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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/155,949, filed on Jun. 8, 2011, and
claims the benefit of and priority of Korean Patent Applica-
tion No. 10-2010-0077963, filed on Aug. 12, 2010, and
Korean Patent Application No. 10-2010-0106263, filed on
Oct. 28, 2010, each of which is incorporated herein by refer-
ence for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Exemplary embodinients of the present invention
relate to liquid crystal displays.

[0004] 2. Description of the Related Art

[0005] Liquid crystal displays are among the most common
type of flat panel displays. A liquid crystal display includes
two display panels, where electric field generating electrodes,
such as a pixel electrode and a common electrode are formed,
and a liquid crystal layer interposed there between. A liquid
crystal display generates an electric field in the liquid crystal
layer, by applying a voltage to the electric field generating
electrodes, to orient liquid crystal molecules of the liquid
crystal layer, and controls polarization of incident light to
thereby display an image.

[0006] A liquid crystal display also includes a switching
element connected to each pixel electrode, and a plurality of
signal lines including gate lines and data lines for applying the
voltage to the pixel electrode, by controlling the switching
element.

[0007] A liquid crystal display receives an input image
signal from an external graphic controller. The input image
signal contains luminance information for each pixel. Each
luminance has a predetermined number. Each pixel is applied
with a data voltage corresponding to a desired luminance. The
data voltage applied to the pixel is represented as a pixel
voltage, depending on a difference with a relative voltage.
Each pixel displays a luminance that is embodied by the gray
of the image signal, according to the pixel voltage. In this
case, a pixel voltage range that the liquid crystal display can
use is determined according to a driver.

[0008] Meanwhile, in order to apply the data voltage to
each pixel electrode of the liquid crystal display, each pixel
electrode is connected to the switching element. Since light is
not transmitted from a location where the switching element
is formed, a higher number of switching elements leads to a
smaller aperture ratio for the liquid crystal display. Further,
contact holes are formed to connect various signal transfer-
ring lines, which are formed on different layers, for transfer-
ring the signal to each pixel. Light is not transmitted through
areas where the contact holes are formed. As a result, the
contact holes decrease the aperture ratio of the liquid crystal
display.

[0009] As the length of a signal line increases, the resis-
tance of the signal line also increases, which leads to signal
delays. As a result, display quality may be reduced.

[0010] The driver of a liquid crystal display is mounted
directly on a display panel, in the form of a plurality of
integrated circuit chips, or is mounted on a flexible circuit film
attached to the display panel. The integrated circuit chip
represents a significant portion of the manufacturing costs of
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a liquid crystal display. In particular, as the number of data
lines increases, the cost of the driver of a liquid crystal display
also increases.

[0011] In order to improve the display quality of a liquid
crystal display, a liquid crystal display should have a high
contrast ratio, an excellent optical viewing angle, and a high
response speed.

[0012] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not constitute prior art.

SUMMARY OF THE INVENTION

[0013] Aspects of the present invention relate to a liquid
crystal display having a high contrast ratio, a wide viewing
angle, an increased response speed, and a reduced cost.
[0014] An exemplary embodiment of the present invention
provides a liquid crystal display including: a first substrate
and an opposing second substrate; a first pixel electrode and
a second pixel electrode disposed on the first substrate and
including a plurality of branch electrodes; and a liquid crystal
layer interposed between the first and second substrates.
Branch electrodes of the first pixel electrode and the second
pixel electrode are alternately disposed. The first pixel elec-
trode has an extension disposed adjacent to the center ofa first
pixel area, and a gap between the extension portion and the
branch electrode adjacent to the extension portion is different
from an average gap between the adjacent branch electrodes.
[0015] Another exemplary embodiment of the present
invention provides a liquid crystal display including: a first
substrate and an opposing second substrate; a first pixel elec-
trode and a second pixel electrode disposed on the first sub-
strate and including a plurality of branch electrodes; and a
liquid crystal layer interposed between the first and second
substrates. The branch electrodes of the first pixel electrode
and the second pixel electrode are alternately disposed, edges
of the first pixel electrode and the second pixel electrode are
separated from each other, and the separated portion of the
edges of the first pixel electrode and the second pixel elec-
trode is spaced apart from the center of the first pixel electrode
and the second pixel electrode.

[0016] Yet another exemplary embodiment of the present
invention provides a liquid crystal display including: a first
substrate and an opposing second substrate; a first pixel elec-
trode and a second pixel electrode disposed on the first sub-
strate and including a plurality of branch electrodes; and a
liquid crystal layer interposed between the first and second
substrates. The branch electrode of the first pixel electrode the
second pixel electrode are alternately disposed, edges of the
first pixel electrode and the second pixel electrode are sepa-
rated from each other, and a gap between the edges of the first
pixel electrode and the second pixel electrode is larger than
the gap between the branch electrodes of the first pixel elec-
trode and the second pixel electrode.

[0017] Still another exemplary embodiment of the present
invention provides a liquid crystal display including: a first
substrate and an opposing second substrate; a first pixel elec-
trode and a second pixel electrode disposed on the first sub-
strate and including a plurality of branch electrodes; and a
liquid crystal layer interposed between the first and second
substrates. Branch electrodes of the first pixel electrode and
the second pixel electrode are alternately disposed, and the
first pixel electrode includes an extension disposed at the
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center of the first pixel electrode, and the second pixel elec-
trode and an additional branch extending from the extension
portion.

