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(57) ABSTRACT

A liquid crystal display includes a first substrate, a first pixel
electrode, a second pixel electrode, a second substrate, and a
liquid crystal layer. The first pixel electrode is formed on the
first substrate. The second pixel electrode overlaps with at
least a part of the pixel electrode with the first insulating layer
interposed therebetween. The second pixel electrode has a
plurality of elongated openings and applies a voltage to the
liquid crystal layer that is different from the voltage the first
pixel electrode applies to the liquid crystal layer.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application relies for priority upon Korean
Patent Application No. 10-2010-0093410 filed on Sep. 27,
2010, the contents of which are herein incorporated by refer-
ence in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play. More particularly, the present invention relates to a
liquid crystal display capable of reducing texture defects.
[0004] 2. Description of the Related Art

[0005] Aliquidcrystal display (LCD) s a display apparatus
in which a liquid crystal layer is interposed between two
transparent substrates. The liquid crystal layer is used to
adjust light transmittance for each pixel, thereby displaying
desired images.

[0006] InaVALCD (vertical alignment mode LCD), liquid
crystal molecules are vertically aligned (i.e. perpendicular to
the substrates) when no electric field is applied, and rotate to
ahorizontal position when an electric field is applied between
the two substrates. An image is displayed by transmitting
light through the liquid crystal molecules. A PVA LCD (pat-
terned vertical alignment mode LCD), which is a particular
type of VALCD, aligns the liquid crystal molecules in differ-
ent directions from each other by using a patterned pixel
electrode to form liquid crystal domains, thereby widening
the viewing angle of the LCD. However, if the pixel electrode
is patterned with a plurality of micro-slits, the liquid crystal
molecules aligned at the middle of the micro-slits may be
difficult to control.

SUMMARY OF THE INVENTION
[0007] An LCD capable of reducing texture defect is pro-
vided.
[0008] In one aspect. the LCD includes a first substrate, a

first pixel electrode formed on the first substrate, a second
pixel electrode overlapping with at least a part of the first pixel
electrode and including one or more elongated opening, a
passivation layer interposed between the first pixel electrode
and the second pixel electrode, a second substrate and a liquid
crystal layer including vertically aligned liquid crystal mol-
ecules between the first and second substrates, wherein first
effective voltage that is applied to the liquid crystal layer by
the first pixel electrode is different from a second effective
voltage that is applied to the liquid crystal layer by the second
pixel electrode.

[0009] A voltage applied to the first pixel electrode is a first
voltage and a voltage applied to the second pixel electrode is
a second voltage. The first effective voltage is applied to the
liquid crystal layer when the first voltage is applied to the first
pixel electrode and the second effective voltage is applied to
the liquid crystal layer when the second voltage is applied to
the second pixel electrode, and the first and second effective
voltages satisfies 0.3V ,<V,<0.9V,.

[0010] The first voltage may be identical to or different
from the second voltage.

[0011] When the first and second voltages having the same
level are applied to the first and second pixel electrodes, the
first and second effective voltages vary depending on the
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thickness of the passivation layer. Additionally, the first volt-
age is identical to the first effective voltage and the second
effective voltage is defined as equation 1.

d,/drc ‘]-1 Equation 1

V, = V,(l + )
&plenc )

[0012] In Equation 1, V, is the second voltage, d; . is a
thickness of the liquid crystal layer, €, is a dielectric constant
of the passivation layer, d,, is a thickness of the passivation
layer, and &, . is a dielectric constant of the liquid crystal
layer.

[0013] The pixel may have a charge sharing structure, so
the first voltage may have a level different from that of the
second voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Theabove and other advantages will become readily
apparent by reference to the following detailed description
when considered in conjunction with the accompanying
drawings wherein:

[0015] FIG. 11is a plan view showing an LCD according to
a first exemplary embodiment;

[0016] FIG. 2 is a sectional view taken along line I-I' of
FIG. 1;
[0017] FIGS. 3A and 3B are plan views showing a pixel

electrode and a texture control electrode ofan LCD according
to a first exemplary embodiment, respectively;

[0018] FIG. 4 is a sectional view taken along line II-1I' of
FIG. 1;
[0019] FIG. 5 is a view showing a structure of a pixel

electrode and a texture control electrode for a computer simu-
lation model according to a first exemplary embodiment;
[0020] FIG. 6 is a graph showing the difference between a
first effective voltage and a second effective voltage depend-
ing on the thickness of a passivation layer in an LCD having
the structure of FIG. 5;

[0021] FIGS.7A and 7B are graphs showing transmittance
as a function of time after a voltage has been applied in an
LCD according to a first exemplary embodiment;

[0022] FIGS. 8A and 8B are photographs showing trans-
mittance in a conventional LCD and an LCD according to a
first exemplary embodiment, respectively;

[0023] FIGS. 9A to 9E are photographs showing the results
of simulations of the alignment and transmittance of liquid
crystal molecules when the differential value between the first
and second effective voltages is changed in a conventional
LCD and an LCD accordingtoa first exemplary embodiment;
[0024] FIG. 10 is a graph showing transmittance when the
differential value between the first and second effective volt-
ages is changed,

[0025] FIG. 11is aplanview showing an LCD according to
a second exemplary embodiment;

[0026] FIG. 12 is a sectional view taken along line of FIG.
11;
[0027] FIG. 13 is an equivalent circuit view of a pixel

provided in an LCD shown in FIG. 11;

[0028] FIG. 14 is a sectional view showing an LCD accord-
ing to a third exemplary embodiment;

[0029] FIGS.15A to 15C are views showing LCDs accord-
ing to fourth to sixth exemplary embodiments;
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[0030] FIG.16isaplanview showing an LCD according to
a seventh exemplary embodinient;

[0031] FIGS.17A and 17B are plan views showing a part of
an LCD according to a seventh exemplary embodiment;

[0032] FIG. 18 is a sectional view taken along line V-V' of
FIG. 16;
[0033] FIGS. 19A and 19B are graphs showing transmit-

tance as a function of time after a voltage has been applied in
an LCD according to a seventh exemplary embodiment;
[0034] FIGS. 20A, 20B, 21A, 21B, 22A and 22B are pho-
tographs showing transmittance as a function of time in a
conventional LCD and an LCD according to a seventh exem-
plary embodiment;

[0035] FIG. 23 is a graph showing transmittance of a con-
ventional LCD and an LCD according to a seventh exemplary
embodiment, which is represented in an arbitrary unit;
[0036] FIG. 24 is a view showing polar angles of liquid
crystal molecules for A to F positions in an LCD according to
a seventh exemplary embodiment;

[0037] FIGS. 25A and 25B are views showing LCDs
according to eighth and ninth exemplary embodiments,
respectively;

[0038] FIG.261saplanview showing an LCD according to
a tenth exemplary embodiment;

[0039] FIGS.27A and 27B are plan views showing an LCD
according to a tenth exemplary embodiment;

[0040] FIG.28isasectional view taken along line VI-VI' of
FIG. 26;
[0041] FIGS. 29A, 29B, 30A, 30B, 31A and 31B are pho-

tographs showing the simulation results for the alignment and
transmittance of liquid crystal molecules in a conventional
LCD and an LCD according to a tenth exemplary embodi-
ment;

[0042] FIG. 32 is a graph showing how transmittance
depends on the shape of a pixel electrode and a texture control
electrode in an LCD according to a tenth exemplary embodi-
ment;

[0043] FIG. 33 is another graph showing how transmittance
depends on the shape of a pixel electrode and a texture control
electrode in an LCD according to a tenth exemplary embodi-
ment;

[0044] FIG. 34 is a view showing a simulation structure for
an LCD according to an eleventh exemplary embodiment;
and

[0045] FIGS. 35A, 35B and 35C are photographs showing
the simulation result for the alignment and transmittance of
liquid crystal molecules in an L.CD according to an eleventh
exemplary embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0046] Hereinafter, exemplary embodiments will be
described in detail with reference to accompanying drawings.
However, the present invention is not limited to the following
embodiments but includes various changes, substitutions and
modifications within the technical scope of the present dis-
closure.

[0047] Inthe drawings, the sizes of layers and regions may
be magnified for the purpose of clear explanation. The terms
“first”, “second” and the like can be used to explain various
elements, but the elements are not limited to such terms. The
terms are used to distinguish one element to the other ele-
ment. Thus, an element referred to as a first element in one
embodiment may be referred to as a second element in
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another embodiment. Unless the context otherwise requires,
the singular expression does not exclude the plural expres-
sion.

[0048] In the following description, the terms “include” or
“comprises” are used to indicate the feature, number, step,
operation, elements, parts or combination thereof without
excluding other features, numbers, steps, operations, ele-
ments, parts or combination thereof. It will be understood that
when an element, such as a layer, a film, a region, or a plate,
is referred to as being ‘on’ or ‘under’ another element, the
element can be directly on another element, or an intervening
element or elements may also be present therebetween. In
addition, when an element is referred to as being “directly on”
other element, intervening layers are not present therebe-
tween.

[0049] FIG. 1is a plan view showing an LCD according to
a first exemplary embodiment. FIG. 2 is a sectional view
taken along line I-I' of FIG. 1. FIGS. 3A and 3B are plan views
showing a pixel electrode and a texture control electrode of
the LCD according to a first exemplary embodiment, respec-
tively. FIG. 4 is a sectional view taken along line II-II' of FIG.
1 to illustrate a part of the LCD.

[0050] Referring to FIGS. 1 and 2, the LCD includes a first
substrate 100, a second substrate 200 facing the first substrate
100, and a liquid crystal layer 300 interposed between the first
and second substrates 100 and 200.

