angle.

[0090] For example, the opening 92 in the first domain Da
includes two portions that extend along the tail-side edge
portions near the tail of the average director Aa from the
transverse center line 94 and the longitudinal center line 95 of
the pixel electrode 191, respectively, and that have ends
thereof meeting near the upper left corner of the pixel elec-
trode 191 to form a shape of ‘" " The opening 92 in the third
domain Dc includes two portions that extend along the tail-
side edge portions near the tail of the average director Ac from
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the transverse center line 94 and the longitudinal center line
95 of the pixel electrode 191, respectively, and that have ends
thereof meeting near the lower right corner of the pixel elec-
trode 191 to form a shape of “ 1

[0091] The transmittance of the pixel PX according to this
exemplary embodiment was increased by about 2% relative to
the pixel PX without opening as shown in FIG. 7.

[0092] A method of light-induced alignment for alignment
layers so that the liquid crystal molecules 302 may be oriented
as shown in FIG. 14 is described with reference to FIG. 15 and
FIG. 16. The method in this exemplary embodiment may be
substantially the same as the method described with reference
to FIG. 3, FIG. 4, FIG. 5, and FIG. 6 except for the alignment
directions of the second panel 200.

[0093] Referring to FIG. 15, a first light-induced orienta-
tion is performed in the first direction D1 on an area of the first
alignment layer 130 corresponding to the first domain Da and
the second domain Db. Thereafter, a second light-induced
orientation is performed in the second direction D2 on an area
of the first alignment layer 130 corresponding to the third
domain Dc and the fourth domain Dd.

[0094] Referring to FIG. 16, a third light-induced orienta-
tion is performed in the fourth direction D4 on an area of the
second alignment layer 230 corresponding to the first domain
Da and the fourth domain Dd. Thereafter, a fourth light-
induced orientation is performed in the third direction D3 on
an area of the second alignment layer 230 corresponding to
the third domain Dc and the second domain Db.

[0095] Hereinafter, an LCD according to another exem-
plary embodiment will be described in detail with reference
to FIG. 17, FIG. 18, and F1G. 19.

[0096] FIG. 17 is a schematic plan view of a pixel of aliquid
crystal display according to is another exemplary embodi-
ment, and FIG. 18 and FIG. 19 are schematic plan views
showing a method of manufacturing an LCD shown in FIG.
17 according to an exemplary embodiment.

[0097] Referring to FIG. 18, a pixel PX of a liquid crystal
display (LCD) according to another exemplary embodiment
may be substantially the same as the pixel PX of the LCD
described above with reference to FIG. 14, except for pretilt
directions, average directors, or average orientations Ab and
Ad of liquid crystal molecules 302 in some domains Db and
Dd and positions of openings 92.

[0098] The pretilt direction Aa, Ab, Ac or Ad of each of the
domains Da, Db, Dc and Dd points from a corner of the pixel
electrode 191 to a center of the pixel electrode 191. Therefore,
the average directors Aa, Ab, Ac and Ad of the first to fourth
domains Da, Db, Dc and Dd point in the eighth direction D8,
the sixth direction D6, the seventh direction D7, and the fifth
direction D5 respectively.

[0099] Therefore, the heads ofthe average directors Aa, Ab,
Ac and Ad of all the domains Da, Db, De and Dd point to the
center of the pixel electrode 191.

[0100] Each of the openings 92 extends substantially par-
allel to and along a portion of an edge of the pixel electrode
191 disposed close to the tail of the average director Aa, Ab,
AcorAd, thatis, atail-side edge portion of the pixel electrode
191. Since two edge portions of the pixel electrode 191,
which form boundaries of the domain Da, Db, Dc or Dd, are
disposed near the tail of the average director Aa, Ab, Ac or Ad
in each of the domains Da, Db, Dc and Dd, each domain Da,
Db, Dc or Dd has an opening 92. Each of the openings 92 may
include two rectilinear portions meeting substantially at a
right angle.
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[0101] Forexample, the opening 92 extends from the center
of the pixel electrode 191 toward the transverse center line 94
or the longitudinal center line 95 along an edge of the pixel
electrode 191. However, the opening 92 does not reach the
transverse center line 94 and the longitudinal center line 95.
The opening 92 in the first domain Da has a shape of ‘"’ the
opening 92 in the second domain Db has a shape of © 1’ the
opening 92 in the third domain Dc a shape of * 1, and the
opening 92 in the fourth domain Dd a shape of “ 71

[0102] The transmittance of the pixel PX according to this
exemplary embodiment was increased by about 4% relative to
the pixel PX without opening as shown in FIG. 7.

