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(57) ABSTRACT

A liquid crystal display includes a pixel that includes a first
sub-pixel chargeable with a first voltage and a second sub-
pixel chargeable with a second voltage different from the first
voltage, a pixel electrode that includes a first sub-pixel elec-
trode in the first sub-pixel and a second sub-pixel electrode in
the second sub-pixel, acommon electrode that faces the pixel
electrode, and a liquid crystal layer between the pixel elec-
trode and the common electrode. The first sub-pixel electrode
includes a first trunk portion and a plurality of first branch
portions protruding from and extending from one side of the
first trunk portion. The second sub-pixel electrode includes a
second trunk portion and a plurality of second and third
branch portions that protrude from both sides of the second
trunk portion and extend substantially parallel to the first
branch portions.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0032331,
filed on Mar. 19, 2014, in the Korean Intellectual Property
Office, and entitled: “Liquid Crystal Display,” is incorporated
by reference herein in its entirety.

BACKGROUND
[0002] 1.Field
[0003] Embodiments relate to a liquid crystal display.
[0004] 2. Description of the Related Art
[0005] A liquid crystal display includes two transparent

substrates and a liquid crystal layer disposed between the two
substrates. The liquid crystal display drives liquid crystal
molecules of the liquid crystal layer and controls a transmit-
tance of light passing through the liquid crystal layer in pix-
els, thereby displaying a desired image.

SUMMARY

[0006] Embodiments are directed to a liquid crystal dis-
play, including a pixel that includes a first sub-pixel charge-
able with a first voltage and a second sub-pixel chargeable
with a second voltage different from the first voltage; a pixel
electrode that includes a first sub-pixel electrode in the first
sub-pixel and a second sub-pixel electrode in the second
sub-pixel; a common electrode that faces the pixel electrode;
and a liquid crystal layer between the pixel electrode and the
common electrode. The first sub-pixel electrode includes a
first trunk portion and a plurality of first branch portions
protruding from and extending from one side of the first trunk
portion. The second sub-pixel electrode includes a second
trunk portion and a plurality of second and third branch por-
tions that protrude from both sides of the second trunk portion
and extend substantially parallel to the first branch portions.
[0007] The second branch portions may have a length
shorter than a length of the third branch portions.

[0008] End portions of the first branch portions may face
end portions of the second branch portions in a one-to-one
correspondence.

[0009] Each of the second branch portions may have a
length shorter than a length of a corresponding first branch
portion of the first branch portions.

[0010] A width of the second trunk portion may be equal to
a length of each of the second branch portions.

[0011] The second trunk portion may extend in a direction
crossing the second and third branch portions.

[0012] The first voltage may have a voltage level higher
than a voltage level of the second voltage.

[0013] The pixel may include a plurality of domains having
different alignment directions of liquid crystal molecules of
the liquid crystal layer. The first, second, and third branch
portions may extend in different directions according to each
domain.

[0014] The domains may include first, second, third, and
fourth domains. First, second, and third branch portions of
each of the first, second, third, and fourth domains may
extend in first, second, third, or fourth directions different
from each other.

[0015] The first trunk portion may include a cross portion
having a cross shape and a plate portion having a quadrangu-
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lar shape with four sides substantially perpendicular to the
first, second, third, and fourth directions, respectively.

[0016] The common electrode may include a slit having a
cross shape.
[0017] The slit may overlap with the cross portion of the

first trunk portion when viewed in a plan view.

[0018] The second sub-pixel electrode may surround at
least a portion of the first sub-pixel electrode.

[0019] The first and second sub-pixel electrodes may cover
at least a portion of a quadrangular shape having chamfered
corners.

[0020] The first, second, third, and fourth domains may
form one domain unit. The domain unit may be provided ina
plural number in one pixel.

[0021] The liquid crystal display may further include a
plurality of gate lines and a plurality of data lines. The pixel
may be connected to a corresponding gate line of the gate
lines and a corresponding data line of the data lines.

[0022] The pixel may include a first thin film transistor that
applies the first voltage to the first sub-pixel electrode and a
second thin film transistor that applies the second voltage to
the second sub-pixel electrode, the first thin film transistor
being connected to one gate line of the gate lines and one data
line of the data lines, and the second thin film transistor being
connected to the one gate line of the gate lines and another
data line of the data lines, the another data line being not
connected to the first thin film transistor.

[0023] The first sub-pixel may include a first thin film tran-
sistor to apply a first data voltage to the first sub-pixel elec-
trode and a first liquid crystal capacitor connected to the first
thin film transistor. The second sub-pixel may include a sec-
ond thin film transistor to apply a second data voltage to the
second sub-pixel, a second liquid crystal capacitor connected
to the second thin film transistor, and a third thin film transis-
tor substantially and simultaneously turned on with the sec-
ond thin film transistor to apply a storage voltage to the
second sub-pixel electrode. The second sub-pixel electrode
may be applied with a voltage divided by a resistance of the
turn-on resistor of the second and third thin film transistors.
[0024] The first sub-pixel may include a first thin film tran-
sistor to apply a first pixel voltage to the first sub-pixel elec-
trode and a first liquid crystal capacitor connected to the first
thin film transistor. The second sub-pixel may include a sec-
ond thin film transistor to apply a second pixel voltage to the
second sub-pixel, a second liquid crystal capacitor connected
to the second thin film transistor, a third thin film transistor
turned on at a different time point from the second thin film
transistor, and a coupling capacitor electrically connected to
the second liquid crystal capacitor when the third thin film
transistor is turned on to lower a voltage charged in the second
liquid crystal capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0026] FIG. 1 illustrates a layout diagram showing a pixel
according to an exemplary embodiment of the present disclo-
sure;