[0051] The first substrate 100 is a thin film transistor sub-
strate having thin film transistors that are used to drive pixel
electrodes that apply an electric field to liquid crystal mol-
ecules of the liquid crystal layer 300, and the second substrate
200 is a color filter substrate having color filters to represent
colors of images. The liquid crystal layer 300 includes a
plurality of liquid crystal molecules having dielectric anisot-
ropy. The liquid crystal molecules are vertical alignment lig-
uid crystal molecules, which are vertically aligned between
the first and second substrates 100 and 200 (i.e., the long axes
of the liquid crystal molecules are aligned perpendicular to
the surfaces of the first and second substrates 100 and 200). As
an electric field is applied between the first and second sub-
strates 100 and 200, the liquid crystal molecules are rotated in
a specific direction between the first and second substrates
100 and 200 to transmit or block the light. The term “rotate”
used in this specification means that the liquid crystal mol-
ecules change orientationtolieina direction that is horizontal
(i.e. parallel) with respect to the surfaces of the first substrate
100 or the second substrate 200. In addition, the term “rotate”
may include a general change in the direction of alignment of
liquid crystal molecules as well as the specific rotation of the
liquid crystal molecules to a horizontal direction.

[0052] Inthe following description, a normally black mode
LCD, in which the liquid crystal layer 300 is black (i.e., no
transmittance of light) when the electric field is not applied
and is white (i.e., allows transmittance of light) when the
electric field is applied, will be described as an example. In
other embodiments, however, the LCD may be a normally
white mode LCD.

[0053] The first substrate 100 includes a first insulating
substrate 101 formed with a plurality of pixels. The first
insulating substrate 101 includes (n+p) gate lines GL, . . .,
GL,, GL ., GL and GL,, , and (m+q) data lines

st (n+p)-1° n+p?
DL,,...,DL,,DL, ... DL, ., and DL, ., in which
each pixel may include one of the gate lines GL,, . .., GL,,

GL,,1s - - GLgypp-15 and GL,,, , and one of the data lines
bL,...,DL,,DL,,...,DL,, 1. and DL, . For the
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purpose of convenience, the pixel shown in FIG. 1 includes an
n gate line GL, and an m™ data line DL,,. Each of the pixels
has the same structure.

[0054] Each pixel includes the n™ gate line GL,, a storage
line STL, an insulating layer 111, the m” dataline DL, a thin
film transistor TFT, a texture control electrode TCE, a passi-
vation layer 121 and a pixel electrode PE. The thin film
transistor TFT includes a gate electrode GE, a semiconductor
layer SM, a source electrode SE, and a drain electrode DE.
[0055] Then” gate line GI,, extends in one direction on the
first insulating substrate 101.

[0056] The gate electrode GE protrudes from the n™ gate
line GL, or is formed on a part of the n gate line GL,.
[0057] The storage line STL is disposed between the n™
gate line GL,, and the (n+1)” gate line GL,,, , and is spaced
apart from the n” gate line GL,, and the (n+1)” gate line GL, ..
The storage line STL may surround the pixel.

[0058] The insulating layer 111 is formed over the entire
surface of the first insulating substrate 101 formed with the n*
gate line GL,, and the storage line STL.

[0059] The semiconductor layer SM is formed on the insu-
lating layer 111.

[0060] Them™ dataline DL, the source electrode SE, and
the drain electrode DE are formed on the first insulating
substrate 101 having the n™ gate line GL,, with the insulating
layer 101 interposed therebetween.

[0061] Them? data line DL, extends in a direction that is
different from (and may be substantially perpendicular to) the
direction the n” gate line GL,, extends, and crosses the n” gate
line GL,,. The source electrode SE branches off from the m™
data line DL, in such a manner that the source electrode SE
may partially overlap the n” gate line GL,. The drain elec-
trode DE is spaced apart from the source electrode SE with
the semiconductor layer SM interposed therebetween. The
drain electrode DE may partially overlap the gate electrode
GE.

[0062] The texture control electrode TCE is formed on the
insulating layer 111. The texture control electrode TCE
directly contacts the drain electrode DE while partially over-
lapping the drain electrode DE.

[0063] The passivation layer 121 is formed on the first
insulating substrate 101 having the texture control electrode
TCE. The passivation layer 121 has a contact hole CH
through which the drain electrode DE is partially exposed.

[0064] The pixel electrode PE is formed on the texture
control electrode TCE with the passivation layer 121 inter-
posed therebetween in such a manner that the pixel electrode
PE may partially overlap the texture control electrode TCE.
The pixel electrode PE is connected to the drain electrode DE
through the contact hole CH formed in the passivation layer
121.

[0065] The texture control electrode TCE, the pixel elec-
trode PE and the passivation layer 121 will be further
described below.

[0066] Inthe LCD having the above structure, the thin film
transistor TFT is turned on when the gate signal is applied to
the n™ gate line GL,,. Thus, the data signal applied to the m”
data line DL, is transferred to the texture control electrode
TCE and the pixel electrode PE through the thin film transis-
tor TFT.

[0067] Referring to FIGS. 1 to 4, the pixel electrode PE
includes a stem part PE1 and branch parts PE2 that branch off
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radially from the stem part PE1. The pixel electrode PE is
connected to the drain electrode DE through the contact hole
CH.

[0068] Referring to FIG. 4, the pixel electrode PE and the
texture control electrode TCE are divided into a first region
PA1 and a second region PA2 according to the size of the
overlap between the pixel electrode PE and texture control
electrode TCE, when viewed in a plan view. The pixel elec-
trode PE is provided in the first and second regions PA1 and
PA2 and the texture control electrode TCE is provided in the
second region PA2. That is, the first region PA1 is an area
where only the pixel electrode PE is provided, and the second
region PA2 is an area where the pixel electrode PE and the
texture control electrode TCE are overlapped with each other.
A position where the stem part PE1 (FIG. 1) of the pixel
electrode PE meets the branch parts PE2 is indicated as a first
position P1 (FIG. 4), a boundary between the first and second
regions PA1 and PA2 is indicated as a second position P2, and
a terminal end of the branch parts PE2 is indicated as a third
position P3.

[0069] According to a first exemplary embodiment, the
stem part PE1 has a cross shape (FIG. 3A). In this case, the
pixel is divided into a plurality of regions by the stem part
PE1. The branch parts PE2 are spaced apart from each other
such that adjacent branch parts PE2 do not make contact with
each other. In addition, the branch parts PE2 extend in parallel
to each other in the region defined by the stem part PEI.
Adjacent branch parts PE2 are spaced apart from each other
by a distance of about 2-10 micrometers in order to pre-tilt
liquid crystal molecules of the liquid crystal layer 300.
[0070] When viewed in a plan view (FIG. 3B), the texture
control electrode TCE partially overlaps with the pixel elec-
trode PE in the second region PA2. In particular, the texture
control electrode TCE partially overlaps with the branch parts
PE2.

[0071] The texture control electrode TCE has an opening
OPN 1n the first region PA1 (FIG. 4) to expose a part of the
insulating layer 111. According to a first exemplary embodi-
ment, the opening OPN has a shape that is symmetrical to the
stem part PE1 and, in particular, has a rectangular shape. In
this case, the long lateral sides and the short lateral sides of the
rectangular opening OPN are substantially parallel to, respec-
tively, the m™ data line DL, and n™” gate line GL, . In addition,
certain outer edges of the texture control electrode TCE are
substantially parallel to the lengthwise direction of the stem
part PE1.

[0072] Referring to FIGS. 1, 3A and 3B, when the texture
control electrode TCE overlaps with the pixel electrode PE,
the texture control electrode TCE partially overlaps with the
branch parts PE2 of the pixel electrode PE and has edges
crossing the lengthwise direction of the second branch part
PE2. When viewed in a plan view, an inside edge of the
texture control electrode TCE located adjacent to the opening
OPN is positioned between the stem part PE1 of the pixel
electrode PE and the terminal ends of the branch parts PE2.
The terminal ends of the branch parts PE2 are located within
the texture control electrode TCE. The terminal ends of the
branch parts PE2 are spaced apart from the outside edge of the
texture control electrode TCE by a distance of about 3 pm or
more, taking into consideration misalignment which may be
introduced in the manufacturing process.

[0073] The second substrate 200 (FIG. 2) includes a second
insulating substrate 201 provided thereon with a color filter
CF and a common electrode CE.
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[0074] The color filter CF is formed on the second insulat-
ing substrate 201 to provide color to the light that passes
through the liquid crystal layer 300. The common electrode
CE is formed on the color filter CF to drive the liquid crystal
layer 300 by generating the electric field together with the
pixel electrode PE and the texture control electrode TCE.
[0075] According to a first exemplary embodiment, the
pixel electrode PE is spaced apart from the texture control
electrode TCE with the passivation layer 121 interposed ther-
ebetween, so the effective voltage applied to the liquid crystal
layer 300 from the pixel electrode PE and the texture control
electrode TCE may vary even if the same voltage is applied to
the pixel electrode PE and the texture control electrode TCE.
[0076] Because a dielectric layer is not formed between the
pixel electrode PE and the liquid crystal layer 300, the first
voltage V,, applied to the pixel electrode PE is identical to the
first effective voltage V, that is applied to the liquid crystal
layer by the pixel electrode PE.

[0077] The effective voltage applied to the liquid crystal
layer 300 when a second voltage V, is applied to the texture
control electrode TCE is a second effective voltage V,, which
is defined in equation 1.

dy/ drc ‘l*I Equation 1

Vo= V,(I + .
Sp/SLC,

[0078] InEquationl,d, . is athickness of the liquid crystal
layer 300, c,, is a dielectric constant of the passivation layer
121, d,, is a thickness of the passivation layer 121, and €, - is
a dielectric constant of the liquid crystal layer 300.

[0079] Because the texture control electrode TCE and the
pixel electrode PE are electrically connected to the drain
electrode DE, the same voltage level is applied to each. When
the same voltage level is applied to both the texture control
electrode TCE and the pixel electrode PE, the following is
satisfied: V,=V,. Thus, actually, the second effective voltage
V, is lower than the first effective voltage V.

