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Provided is a liquid crystal display apparatus. The liquid
crystal display apparatus may include a first pixel electrode, a
second pixel electrode, a common electrode, and a liquid
crystal layer. The first pixel electrode is disposed in a first
area, and includes a plurality of outer branches spaced apart
from each other. The second pixel electrode is disposed in a
second area spaced apart from the first area with an electrode
gap therebetween and surrounded by the first area, and
includes a plurality of middle branch portions spaced apart
from each other. An extending direction of the electrode gap
forms one of an acute angle or an obtuse angle with an
extending direction of each of the outer branch portions, and
the extending direction of the electrode gap forms one of an
acute angle or an obtuse angle with an extending direction of
each of the middle branch portions.
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LIQUID CRYSTAL DISPLAY APPARATUS
AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. §119 of Korean Patent Application
No. 10-2014-0046176, filed on Apr. 17, 2014, the entire con-
tents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The present disclosure relates to a liquid crystal
display apparatus and a manufacturing method thereof, and
more particularly, to a liquid crystal display apparatus and a
manufacturing method thereof capable of reducing the
appearance of a texture in a liquid crystal layer.

[0003] A typical display apparatus includes a first substrate
having a plurality of pixel electrodes corresponding to a plu-
rality of pixels, a second substrate on which a common elec-
trode is formed, the second substrate facing the first substrate,
and a liquid crystal layer interposed between the first sub-
strate and the second substrate. In the liquid crystal layer,
orientations of liquid crystal molecules are changed by an
electric field formed by a data voltage applied to the pixel
electrodes and a common voltage applied to the common
electrode. Light transmittance is adjusted according to the
arrangements of the liquid crystal molecules and thus, an
image is displayed.

[0004] Liquid crystal displays have poor viewing angle
performance as compared to other types of displays. When
the side visibility is comparable to the front visibility, the
viewing angle performance may be improved. In order to
improve the viewing angle performance, driving methods,
such as a Patterned Vertical Alignment (PVA) mode, a Multi-
domain Vertical Alignment (MVA) mode, a Super-Patterned
Vertical Alignment (S-PVA) mode, and the like have been
developed.

[0005] Each pixel in an S-PVA mode display apparatus
includes a first pixel electrode receiving a high voltage and a
second pixel electrode receiving a low voltage. Since the first
and second pixel electrodes are spaced apart from each other,
the orientation of liquid crystal molecules between the first
and second pixel electrodes is not determined by the elec-
trodes, and thus the appearance of a texture in the display is
generated.

SUMMARY OF THE INVENTION

[0006] The present disclosure provides a liquid crystal dis-
play apparatus and a manufacturing method thereof capable
of reducing the appearance of a texture that is visible in an
area between pixel electrodes.

[0007] The object of the present invention is not limited to
the aforesaid, but other objects not described herein will be
clearly understood by those skilled in the art from descrip-
tions below.

[0008] Embodiments of the present invention provide lig-
uid crystal display apparatuses including a first pixel elec-
trode disposed in a first area, and including a plurality of outer
branches spaced apart from each other. A second pixel elec-
trode is disposed in a second area spaced apart from the first
area with an electrode gap therebetween, surrounded by the
first area and including a plurality of middle branch portions
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spaced apart from each other. A common electrode faces the
first pixel electrode and the second pixel electrode. A liquid
crystal layer is positioned within the display apparatus and
includes a plurality of liquid crystal molecules. The orienta-
tion of the liquid crystal molecules is changed by a voltage
applied to the first pixel electrode, the second pixel electrode,
and the common electrode. An extending direction of the
electrode gap forms one of an acute angle or an obtuse angle
with an extending direction of each of the outer branch por-
tions, and the extending direction of the electrode gap forms
one of an acute angle or an obtuse angle with an extending
direction of each of the middle branch portions.

[0009] In some embodiments, the second pixel electrode
may further include a horizontal stem portion extending in a
first direction and a vertical stem portion extending in a sec-
ond direction perpendicular to the first direction to intersect
the horizontal stem portion.

[0010] Inother embodiments, an extending direction of the
electrode gap may be the first direction and the second direc-
tion.

[0011] In other embodiments, the middle branches may be
obliquely connected to the horizontal stem portion and the
vertical stem portion.

[0012] In other embodiments, the horizontal stem portion
and the vertical stem portion may partition the second area
into a plurality of middle domains, and the middle branch
portions in each of the middle domains may extend parallel to
each other and an extending orientation direction of the
middle branch portions in one middle domain may be differ-
ent from that in another middle domain.

[0013] In other embodiments, each of the middle domains
may have a substantially square shape.

[0014] In further embodiments, the second pixel electrode
may further include an upper horizontal stem portion extend-
ing in the first direction, spaced apart from the horizontal stem
portion and obliquely connected to the middle branches and a
lower horizontal branch portion extending in the first direc-
tion, spaced apart from the horizontal portion, facing the
upper horizontal stem portion with the horizontal stem por-
tion therebetween and obliquely connected to the middle
branch portions.

[0015] In further embodiments, each of the upper horizon-
tal stem portion and the lower horizontal stem portion may
have a width in a range of about 1 um to about 5 pm.

[0016] In further embodiments, a shape formed by the
upper horizontal stem portion, the lower horizontal stem por-
tion, the middle branch portions, and slits between the middle
branch portions may be substantially a square shape.