[0027] FIG. 2illustrates a cross-sectional view taken along
a line I-I' shown in FIG. 1;

[0028] FIG. 3 illustrates an equivalent circuit diagram
showing a pixel according to an exemplary embodiment of
the present disclosure;
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[0029] FIG. 4 illustrates an enlarged plan view showing a
pixel electrode in a portion corresponding to a first domain;
[0030] FIG. 5A illustrates a plan view showing a pixel
electrode of a comparative liquid crystal display;

[0031] FIG. 5B illustrates a plan view showing a pixel
electrode of a liquid crystal display according to an exem-
plary embodiment of the present disclosure;

[0032] FIGS. 6A to 6D illustrate images showing simula-
tion results of transmittance in three pixels each including
first to fourth domains, which are sequentially arranged in a
second direction;

[0033] FIG. 7 illustrates an equivalent circuit diagram
showing a liquid crystal display having a resistance division
circuit; and

[0034] FIG. 8 illustrates an equivalent circuit diagram
showing a liquid crystal display having a charge coupling
circuit.

DETAILED DESCRIPTION

[0035] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0036] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer or
element is referred to as being “between” two layers or ele-
ments, it can be the only layer or element between the two
layers or elements, or one or more intervening layers or ele-
ments may also be present. Like reference numerals refer to
like elements throughout.

[0037] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0038] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings thereof.

[0039] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the rel-
evant art. It will be further understood that terms, such as
those defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their mean-
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ing in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly so
defined herein.

[0040] FIG. 1 illustrates a layout diagram showing a pixel
according to an exemplary embodiment of the present disclo-
sure, FIG. 2 illustrates a cross-sectional view taken along a
line I-I' shown in FIG. 1, and FIG. 3 illustrates an equivalent
circuit diagram showing a pixel according to an exemplary
embodiment of the present disclosure.

[0041] Referring to FIGS. 1 to 3, a liquid crystal display
may include a first substrate SUB1, a second substrate SUB2
facing the first substrate SUB1 while being coupled to the first
substrate SUB1, and a liquid crystal layer LC interposed
between the first substrate SUB1 and the second substrate
SUB2.

[0042] The first substrate SUB1 may include a first base
substrate BS1, a line part disposed on the first base substrate
BS1, and a plurality of pixels PX connected to the line part. A
plurality of pixel areas PA may be defined in the first base
substrate SUB1 in a matrix form, and the pixels PX may be
arranged in the pixel areas PA in a one-to-one correspon-
dence.

[0043] The line part may include a plurality of gate lines
and a plurality of data lines. For the convenience of explana-
tion, FIGS. 1 and 2 show an n-th gate line GLn and an m-th
data line DLm, an (m+1)th data line DLm+1, and one pixel
PX. In the liquid crystal display according to the present
exemplary embodiment, the other pixels may have substan-
tially the same structure as the pixel PX. Hereinafter, the n-th
gate line GLn will be referred to as a gate line, and the m-th
and (m+1)th data lines DLm and DLm+1 will be referred to as
first and second data lines, respectively.

[0044] The gate line GLn may extend in a first direction D1
and the first and second data lines DLm and DLm+1 may
extend in a second direction D2 crossing the first direction
D1. Hereinafter, for the convenience of explanation, a direc-
tion opposite to the first direction D1 is referred to as a third
direction D3 and a direction opposite to the second direction
D2 is referred to as a fourth direction D4. A direction inclined
in a counter clockwise direction at an angle of about 45
degrees with respect to the first direction D1 is referred to as
a fifth direction D5, a direction inclined in the counter clock-
wise direction at an angle of about 135 degrees with respect to
the first direction D1 is referred to as a sixth direction fifth
direction D6, a direction inclined in the counter clockwise
direction at an angle of about 225 degrees with respect to the
first direction D1 is referred to as a seventh direction fifth
direction D7, and a direction inclined in the counter clock-
wise direction at an angle of about 315 degrees with respect to
the first direction D1 is referred to as an eighth direction DS.
In this case, two adjacent directions among the first to fourth
directions D1, D2, D3, and D4 are substantially perpendicular
to each other and two adjacent directions among the fifth to
eighth directions DS, D6, D7, and D8 are substantially per-
pendicular to each other.

[0045] The first and second data lines DLm and DLm+1
may be disposed on a layer different from a layer on which the
gate line GLn is disposed, and thus the first and second data
lines DLm and DLm+1 may be insulated from the gate line
GLn while crossing the gate line GLn.

[0046] The pixel PX may include thin film transistors con-
nected to the line part and a pixel electrode connected to the
thin film transistors. The thin film transistors may include a
first thin film transistor TR1 and a second thin film transistor
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TR2, each being connected to a corresponding gate line and a
corresponding data line of the line part. The pixel electrode
may include a first sub-pixel electrode PE1 connected to the
first thin film transistor TR1 and a second sub-pixel electrode
PE2 connected to the second thin film transistor TR2.
[0047] Thepixel PX may include a first sub-pixel SPX1 and
a second sub-pixel SPX2. The first thin film transistor TR1
and the first sub-pixel electrode PE1 may form the first sub-
pixel SPX1, and the second thin film transistor TR2 and the
second sub-pixel electrode PE2 may form the second sub-
pixel SPX.