[0103] A method of light-induced alignment for alignment
layers so that the liquid crystal molecules 302 may be oriented
as shown in FIG. 17 will be described with reference to FIG.
18 and FIG. 19. The method in this exemplary embodiment
may be substantially the same as the method described with
reference to FIG. 3, F1G. 4, FIG. 5, and FIG. 6 except for the
alignment directions of the alignment layers 130 and 230.

[0104] Referring to FIG. 18, light-induced orientation is
performed in the average director Aa, Ab, Ac or Ad on an area
of the first alignment layer 130 corresponding to a corre-
sponding domain Da, Db, Dc or Dd. In detail, an area of the
first alignment layer 130 in the first domain Da is aligned in
the eighth direction D8 with light-induced orientation, and an
area of the first alignment layer 130 in the second domain Db
is aligned in the sixth direction D6 with light-induced orien-
tation. An area of the first alignment layer 130 in the third
domain Dc is aligned in the seventh direction D7 with light-
induced orientation, and an area of the first alignment layer
130 in the fourth domain Dd is aligned in the fifth direction
D5 with light-induced orientation.

[0105] Referring to FIG. 19, the alignment directions for
the second alignment layer 230 of the second panel 200 may
be substantially the same as those of the first alignment layer
130 as described with reference to FIG. 18.

[0106] An LCD according to another exemplary embodi-
ment is described in detail with reference to with reference to
FIG. 20, FIG. 21, and FIG. 22.

[0107] FIG.201is an equivalent circuit diagram of a pixel in
an LCD according to another exemplary embodiment, FIG.
21 is a schematic layout view of a pixel having an equivalent
circuit shown in FIG. 20 according to an exemplary embodi-
ment, and FIG. 22 is a schematic sectional view of the LCD
shown in FIG. 21 taken along line XXII-XXII.

[0108] Although FIG. 20 shows a pixel PX, and a gate line
GL, adata line DL, and a reference voltage line RL related to
the pixel PX for convenience of description, an LCD accord-
ing to this exemplary embodiment may include a plurality of
pixels that are arranged in a matrix including rows and col-
umns and disposed near intersections of a plurality of gate
lines extending in a row direction and a plurality of data lines
extending in a column direction.

[0109] Referring to FIG. 20, the pixel PX of an LCD
according to this exemplary embodiment includes a first
switching element Qa, a second switching element Qb, and
the third switching element Qc, which may be thin film tran-
sistors. The pixel PX further includes a first liquid crystal
capacitor C1 and a second liquid crystal capacitor C2, which
may include a dielectric of a liquid crystal layer.

[0110] The pixel PX is connected to a plurality of signal
lines including the gate line GL to transmit a gate signal, the
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data line DL to transmit a data signal, and the reference
voltage line RL to transmit a reference voltage for voltage
division.

[0111] The pixel PX includes a first subpixel PEa and a
second subpixel PEb. The first subpixel PEa includes the first
switching element Qa and the first liquid crystal capacitor C1.
The second subpixel PEb includes the second switching ele-
ment Qb, the third switching element Qc, and the second
liquid crystal capacitor C2.

[0112] Each of the first switching element Qa and the sec-
ond switching element Qb includes a gate or a control termi-
nal connected to the gate line GL, a source or an input termi-
nal connected to the data line DL, and a drain or an output
terminal connected to corresponding one of the first and sec-
ond liquid crystal capacitors C1 and C2, respectively. The
third switching element Qc includes a control terminal con-
nected to the gate line GL, an input terminal connected to the
reference voltage line RL, and an output terminal connected
to the second liquid crystal capacitor C2.

[0113] The first liquid crystal capacitor C1 includes a first
subpixel electrode 191a as one terminal connected to the
drain of the first switching element Qa, and another terminal
connected to a common voltage. The second capacitor C2
includes a second subpixel electrode 1915 as one terminal
connected to a connection CP between the output terminal of
the second switching element Qb and the output terminal of
the third switching element Qc, and another terminal con-
nected to the common voltage.