[0017] In further embodiments, the upper horizontal stem
portion, the lower horizontal stem portion, and the vertical
stem portion partition the first area into a plurality of outer
domains, the outer branch portions in each of the outer
domains may extend parallel to each other and an extending
direction of the outer branch portions in one outer domain
may be different from that in another outer domain.

[0018] In further embodiments, each of the outer domains
may have a square shape or a rectangular shape.

[0019] In further embodiments, the middle domains may
include first to fourth domains adjacent to each other, and the
outer domains may include first to fourth outer domains adja-
cent to each of the first to the fourth middle domains within
each of areas that is partitioned by the horizontal stem portion
and the vertical stem portion.
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[0020] In further embodiments, the middle branch portions
may include a first middle branch portion disposed within the
first middle domain, a second middle branch portion disposed
within the second middle domain, a third middle branch
portion disposed within the third middle domain, and a fourth
middle branch portion disposed within the fourth middle
domain.

[0021] In further embodiments, the outer branch portions
may include a first outer branch portion disposed within the
first outer domain, a second outer branch portion disposed
within the second outer domain, a third outer branch portion
disposed within the third outer domain, and a fourth outer
branch portion disposed within the fourth outer domain.
[0022] Infurther embodiments, the first middle branch por-
tion and the first outer branch portion may extend in the same
direction, the second middle branch portion and the second
outer branch portion may extend in the same direction, the
third middle branch portion and the third outer branch portion
may extend in the same direction, and the fourth middle
branch portion and the fourth outer branch portion may
extend in the same direction.

[0023] In further embodiments, the first pixel electrode
may further include an edge portion formed along an edge of
the first area, the edge portion being obliquely connected to
the outer branch portions.

[0024] In other embodiments of the inventive concept,
methods of manufacturing a liquid crystal display apparatus
include forming a first substrate comprising a first pixel elec-
trode disposed in a first area, and comprising a plurality of
outer branches spaced apart from each other. A second pixel
electrode is disposed in a second area spaced apart from the
first area with an electrode gap therebetween, surrounded by
the first area, and including a plurality of middle branch
portions spaced apart from each other. An extending direction
of the electrode gap forms one of an acute angle or an obtuse
angle with an extending direction of each of the outer branch
portions, and the extending direction of the electrode gap
forms one of an acute angle or an obtuse angle with an
extending direction of each of the middle branch portions. A
second substrate has a common electrode formed thereon. A
liquid crystal layer including a prepolymer is formed between
the first substrate and the second substrate. A first voltage is
applied between the first pixel electrode and the common
electrode, and a second voltage different from the first voltage
is applied between the second pixel electrode and the com-
mon electrode to orient the liquid crystal molecules in the
liquid crystal layer.

[0025] An orientation of the molecules of the liquid crystal
layer is fixed by irradiating the liquid crystal and prepolymer
layer to polymerize the prepolymer.

[0026] Insome embodiments, a voltage ratio of the second
voltage to the first voltage may be between about 0.9 and
about 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings are included to pro-
vide a further understanding of the present invention, and are
incorporated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the inventive
concept and, together with the description, serve to explain
principles of the inventive concept. In the drawings:

[0028] FIG. 1 is a perspective view illustrating a liquid
crystal display apparatus according to an embodiment of the
inventive concept;
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[0029] FIG. 2 is a plan view illustrating a liquid crystal
display apparatus according to an embodiment of the inven-
tive concept;

[0030] FIG. 3 is a cross-sectional view taken along line I-I'
of FIG. 2;

[0031] FIG. 4 is a cross-sectional view taken along line I-I'
of FIG. 2;

[0032] FIG. 5 is a plan view illustrating first and second
electrodes of FIG. 2;

[0033] FIG. 6 is a conceptual view illustrating first and
second areas;
[0034] FIG. 7isaview illustrating a process in which liquid

crystal molecules have a linear slope using a prepolymer
polymerized by radiation, such as ultraviolet radiation; and
[0035] FIG. 8 is a plan view illustrating a portion of a first
pixel electrode and a portion of a second pixel electrode, for
explaining an orientation direction of overlapping textured
liquid crystal molecules.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0036] The inventive concept may be modified in several
different forms, and specific embodiments will be exempli-
fied in the FIGS. and described in detail. It is to be understood
that the invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifica-
tions and equivalent arrangements included within the spirit
and scope of the disclosure, including the appended claims.
[0037] Hereinafter, exemplary embodiments of the inven-
tive concept will be described in more detail with reference to
the accompanying drawings.

[0038] FIG. 1 is a perspective view illustrating a liquid
crystal display apparatus 1000 according to an embodiment.
[0039] Referring to FIG. 1, the liquid crystal display appa-
ratus 1000 includes a first substrate 100, a second substrate
200, and a liquid crystal layer LC.

[0040] A plurality of pixel areas PXL may be defined onthe
first substrate 100. A pixel may be provided to each of the
pixel areas. The second substrate 200 may face the first sub-
strate 100. The liquid crystal layer LC may be disposed
between the first substrate 100 and the second substrate 200.
[0041] Each pixel may include two different sub pixels.
Each of the sub pixels may include a pixel electrode provided
to the first substrate 100 and a common electrode provided to
the second substrate 200. Since the two sub pixels are charged
with different voltages from each other, they may represent
gray scale values different from each other. Details thereof
will be described later.