[0080] FIG. 5 is a view showing a structure of the pixel
electrode PE and the texture control electrode TCE for a
computer simulation model which was used to calculate in the
simulation the difference between the first and second V, and
V, when voltages having the same level are applied to the
texture control electrode TCE and the pixel electrode PE,
respectively.

[0081] Referring to FIG. 5, the structure includes the pixel
electrode PE having the stem part PE1 and a plurality of
branch parts PE2 branching perpendicularly to the stem part
PE1, and the texture control electrode TCE partially overlaps
the branch parts PE2 at the terminal ends of the branch parts
PE2. The passivation layer 121 is provided between the pixel
electrode PE and the texture control electrode TCE. The
passivation layer 121 is formed by inorganic insulating layers
SiNXx or organic insulating layers having various thicknesses.
[0082] FIG. 6 is a graph showing the difference (V,-V,)
between the first effective voltage V, and the second effective
voltage V, as a function of the thickness of the passivation
layer 121 when the same voltages are applied to the pixel
electrode PE and the texture control electrode TCE by using
the structure of FIG. 5. The difference (V,-V,) is represented
as AV.

[0083] Referring to FIG. 6, AV increases as the thickness of
the passivation layer 121 becomes thicker. A greater AV
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occurs when the passivation layer 121 includes the inorganic
layer G2 versus when the passivation layer 121 includes the
organic layer G1. A SiNx layer is used as the inorganic layer
G2.

[0084] As described above, although the same voltage is
applied to the pixel electrode PE and the texture control
electrode TCE, the effective voltage applied to the liquid
crystal layer 300 can be adjusted by adjusting the thickness of
the passivation layer 121. If the effective voltage applied to
the pixel electrode PE is different from the effective voltage
applied to the texture control electrode TCE, the vertical
electric field formed at the edges of the pixel electrode PE and
the texture control electrode TCE is initially distorted. Thus,
the liquid crystal molecules located along the edges of the
pixel electrode PE and the texture control electrode TCE are
rotated toward the stem part PE1 of the pixel electrode PE in
response to the change, or distortion, of the electric field.
Then, as time elapses, the liquid crystal molecules adjacent to
the rotated liquid crystal molecules are sequentially rotated,
so that all liquid crystal molecules provided in the pixel
region are rotated. In the LCD, the transmittance may be
increased depending on the rotation of the liquid crystal mol-
ecules.

[0085] FIGS. 7A and 76 are graphs showing the transmit-
tance obtained from a section II-II' of the LCD shown in FIG.
1 when time after the voltage has been applied to both the
pixel electrode PE and the texture control electrode TCE has
elapsed by 10 ms and 50 ms, respectively.

[0086] Referring to FIGS. 4 and 7A, when time after the
voltage has been applied to both the pixel electrode PE and the
texture control electrode TCE has elapsed by 10 ms, the
transmittance at the first and third positions P1 and P3 corre-
sponding to the edge of the pixel electrode PE and the trans-
mittance at the second position P2 corresponding to the edge
adjacent to the opening OPN of the texture control electrode
TCE are higher than the transmittance of other regions. The
higher transmittance for the liquid crystal layer 300 indicates
that the electric field of the liquid crystal layer 300 is initially
changed at the edge of the pixel electrode PE and the edge
adjacent to the opening OPN of the texture control electrode
TCE. In detail, the liquid crystal molecules located at the edge
of the pixel electrode PE and the edge adjacent to the opening
OPN of the texture control electrode TCE are primarily
rotated, i.e. directly rotated by the distortion in the electric
field at that location.

[0087] Referring to FIG. 7B, when time after the voltage
has been applied to the pixel electrode PE and the texture
control electrode TCE has elapsed by 50 ms, the higher trans-
mittance occurs over the entire area of the pixel, which indi-
cates that most liquid crystal molecules over the pixel elec-
trode PE have been rotated.

[0088] As shown in FIGS. 7A and 7B, the above structure
causes electric field distortion so that a primary rotation of the
liquid crystal molecules occurs between the stem part PE1
and the branch parts PE2 of the pixel electrode PE when the
voltage is applied to the pixel electrode PE and the texture
control electrode TCE. Thus, the above structure may facili-
tate the secondary rotation of the liquid crystal molecules in
all regions where the pixel electrode PE is formed, where
“secondary rotation” refers to the rotation of liquid crystal
molecules as a result of rotation of neighboring liquid crystal
molecules, which may be the liquid crystal molecules prima-
rily rotated by distortion of the electric field in particular
locations.
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[0089] FIGS. 8A and 8B are photographs showing the
transmittance from a conventional LCD and the LCD accord-
ing to a first exemplary embodiment, respectively, which are
obtained from a part of the pixel. The conventional LCD has
the structure identical to the structure of the LCD according to
the first exemplary embodiment except that the conventional
LCD has no texture control electrode TCE. The conventional
LCD is manufactured and driven under the same conditions
of the LCD according to the first exemplary embodiment.
[0090] Referring to FIG. 8A, the texture defect occurs
between the stem part and terminal ends of the branch parts of
the pixel electrode in the conventional LCD. That is, when the
electric field is applied to the liquid crystal layer of the con-
ventional LCD, a non-transmittive region is formed at the
liquid crystal layer located over the region between the stem
part and terminal ends of the branch parts of the pixel elec-
trode due to the misalignment of the liquid crystal molecules.
The non-transmittive region, which causes the texture defect,
is irregularly formed between the stem part and terminal ends
of the branch parts of the pixel electrode regardless of the
shape of the pixel electrode.

[0091] The texture defect is generated because the liquid
crystal molecules aligned at the middle portion of each
branch part may not be rotated or fully rotated by the electric
field. If the branch parts have long lengths, the liquid crystal
molecules aligned in a middle portion of the branch parts of
pixel electrode PE, between the stem part and terminal ends of
the branch parts, may not uniformly rotate when the electric
field is applied thereto, or the liquid crystal molecules may
rotate even though the electric field is not applied thereto. In
addition, because the liquid crystal molecules in such middle
portions of the branch parts are located away from both the
stem part and the terminal ends of the branch parts, where the
liquid crystal molecules are primarily rotated due to the elec-
tric field distortion, the liquid crystal molecules may not be
rotated. If one liquid crystal molecule is not rotated, the liquid
crystal molecules adjacent to the one liquid crystal molecule
are subject to not being rotated. As a result, the texture defect
may be increased.

[0092] Referring to FIG. 8B, different from the conven-
tional LCD, the LCD according to a first exemplary embodi-
ment shows uniform transmittance over the whole area of the
pixel without any texture defects. In other words, the texture
control electrode of the LCD according to the first exemplary
embodiment can create uniform rotation of the liquid crystal
molecules aligned in the middle portion of the pixel electrode
PE between the stem part and the branch parts of the pixel
electrode.

[0093] To prevent the texture defect as shown in FIG. 8B
from occurring, the first effective voltage V, must be different
from the second effective voltage V. In this regard, a ratio
(V,/V,) of the second effective voltage V, to the first effective
voltage V, is sett0 0.3<V,/V,<0.9. If theratio is less than 0.3,
the electric field may rarely be changed in the region between
the stem part PE1 and the terminal ends of the branch parts
PE2, so that atexture defect may occur. In addition, ifthe ratio
is higher than 0.9, the degree of rotation of the liquid crystal
molecules aligned by the pixel electrode PE alone may be
different from the degree of rotation of the liquid crystal
molecules aligned by the texture control electrode with the
pixel electrode PE, so the transmittance may be lowered in the
specific region. Thus, a ratio of 0.3<V,/V,<0.9 is used to
achieve uniform transmittance over the whole area of the
pixel.
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[0094] FIGS. 9A to 9E are photographs showing results of
simulations of the alignment and transmittance of the liquid
crystal molecules when the differential value between the first
and second effective voltages V| and V, is changed in the
conventional LCD and the LCD according to a first exem-
plary embodiment. FIG. 9A shows the alignment and trans-
mittance of the liquid crystal molecules when 6V is applied to
the pixel electrode of the conventional LCD. FIGS. 9B to 9E
show the alignment and transmittance of the liquid crystal
molecules when the first effective voltage is 6V, and the
differential value A V between the first and second effective
voltages V, and V, s 0.8V, 0.9V, 1.1V and 2.0V, respectively.
The results shownin FIGS. 9A to 9E are obtained by using the
structure for pixel electrode PE and the texture control elec-
trode TCE shown in FIG. 5.

[0095] Referringto FIG. 9A, the texture defect occurs inthe
conventional LCD, which does not have a texture control
electrode TCE. Referring to FIG. 9B, when the differential
value AV is 0.8V, that is, when the first effective voltage is 6V
and the second effective voltage is 5.2V, the texture defect
occurs by the texture control electrode TCE even though there
is a difference between first and second effective voltages.
[0096] Referring to FIGS.9C to 9E, the texture defectis not
generated when the differential value AV 1s 0.9V, 1.1V and
2.0V.

[0097] FIG. 10 is a graph showing the transmittance when
the differential value AV between the first and second effec-
tive voltages V, and V, is changed. The results shown in FIG.
10 were obtained by using the structure for pixel electrode PE
and the texture control electrode TCE shown in FIG. 5.
[0098] Referring to FIG. 10, the transmittance suitable for
the LCD is obtained when the differential value AV is in the
range of about 0.9V to about 6.0V. In particular, the highest
transmittance is obtained when the differential value AV is
1.1V. If the differential value AV is less than 4.0V, the trans-
mittance is about 80% to about 85% based on the maximum
transmittance, so the display quality may be degraded.
[0099] The first and second effective voltages V|, and V,
may vary depending on the structure of the first substrate 100
or the voltage applied to the pixel electrode PE. When taking
the simulation results of FIGS. 9A to 9E and 10 into consid-
eration, texture defects may not occur and the desired trans-
mittance can be maintained when the first and second effec-
tive voltages V, and V, satisfy 0.3V, <V,<0.9V,.

