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(57) ABSTRACT

A liquid crystal display includes a first substrate facing a
second substrate, a liquid crystal layer between the first and
second substrates, a first electrode disposed on the first sub-
strate and being planar, and a second electrode disposed on
the first substrate with branch electrodes overlapping the first
electrode. The branch electrode includes boundary regions
disposed at opposing ends thereof and at least two main
regions disposed between the boundary regions. The main
regions include a first main region adjacent to a second main
region. A first angle, formed by the branch electrode in the
first main region with respect to a first direction, is different
from a second angle formed by the branch electrode in the
second main region with respect to the first direction. A third
angle, formed by the branch electrode in the boundary regions
with respect to the first direction, is larger than the first and
second angles.
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LIQUID CRYSTAL DISPLAY AND EXPOSURE
MASK FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2010-0140621, filed on
Dec. 31, 2010, which is hereby incorporated 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 and an exposure mask for
manufacturing the liquid crystal display.

[0004] 2. Discussion of the Background

[0005] A liquid crystal display is a type of flat panel display
that has become widely used. Liquid crystal displays may
include a liquid crystal layer interposed between two display
panels having field generating electrodes such as a pixel elec-
trode and a common electrode. The liquid crystal display
generates an electric field in the liquid crystal layer by apply-
ing voltage to the field generating electrode. During applica-
tion of the voltage, directions of liquid crystal molecules (i.e.,
the molecular axis alignment) of the liquid crystal layer are
manipulated to control polarization of incident light, thereby
displaying an image. The transmittance of the liquid crystal
display may increase as the degree of control over the liquid
crystal molecules’ alignments within the electric field
increases.

[0006] To control application of the voltage to the pixel
electrodes, each pixel electrode of the liquid crystal display is
connected with a switching element connected to signal lines
such as a gate line and a data line. The switching element may
be a 3-terminal element such as a thin film transistor, and it
transfers a data voltage to the pixel electrode through an
output terminal thereof.

[0007] In the liquid crystal display, the pixel electrode and
the common electrode generate the electric field in the liquid
crystal layer and may be provided on one display panel where
the switching element is formed. The pixel electrode or the
common electrode of the liquid crystal display may include a
plurality of branch electrodes and may be divided into differ-
ent regions in which the inclined angles of the plurality of
branch electrodes are different from each other to improve the
viewing angle of the liquid crystal display by diversifying the
inclined directions of the liquid crystal molecules.

[0008] The above information disclosed in this section is
for enhancement of understanding of the background of the
invention, and it may contain information not in the prior art
or known to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

[0009] Exemplary embodiments of the present invention
provide an increase in the response speed of liquid crystals
while maintaining the transmittance of a liquid crystal dis-
play.

[0010] Exemplary embodiments of the present invention
also provide improvements to the display quality of a liquid
crystal display.

Jul. 5,2012

[0011] Exemplary embodiments of the present invention
further provide a display with electric field generating elec-
trodes that may reduce display textures and may improve the
display quality of a display.

[0012] An exemplary embodiment of the present invention
discloses a liquid crystal display that comprises a first sub-
strate and a second substrate facing each other, a liquid crystal
layer interposed between the first substrate and the second
substrate, a first electrode disposed on the first substrate, the
first electrode being planar, and a second electrode disposed
on the first substrate and comprising a plurality of branch
electrodes overlapping the first electrode. The branch elec-
trode comprises a pair of boundary regions disposed at oppos-
ing ends of the branch electrode, and at least two main regions
disposed between the pair of boundary regions. The at least
two main regions comprise a first main region and a second
main region adjacent to each other. A first angle, formed by
the branch electrode in the first main region with respect to a
first direction, is different from a second angle formed by the
branch electrode in the second main region with respect to the
first direction, and a third angle, formed by the branch elec-
trode in the pair of boundary regions with respect to the first
direction, is larger than the first angle and the second angle.

[0013] An exemplary embodiment of the present invention
also discloses a liquid crystal display that comprises a first
substrate and a second substrate facing each other, a liquid
crystal layer interposed between the first substrate and the
second substrate, a first electrode disposed on the first sub-
strate, and a second electrode disposed on the first substrate
and comprising a plurality of branch electrodes overlapping
the first electrode. The branch electrode comprises a pair of
boundary regions dispsed at opposing ends of the branch
electrode and at least two main regions disposed between the
pair of boundary regions. The at least two main regions com-
prise a first main region and a second main region adjacent to
each other. A first angle, formed by the branch electrode in the
first main region with respect to a first direction, is different
from a second angle formed by the branch electrode in the
second main region with respect to the first direction, and a
length of each of the pair of boundary regions in the first
direction is less than or equal to 10 pm.

[0014] An exemplary embodiment of the present invention
additionally discloses a liquid crystal display that comprises
a first substrate and a second substrate facing each other, a
liquid crystal layer interposed between the first substrate and
the second substrate, a first electrode disposed on the first
substrate, and a second electrode disposed on the first sub-
strate and comprising a plurality of branch electrodes over-
lapping the first electrode. The branch electrode comprises a
pair of boundary regions disposed at opposing ends of the
branch electrode and a main region disposed between the pair
of boundary regions. Angles, formed by the plurality of
branch electrodes with a first direction in the main region,
gradually increase from a reference line parallel to the first
direction. A largest angle, among the angles in the main
region, is a first angle, and a second angle, formed by the
branch electrode in the pair of boundary regions with the first
direction, is larger than the first angle.