[0042] The liquid crystal layer LC includes a plurality of
liquid crystal molecules having dielectric anisotropy. The
liquid crystal molecules of the liquid crystal layer LC rotate in
a specific direction between the first substrate 100 and the
second substrate 200 when an electric field is formed between
the pixel electrode and the common electrode, thereby adjust-
ing transmittance of light that is incident into the liquid crystal
layer LC.

[0043] The liquid crystal display apparatus 1000 may fur-
ther include a back light unit (not shown) disposed under the
first substrate 100. The back light unit plays a role in provid-
ing light to the first substrate 100.

[0044] FIG. 2 is a plan view illustrating a liquid crystal
display apparatus according to an embodiment of the inven-
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tive concept, FIG. 3 is a cross-sectional view taken along line
I-I'of FIG. 2, and F1G. 4 is a cross-sectional view taken along
line TI-IT' of FIG. 2.

[0045] Although only one pixel is shown in FIG. 3, other
pixels may have the same configuration. Hereinafter, the con-
figuration of one pixel will be described for convenience of
description.

[0046] Referring to FIGS. 2 to 4, the first substrate 100
includes a first insulating substrate 110, gate lines GL1 and
GL2, data lines DL1 and DL2, storage electrode portions SL,
STE1, and STE2, a plurality of thin film transistors T1, T2,
and T3, and pixel electrodes PE1 and PE2. In FIG. 2, the gate
lines GL1 and GL2 are shown as an example in which first
gate line GL1 and second gate line GI.2 are spaced apart from
each other, and the data lines DLL1 and DL2 are shown as an
example in which first gate line DL1 and second gate line
DL2 are spaced apart from each other.

[0047] Thethin film transistors T1, T2, and T3 may include
first to third thin film transistors T1, T2, and T3.

[0048] The pixel electrodes PE1 and PE2 may include first
electrode PE1 and second electrode PE2. The pixel electrodes
PE1 and PE2 may be formed of a transparent conductive
material, such as indium tin oxide (ITO), indium zinc oxide
(1Z0), indium tin zinc oxide (ITZO) or the like.

[0049] The first insulating substrate 110 is a transparent or
semi-transparent substrate, and may be formed of silicon,
glass, or plastic.

[0050] The gate lines GL1 and GL.2 may be formed on the
first insulating substrate and extend in a first direction DR1. A
first insulating film 120 may be formed on the insulating
substrate 110 to cover the gate lines GL1 and GL2. The first
insulating film 120 may be formed of an organic insulating
material or an inorganic insulating material. For example, the
first insulating film may include silicon nitride or silicon
oxide. The data lines DL.1 and DL2 may be electrically insu-
lated from and intersected with the gate lines GL1 and GL2.
The data lines DL.1 and DL2 may extend in a second direction
DR2 that intersects with the first direction DL1. Meanwhile,
an arrangement is not limited to the above described arrange-
ment and the arrangement between the gate lines GL1 and
GL.2 and the data lines DI.1 and DL.2 may be changed accord-
ing to embodiments. For example, in other embodiments of
the inventive concept, the gate lines may be disposed on the
data lines.

[0051] The storage electrode portions SL, STE1, and STE2
may be disposed on the same layer as the gate lines GL1 and
GL2, and spaced apart from the gate lines GL.1 and GL.2. The
storage electrode portions SL, STE1, and STE2 may include
astorage line SL, a first storage electrode STE1, and a second
storage electrode STE2. The storage line SL. may be spaced
apart from the gate lines GL.1 and GL.2 in the second direction
DR2, and extend in the first direction DR1. The storage line
SL may overlap with side ends of the pixel electrodes PE1 and
PE2 adjacent to the first gate line GL1 and extend in the first
direction DR1. Each of the first storage electrode STE1 and
the second storage electrode STE2 may be branched from the
storage line SL. The first storage electrode STE1 may overlap
side ends of the pixel electrodes PE1 and PE2 adjacent to the
data line DL1 and extend in the second direction DR2. The
second storage electrode STE2 may overlap side ends of the
pixel electrodes PE1 and PE2 adjacent to the data line DL2
and extend in the second direction DR2. The storage line SL,
the first storage electrode STE1, and the second storage elec-
trode STE2 may have a storage voltage applied thereto.
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[0052] The second substrates 200 may include a second
insulating substrate 210 and a common electrode CE.
[0053] The second insulating substrate 210 is a transparent
or semi-transparent insulating substrate, and may be formed
of silicon, glass, or plastic. The common electrode CE is
formed on the second insulating substrate 210. The common
electrode CE may be disposed facing the first pixel electrode
PE1 and the second electrode PE2 with the liquid crystal layer
LC therebetween. The common electrode CE may be formed
of a transparent conductive material, such as indium tin oxide
(ITO), indium zinc oxide (IZO), indium tin zinc oxide
(ITZO), or the like.

[0054] Although not shown, the second substrate 200 may
further include a color filter disposed on the second insulating
layer 210. The color filter may include at least one of red,
green, and blue filters.