[0100] To obtain the desired differential value AV between
the first and second effective voltages V|, and V., the passi-
vation layer 121 may have a thickness of between about 0.4
um to about 5 um. The passivation layer including the inor-
ganic layer, such as a SiNx layer, may have a thickness in the
range of about 0.9 um to about 5 um, and the passivation layer
121 including the organic layer may have a thickness in the
range of about 0.45 um to about 3 pm.

[0101] FIG. 11 isaplan view showing an LCD according to
a second exemplary embodiment, and FIG. 12 is a sectional
view taken along line ITI-IIT' of FIG. 11.

[0102] The following description of a second exemplary
embodiment will be focused on the difference with respect to
the first exemplary embodiment in order to avoid redundancy,
and, unless otherwise expressed, the technical features of the
first exemplary embodiment are adopted in the second
embodiment. The same or similar reference numerals will be
used to refer to the same or similar elements.

[0103] According to the first exemplary embodiment, the
differential value AV between the first and second effective
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voltages V, and 'V, is obtained by varying the thickness of the
passivation layer 121 although the voltage having the same
level is applied to the pixel electrode PE and the texture
control electrode TCE. However, according to a second
exemplary embodiment, a charge sharing structure is
employed such that the voltage level applied to the pixel
electrode PE is different from the voltage level applied to the
texture control electrode TCE, thereby obtaining the differ-
ential value AV between the first and second effective volt-
ages V, and V.

[0104] Referring to FIGS. 11 and 12, the L.CD includes a
first insulating substrate 101 having pixels.

[0105] The first insulating substrate 101 includes (n+p)
gate lines GL,,...,GL,,GL, ,,,...,GL,,  ,and GL,_,
and (m+q) data lines DL,, ..., DL,,, DL,,,,, DL, ., and
DL,,,,» in which each pixel may include one of the gate lines
GL,,...,GL,,GL,,,,GL,,,andGL, ,and one of the data
lines DL,,...,DL,,DL,,,,,...,DL,, .1, and DL, . For
the purpose of convenience, an n gate line GL,,, an (n+1)”
gate line GL, ., and an m” data line DL, are illustrated in the
pixel shown in FIG. 11 and remaining drawings, and redun-
dant parts are omitted. Each of the pixels has the same struc-
ture.

[0106] Each pixel includes the n™ gate line GL,, a storage
line STL, an insulating layer 111, the m* data line DL, first
to third thin film transistors T1, T2 and T3, a texture control
electrode TCE, a passivation layer 121 and a pixel electrode
PE. The first thin film transistor T1 includes a first gate elec-
trode GE1, a first semiconductor layer SM1, a first source
electrode SE1, and a first drain electrode DE1, the second thin
film transistor T2 includes a second gate electrode GE2, a
second semiconductor layer SM2, a second source electrode
SE2, and a second drain electrode DE2, and the third thin film
transistor T3 includes a third gate electrode GE3, a third
semiconductor layer SM3, a third source electrode SE3, and
a third drain electrode DE3.

[0107] The n™ gate line GL,, the (n+1)” gate line GL,,, ,,
the first to third gate electrodes GE1, GE2, and GE3, and the
storage line STL are provided on the first insulating substrate
101.

[0108] Then” gate line GL, extends in one direction on the
first insulating substrate 101. The (n+1)” gate line GL,,., is
formed in an adjacent pixel while being spaced apart from the
n™ gate line GL,, in parallel to the n” gate line GL,,.

[0109] The first and second gate electrodes GE1 and GE2
may branch off from the n™ gate line GL,,. According to the
present exemplary embodiment, the first and second gate
electrodes GE1 and GE2 are formed as a part of the n™ gate
line GL,,. The third gate electrode GE3 is formed as a part of
the (n+1)™ gate line GL,_,.

[0110] The storage line STL is disposed between the n”
gate line GL, and the (n+1)" gate line GL,,,, and is spaced
apart from the n” gate line GL,, and the (n+1)" gate line
GL,,, ;. The storage line STL may surround the pixel.

[0111] The insulating layer 111 is formed on the n” gate
line GL,,, and an entire surface of the first insulating substrate
101 formed with the n” gate line GL,, and the storage line
STL.

[0112] The m™ data line DL, the first source electrode
SE1, the first drain electrode DE1, the second source elec-
trode SE2, the second drain electrode DE2, the third source
electrode SE3, the third drain electrode DE3, and the charge
sharing electrode CDE are formed on the first insulating
substrate 101 having the n™ gate line GL,,.
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[0113] Them™ data line DL, extends in a direction that is
different from (and may be substantially perpendicular to) the
direction of the n™ gate line GI, and crosses the n” gate line
GL, with the insulating layer 111 interposed therebetween.
The firstand second source electrode SE1 and SE2 branch off
from the m™ data line DL, in such a manner that the first and
second source electrodes SE1 and SE2 may partially overlap
the n” gate line GL,,. The first and second source electrodes
SE1 and SE2 are connected with each other.

[0114] The first and second drain electrodes DE1 and DE2
are spaced apart from the first and second source electrodes
SE1 and SE2 with the first and second semiconductor layers
SM1 and SM2 interposed between the first and second source
electrodes SE1 and SE2 in such a manner that the first and
second drain electrodes DE1 and DE2 may partially overlap
the n™ gate line GL,.

[0115] The third source electrode SE3 branches off from
the second electrode DE2 in such a manner that the third
source electrode SE3 may partially overlap the (n+1)” gate
line GL,,,;. The third drain electrode DE3 is spaced apart
from the third source electrode SE3 with the third semicon-
ductor layer SM3 interposed therebetween in such a manner
that the third drain electrode DE3 may partially overlap the
(n+1)* gate line GL,,,,. When viewed in a plan view, the
charge sharing electrode CDE overlaps the storage line STL
of the pixel.

[0116] The texture control electrode TCE is formed on the
insulating layer 111. The texture control electrode TCE
directly contacts the second drain electrode DE2 while par-
tially overlapping the second drain electrode DE2.

[0117] The pixel electrode PE is formed on the first insu-
lating substrate 101 having the first to third source electrodes
SE1, SE2 and SE3 and the first to third drain electrodes DE1,
DE2 and DE3, with the passivation layer 121 interposed
therebetween. The pixel electrode PE is connected to the first
drain electrode DE1 through the contact hole CH formed in
the passivation layer 121.

[0118] FIG. 13 is an equivalent circuit diagram of the pixel
provided inthe LCD shown in FIG. 11. The method of driving
the LCD according to the second exemplary embodiment will
be described in detail with reference to FIG. 13.

[0119] The pixel having the first and second thin film tran-
sistors T1 and T2 is formed with first and second liquid crystal
capacitors T1-Clc and T2-Clc and first and second storage
capacitors T1-Cst and T2-Cst.

[0120] Thefirst thin film transistor T1 includes the first gate
electrode GE1 connected to the n” gate line GL,, the first
source electrode SE1 connected to the m” data line DL, ,, and
the first drain electrode. DE1 connected to the first liquid
crystal capacitor T1-Cle. The first liquid crystal capacitor
T1-Cle is defined by the pixel electrode PE connected to the
first drain electrode DE1, the common electrode CE facing
the pixel electrode PE and receiving the common voltage
Vcom, and the liquid crystal layer 300 interposed between the
pixel electrode PE and the common electrode CE. The first
storage capacitor T1-Cst is defined by the pixel electrode PE,
the storage line STL to which a storage capacitor voltage Vest
is applied and the storage capacitor voltage Vest substantially
equals the common voltage Vcom, and the insulating layer
111 and the passivation layer 121, which are interposed
between the pixel electrode PE and the storage line STL.
[0121] The second thin film transistor T2 includes the sec-
ond gate electrode GE2 connected to the n”” gate line GL,,, the
second source electrode SE2 connected to the m” data line
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DL,,, and the second drain electrode DE2 connected to the
second liquid crystal capacitor T2-Clc. The second liquid
crystal capacitor T2-Clc is defined by the texture control
electrode TCE connected to the second drain electrode DE2,
the common electrode CE facing the texture control electrode
TCE and receiving the common voltage Vcom, and the liquid
crystal layer 300 interposed between the texture control elec-
trode TCE and the common electrode CE. The second storage
capacitor T2-Cst is defined by the texture control electrode
TCE, the storage line STL to which the storage capacitor
voltage Vest is applied, and the insulating layer 111 and the
passivation layer 121, which are interposed between the tex-
ture control electrode TCE and the storage line STL.

[0122] The gate signal is applied to the n” gate line GL,.
The data signal is applied to the m™ data line DL, . If the first
and second thin film transistors T1 and T2 are turned on in
response to the gate signal applied through the n™ gate line
GL,, the data signal is output to both the pixel electrode PE
and the texture control electrode TCE through the first and
second thin film transistors T1 and T2 in synchronization with
the gate signal applied to the n™ gate line GL,,.

[0123] Ifthe gate signal is applied to the n” gate line GL,,
the first and second thin film transistors T1 and T2 are turned
on. Thus, the data signal applied to the M data line DL, is
transferred to both the pixel electrode PE and the texture
control electrode TCE of the first and second liquid crystal
capacitors T1-Clc and T2-Clc through the first and second
thin film transistors T1 and T2. Because the same signal is
applied to the pixel electrode PE and the texture control
electrode TCE of the first and second liquid crystal capacitors
T1-Cle and T2-Clc, the first and second liquid crystal capaci-
tors T1-Clc and T2-Clc are charged with first and second pixel
voltages having the same level, respectively.