[0015] An exemplary embodiment of the present invention
also discloses an exposure mask to form a second electrode in
manufacturing a liquid crystal display comprising a first elec-
trode disposed on a first substrate between the first substrate
and a second substrate facing the first substrate with a liquid
crystal layer interposed between the first and second sub-
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strates. The second electrode comprises a plurality of branch
electrodes overlapping the first electrode. The exposure mask
comprises a first part corresponding to a space between two
adjacent branch electrodes among the plurality of branch
electrodes of the second field generating electrode and a
second part connected to a vertex of a corner of an acute angle
among corners of the first part and comprising four straight
sides.

[0016] Itistobeunderstood 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

[0017] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0018] FIG. 1 shows a layout view of one pixel of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0019] FIG. 2 and FIG. 3 are cross-sectional views of the
liquid crystal display taken along lines II-IT and III-III of FIG.
1, respectively.

[0020] FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG. 8, FIG. 9, and
FIG. 10 are plan views showing a common electrode of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0021] FIG. 11 and FIG. 12 are cross-sectional views of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0022] FIG. 13 is a diagram showing an exposure mask
used to form a pixel electrode or a common electrode of a
liquid crystal display according to an exemplary embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0023] The invention is described more fully hereinafter
with reference to the accompanying drawings in which
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 embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure is thorough and will fully convey the scope of the inven-
tion to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated for
clarity Like reference numerals in the drawings denote like
elements.

[0024] It will be understood that when an element or layer
is referred to as being “on,” “connected to,” or “coupled to”
another element or layer, it can be directly on, directly con-
nected to, directly coupled 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,”
“directly connected to,” or “directly coupled to” another ele-
ment or layer, there are no intervening elements or layers
present. First, a liquid crystal display according to an exem-
plary embodiment of the present invention will be described
with reference to FIGS. 1 to 5.

[0025] FIG.1isalayoutview of one pixel of aliquid crystal
display according to an exemplary embodiment of the present
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invention. FIG. 2 and FIG. 3 are cross-sectional views of the
liquid crystal display taken along lines II-1T and ITI-I1I of FIG.
1, respectively. FIG. 4 is a plan view showing a common
electrode of the liquid crystal display shown in FIG. 1, and
FIG. 5 is a plan view showing a common electrode of a liquid
crystal display according to another exemplary embodiment
of the present invention.

[0026] A liquid crystal display according to an exemplary
embodiment of the present invention includes a lower panel
100, an upper panel 200, and a liquid crystal layer 3 inter-
posed between the lower and upper panels 100 and 200.
[0027] First, the upper panel 200 will be described. A light
blocking member 220 and color filters 230 are formed on an
insulating substrate 210. The light blocking member 220
defines an opening area that transmits light. Most of the color
filers 230 are provided within an area surrounded by the light
blocking member 220, and each color filter 230 may display
aprimary color such as red, green, and blue. An overcoat 250
may be formed on the light blocking member 220 and the
color filters 230.

[0028] The liquid crystal layer 3 interposed between the
lower panel 100 and the upper panel 200 includes liquid
crystal molecules 31. When an electric field is not applied
across the liquid crystal layer 3, the liquid crystal molecules
31 may be aligned so that the long axis thereof is horizontal to
the surfaces of the two panels 100 and 200.

[0029] Hereinafter, the lower display panel 100 will be
described.
[0030] A plurality of gate conductors including a plurality

of gate lines 121 and a plurality of common voltage lines 125
are formed on the insulating substrate 110.

[0031] The gate lines 121 transfer gate signals and extend
substantially in a horizontal direction. Each gate line 121
includes a plurality of gate electrodes 124 that protrude from
the gate line 121.

[0032] The common voltage line 125 transfers a voltage
such as common voltage Vcom, extend substantially in the
horizontal direction, and may be substantially parallel to the
gate lines 121. Each common voltage line 125 may include a
plurality of extension portions 126.

[0033] A gate insulating layer 140 is formed on the gate
conductors 121 and 125. The gate insulating layer 140 may be
made of an inorganic insulating material such as silicon
nitride (SiNx) or silicon oxide (SiOx).

[0034] A plurality of stripe-type semiconductors (not
shown) may be formed on the gate insulating layer 140. The
stripe-type semiconductors may extend substantially in a ver-
tical direction, and a plurality of semiconductor protruding
portions 154 may extend toward the gate electrode 124 there-
from.

[0035] A plurality of stripe-type ohmic contacts (not
shown) and a plurality of island ohmic contacts 165 may be
formed on the stripe-type semiconductors. The stripe-type
ohmic contacts have a plurality of protruding portions 163
extending toward the gate electrode 124, and the protruding
portions 163 and the island ohmic contacts 165 form a pair
that face each other around the gate electrode 124 on the
semiconductor protruding portions 154. The ohmic contacts
163 and 165 may be made of a material such as n+ hydroge-
nated amorphous silicon that may be doped with n-type impu-
rities such as phosphorus with high concentration or silicide.
[0036] A data conductor including a plurality of data lines
171 and a plurality of drain electrodes 175 are formed on the
ohmic contacts 163 and 165.
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[0037] The data lines 171 transfer data signals and extend
substantially in a vertical direction to cross the gate lines 121
and the common voltage lines 125. Data line 171 includes a
plurality of source electrodes 173 extending toward the gate
electrode 124.

[0038] The drain electrode 175 includes a bar-shaped end
facing the source electrode 173 positioned above the gate
electrode 124 and another end having a larger area.

[0039] The gate electrode 124, the source electrode 173, the
drain electrode 175 and the semiconductor protruding portion
154 form a thin film transistor (TFT) Q as a switching ele-
ment. The stripe-type semiconductor may have substantially
the same planar shape as the data line 171, the drain electrode
175, and the ohmic contacts 163 and 165 on the bottom
thereof, except for the semiconductor protruding portion 154
at which the thin film transistor is positioned.