[0048] The first thin film transistor TR1 may be connected
to the first data line DL.m and the gate line GLn. The first thin
film transistor TR1 may include a first gate electrode GE1, a
first source electrode SE1, and a first drain electrode DE1.
The first gate electrode GE1 may be branched from the gate
line GL1, and the first source electrode SE1 may be branched
from the first data line DLm. The first source electrode SE1
and the first drain electrode DE1 may be connected to each
other. A semiconductor layer SM, which forms a channel,
may be disposed between the first source electrode SE1 and
the first drain electrode DEL. The first drain electrode DE1
may be electrically connected to the first sub-pixel electrode
PEIL.

[0049] The first sub-pixel electrode PE1 may include a first
trunk portion PEla and a plurality of first branch portions
PE15 connected to the first trunk portion PEla when viewed
in a plan view. The first trunk portion PEla may include a
cross portion PElal having a cross shape extending in the
first to fourth directions D1 to D4 and a plate portion PE1a2
having four sides, the plate portion being integrally formed as
a single unitary and individual unit and disposed at a center
portion of the cross portion PElal.

[0050] The pixel PX may include a plurality of domains
defined by the cross portion PElal. In the present exemplary
embodiment, the pixel PX includes four domains, i.e., first,
second, third, and fourth domains DM1, DM2, DM3, and
DM4. The first trunk portion PEla and the first branch por-
tions PE15 will be described in detail below.

[0051] The second sub-pixel SPX2 may include a second
thin film transistor TR2 and a second sub-pixel electrode PE2.
[0052] The second thin film transistor TR2 of the second
sub-pixel SPX2 may be connected to the second data line
DLm+1 and the gate line GLn. The second thin film transistor
TR2 may include a second gate electrode GE2, a second
source electrode SE2, and a second drain electrode DE2. The
second gate electrode GE2 may be branched from the gate
line GLn and the second source electrode SE2 may be
branched from the second data line DLm+1. The second
source electrode SE2 and the second drain electrode DE2
may be connected to each other. A semiconductor layer,
which forms a channel, may be disposed between the second
source electrode SE2 and the second drain electrode DE2.
The second drain electrode DE2 may be electrically con-
nected to the second sub-pixel electrode PE2.

[0053] The second sub-pixel electrode PE2 may surround
the first sub-pixel electrode PE1 when viewed in a plan view.
The second sub-pixel electrode PE2 may include a second
trunk portion PE2a, second branch portions PE2b protruding
from one side of the second trunk portion PE2a, and third
branch portions PE2¢ protruding from the other side of the
second trunk portions PE2a. The second trunk portion PE2a
and the second and third branch portions PE2b and PE2¢ will
be described in detail below.
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[0054] The first substrate SUB1 may include a gate insu-
lating layer GI and a passivation layer PSV. Hereinafter, the
first substrate SUB1 will be described in detail with reference
to FIGS. 1 and 2.

[0055] The first and second gate electrodes GE1 and GE2
may be disposed on the first base substrate BS1. The first and
second gate electrodes GE1 and GE2 may be branched from
the gate line GLn. The first and second gate electrodes GE1
and GE2 may be covered by the gate insulating layer GI.
[0056] The first source electrode SE1 may be branched
from the first data line DLm. The first drain electrode DE1
may be disposed to be spaced apart from the first source
electrode SE1 by a predetermined distance on the first gate
electrode GE1. A portion of the semiconductor layer SM may
be disposed between the first source electrode SE1 and the
first drain electrode DE1 when viewed in a plan view.
[0057] The second source electrode SE2 may be branched
from the second data line DLm+1. The second drain electrode
DE2 may be disposed to be spaced apart from the second
source electrode SE2 by a predetermined distance on the
second gate electrode GE2. A portion of the semiconductor
layer may be disposed between the second source electrode
SE2 and the second drain electrode DE2 when viewed in a
plan view.

[0058] The gate insulating layer GI, the first and second
source electrodes SE1 and SE2, the first and second drain
electrodes DE1 and DE2, and the semiconductor layer SM
may be covered by the passivation layer PSV. The passivation
layer PSV may be provided with contact holes to respectively
expose the first and second drain electrodes DE1 and DE2.
[0059] The pixel electrode may be disposed on the passi-
vation layer PSV. When the pixel area PA has a rectangular
shape, the pixel electrode may cover the rectangular shape.
An area covered by the pixel electrode may have a rectangular
shape having chamfered corners. The pixel electrode may
include the first and second sub-pixel electrodes PE1 and
PE2, which are electrically separated from each other. The
first sub-pixel electrode PE1 may be electrically connected to
the first thin film transistor TR1 and may receive a first data
voltage output from the first thin film transistor TR1. The
second sub-pixel electrode PE2 may be electrically con-
nected to the second thin film transistor TR2 and may receive
a second data voltage output from the second thin film tran-
sistor TR2. The second data voltage may have a lower voltage
level than the first data voltage.

[0060] The second substrate SUB2 may include a second
base substrate BS2, a black matrix BM, a color filter layer CF,
and acommon electrode CE. The second substrate SUB2 may
face and be coupled to the first substrate SUBI.

[0061] The black matrix BM may include a light blocking
material and may be disposed on the second base substrate
BS2. The black matrix BM may be disposed to correspond to
areas in which the gate line GLn, the first and second data
lines DLm and DLm+1, and the first and second thin film
transistors TR1 and TR2 are disposed. The black matrix BM
may block light leaked through a peripheral area of the pixel
area PA.

[0062] Thecolor filter layer CF may include red, green, and
blue color pixels, as examples. The color filter layer CF may
include cyan, magenta, yellow, or black color pixels. The
color pixels may be arranged to respectively correspond to the
pixel area PA.