[0124] In avoltage adjusting module of the pixel, the third
thin film transistor T3 adjusts the level of first and second
pixel voltages charged in the pixel electrode PE and the tex-
ture control electrode TCE, respectively. The third thin film
transistor T3 includes the third gate electrode GE3 connected
to the (n+1)* gate line G, , ,, the third source electrode SF3
connected to the texture control electrode TCE, and the third
drain electrode DE3 connected to a down capacitor Cdown.

[0125] The down capacitor Cdown is defined by the storage
line STL, the charge sharing electrode CDE connected to the
third drain electrode DE3 while partially overlapping the
storage line STL, and the insulating layer 111 interposed
between the charge sharing electrode CDE and the storage
line STL.

[0126] The third thin film transistor T3 is turned on in
response to the gate signal, whichis applied to the (n+1)" gate
lineGIL,,,, afier the gate signal has been applied to the n” gate
line GL,,, and outputs the voltage control signal. Thus, the
texture control electrode TCE is electrically connected to the
charge sharing electrode CDE. Therefore, the level of the first
pixel voltage charged in the first liquid crystal capacitor
T1-Clc and the level of the second pixel voltage charged in the
second liquid crystal capacitor T2-Clc are adjusted by the
down capacitor Cdown. In detail, the second pixel voltage is
caused to be at a lower level by the down capacitor Cdown. At
this time, the lowered voltage level may vary depending on
the capacitance value of the down capacitor Cdown.

[0127] Inthis manner, the different voltages can be applied
to the pixel electrode PE and the texture control electrode
TCE by using the voltage adjusting module. Therefore,
according to a second exemplary embodiment, the differen-
tial value AV between the first and second effective voltages
V, and V, can be adjusted by applying different voltages to
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the pixel electrode PE and the texture control electrode TCE.
As a result, the texture defect may be reduced.

[0128] In addition, according to another exemplary
embodiment, the first and second voltages having different
levels are supplied, and also the thickness of the passivation
layer 121 is adjusted, to adjust the first and second effective
voltages V| and V., thereby reducing the texture defect.
[0129] FIG. 14 is a sectional view showing an LCD accord-
ing to a third exemplary embodiment. The plan view of the
LCD according to a third exemplary embodiment is substan-
tially identical to the plan view of the LCD according to the
second exemplary embodiment and the section view of FIG.
14 is taken along line III-III' of FIG. 11. The following
description of a third exemplary embodiment will be focused
on the difference with respect to the first exemplary embodi-
ment to avoid redundancy, and, unless otherwise expressed,
the technical features of the first exemplary embodiment will
be adopted in the third exemplary embodiment. The same or
similar reference numerals will be used to refer to the same or
similar elements.

[0130] According to a third exemplary embodiment, reac-
tivemesogen layers RM1 and RM2 are provided to pre-tilt the
liquid crystal molecules of the liquid crystal layer. The reac-
tive mesogen layers RM1 and RM2 include a first reactive
mesogen layer RM1, which is interposed between the pixel
electrode PE and the liquid crystal layer 300, and a second
reactive mesogen layer RM2, which is interposed between
the common electrode CE and the liquid crystal layer 300.
[0131] Reactive mesogen has properties similar to that of
the liquid crystal molecules. The reactive mesogen layers
RM1 and RM2 can be formed by polymerizing photo-reac-
tivemonomers that are on the pixel electrode and the common
electrode. The photo-reactive monomers may be polymerized
by irradiating light, such as ultraviolet rays, onto the photo-
reactive monomers. The polymer extends in a specific direc-
tion to cause the liquid crystal molecules to pre-tilt, i.e., to
align along a specific direction without the application of an
electric field. In detail, the liquid crystal molecules of the
liquid crystal layer 300 can be pre-tilted at an angle of about
85° to 95° by the reactive mesogen layers. The liquid crystal
molecules of the liquid crystal layer 300, which are pre-tilted
at the predetermined angle, may have a faster response speed
upon application of the electric field than that of the liquid
crystal molecules that are not pre-tilted. In this manner, the
reactive mesogen layers RM1 and RM2 may serve be used to
direct the liquid crystal layer 300.

[0132] The reactive mesogen layers RM1 and RM2 may
include a compound comprised of various functional groups;
For instance, the reactive mesogen layers RM1 and RM2 may
include a compound represented as chemical formula 1.

R,J-K-R,
[0133]

0O~
O

[Chemical formula 1]

In chemical formula 1, J and K represent
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or a single bond, respectively, except that both J and K rep-
resent the single bond. Hydrogen atoms of J and K can be
replaced with F, Cl, alkyl group having C1 to C12, or
—OCH.,. In addition, R, and R, represent

HC - 5§ -

C HZ and CHZ >

respectively or hydrogen atoms except that both R; and R,
represent the single bond.

[0134] Although a third exemplary embodiment discloses
the reactive mesogen layers RM1 and RM2, which are addi-
tionally formed, embodiments are not limited thereto.
According to another exemplary embodiment, the reactive
mesogen layers can be attached to the polymer of the align-
ment layer as a functional group such that the reactive
mesogen layers may serve as an auxiliary layer for the align-
ment layer. For instance, the alignment layer may include
polyimide and the reactive mesogen can be attached to the
side chain of the polyimide. In this case, the pre-tilt angle of
the liquid crystal molecules of liquid crystal layer 300 can be
adjusted, so that the fast reaction speed can be achieved.
[0135] According to first and second exemplary embodi-
ments, the opening OPN of the texture control electrode TCE
has a rectangular shape. However, according to other exem-
plary embodiments, the opening OPN of the texture control
electrode TCE may have various shapes other than the rect-
angular shape.

[0136] FIGS.15A to 15C are views showing LCDs accord-
ing to fourth to sixth exemplary embodiments. The fourth to
sixth exemplary embodiments are substantially identical to a
first exemplary embodiment except for the pixel electrode
and the texture control electrode. Thus, for the purpose of
convenience, only the pixel electrode PE and the texture
control electrode TCE are shown in FIGS. 15A to 15C.
[0137] Referring to FIGS. 15A to 15C, the opening OPN
may have various shapes. For instance, the opening OPN may
have a trapezoidal shape, a polygonal shape, a rectangular
shape, etc. [naddition, the opening OPN can be designed such
that the region exposed through opening OPN may have
various areas. The edge of the texture control electrode TCE
adjacent to the opening OPN may be positioned at the inter-
mediate point along the lengthwise direction of the branch
parts PE. For the branch parts PE2 that have longer lengths,
the liquid crystal molecules positioned in a middle area
between the stem part PE1 and the terminal ends of the branch
part PE2 may not be controlled, so that the texture defect may
occur. In this regard, the edge of the texture control electrode
TCE adjacent to the opening OPN is located along an inter-
mediate position, e.g. at a mid-point, of the branch parts PE
for each of the branch parts PE. In addition, the width of the
insulating layer 111 exposed through the opening OPN may
be enlarged or reduced according to the shape of the stem part
PE1 or the branch part PE2.

[0138] The opening OPN may, for example, have a shape
with line symmetry a predetermined axis or with point sym-
metry about a point, according to the shape of the pixel. In
order to ensure a wide viewing angle, the pixel electrode PE
may have a shape with line symmetry or point symmetry
about the predetermined axis or point, and the texture control

Mar. 29,2012

electrode TCE has the shape corresponding to the pixel elec-
trode PE, i.e. the texture control electrode TCE may have the
shape with line symmetry or point symmetry about the pre-
determined axis or point. For instance, the opening OPN may
have a rectangular shape line-symmetrical to a linear line,
which passes through the center of the rectangular shape and
is perpendicular to one lateral side of the rectangular shape.
[0139] According to first to sixth exemplary embodiments,
the opening OPN has a closed shape when viewed in a plan
view, but the embodiments are not limited thereto. That s, the
opening OPN of the texture control electrode TCE may be
open in one direction.

[0140] In addition, although the exemplary embodiments
disclose texture control electrodes TCE having an integral
structure, the texture control electrode TCE may alternatively
be divided into a plurality of texture control electrodes TCE as
long as they are electrically connected to each other.

[0141] FIG. 16 is aplan view showing an LCD according to
a seventh exemplary embodiment. FIGS. 17A and 17B are
plan views showing the pixel electrode PE and the texture
control electrode TCE of the LCD according to a seventh
exemplary embodiment. FIG. 18 is a sectional view taken
along line V-V' of FIG. 16.

[0142] The following description of a seventh exemplary
embodiment will be focused on the difference with respect to
the first exemplary embodiment to avoid redundancy, and,
unless otherwise expressed, the technical features of the first
exemplary embodiment will be adopted in a seventh exem-
plary embodiment. The same or similar reference numerals
will be used to refer to the same or similar elements.

[0143] According to first to sixth exemplary embodiments,
the entire texture control electrode TCE substantially over-
laps with the pixel electrode PE except for a part of the edge
of the texture control electrode TCE. However, according to a
seventh exemplary embodiment, the overlapped portion
between the pixel electrode PE and the texture control elec-
trode TCE 1is different from that of first to sixth exemplary
embodiments, thereby further reducing the texture defect.
[0144] Referring to FIGS. 16, 17A, 17B and 18, the pixel
electrode PE and the texture control electrode TCE are
divided into a first region PAl, a second region PA2 and a
third region PA3 according to the overlap size therebetween.
A position where the stem part PE1 of the pixel electrode PE
meets the branch parts PE2 is indicated as a first position P1,
aboundary between the firstand second regions PA1 and PA2
is indicated as a second position P2, a boundary between the
second and third regions PA2 and PA3 is indicated as a third
position P3, and a terminal end of the branch parts of the
texture control electrode TCE is indicated as a fourth position
P4.

[0145] The pixel electrode PE is provided in the first and
second regions PA1 and PA2, and the texture control elec-
trode TCE is provided in the second and third regions PA2 and
PA3. That is, the first region PA1 is provided with only the
pixel electrode PE, the second region PA2 is provided with the
pixel electrode PE and the texture control electrode TCE, and
the third region PA3 is provided with only the texture control
electrode TCE.