[0040] A pixel electrode 191 is formed on the data conduc-
tors 171 and 175 and the exposed semiconductor protruding
portion 154. The pixel electrode 191 may be made of a trans-
parent conductive material such as ITO, IZO, or the like.
[0041] The pixel electrode 191 is positioned just above the
drain electrode 175 of the thin film transistor Q to directly
contact the drain electrode 175 while covering a part of the
drain electrode 175 and includes a part contacting the gate
insulating layer 140. The pixel electrode 191 receives data
voltage from the drain electrode 175.

[0042] The pixel electrode 191 may be planar and may fill
most of the region bounded by the gate line 121 and the data
line 171. The overall shape of the pixel electrode 191 may be
a rectangle with its sides substantially parallel to the gate line
121 and the data line 171. The edges nearest the pixel elec-
trode’s thin film transistor Q may be chamfered as shown in
FIG. 1, but the shape thereof is not limited thereto.

[0043] A passivation layer 180 is formed on the pixel elec-
trode 191, the data conductors 171 and 175, and the exposed
semiconductor protruding portion 154. The passivation layer
180 may be made of an inorganic or an organic insulating
material. A plurality of contact holes 181 exposing a part of
the common voltage line 125, e.g., a part of the extension
portion 126, is formed on the passivation layer 180 and the
gate insulating layer 140.

[0044] A plurality of common electrodes 131 are formed on
the passivation layer 180. The common electrode 131 may be
made of a transparent conductive material such as ITO, IZO,
or the like.

[0045] Referring to FIG. 4, each common electrode 131
includes a first outer stem portion 1324, a second outer stem
portion 1325, and a plurality of branch electrodes 133 posi-
tioned between the first outer stem portion 132a and the
second outer stem portion 1325.

[0046] The first outer stem portion 132a and the second
outer stem portion 1325 extend substantially in a vertical
direction and extend substantially parallel to the dataline 171.
Additionally, the first outer stem portion 132« or the second
outer stem portion 1325 may be omitted.

[0047] The branch electrode 133 extends from the first
outer stem portion 132a to the second outer stem portion
13254, and both sides of the branch electrode 133 form an
oblique angle with respect to a horizontal direction, i.e., the
direction that gate lines 121 substantially extend. The direc-
tion in which the sides of the branch electrode 133 extend is
referred to as a direction in which the branch electrode 133
extends or a direction of the branch electrode 133. Further, a
direction in which the gate lines 121 substantially extend, i.e.,
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the horizontal direction in FIG. 1 is referred to as a first
direction Dirl. When an angle is designated, it is an acute
angle rather than an obtuse angle.

[0048] The branch electrode 133 includes a pair of bound-
ary regions ESA that may be directly adjacent to the first and
second outer stem portions 132a and 1325 and a main region
MSA positioned between the pair of boundary regons ESA.

[0049] The width or length D1 ofthe boundary region ESA
in the first direction Dirt may be greater than or equal to the
spatial resolution of a light exposer used to form the common
electrode 131 and may be equal to or less than 10 um. Further,
in the boundary region ESA, angles A1 and A4 that the branch
electrode 133 forms with the first direction Dirl may be equal
to or greater than 15° and equal to or less than 30°. Two angles
A1l and A4 in the pair of boundary regions ESA may be the
same as or different than each other.

[0050] Without the boundary regions ESA, the liquid crys-
tal molecules 31 in an outer boundary area of the main region
MSA, that is in the vicinity of the first and second outer stem
portions 132 and 1325, may be apt to counter-twist to align
away from the alignment in the main region MSA close to the
first direction Dirl. Accordingly, such coutner-twistedly
aligned liquid crystal molecules 31 may affect the liquid
crystal molecules 31 in the main region MSA and texture may
be generated. By forming boundary regions ESA according to
the present exemplary embodiment, however, the alignment
of the liquid crystal molecules of the liquid crystal layer 3
may be controlled at a boundary portion of the common
electrode 131, and the control may prevent neighboring
ensembles of liquid crystal molecules from forming counter-
twisted alignments so that texture generation may be pre-
vented.

[0051] The main region MSA may be divided into a plural-
ity of regions according to an angle at which the branch
electrode 133 forms with respect to the first direction Dirl.
For example, the main region MSA may be divided into two
regions. In the exemplary embodiment shown in FIG. 1, FIG.
2,FIG. 3,FIG. 4, and FIG. 5, the main region MSA is divided
into a first main region MSA1 and a second main region
MSAZ2 with the boundary being a virtual vertical central line
CT2 of the common electrode 131. In the exemplary embodi-
ment shown in FIG. 4, an angle A2 at which the first main
region MSA1 forms with the first direction Dirl is less than an
angle A3 at which the second main region MSA2 forms with
the first direction Dirl. For example, the angle A2 may be
greater than 0° and less than 10°, and the angle A3 may be
greater than 10° and less than 15°. In another exemplary
embodiment, the common electrode 131 may have a structure
shown by the exemplary embodiment in FIG. 5. That is, the
angle A2 at which the first main region MSA1 forms with the
first direction Dirl may be larger than the angle A3 at which
the second main region MSA2 forms with the first direction
Dirl. For example, the angle A2 may be greater than 10° and
less than 15°, and the angle A3 may be greater than 0° and less
than 10°.