[0114] When a gate on voltage Von is applied to the gate
line GL, the first switching element Qa, the second switching
element Qb, and the third switching element Qc connected to
the gate line GL turn on. Then, a data voltage applied to the
data line DL is transmitted to the first subpixel electrode 191a
and the second subpixel electrode 1915 via the first switching
element Qa and the second switching element Qb. respec-
tively. At this time, the voltage of the output terminal of the
switching element Qa may be substantially the same as the
data voltage, while the voltage of the output terminal of the
second subpixel electrode 1915 may be different from the
data voltage. Tt is because the second switching element Qb
and the third switching element Qc that are connected in
series between the data voltage and the reference voltage may
serve as resistors to divide the data voltage. Therefore, the
voltage applied to the second subpixel electrode 1915 may
become smaller than the voltage applied to the first subpixel
electrode 191a.

[0115] As a result, the second liquid crystal capacitor C2
becomes different from a voltage across the first liquid crystal
capacitor C1, which causes tilt directions of the liquid crystal
molecules in the first subpixel PEa and the second subpixel
PEb to be different from each other, and thus the luminance of
the two subpixels are different from each other. Therefore, an
image in a lateral view may be closer to an image in a front
view by adjusting the voltage across the first liquid crystal
capacitor C1 and the voltage across the second liquid crystal
capacitor C2, thereby improving lateral visibility.

[0116] Referringto FIG. 21 and FIG. 22, an LCD according
to this exemplary embodiment includes a first panel 100, a
second panel 200, and a liquid crystal layer 300 disposed
between the first panel 100 and the second panel 200.
[0117] The first panel 100 includes a first substrate 110, a
first switching element Qa, a second switching element Qb, a
third switching element Qc, a gate line 121, a reference volt-
age line 127, a data line 171, and a pixel electrode 191. The
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gate line 121, the reference voltage line 127, the dataline 171,
and the pixel electrode 191 are electrically connected to at
least one of the switching elements Qa, Qb and Qc. The pixel
electrode 191 includes a first subpixel electrode 191a and a
second subpixel electrode 1915.

[0118] The first substrate 110 may include an insulating
material such as glass or plastic.

[0119] The gate line 121 and the reference voltage line 127
are disposed on the first substrate 110. The gate line 121 and
the reference voltage line 127 may be made of a single con-
ductive layer. For example, a conductive layer (not shown) is
deposited on the first substrate 110 by sputtering, etc., and
patterned by photolithography, etc., to form the gate line 121
and the reference voltage line 127. A plurality of portions or
members formed by patterning a thin film as described above
are referred to be “in the same layer level,” and portions or
members formed from different thin films are referred to be
“in the different layer level,” For example, the gate line 121
and the reference voltage line 127 are in the same layer level.
[0120] The gate line 121 extends in a transverse direction,
and portions of the gate lines 121 disposed between the first
subpixel electrode 191a and the second subpixel electrode
1915 form a first gate electrode 124a, a second gate electrode
124b, and a third gate electrode 124¢. The reference voltage
line 127 includes a connection line 1274 and a pair of ring
parts 1275 and 127¢. The connection line 1274 extends sub-
stantially parallel to the gate line 121, and electrically con-
nects ring parts 1275 of adjacent pixels. The ring parts 1275
and 127c¢ are connected to the connection line 127g¢ and
surround the first and second subpixel electrodes 191a and
1915, respectively.

[0121] A gate insulating layer 140 is disposed on the gate
line 121 and the reference voltage line 127.

[0122] A semiconductor member 154 is disposed on the
gate insulating layer 140. The semiconductor member 154
may include amorphous silicon or an oxide semiconductor.
[0123] A plurality of data conductive members in the same
layer level are disposed on the semiconductor member 154.
The plurality of data conductive members include the data
line 171 extending in a longitudinal direction and crossing
over the gate line 121, a first source electrode 173a and a
second source electrode 1754 connected to the data line 171,
a first drain electrode 1734 that faces the first source electrode
173a and is spaced apart from the first source electrode 1734,
a second drain electrode 1754 that faces the second source
electrode 175a and is spaced apart from the second source
electrode 175a, a third drain electrode 1765 connected to the
second drain electrode 1, and the third source electrode 176a
that faces the third drain electrode 1765 and is spaced apart
from the third drain electrode 1765.