[0146] The pixel electrode PE includes the stem part PE1
and a plurality of branch parts PE2 extending from the stem
part PE1. The stem part PE1 and the branch parts PE2 extend
through the first region PA1 and the second region PA2.
[0147] The texture control electrode TCE (FIG. 17B)
includes a plate part PL, a stem part TCE1 and a plurality of
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branch parts TCE2. The plate part PL covers the whole area of
the second region PA2. The plate part PL includes an opening
OPN through which the insulating layer 111 corresponding to
the first region PA1 is exposed. The stem part TCE1 of the
texture control electrode TCE extends from the plate part PL
to the third region PA3 along the extension direction of the
stem part PE1 of the pixel electrode PE. The branch parts
TCE2 of the texture control electrode TCE extend from the
plate part PL or the stem part TCE1 through the third region
PA3 along the extension direction of (i.e., overlapping) the
branch parts PE2 of'the pixel electrode PE or substantially in
parallel with the extension direction of the branch parts PE2
of the pixel electrode PE.

[0148] Inthe LCD having the above structure, if the voltage
is applied to the pixel electrode PE and the texture control
electrode TCE, the electric field applied to the liquid crystal
layer 300 located along the edges of the pixel electrode PE
and the texture control electrode TCE is initially distorted.
Thus, the liquid crystal molecules subject to the electric field
in this location are primarily rotated, i.e., rotated as a direct
result of distortions in the electric field, and then the liquid
crystal molecules adjacent to the primarily rotated liquid
crystal molecules are sequentially rotated.

[0149] FIGS. 19A and 19B are graphs showing the trans-
mittance obtained the LCD according to a seventh exemplary
embodiment when time after the voltage has been applied to
both the pixel electrode PE and the texture control electrode
TCE has elapsed by 10 ms and 50 ms, respectively.

[0150] Referring to FIG. 19A, when time after the voltage
has been applied to both the pixel electrode PE and the texture
control electrode TCE has elapsed by 10 ms, the transmit-
tance at the first and third positions P1 and P3 corresponding
to the edge of the pixel electrode PE, and the transmittance at
the second and fourth positions P2 and P4 corresponding to
the edge of the texture control electrode TCE are higher than
the transmittance of other regions. The higher transmittance
for the liquid crystal layer 300 indicates that the electric field
of the liquid crystal layer 300 is primarily changed at the edge
of the pixel electrode PE and the edge adjacent to the opening
OPN of'the texture control electrode TCE. In detail, the liquid
crystal molecules located along the edge of the pixel electrode
PE and the edge adjacent to the opening OPN of the texture
control electrode TCE are primarily rotated.

[0151] Referring to FIG. 19B, when time after the voltage
has been applied to both the pixel electrode PE and the texture
control electrode TCE has elapsed by 50 ms, the higher trans-
mittance is represented over the whole area corresponding to
the pixel electrode PE, which indicates that most liquid crys-
tal molecules located over the pixel electrode PE have been
rotated.

[0152] As shown in FIGS. 19A and 19B, according to a
seventh exemplary embodiment, the edge of the texture con-
trol electrode TCE is located between the stem part PE1 and
the branch parts PE2 of the pixel electrode PE to provide a
region in which the liquid crystal molecules are primarily
rotated. Thus, the liquid crystal molecules located along the
edge of the texture control electrode TCE between the stem
part PE1 and the branch parts PE2 of the pixel electrode PE
may primarily rotate (be initially rotated by the alteration in
the electric field at that location) and then the liquid crystal
molecules located in the region formed with the pixel elec-
trode PE may rotate.

[0153] FIGS. 20A, 20B, 21A, 21B, 22A and 22B are pho-
tographs showing transmittance as a function of time in the
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conventional LCD and the LCD according to the seventh
exemplary embodiment, which are obtained from a part of the
pixel. FIGS. 20A and 20B show the transmittance when 20
ms has elapsed after the voltage was applied, FIGS. 21A and
21B show the transmittance when 50 ms has elapsed after the
voltage was applied, and FIGS. 22A and 22B show the trans-
mittance when 100 ms has elapsed after the voltage was
applied.

[0154] The pixelis divided into first to third regions PA1 to
PA3 according to the alignment of the pixel electrode PE and
the texture control electrode TCE. The conventional LCD
includes the pixel electrode manufactured through the con-
ventional method. The structure of the seventh exemplary
embodiment was identical to the structure of the conventional
LCD except that the pixel electrode in the conventional LCD
had the texture control electrode TCE. In addition, the con-
ventional LCD was manufactured and driven under the same
conditions as the LCD according to the seventh exemplary
embodiment. In the LCD according to the seventh exemplary
embodiment, the ratio (V,/V ) of the second effective voltage
to the first effective voltage was 0.83.

[0155] Referring to FIGS. 20A, 21A and 22A, similar to
FIGS. 8A and 8B, the texture defect occurs in the conven-
tional LCD between the stem part and the terminal ends of the
branch parts of the pixel electrode. That is, when the electric
field is applied to the liquid crystal layer of the conventional
LCD, a non-transmittive region is formed by the liquid crystal
layer located in the region between the stem part and the
terminal ends of the branch parts of the pixel electrode. The
non-transmittive region, which causes the texture defect, is
irregularly formed between the stem part and terminal ends of
the branch parts of the pixel electrode regardless of the shape
of the pixel electrode. In addition, in the conventional LCD,
the misalignment of the liquid crystal molecules is not cor-
rected even when time elapses.

[0156] Referring to FIGS. 20B, 21B and 22B, the LCD
according to the seventh exemplary embodiment presents
uniform transmittance over the whole area of the pixel with-
out causing the texture defect.

[0157] Although not shown in the drawings of the pixel
electrode PE and the texture control electrode TCE, the exten-
sion direction of the branch parts PE2 of the pixel electrode
PE may deviate from the extension direction of the branch
parts TCE2 of the texture control electrode TCE due to the
misalignment in the manufacturing process. However, the
transmittance is not significantly changed even when the
branch parts PE2 of the pixel electrode PE are spaced apart
from the branch parts TCE2 of the texture control electrode
TCE by up to a maximum of 3 um.

[0158] FIG. 23 is a graph showing the transmittance of the
conventional LCD (PR) and the LCD (COV) according to the
seventh exemplary embodiment, (transmittance is repre-
sented in an arbitrary unit). The conventional LCD includes
the pixel electrode manufactured through the conventional
method. The structure of the conventional LCD is identical to
the structure of the LCD according to the seventh exemplary
embodiment except that (1) the pixel electrode in the conven-
tional LCD has a different shape from that of the pixel elec-
trode PE according to the seventh exemplary embodiment,
and (2) there is no texture control electrode TCE. In addition,
the conventional LCD is manufactured and driven under the
same conditions as the LCD according to the seventh exem-
plary embodiment.



US 2012/0075542 Al

[0159] Referring to FIG. 23, the transmittance of the con-
ventional LCD is lower than that of the LCD according to the
seventh exemplary embodiment because some of the liquid
crystal molecules are not controlled under the electric field,
that is, the light is blocked due to the texture defect.

[0160] FIG. 24 is a graph showing polar angles of liquid
crystal molecules LC for various positions A to F in the LCD
according to the seventh exemplary embodiment as a function
of applied voltage. The polar angles are measured under the
condition that the ratio (V,/V) of the second effective volt-
age V, to the first effective voltage V, is 0.83.

[0161] The positions A to F in the LCD are identified in
FIG. 16. Position A is between the adjacent branch parts
TCE2 of the texture control electrode TCE in the third region
PA3, position B is above the branch parts TCE2 of the texture
control electrode TCE in the third region PA3, position C is
between the adjacent branch parts PE2 of the pixel electrode
PE in the second region PA2, position D is above the branch
parts PE2 of the pixel electrode PE in the second region PA2,
position E is between the adjacent branch parts PE2 of the
pixel electrode PE in the first region PA1, and position F is
above the branch parts PE2 of the pixel electrode PE in the
first region PA1.

[0162] Referring to FIGS. 16 and 24, the liquid crystal
molecules aligned in positions located on the pixel electrode
PE and the texture control electrode TCE may have polar
angles that are different from each other. In detail, the polar
angle in the position A is substantially identical to the polar
angle in the position C, and the polar angle in the position B
is greater than the polar angle in the positions A and C. The
polar angle in the position D is similar to the polar angle in the
position B, and the polar angle in the position E is greater than
the polar angle in the positions A to D. In addition, the polar
angle in the position F is greater than the polar angle in the
position E.

[0163] Therefore, the polar angles of the liquid crystal mol-
ecules can be adjusted according to the formation, shape and
position of the pixel electrode PE and the texture control
electrode TCE. In addition, the polar angles of the liquid
crystal molecules can be adjusted according to the voltage
applied to the pixel electrode PE and the texture control
electrode. TCE. Therefore, according to a seventh exemplary
embodiment, the liquid crystal molecules can be easily con-
trolled, so that the transmittance and the viewing angle can be
easily controlled.

[0164] According to a seventh exemplary embodiment, the
terminal ends of the branch parts PE2 of the pixel electrode
PE and the plate part PL of the texture control electrode TCE
that overlaps with the terminal ends of the branch parts PE2
have substantially rectangular shapes, and the opening OPN
has a rectangular shape. However, according to other exem-
plary embodiments, the opening OPN and the terminal ends
of the branch parts PE2 may have various shapes other than
the rectangular shape.

[0165] FIGS. 25A and 25B are views showing LCDs
according to eighth and ninth exemplary embodiments,
respectively. For the purpose of convenience, only the pixel
electrode PE and the texture control electrode TCE are shown
in FIGS. 25A and 25B.