[0018] Still yet another exemplary embodiment of the
present invention provides a liquid crystal display including:
a first substrate and an opposing second substrate; a liquid
crystal layer interposed between the first pixel electrode and
the second pixel electrode; first and second pixel electrodes
disposed on the first substrate and separated from each other.
The first and second pixel electrodes include a plurality of
alternately disposed branch electrodes. The first and second
pixel electrodes include a first region in which a gap between
the branches of the first pixel electrode and the branches of the
second pixel electrode is relatively large, and a second region
in which the gap between the branch electrodes of the first
pixel electrode and the branch electrodes of the second pixel
electrode is relatively small. An area of the first region is at
least about 8 times larger than that of the second region.
[0019] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0021] FIG.1 isablock diagram of a liquid crystal display,
according to an exemplary embodiment of the present inven-
tion.

[0022] FIG. 2is an equivalent circuit diagram illustrating a
pixel structure of the liquid crystal display, according to an
exemplary embodiment of the present invention.

[0023] FIG.3isaschematic cross-sectional view of aliquid
crystal display, according to an exemplary embodiment of the
present invention.

[0024] FIG.41isan equivalent circuit diagram of four pixels
ofaliquid crystal display, according to an exemplary embodi-
ment of the present invention.

[0025] FIG. 5 is an equivalent circuit diagram for four
pixels of the liquid crystal display shown in FIG. 4.

[0026] FIG. 61s alayout view illustrating a pixel in a liquid
crystal display, according to an exemplary embodiment of the
present invention.

[0027] FIG. 7 is a layout view illustrating a form of a pixel
of a liquid crystal display, according to another exemplary
embodiment of the present invention.

[0028] FIG. 8 is a layout view illustrating a form of a pixel
of aliquid crystal display, according to yet another exemplary
embodiment of the present invention.

[0029] FIG. 9 is a layout view illustrating a form of a pixel
of a liquid crystal display, according to still another exem-
plary embodiment of the present invention.

[0030] FIG. 10 is a layout view illustrating a form of a pixel
of aliquid crystal display, according to still yet another exem-
plary embodiment of the present invention.

[0031] FIG. 11 is alayout view illustrating a form of a pixel
of aliquid crystal display, according to still yet another exem-
plary embodiment of the present invention.

[0032] FIGS. 12A and 12B are graphs illustrating lumi-
nance variations depending on gray levels of the liquid crystal
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display, of an undivided pixels and a pixel divided into a
low-gray region and a high-gray region, respectively.

[0033] FIG. 13 is a graph illustrating luminance variations
depending on gray levels of liquid crystal displays, according
to variations of ratios between low-gray regions and high-
gray regions.

[0034] FIG. 14 is a graph illustrating a difference between
front gammas and side gammas of the liquid crystal displays,
according to variations of ratio between low-gray regions and
high-gray regions.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0035] Aspects of the present invention will be described
more fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the invention
are shown. As those skilled in the art would realize, the
described embodiments may be modified in various different
ways, all without departing from the spirit or scope of the
present invention.

[0036] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on” or
“connected to” another element, it can be directly on or con-
nected to the other element or intervening elements may also
be present. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element,
there are no intervening elements present. In addition, a
“minimum distance” between two elements refers to the
shortest distance between the two elements.

[0037] FIG. 1isablock diagram of a liquid crystal display,
according to an exemplary embodiment of the present inven-
tion, and FIG. 2 is an equivalent circuit diagram illustrating a
pixel structure of the liquid crystal display, according to an
exemplary embodiment of the present invention. Referring to
FIG. 1, the liquid crystal display includes a liquid crystal
panel assembly 300, a gate driver 400, a data driver 500, a
gray voltage generator 800, and a signal controller 600.
[0038] Referring to FIG. 2, the liquid crystal panel assem-
bly 300 includes a lower display panel 100, an opposing upper
display panel 200, and a liquid crystal layer 3 interposed there
between. The liquid crystal panel assembly 300 also includes
aliquid crystal capacitor Clc disposed on the lower panel 100.
[0039] Theliquid crystal capacitor Cle includes a first pixel
electrode PEa and a second pixel electrode PEb as two termi-
nals. The liquid crystal layer 3 between the first and second
pixel electrodes PEa and PEb operates as a dielectric layer.
The first pixel electrode PEa is connected with a first switch-
ing element (not shown), and the second pixel electrode PEb
is connected with a second switching element (not shown).
The first switching element and the second switching element
are each respectively connected to a gate line (not shown) and
a data line (not shown).

[0040] The liquid crystal layer 3 has dielectric anisotropy.
A long axis of liquid crystal molecules of the liquid crystal
layer 3 may be aligned vertically between the display panels,
without the application of an electric field.

[0041] The first pixel electrode PEa and the second pixel
electrode PEb may be formed on different layers or on the
same layer. First and second storage capacitors (not shown)
operating in an ancillary fashion to the operation of the liquid
crystal capacitor Cle may include an additional electrode (not



US 2015/0138495 A1

shown) provided on the lower display panel 100. The addi-
tional electrode overlaps each of the first and second pixel
electrodes PEa and PEb, with an insulator interposed there
between.