[0063] The common electrode CE may be disposed on the
color filter layer CF and may have a uniform thickness. The
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common electrode CE may include a slit SLT formed there-
through. The slit SLT may correspond to the cross portion
PElal of the first sub-pixel electrode PE1 and may overlap
with the cross portion PE1a1 when viewed in a plan view. The
slit SLT may extend longer than the extending portion of the
cross portion PElal.

[0064] The liquid crystal layer LC may be interposed
between the first substrate SUB1 and the second substrate
SUB2. Liquid crystal molecules of the liquid crystal layer L.C
may be aligned in different directions according to each
domain.

[0065] Referring to FIG. 3 again, the first sub-pixel SPX1
may include the first thin film transistor TR1 and a first liquid
crystal capacitor Clel. The second sub-pixel PSX2 may
include the second thin film transistor TR2 and a second
liquid crystal capacitor Clc2.

[0066] The first and second thin film transistors TR1 and
TR2 of the pixel PX may be turned on in response to the gate
signal applied to the gate line GLn. The first data voltage
applied to the first data line DLm may be applied to the first
sub-pixel electrode PE1. Thus, the first liquid crystal capaci-
tor Clcl may be charged with the first data voltage. The
second data voltage applied to the second data line DLm+1
may be applied to the second sub-pixel electrode PE2. Thus,
the second liquid crystal capacitor C1¢2 may be charged with
the second data voltage. In the embodiment, the second data
voltage may have a lower voltage level than the first data
voltage. Thus, the second liquid crystal capacitor C1¢2 may
be charged with a pixel voltage lower than a pixel voltage
charged in the first liquid crystal capacitor Clel.

[0067] As described above, when the voltages applied to
the first and second sub-pixel electrodes PE1 and PE2 are
different from each other, an alignment of the liquid crystal
molecules of the liquid crystal layer LC may be charged in the
first and second pixel electrodes PE1 and PE2. As a result,
different optical properties may appear in the areas corre-
sponding to the first and second sub-pixel electrodes PE1 and
PE2. A display image, e.g., a side viewing angle, of the liquid
crystal display may be improved.

[0068] FIG. 4 illustrates an enlarged plan view showing the
pixel electrode in the portion corresponding to the first
domain DM1.

[0069] Referring to FIGS. 1 and 4, the pixel electrode may
include the first sub-pixel electrode PE1 and the second sub-
pixel electrode PE2 spaced apart from the first sub-pixel
electrode PE1 and surrounding the first sub-pixel electrode
PE1.

[0070] The first sub-pixel electrode PE1 may include the
first trunk portion PE1a and the first branch portions PE15.
The first trunk portion PEla may include the cross portion
PElal extending in the first to fourth directions D1 to D4. As
shown in FIG. 4, the cross portion PE1al may extend in the
first and second directions D1 and D2 in the first domain
DM1. The plate portion PE1a2 having a quadrangular shape
defined by the four sides may be disposed at the center portion
of the cross shape. The plate portion PEla2 may have a
rectangular shape or a square shape defined by two pairs of
sides. Each pair may have adjacent sides that are equal in
length and angles that are equal where pairs meet. An open-
ing, e.g., the slit, may not be formed in the plate portion
PE1la2. The four sides of the plate portion PE may be disposed
to be inclined to the first to fourth directions D1 to D4 and be
substantially in parallel to the fifth to eighth directions D5 to
D8. For instance, one side of the plate portion PE1a2 may be
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disposed in a direction inclined to the first direction D1 or the
second direction D2 in the first domain DM, i.e., a direction
substantially parallel to the sixth direction D6 or the eighth
direction D8. In the embodiment, the cross portion PElal
may extend from four corners of the rectangular shape of the
plate portion PE1a2.

[0071] The first branch portions PE15 may protrude from
and extend from the four sides of'the plate portion PE1a2. The
first branch portions PE15 may be aligned in different direc-
tions according to the domains. The first branch portions
PE15 may extend in directions, e.g., the fifth to eighth direc-
tions D5 to D8, each of which is substantially perpendicular
to acorresponding side of the four sides. For instance, the first
branch portions PE1b may extend in the fifth direction D5 in
the first domain DM1 as shown in FIG. 4.

[0072] The first branch portions PE15 may be spaced apart
from each other and may extend substantially in parallel to
each other in the areas defined by the first trunk portion PE1a.
Each of the first branch portions PE1a may have a length that
varies depending on a shape of each domain and a position
thereof in each domain. The distance between two adjacent
first branch portions PE15 to each other may be measured in
terms of micrometers. The first branch portions PE15 may be
used to align the liquid crystal molecules of the liquid crystal
layer in a specific azimuth on a plane surface substantially
parallel to the first base substrate SUB1.

[0073] At least a portion of the second trunk portion PE2a
may be disposed to correspond to each side of the plate
portion PE and to be substantially parallel to each side of the
plate portion PE1a2. The second trunk portion PE2a disposed
between the domains adjacent to each other may be con-
nected to another second trunk portion disposed between the
domains adjacent to each other.

[0074] The second branch portions PE25 may protrude
from and extend from one side of the second trunk portion
PE2a. The second branch portions PE2b may have substan-
tially the same length H2. The length H2 of the second branch
portions PE2b may be shorter than a length H1 of the first
branch portions PE15.

[0075] The second branch portions PE25 may face the first
branch portions PE1b in a one-to-one correspondence and
extend in a direction opposite to the first branch portions
PE1b. For instance, when the first branch portions PE1b
extend in the fifth direction D5 in the first domain DM1, the
second branch portions PE2b may extend in the seventh
direction D7 in the first domain DMI1.