[0052] Unlike the exemplary embodiment shown in FIG. 1,
FIG.2,FIG. 3,FIG. 4, and FIG. 5, the main region MSA ofthe
common electrode 131 may be divided into three or more
regions having at least three different angles at which the
branch electrodes 133 forms with the first direction Dirl, and
the boundaries between neighboring regions of the three or
more regions may be substantially parallel to the longitudinal
direction. In this case, the angle formed by the branch elec-
trode 133 in the three or more regions with respect to the first
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direction Dirl may gradually vary in the three or more con-
secutive regions. That is, the angle at which the first direction
Dirl forms with the branch electrode 133 may gradually
increase or decrease according to the order of the dispositions
of the regions.

[0053] Meanwhile, the common electrode 131 is divided
into two or more domains according to a slant direction (up-
ward or downward) of the branch electrodes 133 with respect
to the first direction Dirl. In the exemplary embodiment
shown in FIG. 1, FIG. 2, FIG. 3, FIG. 4, and FIG. 5, the
common electrode 131 is divided into a first domain R1 and a
second domain R2. The boundary between the first domain
R1 and the second domain R2 may be the virtual horizontal
central line CT1 of the common electrode 131 as shown in
FIG. 4 and FIG. 5. The branch electrode 133 of the first
domain R1 extends downward with respect to the first direc-
tion Dirl, and the branch electrode 133 of the second domain
R2 extends upward with respect to the first direction Dirl.
The common electrode 131 may be symmetric with respect to
the virtual horizontal central line CT1. As described above, by
dividing the common electrode 131 into a plurality of
domains where the branch electrodes 133 have different slant
directions, the inclination directions of the liquid crystal mol-
ecules 31 of the liquid crystal layer 3 may be diversified to
increase a reference viewing angle of the liquid crystal dis-
play.

[0054] The common electrode 131 receives a predeter-
mined voltage such as common voltage Vcom from the com-
mon voltage line 125 through the contact hole 181.

[0055] Referring again to FIG. 2 and FIG. 3, alignment
layers 11 and 21 are applied to the inner surfaces of lower and
upper panels 100 and 200, and the alignment layers 11 and 21
may be horizontal alignment layers. In the exemplary
embodiment of FIG. 4 and FIG. 5, the alignment directions of
the alignment layers 11 and 21 may be parallel to the first
direction Dirl. As a result, the liquid crystal molecules 31 of
the liquid crystal layer 3 may be initially aligned substantially
parallel to the first direction Dirl.

[0056] The pixel electrode 191 receives the data voltage
through the thin film transistor Q, and the common electrode
131 receives the common voltage Vcom. Under these condi-
tions, an electric field is generated in the liquid crystal layer 3
by the two field generating electrodes 191 and 131 to deter-
mine directions of the liquid crystal molecules 31 of the liquid
crystal layer3, and an image is displayed. In particular, since
the pixel electrode 191 has substantially the same planar
shape in a display region which is bounded by the data line
171 and the gate line 121, the directions of the liquid crystal
molecules 31 can be controlled in almost all display regions
other than a portion in the vicinity of the central line CT2
bisecting the branch electrode 133 of the common electrode
131 in its extending direction by the electric field indicated by
the arrow in FIG. 3, and thus, the transmittance of the liquid
crystal display may be improved.

[0057] As described in the exemplary embodiment of the
present invention, by forming a plurality of regions having
different angles at which the branch electrode 133 of the
common electrode 131 forms with the first direction Dirl in
which the gate line 121 extends, it is possible to maximize the
response speed of the liquid crystal molecules 31 while
improving the transmittance of the liquid crystal display. For
example, in a region (the second main region MSA2 of FIG.
4, the second main region MSA2 of FIG. 5) in which an angle
at which the branch electrode 133 forms with the first direc-
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tion Dirl is relatively small, the transmittance is relatively
high, and in a region (the first main region MSA1 of FIG. 4,
the first main region MSA1 of FIG. 5) in which an angle at
which the branch electrode 131 forms with the first direction
Dirl is relatively large, the response speed of the liquid crys-
tal molecules is relatively large. Accordingly, when the angles
A2 and A3 at which the branch electrode 133 is inclined are
appropriately controlled, the transmittance and the response
speed of the liquid crystal display may both be high.

[0058] Also, the boundary region ESA of the branch elec-
trode 133 that is smaller than the main region MSA may
reduce textures that are generated when the liquid crystal
molecules have opposing orientations due to not being con-
trolled near boundary portions of the common electrode 131
and the pixel electrode 191.

[0059] Next, referring to FIG. 6 and FIG. 1, FIG. 2, and
FIG. 3, a liquid crystal display according to another exem-
plary embodiment of the present invention will be described.
The same reference numerals refer to the same elements as
the elements in the previous exemplary embodiment so that
duplicated description may be omitted.

[0060] FIG. 6 is a plan view showing a common electrode
of'aliquid crystal display according to an exemplary embodi-
ment of the present invention.

[0061] The liquid crystal display according to the present
exemplary embodiment is substantially the same as the exem-
plary embodiment shown in FIG. 1, FIG. 2, and FIG. 3.

[0062] Thecommon electrode 131 according to the present
exemplary embodiment shown in FIG. 6 includes a first outer
stem portion 1324, a second outer stem portion 1324, and a
plurality of branch electrodes 133 positioned therebetween.

[0063] The first outer stem portion 132a¢ and the second
outer stem portion 1325 extend substantially in a vertical
direction and extend substantially parallel to the data line 171.
The branch electrodes 133 extend to the second outer stem
portion 1325 from the first outer stem portion 1324a. The first
outer stem portion 1324 or the second outer stem portion 1326
may be omitted.

[0064] Inthe present exemplary embodiment, the plurality
of branch electrodes 133 are divided into a pair of boundary
regions ESA adjacent to the first and second outer stem por-
tions 132a and 1326 and a main region MSA positioned
therebetween. Since features of the boundary regions ESA
are substantially the same as previous exemplary embodi-
ments described above, detailed descriptions thereof may be
omitted.