[0042] Inordertoimplement a color display, each pixel PX
may display a primary color (spatial division). Alternately,
each pixel PX may display primary colors as time elapses
(temporal division), to recognize a desired color by the sum of
the spatial and temporal divisions of the primary colors.
[0043] Theprimary colors may be colors such asred, green,
and blue. In FIG. 2, each pixel PX includes a color filter CF
that displays one of the primary colors, on regions of the
upper display panel 200 corresponding to the first and second
pixel electrodes PEa and PEb, as an example of the spatial
division. Unlike FIG. 2, the color filter CF may be disposed on
or under the first and second pixel electrodes PEa and PEb of
the lower display panel 100. At least one polarizer (not
shown) is provided in the liquid crystal panel assembly 300.
[0044] FIG.31saschematic cross-sectional view of aliquid
crystal display, according to an exemplary embodiment of the
present invention. Referring to FIGS. 2 and 3, when voltages
VCH and VCL are applied to a data line and a power line
connected to each pixel, the voltages are applied to a corre-
sponding pixel PX through first and second switching ele-
ments that are turned on by a gate signal. That is, a first data
voltage or a first voltage is applied to the first pixel electrode
PEa through the first switching element, and a second data
voltage or a second voltage is applied to the second pixel
electrode PEb through the second switching element. In this
case, a difference between the voltages applied to the first
pixel electrode PEa and the second pixel electrode PEb is a
voltage corresponding to a luminance to be displayed by the
pixel PX. The voltages applied to the first pixel electrode PEa
and the second pixel electrode PEb may have polarities oppo-
site to each other, with respect to a reference voltage Vref.
[0045] A difference between two voltages applied to the
first pixel electrode PEa and the second pixel electrode PEb
and having different polarities is a charging voltage of the
liquid crystal capacitor Clc, that is, a pixel voltage. When a
potential difference is generated at both ends of the liquid
crystal capacitor Clc, an electric field parallel to surfaces of
the display panels 100 and 200 is generated in the liquid
crystal layer 3 between the first and second pixel electrodes
PEa and PEb, as shown in FIG. 3. When liquid crystal mol-
ecules 31 have a positive dielectric anisotropy, a long axis of
the liquid crystal molecules 31 is inclined to be parallel to the
direction of the electric field. The degree of inclination
depends on the magnitude of the pixel voltage. The liquid
crystal layer 3 may be referred to as an electrically-induced
optical compensation (EOC) module. In addition, a variation
in the degree of polarization of light passing through the
liquid crystal layer 3 depends on the degree of inclination of
the liquid crystal molecules 31. The polarization variation
results in a variation of light transmittance through a polar-
izer. The pixel PX displays a desired luminance through the
operation of the polarizer.

[0046] Since two voltages having different polarities with
respect to the reference voltage Vref are applied to one pixel
PX, it is possible to increase a driving voltage, increase a
response speed of the liquid crystal molecule, and increase
the transmittance of the liquid crystal display. In addition,
since the polarities of the two voltages applied to one pixel PX
are opposite to each other, although the data driver 500 has a
column inversion or a row inversion format, it is possible to
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prevent a deterioration of image quality, due to a flicker
phenomenon associated with dot inversion driving.

[0047] When the first and second switching elements are
turned off in one pixel PX, since all the voltages applied to the
first and second pixel electrodes PEa and PEb drop by each
kickback voltage, the charging voltage of the pixel PX is
nearly unchanged. Accordingly, it is possible to improve a
display characteristic of the liquid crystal display.

[0048] FIG. 4 is an equivalent circuit diagram for four
pixels of a liquid crystal display. according to an exemplary
embodiment of the present invention. Referring to FIGS. 2
and 4, the liquid crystal display includes: a plurality of first
pixels PX(i, j) and a plurality of second pixels PX(i+1, j),
which are adjacent to each other in a pixel column direction;
a plurality of third pixels PX(j, j+1) and a plurality of fourth
pixels PX(i+1, j+1) that are respectively adjacent to the plu-
rality of first pixels PX(i, j) and the plurality of second pixels
PX(i+1,)), inapixel row direction. Herein, “i” and “j” refer to
positive integers.

[0049] The liquid crystal display includes a plurality of
signal lines Gni, Gni+1, Dj, Dj', Dj+1, Dj+1', Chigh, and
Clow. In particular, the liquid crystal display includes gate
lines Gn to transmit a gate signal (also, called “a scan signal”),
pairs of data lines (Dj, Dj') and (Dj+1, Dj'+1) to transfer a data
voltage, and pairs of power lines Chigh and Clow to transfer
aconstant voltage. Each gate line Gn is divided into a first gate
line Gni and a second gate line Gni+1 that extend between the
pixel rows. A gate-on signal or a gate-off signal is simulta-
neously applied to the first gate line Gni and the second gate
line Gni+1.

[0050] Each first pixel PX(i, j) is connected to a first gate
line Gni of a pair of gate lines (Gni, Gni+1), a first data line Dj,
power lines Chigh and Clow, a first switching element Qaj, a
second switching element Qbj, and a liquid crystal capacitor
Clc. The first switching element Qaj and the second switching
element Qbj operate as three terminals of a thin film transistor
of the like. The first switching element Qaj includes a control
terminal connected to the first gate line Gni, an input terminal
connected to the first data line Dj, and an output terminal
connected to the liquid crystal capacitor Cle. The second
switching element Qbj includes a control terminal connected
to the first gate line Gni, an input terminal connected to the
first power line Chigh, and an output terminal connected to
the liquid crystal capacitor Clc.