[0076] End portions of the second branch portions PE2b
may face end portions of the first branch portions PE15 in a
one-to-one correspondence. A width W2 of the second branch
portions PE2b may be substantially the same as a width W1 of
the first branch portions PE15. A distance DT between the end
portion of the first branch portions PE15 and the end portion
of the second branch portions PE2b may be equal to or
smaller than the widths W1 and W2 of the first and second
branch portions PE15 and PE2b.

[0077] The third branch portions PE2¢ may protrude from
and extend from the other side of the second trunk portion
PE2a. Each of the third branch portions PE2¢ may have a
length H3 that is varied depending the shape of the domain
and a position thereof in the domain. The length H3 of the
third branch portions PE2¢ is longer than the length H2 of the
second branch portions PE25. Each of the third branch por-
tions PE2¢ may have a width W3 substantially the same as the
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width W1 of the first branch portions PE15 and/or the width
W2 of the second branch portions PE25.

[0078] The third branch portions PE2¢ may be disposed to
correspond to the second branch portions PE2b in a one-to-
one correspondence and extend in a direction opposite to the
direction in which the second branch portions PE24 extend,
i.e., a direction substantially the same as the first branch
portions PE15. For instance, when the second branch portions
PE2b extend in the seventh direction D7 in the first domain as
shown in FIG. 4, the third branch portions PE2¢ may extend
in the fifth direction DS.

[0079] Similar to the first branch portions PE15, the second
branch portions PE2b may be spaced apart from each other
and extend substantially in parallel to each other in each
domain, and the third branch portions PE2¢ may be spaced
apart from each other and extend substantially in parallel to
each other in each domain. The distance between two adja-
cent second branch portions PE25 to each other and the dis-
tance between the third branch portions PE2¢ may be mea-
sured in terms of micrometers. The second and third branch
portions PE25 and PE2¢ may be used to align the liquid
crystal molecules of the liquid crystal layer in a specific
azimuth on a plane surface substantially parallel to the first
base substrate SUB1.

[0080] In the liquid crystal display according to the above-
mentioned structure, texture defects are reduced compared to
a comparative liquid crystal display.

[0081] FIG. 5A illustrates a plan view showing a pixel
electrode of a comparative liquid crystal display and FIG. 5B
illustrates a plan view showing a pixel electrode of a liquid
crystal display according to an exemplary embodiment of the
present disclosure. FIGS. 5A and 5B show one domain, i.e.,
the first domain. Directions of forces applied to the liquid
crystal molecules are represented by arrows when each pixel
is turned on.

[0082] Referring to FIGS. 5A and 5B, a pixel electrode of
the comparative liquid crystal display includes a first sub-
pixel electrode PE1 and a second sub-pixel electrode PE2.
The first sub-pixel electrode PE1 of the comparative liquid
crystal display has the similar shape as that of the first sub-
pixel electrode PE1 according to the present exemplary
embodiment. However, the second sub-pixel electrode PE2 of
the comparative liquid crystal display includes branch por-
tions corresponding to the third branch portions PE2c, but
does not include branch portions corresponding to the second
branch portions PE2b extending toward the first branch pot-
tions PE12. In addition, a trunk portion of the second sub-
pixel electrode PE2 of the comparative liquid crystal display
has a width greater than that of the second trunk portion PE2a
according to the present exemplary embodiment. That is, the
trunk portion of the second sub-pixel electrode PE2 of the
comparative liquid crystal display has a plate shape integrally
formed as a single unitary and individual unit.

[0083] Therefore, when the elements of the comparative
liquid crystal display similarly correspond to the elements of
the liquid crystal display according to the present exemplary
embodiment of the present disclosure, the terms used to the
liquid crystal display according to the present exemplary
embodiment of the present disclosure are applied to the ele-
ments of the comparative liquid crystal display. For instance,
the elements of the first sub-pixel electrode PE1 of the com-
parative liquid crystal display are referred to as a first trunk
portion PE1a and first branch portions PE15 and the elements
of the second sub-pixel electrode PE2 of the comparative
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liquid crystal display are referred to as a second trunk portion
PE2q and third branch portions PE2c.

[0084] Referring again to FIG. SA, when the pixel voltage
is applied to the pixel electrode and the other elements of the
comparative liquid crystal display are the same as the liquid
crystal display according to the present exemplary embodi-
ment, a fringe field is formed at the end portion of each of the
branch portions of the pixel electrode such that the liquid
crystal molecules are aligned in the electrode direction. The
fringe field is formed at the slit of the common electrode such
that the liquid crystal molecules are aligned in the slit direc-
tion. The force applied to the liquid crystal molecules by the
fringe field and the direction of the force are represented by
dark arrows A1, A2, A3, and A4. The liquid crystal molecules
are aligned in the direction of the first trunk portion PE1a, i.e.,
a direction toward the center portion of the cross portion, by
the fringe field. However, the fringe field is formed in a
direction opposite to the movement of the liquid crystal mol-
ecules in the area near the second trunk portion PE2a adjacent
to the first branch portions PE15. The force applied to the
opposite direction and the direction of the force is represented
by white arrows A5 and A6. In the embodiment, the force
represented by the arrow A2 in the area near the second trunk
portion PE2a adjacent to the first branch portions PE15 is
balanced by the force represented by the arrow A5 in the near
area thereof, but the force represented by the arrow A6 exerts
influence on the alignment of the liquid crystal molecules,
since no force required to balance the force represented by the
arrow A6 exists in the near area thereof. Thus, texture defects
may occur on the liquid crystal molecules applied with the
force acting in the opposite direction to the direction in which
most of the liquid crystal molecules are aligned, as indicated
by the white arrows.