[0055] The pixel PX includes a first sub pixel SP1 and a
second sub pixel SP2. The first sub pixel SP1 includes the
second thin film transistor T2, the third thin film transistor T3,
the first pixel electrode PE1, and a first portion of the common
electrode CE. The second sub pixel SP2 includes the first thin
film transistor T1, the second pixel electrode PE2, and a
second portion of the common electrode CE. The first portion
of the common electrode CE may be defined to have the same
shape and size as the first pixel electrode PE1, and the second
portion of the common electrode CE may be defined to have
the same shape and size as the second pixel electrode PE2 on
aplane.

[0056] The first pixel electrode PE1 partially overlaps the
storage line SL, the first storage electrode STE1, and the
second storage electrode STE2 to form first storage capacitor.
The first storage capacitor plays a role in maintaining a volt-
age charge between the first pixel electrode PE1 and the
common electrode CE during one frame.

[0057] The second pixel electrode PE2 partially overlaps
the storage line SL, the first storage electrode STE1, and the
second storage electrode STE2 to form a second storage
capacitor. The second storage capacitor plays a role in main-
taining a voltage charge between the second pixel electrode
PE2 and the common electrode CE during one frame.
[0058] The first thin film transistor T1 may be connected to
the first gate line GL1, the first data line DL1, and the second
pixel electrode PE2.

[0059] The first thin film transistor T1 includes a first gate
electrode GE1, a first source electrode SE1, a first drain
electrode DE1, and a first semiconductor layer SM1.

[0060] The first gate electrode GE1 is formed branched
from the first gate line GL1. The first insulating film 120 may
be formed on the first gate electrode GE1 to cover the first gate
electrode GE1. The first semiconductor layer SM1 is formed
on the first insulating film 120. Although not shown, the first
semiconductor SM1 may include an active layer and an
ohmic contact layer.

[0061] The first source electrode SE1 and the first drain
electrode DE1 are formed spaced apart from each other on the
first insulating film 120. The first source electrode SE1 is
formed branched from the first data line DL1. The first semi-
conductor layer SM1 forms a conductive channel between the
first source electrode SE1 and the first drain electrode DE1.
[0062] A passivation film 130 is formed on the first source
electrode SE1 and the first drain electrode DE1. The passiva-
tion film 130 may be formed of an organic insulating material
or an inorganic insulating material. The passivation film 130
has a first contact hole H1 exposing a portion ofthe first drain
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electrode DE1. The first pixel electrode PE1 may be electri-
cally connected to the first drain electrode DE1 through the
first contact hole H1.

[0063] The second thin film transistor T2 may be connected
to the first gate line GL1, the first data line DL1, and the first
pixel electrode PE1.

[0064] The second thin film transistor T2 includes a first
gate electrode GE2, second source electrode SE2, a second
drain electrode DE2, and a second semiconductor layer.
[0065] Each of elements constituting the second thin film
transistor T2 may be disposed on the same plane as each of
corresponding elements constituting the first thin film tran-
sistor T1. Hereinafter, a planar structure of each of the ele-
ments constituting the second thin film transistor T2 will be
described, and description of a cross-sectional structure is
omitted.

[0066] The second gate electrode GE2 is formed branched
from the first gate line GL1. The second gate electrode GE2
may be integrally formed with the gate electrode GE1.
[0067] The second source electrode SE2 and the second
drain electrode DE2 are spaced apart from each other. The
second source electrode SE2 may be formed connected to the
first source electrode SE1. The second semiconductor layer
forms a conductive channel between the source electrode SE2
and the second drain electrode DE2.

[0068] The passivation film 130 has a second contact hole
H2 exposing a portion of the second drain electrode DE2. The
second pixel electrode PE2 may be electrically connected to
the second drain electrode DE2 through the second contact
hole H2.

[0069] The third thin film transistor T3 may be connected to
the first gate line GL1, the storage line SL, and the second
pixel electrode PEL.

[0070] The third thin film transistor T3 includes a third gate
electrode GE3, a third source electrode SE3, a third drain
electrode DE3, and a third semiconductor layer SM3.
[0071] Each of elements constituting the third thin film
transistor T3 may be disposed on the same layer as each of
corresponding elements constituting the first thin film tran-
sistor T1. Hereinafter, a planar structure of each of the ele-
ments constituting the third thin film transistor T3 will be
described, and description of a cross-sectional structure is
omitted.

[0072] The second gate electrode GE2 is formed branched
from the first gate line GL1.

[0073] The third source electrode SE3 and the third drain
electrode DE3 are formed spaced apart from each other. The
second source electrode SE2 may be connected to the storage
line SL. The third drain electrode DE3 may be connected to
the second drain electrode DE2. The third semiconductor
layer SM3 forms a conductive channel between the third
source electrode SE3 and the third drain electrode DE3.
[0074] The first to third thin film transistors T1, T2, and T3
are turned on by a gate signal supplied through the first gate
line GL1. A first data voltage applied through the first data
line DL1 is applied to the second pixel electrode PE2 through
the activated first thin film transistor T1.