[0051] The second pixel PX(i+1, j) is connected to the
second gate line Gni+1, a second data line Dj', the power lines
Chigh and Clow, a third switching element Qcj, and a liquid
crystal capacitor Clc connected thereto. The third switching
element Qcj operates as three terminals element of a thin film
transistor of the like. The third switching element Qcj
includes a control terminal connected to the second gate line
Gni+l, an input terminal connected to the second data line
Dj', and an output terminal connected to one terminal of the
liquid crystal capacitor Clc. The other terminal of the liquid
crystal capacitor Clc of the second pixel PX (i+1, j) is con-
nected to the second switching element Qbj of the first pixel
PX(i, j).

[0052] The third pixel PX(i, j+1) is connected to the first
gate line Gni, a third data line Dj+1, the power lines Chigh and
Clow, a fourth switching element Qaj+1, a fifth switching
element Qbj+1, and a liquid crystal capacitor Clc. The fourth
switching element Qaj+1 and the fifth switching element
Qbj+1 operate as three terminals of a thin film transistor. The
fourth switching element Qaj+1 includes a control terminal



US 2015/0138495 A1

connected to the first gate line Gni, an input terminal con-
nected to the third data line Dj+1, and an output terminal
connected to the liquid crystal capacitor Clc. The fifth switch-
ing element Qbj+1 includes a control terminal connected to
the first gate line Gni, an input terminal connected to the
second power line Clow, and an output terminal connected to
the liquid crystal capacitor Clc.

[0053] The fourth pixel PX(i+1, j+1) is connected to a
second gate line Gni+1, a fourth data line Dj+1', power lines
Chigh and Clow, a sixth switching element Qcj+1, and a
liquid crystal capacitor Clc. The sixth switching element
Qcj+1 operates as three terminals of a thin film transistor. The
sixth switching element Qcj+1 includes a control terminal
connected to the second gate line Gni+1, an input terminal
connected to the fourth data line Dj+1', and an output terminal
connected to one terminal of the liquid crystal capacitor Clc
of the fourth pixel PX(i+1, j+1). The other terminal of the
liquid crystal capacitor Cle is connected to the second switch-
ing element Qbj+1 of the third pixel PX(i, j+1).

[0054] The liquid crystal display includes storage capaci-
tors Cstl and Cst2, which are connected to the first pixel
electrodes PEa of the second pixel PX(i+1, j) and the fourth
pixel PX(i+1, j+1). The storage capacitors Cst1 are also con-
nected to the first power line Chigh. The storage capacitors
Cst2 are also connected to the second power line Clow. By
including the storage capacitors Cstl and Cst2, it is possible
to maintain a voltage applied to the pixel electrodes PEa and
PEb and prevent light leakage generated below the second
pixel PX(i+1, j) and the fourth pixel PX(i+1, j+1).

[0055]  Although not shown, the power lines Chigh are con-
nected to each other, so as 1o be applied with the same first
voltage. The power lines Clow are also connect, so as to be
applied with the same second voltage. The first voltage and
the second voltage applied to the first power lines Chigh and
the second power lines Clow have different polarities from
each other, with respect to the reference voltage Vref. For
example, when the reference voltage Vref is 7.5V, the first
voltage may be about 15V or more, and the second voltage
may be about OV or less and vice versa.

[0056] When the gate-on voltage is applied to the gate line
Gn, the first data voltage is applied to the first pixel PX(, j)
through the turned-on first switching element Qaj, the first
voltage is applied to the first pixel PX(i, j) and the second
pixel PX(i+1, j) through the turned-on second switching ele-
ment Qbj, and the second data voltageis applied to the second
pixel PX(i+1, j) through the turned-on third switching ele-
ment Qcj. In addition, the third data voltage is applied to the
third pixel PX(i, j+1) through the turned-on fourth switching
element Qaj+1, the second voltage is applied to the third pixel
PX(i, j+1) and the fourth pixel PX(i+1, j+1) through the
turned-on fifth switching element Qbj+1, and the fourth data
voltage is applied to the fourth pixel PX (i+1,j+1) through the
turned-on sixth switching element Qcj+1.

[0057] Thatis, the first data voltage flows from the first data
line Dj, through the first switching element Qaj, and is applied
to the first pixel electrode PEa of the first pixel PX(i, j). The
first voltage flows from the first power line Chigh, through the
second switching element Qbj, and is applied to the second
pixel electrode PEb. A resultant voltage difference between
the first pixel electrode PEa and the second pixel electrode
PEDb is a charging voltage of the liquid crystal capacitor Clc of
the first pixel PX(i, j). In this case, the first data voltage and the
first voltage are voltages corresponding to a luminance to be
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displayed by the first pixel PX(i, j) and have opposite polari-
ties opposite to each other, with respect to the reference
voltage Vref.

[0058] In addition, the first voltage flows from the first
power line Chigh, through the second switching element Qby,
and is applied to the first pixel electrode PEa of the second
pixel PX(i+1, j). The second data voltage flows from the
second data line Dj', through the third switching element Qci,
and is applied to the second pixel electrode PEb. In this case,
the first voltage and the second data voltage are voltages
corresponding to a luminance to be displayed by the second
pixel PX(i, j+1) and have polarities opposite to each other,
with respect to the reference voltage Vref. Accordingly, the
polarities of the first data voltage and the second data voltage
may be the same as each other, with respect to the reference
voltage Vref.