[0065] The angle at which the branch electrode 133 forms
with the first direction Dir1 in the main region MSA gradually
varies from a reference line, e.g., virtual horizontal central
line CT1. With the virtual horizontal central line CT1 as the
reference line as shown in FIG. 6, the branch electrode 133
positioned at the reference line forms 0° with the first direc-
tion Dirl, and angles Ag(k) (k=1, . . ., n) at which the branch
electrodes 133 form with the first direction Dirl may increase
by a predetermined angle going upward or downwards from
the reference line CT1. Herein, n indicates the number of the
branch electrodes 133 positioned above or below the virtual
horizontal central line CT1. The angle Ag(n) formed by the
uppermost branch electrode 133 or the lowermost branch
electrode 133 with respect to the first direction Dirl may be
less than 15°. Therefore, a difference, which may be uniform,
between angles at which adjacent branch electrodes 133 form
with the first direction Dirl may be smaller than 15/n.
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[0066] Meanwhile, the width EW of each of the branch
electrodes 133 may be constant in the main region MSA, but
the gap SW between adjacent branch electrodes 133 may vary
by widening the gap SW proceeding from a left-to-right
direction in FIG. 6.

[0067] Meanwhile, the common electrode 131 is divided
into two or more domains according to a slant direction (up-
ward or downward) in which the branch electrodes 133 are
inclined with respect to the first direction Dirl. In the exem-
plary embodiment shown in FIG. 6, the common electrode
131 is divided into a first domain R1 and a second domain R2.
A boundary between the first domain R1 and the second
domain R2 may be the virtual horizontal central line CT1 of
the common electrode 131. The branch electrode 133 of the
first domain R1 extends downwards with respect to the first
direction Dirl, and the branch electrode 133 of the second
domain R2 extends upwards with respect to the first direction
Dirl. The common electrode 131 may be symmetric about the
virtual horizontal central line CT1.

[0068] As described in the present exemplary embodiment,
when the angles at which the branch electrodes 133 of the
common electrode 131 form with the first direction Dirl
gradually vary from the reference line such as the virtual
horizontal central line CT1, the inclination directions of the
liquid crystal molecules 31 in the vicinity of the reference line
continuously vary. Therefore, texture such as a dark line may
disappear. In detail, in the exemplary embodiment shown in
FIG. 6, the inclination directions of the liquid crystal mol-
ecules 31 are continuous in a boundary region between the
two domains R1 and R2 in which the slant directions of the
branch electrodes 133 are opposite to each other with the
virtual horizontal central line CT1 as a reference line, and as
a result, the boundary between the two domains R1 and R2
may substantially disappear. Accordingly, it is possible to
reduce a display deterioration such as a dark line generated
when light cannot transmit at the boundary of the two
domains R1 and R2.

[0069] Further, since the angles Ag(k) at which the branch
electrodes 133 form with the first direction Dirl vary over the
whole common electrode 131, it may be possible to further
improve the response speed of the liquid crystal molecules
while improving the transmittance of the liquid crystal dis-
play.

[0070] Next, referring to FIG. 7 and FIG. 1, FIG. 2, and
FIG. 3, a liquid crystal display according to another exem-
plary embodiment of the present invention will be described.
The same reference numerals refer to the same elements as
the elements in the previous exemplary embodiment so
repeated descriptions may be omitted.

[0071] FIG. 7 is a plan view showing a common electrode
of a liquid crystal display according to an exemplary embodi-
ment of the present invention.

[0072] The liquid crystal display according to the present
exemplary embodiment is substantially the same as the exem-
plary embodiment shown in FIG. 1, FIG. 2, and FIG. 3, except
for the structure of the common electrode 131 of FIG. 7.

[0073] The common electrode 131 according to the exem-
plary embodiment shown in FIG. 7 includes a left outer stem
portion 1344, a right outer stem portion 1345, a lower outer
stem portion 1354, an upper outer stem portion 1355, and a
plurality of branch electrodes 136 positioned in a region
surrounded by outer stem portions 134a, 134b, 1354, and
1356b.

Jul. 5,2012

[0074] Four outer stem portions 134a, 134b, 1354, and
1355 form a rectangular shape. However, the shape of the
common electrode 131 is not limited thereto, and the left
outer stem portion 134 and the right outer stem portion 1345
may be omitted. Also, the lower outer stem portion 135a or
the upper outer stem portion 13556 may be omitted.

[0075] Thebranch electrodes 136 extend to the upper outer
stem portion 1355 from the lower outer stem portion 135a. In
the exemplary embodiment, the plurality of branch electrodes
136 are divided into a pair of boundary regions ESA1 adja-
cent to the lower and upper outer stem portions 1354 and 1356
and a main region (MSA4, MSAS, MSA6, MSA7) positioned
therebetween.

[0076] The width D2 of the boundary region ESA1 may be
equal to or greater than the spatial resolution of a light exposer
used to form the common electrode 131 and equal to or less
than 10 pm. Further, in the boundary region ESA1, angles B1
and B4 at which the branch electrodes 136 form with a second
direction Dir2 perpendicular to the first direction Dirl may
range from 15° to 30°. The two angles B1 and B4 of the pair
of' boundary regions ESA1 may be he same as each other but
may be different from each other. Various features and effects
of'the boundary region ESA of the exemplary embodiment of
FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, and FIG. 6 described
above may be applied to the boundary region ESA1 according
to the exemplary embodiment of the present invention.