[0075] A voltage lower than the first data voltage is applied
to the first pixel electrode PE1 through the activated second
thin film transistor T2 and the activated third thin film tran-
sistor T3. The voltage applied to the first pixel electrode PE1
may have avoltage level between the first data voltage applied
to the second drain electrode DE2 and a storage voltage
applied to the third drain electrode DE3.
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[0076] The first sub pixel SP1 is charged with a voltage
lower than a voltage that is charged to the second sub pixel
SP2. When voltages different from each other are applied to
the first and second sub pixels SP1 and SP2 of the pixel PX, a
user viewing the liquid crystal display apparatus (1000 in
FIG. 1) sees a gradation corresponding to an intermediate
value of'the first and second pixel voltages. In this case, since
deterioration of a side viewing angle caused by a distortion of
a gamma curve is prevented, side visibility may be improved.
[0077] FIG. 5is a plan view illustrating the first pixel elec-
trode PE1 and the second pixel electrode PE2 of FIG. 2, and
FIG. 6 is a conceptual view illustrating a first area and a
second area.

[0078] Referring to FIG. 2, FIG. 5 and FIG. 6, the first pixel
electrode PE1 may be disposed in the first area AR1, and the
second pixel electrode PE2 may be disposed in the second
area AR2.

[0079] The first area AR1 and the second area AR2 may be
portions of an area that are surrounded by the gate lines GL1
and GL2 and the data lines DL1 and DL2 of FIG. 2. The first
area AR1 is an area that represents a schematic configuration
of the first pixel electrode PE1, and the second area AR2 is an
area that represents a schematic configuration of the second
pixel electrode PE2. The first area AR1 may be set by lines
extending in the first direction DR1 and the second direction
DR2, and be a minimum area capable of including the second
pixel electrode PE1. The second area AR2 may be set by lines
extending in the first direction DR1 and the second direction
DR2, and be a minimum area capable of including the second
pixel electrode PE2. The second area AR2 may be an area
encircled or surrounded by the first area AR1. The first area
ARI1 does not have a shape in which the inside thereof is
closed, but may have a shape entirely surrounding the second
area AR2.

[0080] The first area AR1 and the second area AR2 may be
spaced apart with an electrode gap in-between. Since the
electrode gap GP is determined according to the shapes of the
first area AR1 and the second area AR2, the electrode gap GP
may extend in the first direction DR1 and the second direction
DR2.

[0081] The first pixel electrode PE1 may include a plurality
of outer branch portions EE and edge portion EF.

[0082] The outer branch portions EE may be spaced apart
from each other. Each of the outer branch portions EE may
have a shape that extends lengthwise in a direction intersect-
ing the first direction DR1 and the second direction DR2. For
example, as seen in FIG. 5, each of the outer branch portions
may extend in a diagonal direction with respect to the direc-
tions DR1 and DR2.

[0083] The edge portion EF may be formed along an edge
of the first area AR1, and be obliquely connected to the outer
branch portions EE.

[0084] The second pixel electrode PE2 may include a plu-
rality of middle branch portions EC, ahorizontal stem portion
EH, a vertical stem portion EV, an upper horizontal stem
portion EHU, and a lower horizontal stem portion EHL.
[0085] The middle branch portions EC may be spaced apart
from each other. Each of the middle branches EC may have a
shape that extends lengthwise in a direction intersecting the
first directions DR1 and the second direction DR2. Thatis, the
middle branches EC may extend is a diagonal direction with
respect to the directions DR1 and DR2.

[0086] The horizontal stem portion EH may have a shape
that extends in the first direction DR1. The vertical stem
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portion EV may have a shape that extends in the second
direction DR2, and intersects the horizontal stem portion EH.
The middle branches EC may be obliquely connected to the
horizontal stem portion EH and the vertical stem portion EV.
[0087] Theupper horizontal stem portion EHU may extend
in the first direction DR1, and be spaced apart from the
horizontal stem portion EH. It is shown in FIG. 5 that the
upper horizontal stem portion EHU is disposed above the
horizontal stem portion EH. The upper horizontal stem por-
tion EHU may be obliquely connected to the middle branch
portions EC.

[0088] The lower horizontal stem portion EHL may extend
in the first direction DR1, and be spaced apart from the
horizontal stem portion EH. The lower horizontal stem por-
tion EHL may be disposed facing the upper horizontal stem
portion EHU with the horizontal stem portion EH therebe-
tween. It is shown in FIG. 5 that the lower horizontal stem
portion EHL is disposed below the horizontal stem portion
EH. The lower horizontal stem portion EHL may be obliquely
connected to the middle branch portions EC.

[0089] The horizontal stem portion EH and the vertical
stem portion EV may partition the second area AR2 into a
plurality of middle domains DAl to DA4. Each of the
domains DA1 to DA4 may have a substantially square shape.
A shape formed by the upper horizontal stem portion EHU,
the lower horizontal stem portion EHL and the middle branch
portions EC, and slits between the middle branch portions EC
may be a substantially square shape. The middle branch por-
tions EC in each of the middle domains DA1 to DA4 may
extend parallel to each other and an extending direction of the
middle branch portions EC in one middle domain may be
different from that in another middle domain.

[0090] The middle domains DA1 to DA4 may include first
to fourth domains DA1 to DA4 adjacent to each other. It is
shown in FIG. 6 that the middle domain disposed at an upper
left portion among the middle domains DA1 to DA4 is 1abeled
as the first middle domain DA1, and the second to fourth
middle domains are disposed clockwise with respect to the
first domain DA1.