[0059] The third data voltage flows from the third data line
Dj+1, through the fourth switching element Qaj+1, and is
applied to the first pixel electrode PEa of the third pixel PX(i,
j+1). The second voltage flows from the second power line
Clow, through the fifth switching element Qbj+1, and is
applied to the second pixel electrode PEb. A voltage differ-
ence between the first pixel electrode PEa and the second
pixel electrode PEb, to which the third data voltage and the
second voltage are applied, respectively, is a charging voltage
of the liquid crystal capacitor Clc of the third pixel PX(i, j+1).
In this case, the third data voltage and the second data voltage
are voltages corresponding to a luminance to be displayed by
the third pixel PX(i, j+1) and have polarities opposite to each
other, with respect to the reference voltage Vref.

[0060] The second voltage flows from the second power
line Clow, through the fifth switching element Qbj+1, and is
applied to the first pixel electrode PEa of the fourth pixel
PX(i+1, j+1). The fourth data voltage flows from the fourth
data line (Dj+1"), through the sixth switching element Qcj+1,
and is applied to the second pixel electrode PEDb. In this case,
the second voltage and the fourth data voltage are voltages
corresponding to a luminance to be displayed by the fourth
pixel PX(i+1, j+1) and have polarities opposite to each other,
with respect to the reference voltage Vref.

[0061] Conventionally, in order to drive pairs of pixel elec-
trodes included in two pixels that are adjacent in a column
direction, voltages having different polarities are applied by
different switching elements and charged to capacitors. In
addition, the pixels are connected to two different gate lines
and two different data lines, to which the gate-on voltages are
applied at different times, or are connected to one data line
and four different data lines, to which the gate-on voltages are
applied at the same time. That is, when the two pixels are
connected to different gate lines, since the data voltages are
applied to the different pixel electrodes of the two pixels,
through two data lines for different gate-on times, and the
gate-on signals are sequentially applied, the driving speed is
slow. In addition, when two pixels adjacent in a column
direction are connected to the gate lines to which the same
gate-on voltage is applied, since two data voltages should be
simultaneously applied to the first pixel electrodes and the
second pixel electrodes of two pixels, a total of four data lines
are required. As the number of the data lines increases, the
cost of the liquid crystal display driver increases.

[0062] However, in the present liquid crystal display, the
first pixel PX(i, j) and the second pixel PX(i+1, j) are con-
nected to the first gate line Gni and the second gate line
Gni+1, which are sublines of the same gate line Gn. As such,



US 2015/0138495 A1

the gate-on/off voltages are applied through one gate line Gn.
Accordingly, the driving speed may be increased.

[0063] In addition, since one of the pixel electrodes PEa
and PEb of two pixels adjacent to each other in a column
direction are connected to the first power line Chigh and the
second power line Clow, rather than an additional data line,
the number of data lines is reduced. As such, it is possible to
reduce the cost of the driver of the liquid crystal display.

[0064] Further, since two pixel electrodes receive the first
voltage or the second voltage through one of the switching
elements Qbj and Qbj+1, an additional switching element is
notrequired. In addition, an aperture ratio of the liquid crystal
display can be increased.

[0065] As such, in the present liquid crystal display, two
pixels adjacent to each other in a pixel column direction are
connected to each other and simultaneously connected to two
gate lines receiving the gate on/off voltages, two data lines,
and one power line. Therefore, since the driving speed
increases and the number of the data lines is reduced, it is
possible to reduce the cost of the driver of the liquid crystal
display and to increase the aperture ratio of the liquid crystal
display. In accordance with layouts of a signal line and a pixel
of the liquid crystal display, two power lines are additionally
provided, as compared with general layouts of the signal line
and the pixel, but only a simple driver for applying a voltage
having a constant valueis added, because the same magnitude
of voltage is always applied to each of the power lines. As
such, that the driving method is simplified and manufacturing
costs are reduced.

[0066] As described above, the layouts and driving meth-
ods of the signal line and pixel of the liquid crystal display
may be applied to all forms of pixel structures including a first
pixel electrode and a second pixel electrode formed on the
same layer and alternately disposed.

[0067] FIG.5isanexample ofa pixel structure of the liquid
crystal display shown in FIG. 4. Referring to FIG. 4, the liquid
crystal display includes the first pixel PX(i, j), the second
pixel PX(i+1,]), the third pixel PX(i, j+1), and the fourth pixel
PX(i+1, j+1). The liquid crystal display also includes gate
lines 121a and 1215, data lines 171al, 171561, 17142, and
17152, a first power line 1314, a second power line 1315, and
a third power line 193, which are connected to the pixels. The
first power line 1314 and the second power line 1315 may be
formed on the same layer as the gate lines 121a and 1215 and
the third power line 193 may be formed on the same layer as
the data lines 171a1, 17151, 17142, and 17152.