[0166] Referring to FIGS. 25A and 25B, the terminal ends
of the branch parts PE2 of the pixel electrode PE and the plate
part PL of the texture control electrode TCE that overlap the
terminal ends of the branch parts PE2 have a polygonal shape,
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which is symmetrical about the extension direction of the
stem part PE1 of the pixel electrode PE.

[0167] According to the exemplary embodiment, the sec-
ond and third points P1 and P2 are provided between the stem
part PE1 of the pixel electrode PE and the terminal ends of the
branch parts TCE2 of the texture control electrode TCE.
Thus, the liquid crystal molecules aligned between the stem
part PE1 of the pixel electrode PE and the terminal ends of the
branch parts TCE2 of the texture control electrode TCE can
be easily controlled even if the area of the pixel is increased.
[0168] FIG.26isaplanview showing an LCD according to
a tenth exemplary embodiment. FIGS. 27A and 27B are plan
views showing the LCD according to a tenth exemplary
embodiment, in which only the pixel electrode PE and the
texture control electrode TCE are illustrated. FIG. 28 is a
sectional view taken along line VI-VI' of FIG. 26 to illustrate
a part of the LCD according to a tenth exemplary embodi-
ment.

[0169] The following description of a tenth exemplary
embodiment will be focused on the difference with respect to
the first embodiment to avoid redundancy. The tenth embodi-
ment may be applicable for the structure shown in the sixth
exemplary embodiment. Unless otherwise expressed, the
technical features of the first embodiment of will be adopted
in the tenth exemplary embodiment. The same or similar
reference numerals will be used to refer to the same or similar
elements.

[0170] Inthe LCD according to a tenth exemplary embodi-
ment, the overlapping part between the pixel electrode PE and
the texture control electrode TCE is different from that of the
first to ninth exemplary embodiments. According to a tenth
exemplary embodiment, the pixel electrode PE includes a
stem part PE1 and a plurality of branch parts PE2 branching
off from the stem part PE1. In addition, the texture control
electrode TCE includes a stem part TCE1 and a plurality of
branch parts TCE2 branching off from the stem part TCE1.
[0171] The branch parts PE2 and TCE2 of the pixel elec-
trode PE and the texture control electrode TCE may have the
same width in the extension direction thereof, but the exem-
plary embodiment is not limited thereto. The width may be
gradually reduced from the stem parts PE1 and TCE1 to
terminal ends of the branch parts PE2 and TCE2. FIG. 26
shows the branch parts PE2 and TCE2 in which the width is
gradually reduced from the stem parts PE1 and TCE1 to
terminal ends of the branch parts PE2 and TCE2.

[0172] Thestem part PE1 of the pixel electrode PE overlaps
the stem part TCE1 of the texture control electrode TCE.
When viewed in a plan view, the branch parts PE2 of the pixel
electrode PE extend substantially in parallel to the branch
parts TCE2 of the texture control electrode TCE, which are
adjacent to the branch parts PE2 of the pixel electrode PE. In
addition, when viewed in a plan view, the branch parts PE2 of
the pixel electrode PE and the branch parts TCE2 of the
texture control electrode TCE are alternately aligned with
each other.

[0173] Inaddition, because the branch parts PE2 and TCE2
of the pixel electrode PE and the texture control electrode
TCE have widths that gradually reduce from the stem parts
PE1 and TCE1 to the terminal ends of the branch parts PE2
and TCE2, the edges of the branch parts PE2 and TCE2 are
slightly inclined in the extension direction of the branch parts
PE2 and TCE2 at a predetermined angle.

[0174] According to the LCD having the above structure,
the electric field is easily changed due to the branch parts PE2



US 2012/0075542 Al

and TCE2 of the pixel electrode PE and the texture control
electrode TCE, respectively, which are alternately aligned
with each other, so that the liquid crystal molecules can be
easily controlled.

[0175] FIGS. 29A, 298, 30A, 30B, 31A and 31B are pho-
tographs showing the result calculated on a computer simu-
lation model for the transmittance as a function of time in a
conventional LCD and the LCD according to the tenth exem-
plary embodiment, which is obtained from a part of the pixel.
FIGS. 29A and 29B show the transmittance when time after
the voltage has been applied has elapsed by 20 ms, FIGS. 30A
and 30B show the transmittance when time after the voltage
has been applied has elapsed by 50 ms, and FIGS. 31A and
32B show the transmittance when time after the voltage has
been applied has elapsed by 100 ms.

[0176] The conventional LCD includes the pixel electrode
manufactured through the conventional method. The conven-
tional LCD has the structure identical to the structure of the
LCD according to the tenth exemplary embodiment except
that (1) the pixel electrode of the conventional LCD has a
different shape from that of the pixel electrode PE according
to the tenth exemplary embodiment and (2) there is no texture
control electrode TCE. In addition, the conventional LCD is
manufactured and driven under the same conditions of the
LCD according to the tenth exemplary embodiment. In the
LCD according to the tenth exemplary embodiment, the ratio
(V,/V)) of the second effective voltage to the first effective
voltage is 0.83.

[0177] Referring to FIGS. 29A, 30A, and 31A, the texture
defect does not occur in the conventional LCD when the time
after the electric field has been applied has elapsed by 20 ms.
The texture defect does occur between the stem part and the
terminal ends of the branch parts of the pixel electrode in the
conventional LCD when the time after the electric field has
been applied has elapsed by 50 ms. That is, when the electric
field is applied to the liquid crystal layer 300 of the conven-
tional LCD, a non-transmittive region is formed at the liquid
crystal layer 300 corresponding to the region between the
stem part and terminal ends of the branch parts of the pixel
electrode.

[0178] Referring to FIGS. 29B, 30B, and 31B, when the
time after the electric field has been applied has elapsed by 20
ms, high transmittive regions and low transmittive regions are
alternately formed between adjacent branch parts PE2 and
TCE2 in parallel to the branch parts PE2 and TCE2 in the
LCD according to the tenth exemplary embodiment due to the
rotation of some liquid crystal molecules aligned between the
branch parts PE2 and TCE2. However, the high transmittive
regions and low transmittive regions are removed when the
time has elapsed by 50 ms, so that the uniform transmittance
is achieved over the whole area of the pixel without the texture
defect.

[0179] According to a tenth exemplary embodiment, the
width of the branch parts PE2 and TCE2 are gradually
reduced from the stem part to the terminal ends of the branch
parts PE2 and TCE2. Therefore, the branch parts PE2 and
TCE2 are slightly inclined from the extension direction of the
branch parts PE2 and TCE2, a slope is formed in the branch
parts PE2 and TCE2.

[0180] Because the branch parts PE2 and TCE2 are config-
ured with a slope, additional electric field distortion may
occur, so that the liquid crystal molecules can be easily
aligned along the edges of the pixel electrode PE and the
texture control electrode TCE. If the width of the terminal
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ends of the branch parts PE2 and TCE2 is excessively narrow,
the alignment force for the liquid crystal molecules aligned
between the adjacent branch parts PE2 and TCE2 may be
reduced, so that the transmittance may be lowered. Thus, the
slope angle must be appropriately adjusted depending on the
length of the branch parts PE2 and TCE2.

[0181] FIG. 32 is a graph showing the transmittance of the
LCD according to a tenth exemplary embodiment when the
slope angle is adjusted to a state in which a distance between
the branch parts PE2 and TCE2 of the pixel electrode PE and
the texture control electrode TCE is constantly maintained as
6 pm.

[0182] Referring to FIG. 32, in the case in which a slope is
not formed in the branch parts PE2 and TCE2, the higher
transmittance is represented when the time after the voltage
has been applied has elapsed by 25 ms, as compared with the
case in which a slope is formed in the branch parts PE2 and
TCE2. However, when the time after the voltage has been
applied has elapsed by 50 ms, the transmittance is lowered if
the slope is not formed in the branch parts PE2 and TCE2,
which indicates that the number of the liquid crystal mol-
ecules that can be easily rotated increases due to the slope, and
the transmittance is increased due to the rotated liquid crystal
molecules.

[0183] FIG. 33 is a graph showing transmittance as the
distance between adjacent branch parts PE2 and TCE2 is
varied where the branch parts PE2 and TCE2 are configured
with slope angle that is fixed to 0.96°.

[0184] Referring to FIG. 33, in the case in which the branch
parts PE2 and TCE2 have no slope and the distance between
adjacent branch parts PE2 and TCE2 is 6 um, when the time
after the voltage has been applied has elapsed by 25 ms, a
higher transmittance is present as compared with the case in
which the slope is formed in the branch parts PE2 and TCE2.
However, when the time after the voltage has been applied has
elapsed by 50 ms to 80 ms, a lower transmittance is present if
the slope is not formed in the branch parts PE2 and TCE2.
Accordingly, transmittance is relatively high if the slope is
formed in the branch parts PE2 and TCE2. In addition, trans-
mittance is relatively high as the distance between adjacent
branch parts PE2 and TCE2 becomes narrow. Thus, the liquid
crystal molecules can be more easily controlled by forming a
slope in the branch parts PE2 and TCE2 while minimizing the
distance between adjacent branch parts PE2 and TCE2.

[0185] According to a tenth exemplary embodiment, the
branch parts PE2 of the pixel electrode PE and the branch
parts TCE2 of the texture control electrode TCE are alter-
nately aligned while being spaced apart from each other.
However, if the additional electric field distortion is possible,
the arrangement of the branch parts PE2 and TCE2 may be
changed. According to an eleventh exemplary embodiment,
the branch parts PE2 of the pixel electrode PE partially over-
lap with the branch parts TCE2 of the texture control elec-
trode TCE.

[0186] FIG. 34 is a view showing a structure for an LCD for
a computer simulation model according to an eleventh exem-
plary embodiment, in which only the pixel electrode PE and
the texture control electrode TCE are illustrated.