[0091] The middle branch portions EC may include first to
fourth branch portions EC1 to EC4. The first middle branch
portion EC1 may be disposed within the first middle domain
DAL, the second middle branch portion EC2 may be disposed
within the second middle domain DA2, the third middle
branch portion EC3 may be disposed within the third middle
domain DA3, and the fourth middle branch portion EC4 may
be disposed within the fourth middle domain DA4. The first
middle branch portion EC1 may obliquely extend from the
horizontal stem portion EH or the vertical stem portion EV
towards an upper left side region, the second middle branch
portion EC2 may obliquely extend from the horizontal stem
portion EH or the vertical stem portion EV towards an upper
right side region, the third middle branch portion EC3 may
obliquely extend from the horizontal stem portion EH or the
vertical stem portion EV towards a lower right side portion,
and the fourth middle branch portion EC4 may obliquely
extend from the horizontal stem portion EH or the vertical
stem portion EV towards a lower left side portion. Liquid
crystal molecules of the liquid crystal layer LC that overlap
the second pixel electrode PE2 may be obliquely disposed in
an extending direction of each of the first to fourth branch
portions EC1 to EC4.

[0092] The upper horizontal stem portion EHU, the lower
horizontal stem portion EHL, and the vertical stem portion
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EV may partition the first area AR1 into a plurality of outer
domains DB1to DB4. Each ofthe outer domains DB1 to DB4
may have a substantially square or rectangular shape. The
outer branch portions EE in each of the outer domains DB1 to
DB4 may extend parallel to each other and an extending
direction of the outer branch portions EE in one outer domain
may be different from that in another outer domain.

[0093] The outer domains DB1 to DB4 may include first to
fourth outer domains DB1 to DB4. Each of the outer domains
DBI1 to DB4 may be adjacent to each of the first to fourth
middle domains DA1 to DA4 within each of areas partitioned
by the horizontal stem portion EH and the vertical stem por-
tion EV.

[0094] The outer branch portions EE may include first to
fourth outer branch portions EE1 to EE4. The first outer
branch portion EE1 may be disposed within the first outer
domain DB1, the second outer branch portion EE2 may be
disposed within the second outer domain DB2, the third outer
branch portion EE3 may be disposed within the third outer
domain DB3, and the fourth outer branch portion EE4 may be
disposed within the fourth outer domain DB4. The first outer
branch portion EE1 may extend parallel to the first middle
branch portion EC2, the second outer branch portion EE2
may extend parallel to the second middle branch portion EC2,
the third outer branch portion EE3 may extend parallel to the
third middle branch portion EC3, and the fourth outer branch
portions EC4 may extend parallel to the fourth middle branch
portion EC4. Liquid crystal molecules of the liquid crystal
layer LC that overlap the first pixel electrode PE1 may be
obliquely disposed in an extending direction of each of the
first to fourth outer branch portions.

[0095] An extending direction of the electrode gap GP may
form one of an acute angle or an obtuse angle with an extend-
ing direction of each of the outer branch portions FE of the
first electrode PE1. Also, the extending direction of the elec-
trode gap GP may form one of an acute angle or an obtuse
angle with an extending direction of each of the middle
branch portions EC of the second electrode PE2.

[0096] Since the electrode gap GP extends in the first direc-
tion DR1 and the second direction DR2, and each of the outer
branch portions EE and the middle branch portions EC
extends in an oblique direction with respect to the first direc-
tion DR1 and the second direction DR2, the extending direc-
tion of the electrode gap GP is not orthogonal to the extending
directions of the outer branch portions EE and the middle
branch portions EC.

[0097] FIG. 7isaview illustrating a process in which liquid
crystal molecules are formed to have a linear slope using a
prepolymer that is polymerized by radiation, such as ultra-
violet radiation.

[0098] With reference to FIGS. 2 to 4 and FIG. 7, a method
of initially orienting liquid crystal molecules 310 such that
the molecules have a linear slope will be described.

[0099] Initially, a prepolymer 330, such as a monomer or
the like capable of being cured through polymerization by
radiation, such as ultraviolet radiation, is formed between
first substrate 100 and second substrate 200 together with a
liquid crystal material 310. The prepolymer 330 may be a
reactive mesogen polymerizable by radiation, such as ultra-
violet radiation.

[0100] Thereafter, a first voltage is applied between the first
pixel electrode PE1 and the common electrode CE, and a
second voltage different from the first voltage is applied
between the second pixel electrode PE2 and the common
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electrode CE. An electric field is applied to the liquid crystal
layer LC by the first voltage and the second voltage. The
liquid crystal molecules 310 of the liquid crystal layer LC are
inclined/oriented in a longitudinal direction of the outer
branch portions EE or in a longitudinal direction of the middle
branch portions EC in response to the electric field. The
directions in which the liquid crystal molecules 310 are
inclined/oriented are four directions in total.

[0101] After theelectric field is formed in the liquid crystal
layer L.C, radiation such as ultraviolet radiation or the like is
irradiated and the prepolymer 330 is polymerized to form a
first polymer 350 and a second polymer 370 as shown in FIG.
7.