[0124] The first gate electrode 124a, the first source elec-
trode 173a, and the first drain electrode 1735 form a first thin
film transistor Qa, and the second gate electrode 1245, the
second source electrode 1754, and the second drain electrode
1756 form a second thin film transistor Qb. The third gate
electrode 124c, the third source electrode 1764, and the third
drain electrode 1764 form a third thin film transistor Qc. The
channels of the thin film transistors Qa, Qb and Qc are formed
in portions of the semiconductor member 154 disposed
between the source electrodes 1734, 175a and 1764 and the
drain electrode 1735, 175b and 1765, respectively.

[0125] A passivation layer 180 is disposed on the data con-
ductive members 171, 173a, 17356, 1754, 1755, 176a and
1765. The passivation layer 180 may have a flat surface. The
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passivation layer 180 has a first contact hole 1854, a second
contact hole 1855, a third contact hole 185¢, and a fourth
contact hole 1854.

[0126] Thepixel electrode 191 and a connectionbridge 195
that may be in the same layer level and may include a trans-
parent conductor are disposed on the passivation layer 180.
[0127] Asdescribed above, the pixel electrode 191 includes
the first subpixel electrode 191a and the second subpixel
electrode 1915. The first subpixel electrode 1914 is electri-
cally connected to the first drain electrode 1735 through the
first contact hole 185¢, and the second subpixel electrode
1915 is electrically connected to the second drain electrode
1755 through the second contact hole 1855. The connection
bridge 195 electrically connects the ring part 127¢ surround-
ing the second subpixel electrode 1915 to the connection line
127a of the reference voltage line 127 through the third con-
tact hole 185¢ and the fourth contact hole 1854.

[0128] Each of the first subpixel electrode 191a and the
second subpixel electrode 1915 has cutouts 90 extending
along an edge thereof as described with reference to FIG. 1.
Although FIG. 21 shows the cutouts 90 having a shape similar
to those shown in FIG. 1, the cutouts 90 may have other
shapes described above in the previous exemplary embodi-
ments, for example, those shown in FIG. 14 and FIG. 17 based
on the orientations of the liquid crystal molecules.

[0129] A first alignment layer 130 is disposed on the pixel
electrode 191 and the connection bridge 195.

[0130] The second panel 200 includes a second substrate
210 facing the first substrate 110, a light blocking member
220, a color filter 240, an overcoat 250, a common electrode
270, and a second alignment layer 230.

[0131] The second substrate 210 may include a transparent
glass or a plastic.

[0132] The light blocking member 220 is disposed on the
second substrate 210. The light blocking member 220 is also
referred to as a black matrix and may be configured to reduce
or prevent light leakage. The light blocking member 220 may
substantially not overlap the pixel electrode 191. For
example, the light blocking member 220 may be disposed in
an area corresponding to the gate line 121, the data line 171,
and the reference voltage line 127.

[0133] The color filter 240 is disposed on the second sub-
strate 210 and the light blocking member 220. The color filter
240 may be disposed mostly inan area surrounded by the light
blocking member 220, and may extend in the transverse
direction along the pixel electrode 191. The color filter 240
may represent one of the primary colors, for example, red
color, green color, and a blue color. According to another
exemplary embodiment, the color filter 240 may represent
one ofa cyan color, a magenta color, a yellow color, or a white
color instead of the red, green, or the blue color.

[0134] One or both of the light blocking member 220 and
the color filter 240 may be disposed in the first panel 100.
[0135] The overcoat 250 is disposed on the color filter 240
and the light blocking member 220. The overcoat 250 may
include an insulator, may be configured to reduce or prevent
the exposure of the color filter 240, and may have a flat
surface. The overcoat 250 may be omitted.

[0136] The common electrode 270 is disposed on the over-
coat 250.
[0137] The second alignment layer 230 is disposed on the

common electrode 270. The first and second alignment layers
130 and 230 may be vertical alignment layers.
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[0138] Although the LCD according to this exemplary
embodiment includes three switching elements and one ref-
erence voltage line in order to provide the first subpixel elec-
trode 191a and the second subpixel electrode 1915 with dif-
ferent voltages, exemplary embodiments of the present
invention are not limited thereto and may adapt other struc-
tures. According to an exemplary embodiment, the first sub-
pixel electrode 191a and the second subpixel electrode 1915
may be supplied with different voltages by providing indi-
vidual data lines.