[0077] The main region (MSA4, MSAS, MSA6, MSA7) is
divided into a plurality of regions according to that angle at
which the branch electroded 136 forms with the second direc-
tion Dir2. Referring to FIG. 7, the main region (MSA4,
MSAS5, MSA6, MSA7) is divided into two regions with
respect to the virtual horizontal central line CT1 of the com-
mon electrode 131, and each region is again divided into a
first main region MSA4, a second main region MSAS, a third
main region MSA6, and a fourth main region MSA7. An
angle B2 at which the first main region MSA4 and the fourth
main region MSA7 form with the second direction Dir2 may
be greater than 0° and less than 10°, and an angle B3 at which
the second main region MSAS and the third main region
MSAG6 form with the second direction Dir2 may be greater
than 10° and less than 15°. However, the manitudes of the
angles B2 and B3 may be reversed.

[0078] The common electrode 131 is divided into a first
domain R1 and a second domain R2 with respect to the virtual
horizontal central line CT1. The branch electrode 136 of the
first domain R1 extends downwards with respect to the first
direction Dirl, and the branch electrode 136 of the second
domain R2 extends upwards with respect to the first direction
Dirl. The common electrode 131 may be symmetric with
respect to the virtual horizontal central line CT1.

[0079] Various features of the common electrode 131
according to above-described exemplary embodiments may
be applied to the common electrode 131 of the liquid crystal
display according to the present exemplary embodiment.
[0080] Hereinafter, a liquid crystal display according to
another exemplary embodiment of the present invention will
be described with reference to FIG. 8, FIG. 9, and FIG. 10.
The same reference numerals refer to the same elements as
the elements in the previous exemplary embodiments so
repeated descriptions may be omitted.

[0081] FIG. 8, FIG.9, and FIG. 10 are plan views showing
acommon electrode of a liquid crystal display according to an
exemplary embodiment of the present invention.
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[0082] Although not shown in the figures, the liquid crystal
display according to the exemplary embodiment is substan-
tially the same as the liquid crystal display shown in FIG. 1,
FIG. 2, FIG. 3, FIG. 4, FIG. 5, and FIG. 6. However, the pixel
electrode 191 and the common electrode 131 have a rectan-
gular shape with a horizontal major axis instead of a vertically
major axis as in previous exemplary embodiments. The com-
mon electrode 131 according to the exemplary embodiment
shown inFIG. 8, F1G. 9, and FIG. 10 has the same structure as
a structure in which the common electrode 131 shown in FIG.
4, FIG. 5, and FIG. 6, except the present embodiment is
rotated clockwise by 90°. Therefore, repeated descriptions
may be omitted.

[0083] However, in the exemplary embodiment, an align-
ment direction of an alignment layer (not shown) may be a
vertical direction, i.e., a second direction Dir2 close to a
direction in which a branch electrode 133 extends. In addi-
tion, although “CT1” and “CT2” represented the virtual hori-
zontal central line and the virtual vertical central line of the
common electrode 131, respectively in the exemplary
embodiment of FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, and
FIG. 6 above, “CT1” and “CT2” represent the virtual vertical
central line and the virtual horizontal central line of the com-
mon electrode 131, respectively in the present exemplary
embodiment. Further, the reference direction for describing
an inclination angle of the branch electrode 133 is the second
direction Dir2 perpendicular to the first direction Dirl. In the
present exemplary embodiment, the second direction Dir2 is
substantially parallel to a direction in which the plurality of
data lines 171 extend. Additional terms associated with the
features that are affected by rotating the exemplary embodi-
ment shown in FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, and FIG.
6 to achieve the present exemplary embodiment may be
appropriately changed.

[0084] Next, referring to FIG. 1, FIG. 2, FIG. 3, FIG. 11,
and FIG. 12, a liquid crystal display according to another
exemplary embodiment of the present invention will be
described.

[0085] FIG. 11 and FIG. 12 are cross-sectional views of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0086] Referring to FIG. 11, the exemplary embodiment is
substantially the same as the exemplary embodiment of FIG.
1, FIG. 2, and FIG. 3 described above, but the pixel electrode
191 is positioned directly above the substrate 110 with a gate
insulating layer 140 positioned on the pixel electrode (FIG.
11). In this case, the pixel electrode 191 may receive data
voltage from the thin film transistor through a contact hole
(not shown) formed on the gate insulating layer 140. Further,
referring to FIG. 12, the exemplary embodiment is substan-
tially the same as the exemplary embodiment of FIG. 1, FIG.
2, and FIG. 3, but a first passivation layer 180a is positioned
on the drain electrode 175, and the pixel electrode 191 is
positioned thereon. The pixel electrode 191 may receive data
voltage from the drain electrode 175 through a contact hole
(not shown) formed on the first passivation layer 180a. The
common electrode 131 may be positioned on a second passi-
vation layer 1805 formed on the pixel electrode 191.

[0087] In the exemplary embodiment described up to now,
the common electrode 131 is positioned on the planar pixel
electrode 191 with respect to the substrate 110, and the com-
mon electrode 131 has the plurality of branch electrodes 133
and 136. In another exemplary embodiment, the pixel elec-
trode having the plurality of branch electrodes may be posi-
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tioned on the planar common electrode. In this case, the
features of the common electrode in several exemplary
embodiments described above may be applied to the pixel
electrode. Here also, the common electrode receiving the
common voltage and the pixel electrode receiving the data
voltage form an electric field through the liquid crystal layer
3 to control the inclined directions of the liquid crystal mol-
ecules 31.

[0088] Hereinafter, a method of manufacturing a lower
panel of a liquid crystal display according to an exemplary
embodiment according to an exemplary embodiment of the
present invention will be described with reference to FIG. 13
in addition to FIG. 1, FIG. 2, and FIG. 3 described above.