[0102] The first polymer 350 is formed within the liquid
crystal layer LC and the second polymer 370 is formed con-
tacting the first substrate 100 and the second substrate 200.
The orientation direction of the liquid crystal molecules 310
is determined by the first and second polymers 350, 370 that
fix the orientations formed by the applied electric field such
that the liquid crystal molecules 310 have linear slopes in the
longitudinal direction of the outer branch portions EE or in
the longitudinal direction of the middle branch portions EC.
After the orientation direction of the liquid crystal molecules
1s determined, even when a voltage is not applied to the first
pixel electrode PE1, the second pixel electrode PE2, and the
common electrode CE, the liquid crystal molecules 310 are
configured with linear slopes in four different directions.
[0103] Since the liquid crystal molecules (hereinafter,
referred to as textured liquid crystal molecules) that overlap
the electrode gap GP do not overlap the first pixel electrode
PE1 and the second electrode PE2, the liquid crystal mol-
ecules are not oriented by the first and second voltages
applied to the first and second pixel electrodes. When the
liquid crystal molecules that overlap the electrode gap GP are
disposed in different directions from an extending direction
of adjacent middle branch portions EC or adjacent outer
branch portions EE, a texture may be visible to a viewer.
[0104] When a voltage ratio of the second voltage to the
first voltage (the second voltage/the first voltage, herein after,
referred as voltage ratio) is small (close to zero), the prob-
ability that the textured liquid crystal molecules are arranged
in the same direction as the adjacent middle branch portions
EC and the adjacent outer branch portions EE is high, but
when the voltage ratio is high (as the ratio is close to 1), the
probability that the textured liquid crystal molecules are
arranged in an opposite direction to the adjacent middle
branch portions EC and the adjacent outer branch portions EE
is high, so that the texture is more problematic at a high
voltage ratio. Especially, when the ratio is from 0.9 to 1, the
texture may be more acutely visible.

[0105] FIG. 8 is a plan view illustrating a portion of a first
pixel electrode and a portion of a second pixel electrode for
explaining an orientation direction of textured liquid crystal
molecules overlapping the electrode gap. With reference to
FIG. 5 and FIG. 8, the orientation direction of textured liquid
crystal molecules will be described.

[0106] Hereinafter, textured liquid crystal molecules in a
first portion area AA and textured liquid crystal molecules in
a second portion area BB will be described as an example.
[0107] Inthe first portion area AA, the textured liquid crys-
tal molecules are subject to a first force F1 allowing the
textured liquid crystal molecules to be arranged parallel to the
extending direction of the outer branch portions EE and a
second force F2 allowing the textured liquid crystal mol-
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ecules to be arranged perpendicular to the extending direction
of the upper horizontal branch portion EHU at the same time.
When a width of the upper horizontal portion EHU is in a
range of 1 um to 5 um, the second force F2 may be generated
to the most appropriate magnitude. When the width of the
upper horizontal portion EHU is less than 1 pum, the second
force F2 is not generated above a predetermined magnitude,
and when the width of the upper horizontal portion EHU is
more than 5 um, the magnitude of the force F2 is greater than
that of the first force F1. The lower horizontal branch portion
EHL may have the same width as the upper horizontal branch
portion EHU.

[0108] The textured liquid crystal molecules are finally
subjected to a third force F3 that is a sum vector of the first
force F1 and the second force F2. At this time, since the first
force F1is greater than the second force F2, a direction of the
third force F3 is roughly towards a lower right direction
similar to a direction ofthe first force F1. Therefore, since the
orientation direction of the textured liquid molecules is detet-
mined in the first portion area AA, the texture may not be
visible.

[0109] In the second portion area BB, the textured liquid
crystal molecules are subject to a fourth force F4 allowing the
textured liquid crystal molecules to be arranged parallel to the
extending direction of the outer branch portions EE and a fifth
force F5 allowing the textured liquid crystal molecules to be
arranged perpendicular to the extending direction of the ver-
tical branch portion EV at the same time. The textured liquid
crystal molecules are finally subject to a sixth force F6 that is
a sum vector of the fourth force F4 and the fifth force F5. At
this time, since the fourth force F4 is greater than the fifth
force F5, a direction of the sixth force F6 is roughly towards
alower right direction similar to a direction of the fourth force
F4. Therefore, since the orientation direction of the textured
liquid crystal molecules is determined in the second portion
area BB, the texture may not be visible.

[0110] According to the above embodiments showing a
liquid crystal display apparatus and a manufacturing method
thereof, a texture that is visible in an area between pixel
electrodes may be reduced.

[0111] The above-disclosed subject matter is to be consid-
ered illustrative, and not restrictive, and the appended claims
are intended to cover all such modifications, enhancements,
and other embodiments, which fall within the spirit and scope
of the inventive concept. Accordingly, the embodiments and
drawings disclosed in the present disclosure are not intended
to limit the technical spirit of the present disclosure, but are
illustrative. The scope of the technical spirit of the present
disclosure is not limited by the embodiments and drawings,
and the scope of the present disclosure should be interpreted
based on the following appended claims. Accordingly, all
technical embodiments falling within an equivalent range
should be construed to be included in the scope of the present
disclosure.

What is claimed is:

1. A liquid crystal display apparatus comprising;

a first pixel electrode disposed in a first area, and compris-
ing a plurality of outer branch portions spaced apart
from each other;

a second pixel electrode disposed in a second area spaced
apart from the first area with an electrode gap therebe-
tween and surrounded by the first area, and comprising a
plurality of middle branch portions spaced apart from
each other;
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acommon electrode facing the first pixel electrode and the

second pixel electrode; and

aliquid crystal layer comprising a plurality of liquid crystal

molecules, in which orientation states of the liquid crys-
tal molecules are determined by voltage levels of the first
pixel electrode, the second pixel electrode, and the com-
mon electrode,

wherein an extending direction of the electrode gap forms

one of an acute angle or an obtuse angle with an extend-
ing direction of each of the outer branch portions, and
the extending direction of the electrode gap forms one of
an acute angle or an obtuse angle with an extending
direction of each of the middle branch portions.