[0085] Referring to FIG. 5B, in the liquid crystal display
according to the present embodiment, the fringe field may be
formed, as represented by the dark arrows Al to A4, such that
the liquid crystal molecules are aligned in the electrode direc-
tion at the end portion of each branch portion of the pixel
electrode. Thus, the liquid crystal molecules may be aligned
toward the center portion of the cross portion. In the liquid
crystal display according to the present exemplary embodi-
ment, the fringe field, as represented by the white arrows A5
and A6, may be formed in a direction opposite to the move-
ment of most of the liquid crystal molecules in the area near
the second trunk portion PE2a adjacent to the first branch
portions PE1b. However, the force represented by the arrow
A5 may be balanced by the force represented by the arrow A2
in the end portion of the adjacent first branch portions PE15,
and the force represented by the arrow A6 may be balanced by
the force represented by the arrow A3 in the other side of the
adjacent second trunk portion PE2a. Accordingly, texture
defects may be prevented from occurring in the area near the
second trunk portion PE2a.

[0086] In the present exemplary embodiment, the number
of the domains may be increased or decreased in accordance
with the shape of the pixel electrode. For instance, the firstand
second sub-pixel electrodes may be disposed to allow one
pixel to have only the first domain, or the first and second
sub-pixel electrodes may be disposed to allow one pixel to
have plural domain units, each including the first, second,
third, and fourth domains. In detail, three domain units, each
including the first, second, third, and fourth domains, may be
arranged in the second direction. In two domain units adja-
cent to each other, the first sub-pixel electrodes may be con-
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nected to each other and the second sub-pixel electrodes may
be connected to each other. The first sub-pixel electrodes PE1
included in the three domain units may be driven by one first
thin film transistor TR1, and the second sub-pixel electrodes
PE2 included in the three domain units may be driven by one
second thin film transistor TR2.

[0087] FIGS. 6A to 6D illustrate photographs showing
simulation results of transmittance in three pixels each
including the first to fourth domains, which are sequentially
arranged in the second direction. FIGS. 6A to 6D show the
transmittance in a time lapse of about 5 ms, about 10 ms,
about 25 ms, and about 500 ms after the first and second thin
film transistors are turned on in response to the gate signal.

[0088] Referring to FIGS. 6A to 6D, no texture defects
appear between the first and second sub-pixel electrodes, e.g.,
at the area near the trunk portion of the second sub-pixel
electrode. In addition, different from the comparative liquid
crystal display, the transmittance between the first and second
sub-pixel electrodes becomes higher than that of the other
portions.

[0089] Inthe present exemplary embodiment, the one pixel
is connected to one gate line and two data lines. In other
implementations, one pixel may be connected to two gate
lines and one data line, or to one gate line and one data line,
and the pixel may have a resistance division circuitora charge
coupling circuit.

[0090] FIG. 7 illustrates an equivalent circuit diagram
showing a liquid crystal display having a resistance division
circuit. In the liquid crystal display having the resistance
division circuit according to this exemplary embodiment, a
line part and a pixel may be partially different from the
above-mentioned line part and the pixel, but the shape of the
sub-pixel electrode in each pixel may be substantially the
same as the above-mentioned sub-pixel electrode.

[0091] Referring to FIG. 7, each pixel PX may include a
first sub-pixel SPX1 and a second sub-pixel SPX2. The first
and second sub-pixels SPX1 and SPX2 may be disposed
between two data lines DLm and DLm+1 (hereinafter,
referred to as first and second data lines) adjacent to each
other. The first sub-pixel SPX1 may include a first thin film
transistor TR1, a first liquid crystal capacitor Clc1, and a first
storage capacitor Cstl. The second sub-pixel SPX2 may
include a second thin film transistor TR2, a second liquid
crystal capacitor C1¢2, a second storage capacitor Cst2, and a
third thin film transistor TR3.

[0092] The first thin film transistor TR1 may be connected
to the first data line DLm and the gate line GLn, the second
thin film transistor TR2 may be connected to the first data line
DLm and the gate line GLn, and the third thin film transistor
TR3 may be connected to a first storage line SLn and the gate
line GLn.

[0093] The first thin film transistor TR1 may include a
source electrode connected to the first data line DLm, a first
gate electrode connected to the gate line GLn, and a first drain
electrode connected to the first liquid crystal capacitor Clcl.
The first storage capacitor Cstl may be disposed between the
first drain electrode and the first storage line SLn and con-
nected to the first liquid crystal capacitor Clel in parallel.

[0094] The second thin film transistor TR2 may include a
second source electrode connected to the first data line DLm,
a second gate electrode connected to the gate line GLn, and a
second drain electrode connected to the second liquid crystal
capacitor Cl¢2. The second storage capacitor Cst2 may be
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disposed between the second drain electrode and a second
storage line SLn+1 and connected to the second liquid crystal
capacitor C1¢2 in parallel.

[0095] The third thin film transistor TR3 may include a
third source electrode connected to the first storage line SLn,
a third gate electrode connected to the gate line GLn, and a
third drain electrode connected to the second liquid crystal
capacitor Clc2.