[0089] FIG. 13 is a diagram showing an exposure mask
used to form a pixel electrode or a common electrode of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0090] First, the plurality of gate conductors 121 and 125
including the plurality of gate lines 121 with gate electrodes
124 and the plurality of common voltage lines 125 with
extension portions 126 are formed on the insulating substrate
110, and the gate insulating layer 140 is disposed thereon.
Next, the semiconductors 154, the ohmic contacts 163 and
165, and the data lines 171 including the source electrodes
173, and the drain electrodes 175 are formed on the gate
insulating layer 140. Next, a transparent conductive material
such as ITO, IZO, or the like is laminated and etched on the
data lines 171 and the drain electrodes 175 to form the plu-
rality of planar pixel electrodes 191. Next, the passivation
layer 180 is formed on the pixel electrode 191 by laminating
an inorgain or organic insulating material, and the contact
hole 181 is formed.

[0091] Next, the transparent conductive material such as
ITO,1Z0, or the like is laminated on the passivation layer 180
and a photoresist film is applied. Subsequently, a photoresist
film pattern is formed by exposing the photoresist film
through an exposure mask.

[0092] When the photoresist film has positive photosensi-
tivity in which a part to which light is irradiated is removed,
the exposure mask of portions corresponding to the first outer
stem portion 132a, the second outer stem portion 1325, and
the plurality of branch electrodes 133 of the common elec-
trode 131 may be opaque and the rest of the portions may be
transparent.

[0093] Referring to FIG. 13, a first opaque portion Ma2,
which is the opaque portion of the exposure mask, substan-
tially corresponds to the first and second outer stem portions
1324 and 1325 of the common electrode 131, and a second
opaque portion Ma3 corresponds to the branch electrode 133
of the common electrode 131. The transparent portion of the
exposure mask includes a first transparent portion Oal and a
second transparent portion Oa2.

[0094] The first transparent portion Oal corresponds to the
space between two adjacent branch electrodes 133 among the
plurality of branch electrodes of the common electrode 131,
and the second transparent portion Oa2 is connected to a
vertex of a corner forming an acute angle among corners of
the first transparent portion Oal. That is, the second transpar-
ent portion Oa2 is connected to a corner having the acute
angle among the angles formed by the first opaque portion
Ma2 and the second opaque portion Ma3.

[0095] The second transparent portion Oa2 has four
straight boundary sides, and adjacent sides form substantially
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right angles. The shape of the second transparent portion Oa2
may be a rectangle without one corner or may be a square.
[0096] The size of the second transparent portion Oa2 may
be beyond the resolution limit of the light exposer. Among the
boundary sides of the second transparent portion Oa2, a hori-
zontal length L1 or a vertical length L2 of a side that is not
connected with the first transparent portion Oal may be
greater than or equal to 2 um and less than the resolution (e.g.,
4 um) of the light exposer. Further, a horizontal length L3 or
a vertical length .4 of a side connected with the first trans-
parent portion Oal among the boundary sides of the second
transparent portion Oa2 may be greater than or equal to 1.5
pum and less than 3.0 pm.

[0097] Since the size of the second transparent portion Oa2
is beyond the resolution limit of the light exposer, the pat-
terned photoresist film does not actually have a portion hav-
ing the same shape as the second transparent portion Oa2.
Rather, by forming the second transparent portion Oa2 having
a size smaller than the resolution of the light exposer, and
located at a corner where a portion of the exposure mask
corresponding to the branch electrode 133 and a portion of the
exposure mask corresponding to the outerstem portions 132a
and 1325 meet forming an acute angle as described above, the
eventually patterned corner formed by the branch electrode
133 and the outer stem portions 132a and 1325 of the com-
mon electrode 131 may be sharp instead of blunt. Accord-
ingly, the corners of the space between the branch electrodes
133 may be sharp in a target degree near the boundary region
ESA of the common electrode 131. As a result of the sharp
corners, the liquid crystal molecules can be effectively con-
trolled in the vicinity of the boundary region of the common
electrode 131 so that texture may be reduced, thereby improv-
ing the display quality of the liquid crystal display.

[0098] Inthecasein whichthe photoresist film has negative
photosensitivity in which a portion to which light is not irra-
diated is removed, the transparency of the exposure mask
shown in FIG. 13 may be reversed. Thus, the transparency of
the second transparent portion Oa2 should be opaque when
the photoresist film has negative photosensitivity.

[0099] Next, a transparent conductive material layer is
etched by using the photoresist film pattern as a mask to
thereby form a plurality of common electrodes 131.

[0100] Inthe exemplary embodiment, the exposure mask is
used to form the common electrode 131 including the branch
electrodes 133, but exemplary embodiments are not limited
thereto. That is, even in the exemplary embodiment in which
the common electrode has a planar form and the pixel elec-
trode includes the plurality of branch electrodes, the exposure
mask described above can be used to form the plurality of
branch electrodes of the pixel electrode.

[0101] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate and a second substrate facing each other;

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

a first electrode disposed on the first substrate, the first
electrode having a planar shape; and
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a second electrode disposed on the first substrate and com-
prising a plurality of branch electrodes overlapping the
first electrode,

wherein a branch electrode of the plurality of branch elec-
trodes comprises:

a pair of boundary regions disposed at opposing ends of
the branch electrode; and

at least two main regions disposed between the pair of
boundary regions, the at least two main regions com-
prise a first main region and a second main region
adjacent to each other,

wherein a first angle, formed by the branch electrode in the
first main region with respect to a first direction, is dif-
ferent from a second angle formed by the branch elec-
trode in the second main region with respect to the first
direction, and a third angle, formed by the branch elec-
trode in the pair of boundary regions with respect to the
first direction, is greater than the first angle and the
second angle.