[0068] The first pixel PX(, j) includes a first pixel electrode
191¢ and a second pixel electrode 1915 respectively con-
nected to a first switching element Qaj and a second switching
element Qbj. The first switching element Qaj includes a first
gate electrode 124a, a first source electrode 173a, and a first
drain electrode 175a. The second switching element Qaj
includes a second gate electrode 1245, a second source elec-
trode 1735, and a second drain electrode 1755,

[0069] The first source electrode 173a is connected to the
data line 17141, and the second source electrode 1735 is
connected to the first power line 131a. The second pixel
PX(i+1, ) includes the first pixel electrode 191a connected to
the second switching element Qbj and the second pixel elec-
trode 1915 connected to a third switching element Qcj. The
third switching element Qcj includes a third gate electrode
124c, a third source electrode 173c¢, and a third drain electrode
175¢.
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[0070] The first drain electrode 1754 is connected to the
first pixel electrode 1914 of the first pixel PX(, j), through a
contact hole 185a. The second drain electrode 1755 is con-
nected to the second pixel electrode 1915 of the first pixel
PX(i,j) and is connected to the first pixel electrode 191a of the
second pixel PX(i+1. j) through a contacthole 1855. The third
drain electrode 175¢ is connected to the second pixel elec-
trode 1915 of the second pixel PX(i+1, j) through a contact
hole 185c¢. The second source electrode 1735 and the first
power line 131« may be electrically connected by a connec-
tion member 196 covering the second source electrode 1735
and the first power line 131a, which are exposed through the
contact holes 186a and 1865, respectively. The connection
member 196 may be formed on the same layer as the first pixel
electrode 1914 or the second pixel electrode 1915. In addi-
tion, the first power line 131a and the third power line 193
may be electrically connected by a connection member 197
covering the first power line 1314 and the third power line
193, which are exposed through the contact holes 187a and
1875, respectively. The first pixel electrode 191a and the
second pixel electrode 1915 of each pixel are formed on the
same layer and are interlaced.

[0071] The first power line 131a and the second power line
1315, disposed below the second pixel PX(i+1, ) overlap a
storage conductor 177 that is connected to the first pixel
electrode 191a through a contact hole 188, to form a storage
capacitor. The storage conductor 177 may be formed on the
same layer as the data lines 171al, 17151, 17102, and 17152.
The first power line 131¢ and the second power line 1315 can
prevent light leakage below the second pixel PX(i+1, j).
[0072] FIG. 6is a layout view illustrating a first pixel elec-
trode 700 and a second pixel electrode 701, as disposed in a
pixel area of a liquid crystal display, according to an exem-
plary embodiment of the present invention. Referring to FIG.
6, the first pixel electrode 700 is paired with the second pixel
electrode 701, so as to form generally rectangular structures
covering the pixel area. The first pixel electrode 700 includes
stems 720, 721, and the second pixel electrode 701 includes
stems 722, 723. The pixel electrodes 700, 701 include
branches 74 that extend from the stems 720-723. The
branches 74 of the first pixel electrode 700 and the second
pixel electrode 701 are alternately disposed (interlaced) and
extend into the pixel area. The first and second pixel elec-
trodes 700, 701 include portions that extend outside of the
pixel area. The first pixel 700 includes a connection portion
(not shown) that connects top and bottom portions thereof.
[0073] Thebranches 74 include generally straight branches
74a and generally V-shaped branches 745. The branches 74a
obliquely extend from the stems 720-723, in a first direction
or a second direction that is generally orthogonal to the first
direction. The branches 74 may form an angle of approxi-
mately 45 degrees with respect to a horizontal line extending
through the pixel area. Adjacent branches 74a generally point
in the same direction, and the branches 745 are disposed
between the branches 74« that point in the first direction and
the branches 74a that point in the second direction.

[0074] The pixel electrode 701 includes an extension 73
that protrudes from an end the stem 722 and is disposed inside
the branches 74b. The extension 73 is generally pyramidal
and has an apex disposed adjacent to the center of the pixel
area. The average minimum distance between the extension
73 and the closest branch 745 may be smaller than the average
minimum distance between adjacent branches 74. The mini-
mum distance between the extension 73 and the adjacent
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branch 745 may gradually become smaller. In particular, the
minimum distances taken from portions of the extension 73
closer to the center of the pixel area may be less than the
minimum distance taken from portions of the extension 73
closer to the stem 722. In other words, edges of the extension
73 are not parallel to corresponding edges of the branches 74
and may form an angle of less than 45 degrees with respect to
a horizontal line crossing the pixel area. As such, the apex of
the extension 73 is closest to the adjacent branch 74é.

[0075] Since the edges of the extension 73 are not parallel
to the corresponding edges of the adjacent branch 745, irregu-
lar movements of the liquid crystal may be prevented. In other
words, the structure of the extension 73 can limit the move-
ment of the liquid crystal from the edge of the pixel area
toward the center of the pixel area.

[0076] The intensity of a horizontal electric field applied to
the liquid crystal is determined by gaps between the pixel
electrodes 700, 701. Since the gap between the branch 745
adjacent to the extension 73 varies, the intensity of the corre-
sponding electric field applied to the liquid crystal varies
accordingly. Thus, the irregular movement of the liquid crys-
tal at the edge of the pixel area can be reduced, as compared
with the case where a constant electric field is applied.
Accordingly, it is possible to prevent a reduction in display
quality that occurs when the liquid crystal is not uniformly
distributed in a pixel.

[0077] FIG. 7 is a layout view illustrating a first pixel elec-
trode 702 and a corresponding second pixel electrode 703 of
a liquid crystal display area, according to another exemplary
embodiment of the present invention. Referring to F1G. 7, the
pixel electrodes 702, 703 are similar to the pixel electrodes
700, 701, so only the difference there between will be
described in detail.