2. The liquid crystal display apparatus of claim 1, wherein
the second pixel electrode further comprises,

ahorizontal stem portion extending in a first direction; and

a vertical stem portion extending in a second direction

perpendicular to the first direction to intersect the hori-
zontal stem portion.

3. The liquid crystal display apparatus of claim 2, wherein
an extending direction of the electrode gap is in the first
direction and the second direction.

4. The liquid crystal display apparatus of claim 2, wherein
the middle branches are obliquely connected to the horizontal
stem portion and the vertical stem portion.

5. The liquid crystal display apparatus of claim 2, wherein
the horizontal stem portion and the vertical stem portion
partition the second area into a plurality of middle domains,
and the middle branch portions in each of the middle domains
extend parallel to each other and an extending direction of the
middle branch portions in one middle domain is different
from that in another middle domain.

6. The liquid crystal display apparatus of claim 5, wherein
each of the middle domains has a substantially square shape.

7. The liquid crystal display apparatus of claim 5, wherein
the second pixel electrode further comprises,

an upper horizontal stem portion extending in the first

direction, spaced apart from the horizontal stem portion
and obliquely connected to the middle branches; and

a lower horizontal branch portion extending in the first

direction, spaced apart from the horizontal portion, fac-
ing the upper horizontal stem portion with the horizontal
stem portion therebetween and obliquely connected to
the middle branch portions.

8. The liquid crystal display apparatus of claim 7, wherein
each of the upper horizontal stem portion and the lower hori-
zontal stem portion has a width in a range of about 1 yum to
about 5 um.

9. The liquid crystal display apparatus of claim 7, wherein
a shape formed by the upper horizontal stem portion, the
lower horizontal stem portion, the middle branch portions,
and slits between the middle branch portions is substantially
a square shape.

10. The liquid crystal display apparatus of claim 7, wherein
the upper horizontal stem portion, the lower horizontal stem
portion, and the vertical stem portion partition the first area
into a plurality of outer domains, and the outer branch por-
tions in each of the outer domains extend parallel to each
other and the extending direction of the outer branch portions
in one outer domain is different from that in another outer
domain.

11. The liquid crystal display apparatus of claim 10,
wherein each of the outer domains has a substantially square
or substantially rectangular shape.
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12. The liquid crystal display apparatus of claim 10,
wherein the middle domains comprise first to fourth domains
adjacent to each other, and the outer domains comprise first to
fourth outer domains adjacent to each of the first to the fourth
middle domains within each of the areas that are partitioned
by the horizontal stem portion and the vertical stem portion.

13. The liquid crystal display apparatus of claim 12,
wherein the middle branch portions comprise:

a first middle branch portion disposed within the first

middle domain;

asecond middle branch portion disposed within the second

middle domain;

a third middle branch portion disposed within the third

middle domain; and

a fourth middle branch portion disposed within the fourth

middle domain.

14. The liquid crystal display apparatus of claim 13,
wherein the outer branch portions comprise:

a first outer branch portion disposed within the first outer

domain;

a second outer branch portion disposed within the second

outer domain;

a third outer branch portion disposed within the third outer

domain; and

a fourth outer branch portion disposed within the fourth

outer domain.

15. The liquid ecrystal display apparatus of claim 14,
wherein the first middle branch portion and the first outer
branch portion extend in the same direction,

the second middle branch portion and the second outer

branch portion extend in the same direction,

the third middle branch portion and the third outer branch

portion extend in the same direction, and

the fourth middle branch portion and the fourth outer

branch portion extend in the same direction.

16. The liquid crystal display apparatus of claim 1, wherein
the first pixel electrode further comprises an edge portion
formed along an edge of the first area and obliquely connected
to the outer branch portions.

17. A manufacturing method of a liquid crystal display
apparatus, the method comprising:

forming a first substrate comprising a first pixel electrode

disposed in a first area, and comprising a plurality of
outer branches spaced apart from each other, a second
pixel electrode disposed in a second area spaced apart
from the first area with an electrode gap therebetween,
and surrounded by the first area, and comprising a plu-
rality of middle branch portions spaced apart from each
other, wherein an extending direction of the electrode
gap forms one of an acute angle or an obtuse angle with
an extending direction of each of the outer branch por-
tions, and the extending direction of the electrode gap
forms one of an acute angle or an obtuse angle with an
extending direction of each of the middle branch por-
tions;

forming a second substrate on which a common electrode

is formed;
forming a liquid crystal layer including a prepolymer
between the first substrate and the second substrate;

applyinga first voltage between the first pixel electrode and
the common electrode, and applying a second voltage
different from the first voltage between the second pixel
electrode and the common electrode to orient molecules
of the liquid crystal layer; and
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fixing an orientation of the molecules of the liquid crystal
layer by irradiating the liquid crystal and prepolymer
layer to polymerize the prepolymer.
18. The method of claim 17, wherein a voltage ratio of the
second voltage to the first voltage is between about 0.9 and
about 1.
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