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

angle ranges from 15° to 30°.

3. The liquid crystal display of claim 2, wherein the first
angle is greater than 0° and less than 10°, and the second angle
is greater than 10° and less than 15°.

4. The liquid crystal display of claim 3, wherein a length of
each of the pair of boundary regions in the first direction is
less than or equal to 10 pm.

5. The liquid crystal display of claim 4, further comprising
a gate line extending in the first direction.

6. The liquid crystal display of claim 4, further comprising
a data line extending in the first direction.

7. The liquid crystal display of claim 1, wherein the first
angle is greater than 0° and less than 10°, and the second angle
is greater than 10° and less than 15°.

8. The liquid crystal display of claim 1, wherein a length of
each of the pair of boundary regions in the first direction is
less than or equal to 10 pm.

9. The liquid crystal display of claim 1, further comprising
a gate line extending in the first direction.

10. The liquid crystal display of claim 1, further compris-
ing a data line extending in the first direction.

11. A liquid crystal display, comprising:

a first substrate and a second substrate facing each other;

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

a first electrode disposed on the first substrate, the first
electrode having a planar shape; and

a second electrode disposed on the first substrate and com-
prising a plurality of branch electrodes overlapping the
first electrode,

wherein a branch electrode of the plurality of branch elec-
trodes comprises:

a pair of boundary regions disposed at opposing ends of
the branch electrode; and

at least two main regions disposed between the pair of
boundary regions, the at least two main regions com-
prising a first main region and a second main region
adjacent to each other,

wherein a first angle, formed by the branch electrode in the
first main region with respect to a first direction, is dif-
ferent from a second angle formed by the branch elec-
trode in the second main region with respect to the first
direction, and
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a length of each of the pair of boundary regions in the first
direction is less than or equal to 10 um.

12. The liquid crystal display of claim 11, wherein a third
angle, formed by the branch electrode in the pair of boundary
regions with the respect to the first direction, is greater than
the first angle and the second angle.

13. The liquid crystal display of claim 12, wherein the third
angle ranges from 15° to 30°.

14. The liquid crystal display of claim 13, wherein the first
angle is greater than 0° and less than 10°, and the second angle
is greater than 10° and less than 15°.

15. The liquid crystal display of claim 14, further compris-
ing a gate line extending in the first direction.

16. A liquid crystal display, comprising:

a first substrate and a second substrate facing each other;

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

a first electrode disposed on the first substrate, the first
electrode having a planar shape; and

a second electrode disposed on the first substrate and com-
prising a plurality of branch electrodes overlapping the
first electrode,

wherein a branch electrode of the plurality of branch elec-
trodes comprises:

a pair of boundary regions disposed at opposing ends of
each branch electrode; and

a main region disposed between the pair of boundary
regions,

angles, formed by the plurality of branch electrodes with a
first direction in the main region, gradually increase
from a reference line parallel to the first direction,

a largest angle, among the angles in the main region, is a
first angle, and a second angle, formed by the branch
electrode in the pair of boundary regions with the first
direction, is larger than the first angle.

17. The liquid crystal display of claim 16, wherein in the
main region an angle, formed by a branch electrode disposed
on the reference line among the plurality of branch electrodes
with the first direction, is 0°.

18. The liquid crystal display of claim 17, wherein a length
of each of the pair of boundary regions in the first direction is
less than or equal to 10 um.

19. The liquid crystal display of claim 18, wherein the
second angle ranges from 15° to 30°.

20. The liquid crystal display of claim 19, wherein the first
angle is greater than 0° and less than 15°.
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21. The liquid crystal display of claim 20, wherein angles
at which the plurality of branch electrodes form with the first
direction in the main region gradually increase away from the
reference line.

22. The liquid crystal display of claim 21, wherein widths
of the plurality of branch electrodes in the main region are
constant.

23. The liquid crystal display of claim 22, further compris-
ing a gate line extending in the first direction.

24. The liquid crystal display of claim 22, further compris-
ing a data line extending in the first direction.

25. The liquid crystal display of claim 16, wherein a length
of each of the pair of boundary regions in the first direction is
less than or equal to 10 um.

26. The liquid crystal display of claim 16, wherein the
second angle ranges from 15° to 30°.

27. The liquid crystal display of claim 16, wherein the first
angle is greater than 0° and less than 15°.

28. The liquid crystal display of claim 16, further compris-
ing a gate line extending in the first direction.

29. The liquid crystal display of claim 16, further compris-
ing a data line extending in the first direction.

30. An exposure mask to form a second electrode in manu-
facturing a liquid crystal display comprising a first electrode
disposed on a first substrate between the first substrate and a
second substrate facing the first substrate with a liquid crystal
layer interposed between the first and second substrates,
wherein the first electrode having a planar shape and the
second electrode comprises a plurality of branch electrodes
overlapping the first electrode, the exposure mask compris-
ing:

a first part corresponding to a space between two adjacent
branch electrodes among the plurality of branch elec-
trodes of the second field generating electrode; and

a second part connected to a vertex of a corner of an acute
angle among corners of'the first part and comprising four
straight sides.

31. The exposure mask of claim 30, wherein the four
straight sides are connected to each other, and an angle
formed by any two adjacent straight sides is a right angle.

32. The exposure mask of claim 31, wherein a length of a
straight side that is not connected with the first part, among
the four straight sides, is greater than or equal to 2 jum and less
than the spatial resolution of a light exposer used in conjunc-
tion with the exposure mask, and

a length of a straight side connected with the first part,
among the four straight sides, is greater than or equal to
1.5 pm and less than 3.0 um.

* * * #* ok
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