[0078] The second pixel electrode 70 includes an extension
75 having a generally triangular shape, which is different than
the shape of the extension 73. The extension 75 includes a
base that is formed by an edge of the extension that is disposed
furthest from the center of the pixel area, and an apex that is
disposed closest to the center of the pixel area. An average
minimum distance between the extension 75 and the adjacent
branch 745 may be larger than the average minimum distance
between the branches 74. The minimum distance may
increase, when measured from points of the extension 75 that
are closer to the center of the pixel area, and may gradually
decrease when measured from points on the extension 75 that
are further away from the center of the pixel area. In addition,
edges of the extension 75 that face the adjacent branch 745 are
not parallel to the corresponding edges of the branch 745, and
may form an angle of more than 45 degrees with a horizontal
line crossing the center of the pixel area.

[0079] As such, itis possible to prevent the irregular move-
ment of the liquid crystal, because an electric field formed
between the extension 75 and the adjacent branch 745 varies
in accordance with a distance from the center of the pixel area.
As such, a corresponding reduction in image quality can be
reduced.

[0080] FIG. 8is a layout view illustrating a first pixel elec-
trode 704 and a second pixel electrode 705 of a pixel area of
a liquid crystal display, according to yet another exemplary
embodiment of the present invention. Referring to FI1G. 8, the
pixel electrodes 704, 705 are similar to the pixel electrodes of
FIGS. 6 and 7, so only difference there between will be
described in detail.
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[0081] The pixel electrode 705 includes a stem 724 having
aportion that is inwardly bent, so as to form an extension 77.
Edges of the extension 77 may be generally parallel to corre-
sponding edges of the adjacent branch 74b. The pixel elec-
trode 704 includes a stem 725. The stems 724, 725 are sepa-
rated by a gap G. The gap G is disposed below a horizontal
line extending through the center of the pixel area. As such, it
is possible to prevent the liquid crystal from being concen-
trated in the center of the pixel area.

[0082] FIG. 9 is a layout view illustrating a first pixel elec-
trode 706 and a second pixel electrode 707 of a pixel area of
a liquid crystal display, according to still another exemplary
embodiment of the present invention. Referring to F1G. 9, the
pixel electrodes 706, 707 are similar to the pixel electrodes of
FIGS. 6-8, so only difference there between will be described
in detail.

[0083] The first pixel electrode 706 includes a stem 726.
The second pixel electrode 707 includes a stem 727 and an
extension 79 that extends from an end of the stem 726. A gap
G between the ends of the stems 726, 727 is larger than in the
embodiments shown in FIGS. 6-8. In detail, the gap G is
larger than the average minimum distance between the adja-
cent branches 74. Since the gap G is relatively large and is
disposed adjacent to a horizontal line extending through the
center of the pixel area, it is possible to reduce the irregular
movement of the liquid crystal molecules between two pixel
electrodes 706, 707, from the edge of pixel area into the center
of the pixel area.

[0084] FIG. 10 is a layout view illustrating a first pixel
electrode 708 and a second pixel electrode 709 of a pixel area
of aliquid crystal display, according to still yet another exem-
plary embodiment of the present invention. Referring to FIG.
10, the pixel electrodes 708, 709 are similar to the pixel
electrodes of FIGS. 6-9, so only difference there between will
be described in detail.

[0085] The pixel electrodes 708, 709 respectively include
stems 728, 729. The first pixel electrode 708 also includes an
extension 80 that extends from an end of the stem 728, and the
second pixel electrode 709 includes an extension 81 that
extends from the stem 729.

[0086] The pixel electrodes 708, 709 also include branches
740, 741 that extend from the respective stems 728, 729. The
branches 740 are generally straight. However, end portions of
some of the branches 740 may be bent, so as to be generally
parallel to the stems 728, 729. The branches 741 are generally
V-shaped and may also include similar bent end portions.
[0087] Incontrastto the previous exemplary embodiments,
the second pixel electrode 709 includes an additional branch
741' that extends from the extension 81. The extension 80 is
partially surrounded by the branch 741'". In addition, a mini-
mum distance between the extension 80 and the branch 741'
may be larger than an average minimum distance between
adjacent branches 740, 741.

[0088] Since the extension 80 is disposed adjacent to the
center of the pixel area and is partially surrounded by the
branch 741', it is possible to prevent the irregular movement
of the liquid crystal there between. Accordingly, it is possible
to prevent the liquid crystal molecules from being concen-
trated in the center of the pixel area.

[0089] As described above, the exemplary embodiments of
the present invention, it is possible to ensure both a high
contrast ratio and a wide viewing angle of the liquid crystal
display. Itis also possible to increase the response speed of the
liquid crystal molecules, prevent signal delays, and reduce the
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cost of the driver of the liquid crystal display, by reducing the
number of the data lines. In addition, since the pixel elec-
trodes have various shapes, it is possible to prevent the irregu-
lar movement of the liquid crystal molecules.

[0090] FIG. 11 is a layout view illustrating a first pixel
electrode 710 and a second pixel electrode 711 disposed in a
pixel area of a liquid crystal display, according to still yet
another exemplary embodiment of the present invention.
Referring to FIG. 11, the first pixel electrode 710 includes a
lower stem 191al, an upper stem 1912, and first branches
19143 and second branches 19144 extending from the lower
stem 191al and the upper stem 19142, respectively. The
second pixel electrode 711 includes a lower stem 19151, an
upper stem 19152, and third branches 19153 and fourth
branches 19154 extending from the lower stem 19151 and the
upper stem 19152, respectively.