[0187] In an LCD according to an eleventh exemplary
embodiment, the overlapping part between the pixel elec-
trode PE and the texture control electrode TCE is different
from the overlapping part according to first to tenth exem-
plary embodiments.
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[0188] Referringto FIG. 34, the pixel electrode PE includes
a stem part PE1 and a plurality of branch parts PE2 branching
off from the stem part PE1. In addition, the texture control
electrode TCE includes a stem part TCE1 and a plurality of
branch parts TCE2 branching from the stem part TCE1. The
stem part PE1 of the pixel electrode PE overlaps with the stem
part TCE1 of the texture control electrode TCE. According to
an eleventh exemplary embodiment, each branch part PE2 of
the pixel electrode PE partially overlaps with each branch part
TCE2 of the texture control electrode TCE. Thus, when
viewed in a plan view, a part of the edge of each branch part
TCE2 ofthe texture control electrode TCE is located between
adjacent branch parts PE2 of the pixel electrode PE. Thus,
when the voltage is applied, the part of the edges of the branch
parts PE2 and TCE2 of'the two electrodes distorts the electric
field between adjacent branch parts PE2 and TCE2. Thus, the
rotation of the liquid crystal molecules can be easily con-
trolled by the branch parts PE2 and TCE2 of the pixel elec-
trode PE and the texture control electrode TCE.

[0189] FIGS. 35A, 35B and 35C are photographs showing
the transmittance of the LCD according to the eleventh exem-
plary embodiment when the time after the electric field has
been applied has elapsed by 20 ms, 50 ms and 100 ms,
respectively.

[0190] Referring to FIGS. 35A, 35B and 35C, when the
time has elapsed by 20 ms, the low-transmittive region and
high-transmittive region are formed between the branch parts
PE2 of the pixel electrode PE and the branch parts TCE2 of
the texture control electrode TCE. That is, the region where
the electric field is distorted may have the high transmittance
and the region where the electric field is not distorted may
have the low transmittance. However, the high transmittive
region and low transmittive region are removed when the time
has elapsed by 50 ms, so that the uniform transmittance is
present over the whole area of the pixel without the texture
defect.

[0191] As described above, according to the embodiments,
an LCD having no texture defects can be provided.

[0192] Therefore, the alignment material, such as the reac-
tive mesogen used to easily control the liquid crystal mol-
ecules, may not be necessary. Because the reactive mesogen
is produced through the electric field exposure process, the
embodiments can simplify the manufacturing process and
reduce the manufacturing cost by omitting the reactive
mesogen.

[0193] Although the exemplary embodiments have been
described, it is understood that the present invention should
not be limited to these exemplary embodiments but various
changes and modifications can be made by one ordinary
skilled in the art within the spirit and scope of the present
disclosure.

[0194] For instance, only the difference with respect to the
first exemplary embodiment has been described in third to
eleventh exemplary embodiments on the assumption that the
same voltage is applied to the pixel electrode and the texture
control electrode. The present invention is not limited thereto.
Similar to the second exemplary embodiment, the voltage
applied to the pixel electrode may be different from the volt-
age applied to the texture control electrode.

What is claimed is:

1. A liquid crystal display comprising:

a first substrate;

a first pixel electrode formed on the first substrate;

asecond pixel electrode overlapping with at least a part of
the first pixel electrode and including a plurality of elon-
gated openings;
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a passivation layer interposed between the first pixel elec-

trode and the second pixel electrode;

a second substrate; and

a liquid crystal layer including vertically aligned liquid

crystal molecules between the first and second sub-
strates,

wherein a first effective voltage V, applied to the liquid

crystal layer by the first pixel electrode is different from
asecond effective voltage V, applied to the liquid crystal
layer by the second pixel electrode.

2. The liquid crystal display of claim 1, wherein a voltage
applied to the first pixel electrode is a first voltage, a voltage
applied to the second pixel electrode is a second voltage, the
first effective voltage is applied to the liquid crystal layer
when the first voltage is applied to the first pixel electrode, the
second effective voltage is applied to the liquid crystal layer
when the second voltage is applied to the second pixel elec-
trode, and the first and second effective voltages satisfy
0.3V ,<V,<09V,.

3. The liquid crystal display of claim 2, wherein the first
voltage has a level identical to a level of the second voltage.

4. The liquid crystal display of claim 3, further comprising
a thin film transistor connected to the first and second pixel
electrodes and configured to output a data signal in response
to a gate signal, wherein the first and second pixel electrodes
are respectively charged with voltages by receiving the data
signal.

5. The liquid crystal display of claim 4, wherein the liquid
crystal layer is formed on the second pixel electrode, wherein
the first voltage is identical to the first effective voltage and
the second effective voltage is defined by a following equa-
tion 1:

dy/dyc \]’1 Equation 1

V,= Vr(l +
&ylerc )

wherein V, is the second voltage, d, . is a thickness of the
liquid crystal layer, €, is a dielectric constant of the
passivation layer, d,, is a thickness of the passivation
layer,and €, ..is adielectric constant of the liquid crystal
layer.

6. The liquid crystal display of claim 5, wherein the passi-
vation layer comprises an organic insulating layer or an inor-
ganic insulating layer and has a thickness of about 0.4 um to
about 5 pum.

7. The liquid crystal display of claim 6, wherein the inor-
ganic insulating layer comprises SiNx and has a thickness of
about 0.9 pm to about 5 pm.

8. The liquid crystal display ofclaim 6, wherein the organic
insulating layer has a thickness of about 0.45 um to about 3
pm.

9. The liquid crystal display of claim 2, wherein the first
voltage has alevel different from a level of the second voltage.

10. The liquid crystal display of claim 9, further compris-
ing first and second thin film transistors configured to output
adatasignal in response to a first gate signal, wherein the first
pixel electrode is connected to the first thin film transistor to
be charged with the first voltage by receiving the data signal,
and the second pixel electrode is connected to the second thin
film transistor to be charged with the second voltage by
receiving the data signal.
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11. The liquid crystal display of claim 10, further compris-
ing a voltage adjusting module that adjusts the first and sec-
ond voltages according to a second gate signal, which is
generated after the first gate signal.

12. The liquid crystal display of claim 11, wherein the first
substrate comprises a plurality of pixels and each pixel com-
prises:

a first gate line receiving the first gate signal,

a second gate line receiving the second gate signal; and

a data line receiving the data signal.

13. The liquid crystal display of claim 12, wherein the
voltage adjusting module comprises:

a third thin film transistor having a source electrode con-
nected to a drain electrode of the second thin film tran-
sistor and outputting a voltage control signal in response
to the second gate signal;

acharge sharing electrode connected to a drain electrode of
the third thin film transistor and charged with a voltage
by receiving the voltage control signal,

a storage line overlapping with the charge sharing elec-
trode,

wherein the passivation layer is interposed between the
storage line and the charge sharing electrode to adjust
the first and second voltages.

14. The liquid crystal display of claim 1, wherein the first
pixel electrode comprises a stem part and a plurality of branch
parts branching off from the stem part, and the second pixel
electrode partially overlaps the branch parts.

15. The liquid crystal display of claim 14, wherein the
second pixel electrode has edges adjacent to the elongated
opening that cross the branch parts along a lengthwise direc-
tion of the branch parts when viewed in a plan view.

16. The liquid crystal display of claim 15, wherein some of
the edges are located between the stem part and terminal ends
of the branch parts.

17. The liquid crystal display of claim 16, wherein the
terminal ends of the branch parts are spaced apart from outer
edges of the second pixel electrode by at least 3 pm.

18. The liquid crystal display of claim 14, wherein a shape
of the second pixel electrode has a line symmetry about the
stem part.

19. The liquid crystal display of claim 15, wherein some of
the edges of the second pixel electrode are substantially par-
allel to a lengthwise direction of the stem part.
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20. The liquid crystal display of claim 1, wherein the sec-
ond pixel electrode further includes a first region overlapping
the part of the first pixel electrode and a second region sur-
rounding the first region.

21. The liquid crystal display of claim 20, wherein the
second pixel electrode further includes a plate part, a stem
part extending from the plate part, and a plurality of branch
parts branching off from the stem part, in which the plate part
is provided in the first region, and the branch parts are pro-
vided in the second region.

22. The liquid crystal display of claim 21, wherein the first
pixel electrode comprises a first pixel stem part and a plurality
of first pixel branch parts branching off from the first pixel
stem part, and the plate part partially overlaps the first pixel
branch parts of the first pixel electrode.

23. The liquid crystal display of claim 22, wherein the
branch parts of the second pixel electrode correspond to the
first pixel branch parts of the first pixel electrode in one-to-
one correspondence and extend along a lengthwise direction
of the first pixel branch parts of the first pixel electrode.

24. The liquid crystal display of claim 1, wherein the sec-
ond pixel electrode further includes a stem part and a plurality
of branch parts branching off from the stem part.

25. The liquid crystal display of claim 24, wherein the first
pixel electrode comprises a first pixel stem part and a plurality
of first pixel branch parts branching off from the first pixel
stem part, and wherein the first pixel stem part of the first pixel
electrode at least partially overlaps with the stem part of the
second pixel electrode, and the first pixel branch parts of the
first pixel electrode are aligned alternately with the branch
parts of the second pixel electrode.

26. The liquid crystal display of claim 25, wherein the
branch parts have widths that become gradually smaller as the
distance away from stem part along the branch part becomes
greater.

27. The liquid crystal display of claim 25, wherein the first
pixel stem part of the first pixel electrode overlaps the stem
part of the second pixel electrode, and the first pixel branch
parts of the first pixel electrode partially overlap correspond-
ing branch parts of the second pixel electrode.

28. The liquid crystal display of claim 1, wherein the sec-
ond substrate comprises a second insulating substrate and a
common electrode formed on the second insulating substrate.
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