[0096] When the gate signal is applied to the gate line GLn,
the first, second, and third thin film transistors TR1, TR2, and
TR3 may be substantially and simultaneously turned on. The
data voltage applied to the first data line DLm may be applied
to the first and second liquid crystal capacitors Clcl and C1¢2
through the turned-on first and second thin film transistors
TR1and TR2.Inaddition, a storage voltage applied to the first
storage line SLn may be applied to the second liquid crystal
capacitor C1¢2 through the turned-on third thin film transistor
TR3. A voltage at a contact point between the second and
third thin film transistors TR2 and TR3 may correspond to a
voltage divided by a resistance of the turn-on resistor of the
second and third thin film transistors TR2 and TR3. The
voltage at the contact point between the second and third thin
film transistors TR2 and TR3 may have a voltage value cor-
responding to an intermediate value between the data voltage
provided through the turned-on second thin film transistor
TR2 and the storage voltage provided through the turned-on
third thin film transistor TR3. Accordingly, after the gate
signalis generated, the first liquid crystal capacitor Clc 1 may
be charged with a first pixel voltage and the second liquid
crystal capacitor C1¢2 may be charged with a second pixel
voltage smaller than the first pixel voltage.

[0097] FIG. 8 illustrates an equivalent circuit diagram
showing a liquid crystal display having a charge coupling
circuit. In the liquid crystal display having the charge cou-
pling circuit according to this exemplary embodiment, a line
part and a pixel may be partially different from the above-
mentioned line part and the pixel, but the shape of the sub-
pixel electrode in each pixel may be substantially the same as
the above-mentioned sub-pixel electrode. In addition, an n-th
gate line GLn and an (n+1)th gate line GLn+1 are referred to
as first and second gate lines GLn and GLn+1, respectively.

[0098] Referring to FIG. 8, each pixel PX may include a
first sub-pixel SPX1 and a second sub-pixel SPX2. The first
and second sub-pixels SPX1 and SPX2 may b disposed
between two data lines DLm and DLm+1 (hereinafter,
referred to as first and second data lines) adjacent to each
other.

[0099] Thefirst sub-pixel SPX1 may include afirst thin film
transistor TR1, a first liquid crystal capacitor Clc1, and a first
storage capacitor Cstl. The second sub-pixel SPX2 may
include a second thin film transistor TR2, a second liquid
crystal capacitor Clc2, a second storage capacitor Cst2, a
third thin film transistor TR3, and a coupling capacitor CCP.
[0100] The first thin film transistor TR1 may be connected
to the first data line DLm and the first gate line GLn. The
second thin film transistor TR2 may be connected to the first
data line DLm and the gate line GLn.

[0101] The first thin film transistor TR1 may include a
source electrode connected to the first data line DLm, a first
gate electrode connected to the gate line GLn, and a first drain
electrode connected to the first liquid crystal capacitor Clcl.
The first storage capacitor Cstl may be disposed between the
first drain electrode and the first storage line SLn and may be
connected to the first liquid crystal capacitor Cle1 in parallel.
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[0102] The second thin film transistor TR2 may include a
second source electrode connected to the first data line DLim,
a second gate electrode connected to the gate line GLn, and a
second drain electrode connected to the second liquid crystal
capacitor Cl¢2. The second storage capacitor Cst2 may be
disposed between the second drain electrode and the second
storage line SLn+1 and may be connected to the second liquid
crystal capacitor Clc2 in parallel

[0103] When a first gate signal is applied to the first gate
line GLn, the first and second thin film transistors TR1 and
TR2 may be substantially and simultaneously turned on. The
data voltage applied to the first data line DLm may be applied
to the first and second liquid crystal capacitors Clcl and Cle2
through the turned-on first and second thin film transistors
TR1 and TR2. Therefore, the first and second liquid crystal
capacitors Clcl and Clc2 may be charged with the same data
voltage during a high period of the first gate signal.

[0104] The third thin film transistor TR3 may include a
third source electrode connected to the second drain electrode
of the second thin film transistor TR2, a third gate electrode
connected to the second gate line GLn+1, and a third drain
electrode connected to the coupling capacitor CCP. The sec-
ond gate line GLn+1 may receive a second gate signal that
rises after the first gate signal falls. When the third thin film
transistor TR3 is turned on in response to the second gate
signal, a voltage division may occur between the second
liquid crystal capacitor Cl¢2 and the coupling capacitor CCP.
Thus, the data voltage charged in the second liquid crystal
capacitor C1¢2 may become low. The lowering of the data
voltage may be changed depending on a charge rate of the
coupling capacitor CCP. Consequently, after the second gate
signal is generated, the first liquid crystal capacitor Cl¢1 may
be charged with a first pixel voltage and the second liquid
crystal capacitor C1¢2 may be charged with a second pixel
lower than the first pixel voltage.

[0105] As described with reference to FIGS. 7 and 8, the
liquid crystal molecules in the area corresponding to the first
sub-pixel electrode PE1 may be influenced by an electric field
that 1s different from the electric field exerting influence on
the liquid crystal molecules in the area corresponding to the
second sub-pixel electrode PE2. Accordingly. the liquid crys-
tal molecules in the area corresponding to the first sub-pixel
electrode PE1 may be inclined at an angle different from an
angle at which the liquid crystal molecules in the area corre-
sponding to the second sub-pixel electrode PE2 are inclined.
Therefore, the liquid crystal molecules in the area corre-
sponding to the first sub-pixel electrode PE1 may have an
inclination angle different from an inclination angle of the
liquid crystal molecules in the area corresponding to the
second sub-pixel electrode PE2. A phase delay of the light
may be compensated, thereby improving the side visibility.
The liquid crystal molecules in the two areas may form a
plurality of domains having different alignment degrees
toward the vertical direction, such that the side visibility may
be improved.

[0106] By way of summation and review, in order to widen
a viewing angle of a liquid crystal display, each pixel may be
divided into plural domains. A pixel electrode and/or a com-
mon electrode may include(s) slits to form the domains. How-
ever, when the slits are formed in the pixel electrode, texture
defects may occur.