[0139] An LCD according to another exemplary embodi-
ment is described in detail with reference to with reference to
FIG. 23.

[0140] FIG. 23 is a schematic plan view of a pixel of an
LCD according to another exemplary embodiment.

[0141] Referring to FIG. 23, a pixel PX of a liquid crystal
display (LCD) according to another exemplary embodiment
may be substantially the same as the pixel PX of the LCD
described above with reference to FIG. 1 and FIG. 2, except
for a cutout 91 disposed in a pixel electrode 191. Detailed
description of same elements will be omitted.

[0142] Thecutout 91 extends in the first direction D1 along
aboundary between a first domain Da and a fourth domain Dd
and along a boundary between a second domain Db and a
third domain De.

[0143] The cutout 91 does not meet an edge of the pixel
electrode 191, and a length L1 of the cutout 91 in the first
direction D1 may be smaller than a length of the pixel elec-
trode 191 in the first direction D1. Therefore, the pixel elec-
trode 191 is not divided so that an entire portion of the pixel
electrode 191 is supplied with a switching element.

[0144] In the absence of the cutout 91, liquid crystal mol-
ecules disposed near the boundary of the first domain Da and
the fourth domain Dd may be aligned in the third direction
D3, and liquid crystal molecules disposed near the boundary
of the second domain Db and the third domain D¢ may be
aligned in the fourth direction D4. Therefore, the lateral retar-
dation near the boundary of the first domain Da and the fourth
domain Dd and near the boundary of the second domain Db
and the third domain D¢ may be increased, thereby decreas-
ing visibility.

[0145] The pixel electrode 191 having the cutout 91 as in
this exemplary embodiment generates fringe fields near the
boundary of the first domain Da and the fourth domain Dd and
near the boundary of the second domain Db and the third
domain Dc. The fringe fields may reduce the number of the
molecules aligned in the third direction D3 near the boundary
of the first domain Da and the fourth domain Dd and the
number of the molecules aligned in the fourth direction D4
near the boundary of the second domain Db and the third
domain Dc. Therefore, the lateral retardation may be reduced
to improve the visibility.

[0146] A width W1 of the cutout 91 may be about 2 pm to
about 4.5 um. When the width W1 is in a range from about 2
um to about 4.5 um, the visibility may be improved without
decreasing the transmittance of the pixel PX. When the width
W1 of the cutout 91 is equal to or greater than 6 um, the
strength of the fringe fields may be so high to decrease the
visibility and the transmittance.

[0147] Hereinafter, an LCD according to another exem-
plary embodiment will be described in detail with reference
to FIG. 24.
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[0148] FIG. 24 is a schematic plan view of a pixel and a
light blocking area of an LCD according to another exem-
plary embodiment.
[0149] Referring to FIG. 24, a pixel PX of a liquid crystal
display (LCD) according to another exemplary embodiment
may be substantially the same as the pixel PX of the LCD
described above with reference to FIG. 1 and FIG. 2, except
that head-side edge portions of the pixel electrode 191 in each
of the domains Da, Db, Dc and Dd expand forward in a light
blocking area BM. Detailed description of same elements will
be omitted.
[0150] Referring to FIG. 24, the light blocking area BM
surrounds the pixel PX. The light blocking area BM may not
transmit light, and may include the light blocking member
220 shown in FIG. 21 and FIG. 22. The pixel electrode 191
includes expansions i, j, k and 1 overlapping the light blocking
area BM. The expansions i, j, k and 1 may be formed by
expanding or protruding the head-side edge portions of the
pixel electrode 191 disposed close to the heads of the average
director Aa, Ab, Ac and Ad of the domains Da, Db, D¢ and Dd
toward the light blocking area BM.
[0151] The liquid crystal molecules near edges of the pixel
electrode 191 may be aligned irregularly due to the fringe
fields, which cause textures to be generated along some por-
tions of the edges of the pixel electrode 191, thereby decreas-
ing the transmittance. However, in this exemplary embodi-
ment, the expansions 1, j, k and 1 of the pixel electrode 191
overlap the light blocking area BM, and thus the textures near
the edge regions may be covered by the light blocking area
BM.
[0152] In this exemplary embodiment, cutouts 90 of the
pixel electrode 191 extend along tail-side edge portion of the
domains Da, Db, D¢ and Dd as described above with refer-
ence to FIG. 1 and FIG. 2. The cutouts 90 may cause the
irregular orientations of the liquid crystal molecules in the
edge region to be changed into the average orientation,
thereby increasing light transmittance.
[0153] For example, the head-side edge portion disposed
close to the heads of the average director Aa in the first
domain Da is covered by the light blocking area BM as a
portion of the expansion 1, and the cutout 90 is disposed along
the tail-side edge portion. Similarly, the head-side edge por-
tions disposed close to the heads of the average directors Ab,
Ac and Ad in other domains Db, Dc and Dd are covered by the
light blocking area BM as portions of the expansions j, k and
1, and the cutout 90 is disposed along the tail-side edge por-
tions.
[0154] While this disclosure 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 exemplary embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate;