[0107] According to the liquid crystal display, the texture
defects may be prevented from occurring in the liquid crystal
display and the visibility of the liquid crystal display may be
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improved, thereby improving display quality of the liquid
crystal display. In addition, liquid crystal directors may be
controlled by domains having different directions, and thus
the visibility of the pixel may be improved. Further, the pixel
may include first and second sub-pixels charged with differ-
ent voltages, and thus the visibility of the liquid crystal dis-
play may be improved over the whole gray scales.

[0108] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope thereof the as set forth in
the following claims.

What is claimed is:

1. A liquid crystal display including a pixel that includes a
first sub-pixel chargeable with a first voltage and a second
sub-pixel chargeable with a second voltage different from the
first voltage, the liquid crystal display comprising:

a pixel electrode that includes a first sub-pixel electrode in

the first sub-pixel and a second sub-pixel electrode in the
second sub-pixel;

a common electrode that faces the pixel electrode; and

a liquid crystal layer between the pixel electrode and the
common electrode,

wherein:

the first sub-pixel electrode includes a first trunk portion
and a plurality of first branch portions protruding from
and extending from one side of the first trunk portion,
and

the second sub-pixel electrode includes a second trunk
portion and a plurality of second and third branch por-
tions that protrude from both sides of the second trunk
portion and extend substantially parallel to the first
branch portions.

2. The liquid crystal display as claimed in claim 1, wherein
the second branch portions have a length shorter than a length
of the third branch portions.

3. The liquid crystal display as claimed in claim 1, wherein
end portions of the first branch portions face end portions of
the second branch portions in a one-to-one correspondence.

4. The liquid crystal display as claimed in claim 3, wherein
each of the second branch portions has a length shorter than a
length of a corresponding first branch portion of the first
branch portions.

5. The liquid crystal display as claimed in claim 1, wherein
awidth of the second trunk portion is equalto a length of each
of the second branch portions.

6. The liquid crystal display as claimed in claim 5, wherein
the second trunk portion extends in a direction crossing the
second and third branch portions.

7. The liquid crystal display as claimed in claim 1, wherein
the first voltage has a voltage level higher than a voltage level
of the second voltage.
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8. The liquid crystal display as claimed in claim 1, wherein:

the pixel includes a plurality of domains having different
alignment directions of liquid crystal molecules of the
liquid crystal layer, and

the first, second, and third branch portions extend in dif-

ferent directions according to each domain.

9. The liquid crystal display as claimed in claim 8, wherein:

the domains include first, second, third, and fourth

domains, and

first, second, and third branch portions of each of the first,

second, third, and fourth domains extend in first, second,
third, or fourth directions different from each other.

10. The liquid crystal display as claimed in claim 9,
wherein the first trunk portion includes a cross portion having
across shape and a plate portion having a quadrangular shape
with four sides substantially perpendicular to the first, sec-
ond, third, and fourth directions, respectively.

11. The liquid crystal display as claimed in claim 10,
wherein the common electrode includes a slit having a cross
shape.

12. The liquid crystal display as claimed in claim 11,
wherein the slit overlaps with the cross portion of the first
trunk portion when viewed in a plan view.

13. The liquid crystal display as claimed in claim 9,
wherein the second sub-pixel electrode surrounds at least a
portion of the first sub-pixel electrode.

14. The liquid crystal display as claimed in claim 13,
wherein the first and second sub-pixel electrodes cover at
least a portion of a quadrangular shape having chamfered
corners.

15. The liquid crystal display as claimed in claim 9,
wherein:

the first, second, third, and fourth domains form one

domain unit, and

the domain unit is provided in a plural number in one pixel.

16. The liquid crystal display as claimed in claim 1, further
comprising:

a plurality of gate lines; and

a plurality of data lines,

wherein the pixel is connected to a corresponding gate line

of the gate lines and a corresponding data line of the data
lines.

17. The liquid crystal display as claimed in claim 16,
wherein the pixel includes:

Sep. 24, 2015

a first thin film transistor that applies the first voltage to the
first sub-pixel electrode; and

asecond thin film transistor that applies the second voltage
to the second sub-pixel electrode, the first thin film tran-
sistor being connected to one gate line of the gate lines
and one data line of the data lines, and the second thin
film transistor being connected to the one gate line ofthe
gate lines and another data line of the data lines, the
another data line being not connected to the first thin film
transistor.

18. The liquid crystal display as claimed in claim 1,
wherein:

the first sub-pixel includes a first thin film transistor to
apply a first data voltage to the first sub-pixel electrode
and a first liquid crystal capacitor connected to the first
thin film transistor,

the second sub-pixel includes a second thin film transistor
to apply a second data voltage to the second sub-pixel, a
second liquid crystal capacitor connected to the second
thin film transistor, and a third thin film transistor sub-
stantially and simultaneously turned on with the second
thin film transistor to apply a storage voltage to the
second sub-pixel electrode, and

the second sub-pixel electrode is applied with a voltage
divided by a resistance of the turn-on resistor of the
second and third thin film transistors.

19. The liquid crystal display as claimed in claim 1,
wherein:

the first sub-pixel includes a first thin film transistor to
apply a first pixel voltage to the first sub-pixel electrode
and a first liquid crystal capacitor connected to the first
thin film transistor, and

the second sub-pixel includes a second thin film transistor
to apply a second pixel voltage to the second sub-pixel,
asecond liquid crystal capacitor connected to the second
thin film transistor, a third thin film transistor turned on
at a different time point from the second thin film tran-
sistor, and a coupling capacitor electrically connected to
the second liquid crystal capacitor when the third thin
film transistor is turned on to lower a voltage charged in
the second liquid crystal capacitor.
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