a second substrate facing the first substrate;

a pixel electrode on the first substrate;

a common electrode on the second substrate;

at least one alignment layer on at least one of the pixel
electrode and the common electrode, the at least one
alignment layer treated by a polarized light; and
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a liquid crystal layer between the pixel electrode and the
common electrode, the liquid crystal layer comprising a
plurality of liquid crystal molecules,

wherein a pixel comprising the pixel electrode comprises a
plurality of domains including a first domain,

the plurality of domains have average orientations of the
liquid crystal molecules different from each other,

the pixel electrode comprises a first opening in the first
domain, and

the first opening extends substantially parallel to a tail-side
edge portion of an edge of the pixel electrode disposed
close to a tail of an average director of the first domain.

2. The liquid crystal display of claim 1, wherein the first
opening has a width equal to or smaller than twice a thickness
of the liquid crystal layer.

3. The liquid crystal display of claim 2, wherein the first
opening is spaced apart from the tail-side edge portion by a
distance equal to smaller than twice the thickness of the liquid
crystal layer.

4. The liquid crystal display of claim 3, wherein the first
opening further extends substantially parallel to an edge of
the pixel electrode substantially perpendicular to the tail-side
edge portion.

5. The liquid crystal display of claim 3, wherein the first
opening comprises:

a first portion that extends substantially parallel to a first
edge of the pixel electrode from a transverse center line
of the pixel electrode; and

a second portion that extends substantially parallel to a
second edge of the pixel electrode from a longitudinal
center line of the pixel electrode,

wherein the first portion and the second portion of the pixel
electrode meet each other near a corner of the pixel
electrode.

6. The liquid crystal display of claim 5, wherein the first
opening is disposed near a first corner of the pixel electrode,
and

the pixel electrode furtherhas a second opening disposed at
a second corner of the pixel electrode opposing the first
corner in a diagonal direction of the pixel electrode.
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7. The liquid crystal display of claim 6, wherein the pixel
electrode further comprises third and fourth openings dis-
posed near third and fourth corners of the pixel electrode,
respectively.

8. The liquid crystal display of claim 1, wherein the pixel
electrode comprises a cutout extending along a transverse
center line of the pixel electrode, and

the cutout has a length in a transverse direction substan-

tially parallel to the transverse center line shorter than a
length of the pixel electrode in the transverse direction.

9. The liquid crystal display of claim 1, wherein an entire
area of the pixel is surrounded by a light blocking area, and

a portion of the edge of the pixel electrode other than the

tail-side edge portion overlaps the light blocking area.

10. A liquid crystal display, comprising;

a first substrate;

a second substrate facing the first substrate;

a pixel electrode on the first substrate;

a common electrode on the second substrate; and

a liquid crystal layer between the pixel electrode and the

common electrode, the liquid crystal layer comprising a
plurality of liquid crystal molecules,

wherein a pixel comprising the pixel electrode is divided

into a plurality of domains, and the plurality of domains
have average orientations of the liquid crystal molecules
different from each other,

a portion of the pixel electrode in at least one of the plu-

rality of domains comprises an opening extending along
a tail-side edge portion of an edge of the pixel electrode
disposed close to a tail of an average director of the at
least one of the plurality of domains,

the pixel electrode has a continuous surface except for the

opening, and

the common electrode has a continuous surface.

11. The liquid crystal display of claim 10, wherein the
opening has a width equal to or smaller than twice a thickness
of the liquid crystal layer.

12. The liquid crystal display of claim 11, wherein the
opening is spaced apart from the tail-side edge portion by a
distance equal to smaller than twice the thickness of the liquid
crystal layer.
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