[0091] Thelower stem 191a1 and the upper stem 19142 are
disposed at the left and right sides of the pixel area. The lower
stem 19151 and the upper stem 19152 of the second pixel
electrode PEb are disposed at the left and right sides of the
pixel area.

[0092] The pixel electrodes 710, 711 overlap data lines
disposed at the right and left sides of the pixel area, and as a
result, parasitic capacitances occur there between. However,
since the pixel electrodes 710, 711 are generally symmetrical
with respect to a center line CL extending horizontally
through the center of the pixel area, the parasitic capacitances
may be the same for each. As sucl, it is possible to prevent
crosstalk that occurs as a result of a parasitic capacitance
deviations between the left and right sides of the pixel area.
[0093] The branches 191a3, 191a4, 19153, 19164 may
form angles of approximately 45 degrees with the horizontal
center line CL. The branches 19143, 191a4, 191563, 19154 are
alternately disposed at regular intervals, so as to form a comb
(interlaced) pattern. Specifically, the branches 19143, 19154
are disposed in upper and lower portions (low-gray region) of
the pixel area. The branches 191a4, 19153 are disposed in a
central portion (high-gray region) of the pixel area, between
the upper and lower regions.

[0094] In an area A1l of the low-gray region, a minimum
distance between the branches 191a3, 19154 may be larger
than aminimum distance between the branches 191a4, 19153
in an area A11 of the high-gray region. The branches 19143,
19154 may have a first width, and the branches 1914, 19153
may have a different second width. In addition, the widths of
the branches 19143, 1914, 19153, 19154 may vary within
the low-gray and high-gray regions. The high-gray region
may be smaller than that of the low-gray region. For example,
the area of the low-gray region may be at least about 8 to 10
times larger than that of the high-gray region. In addition, the
minimum distance in area A11 may be at least about 2 pm
more than the minimum distance in the area A22. For
example, the minimum distance in area A11 may be about 30
um, and the minimum distance in area A11 may be about 28
pm.

[0095] Since the distances between the various branches
may be varied within the pixel area, it is possible to vary the
orientation of liquid crystal molecules and produce different
luminance levels, using only a single source of image infor-
mation. By appropriately adjusting the gaps between the first
and second electrodes 710, 711, it is possible to increase the
viewing angle of an image by improving side view image
quality and to improve transmittance. In addition, by adjust-
ing an area ratio of the high-gray region and the low-gray
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region it is possible to prevent an afterimage from being
formed in the low-gray region.

[0096] However, the present invention is not limited to the
pixel electrodes shown in the exemplary embodiments. For
example, different combinations of the first and second pixel
electrodes can be used, or the pixel electrodes may be modi-
fied in other ways.

[0097] FIGS. 12A and 12B are graphs illustrating gray
level luminance variations of a liquid crystal display that does
not include a low-gray region and a high-gray region, and a
liquid crystal display that does include a low-gray region and
a high-gray region, respectively. FIG. 13 is a graph illustrat-
ing gray level luminance variations of the liquid crystal dis-
plays having various low-gray region to high-gray region area
ratios. FIG. 14 is a graph illustrating differences between
front gammas and side gammas of liquid crystal displays,
according to different low-gray region to high-gray region
area ratios.

[0098] Referring to FIGS. 12A and 12B, as compared with
the case A where alow-gray region and a high-gray region are
not divided, in the case B where a low-gray region and a
high-gray region are divided, a difference of initial contrast
luminance is large at the low gray levels. That is, an after
image is more likely to occur in the case where a low-gray
region and a high-gray region are divided.

[0099] However, in the liquid crystal display according to
an exemplary embodiment of the present invention, since the
low-gray region is formed to be at least about 8 times larger
than the high-gray region, it is possible to prevent deteriora-
tion of display quality such as the afterimage occurring in the
low-gray, that may be induced in the case where a low-gray
region and a high-gray region are divided.

[0100] Referring to FIG. 13, when the area ratios of the
low-gray regions with respect to the high-gray regions are
about 1:3, 1:4, and 1:5, a difference (AV) of initial contrast
luminance is large in the low gray levels. However, when the
area ratio of the low-gray region to the high-gray region is
about 1:20 and the area of the low-gray region is 8 times or
more larger than the area of the high-gray region, the differ-
ence of initial contrast luminanceis largely reduced in the low
gray levels.

[0101] Therefore, like the liquid crystal display according
to the exemplary embodiment of the present invention, since
the low-gray region is formed to be at least about 8 times
larger than the high-gray region, it is possible to prevent
deterioration of display quality that may occur in the low-
gray.

[0102] Referring to FIG. 14, when the area ratio of the
low-gray region with respect to the high-gray region is more
than about 1:8, a difference (GDI) between front gamma and
side gamma of the liquid crystal display is reduced. There-
fore, it is possible to improve the side visibility of the liquid
crystal display and reduce the deterioration of display quality
such as the afterimage.

[0103] The layouts and driving methods of the signal line
and the pixel in the liquid crystal display according to the
exemplary embodiments described above may be applied to
all forms of the pixel structures.

[0104] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
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cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate and an opposing second substrate;,

aliquid crystal layer interposed between the first substrate

and the second substrate; and
a first pixel electrode disposed on the first substrate in a
pixel area, the first pixel electrode comprising a first
stem disposed at an edge of the pixel area, first branch
electrodes extending from the stem into the pixel area,
and a first extension extending from an end of the first
stem into the pixel area;
a second pixel electrode disposed on the first substrate and
in the pixel area, the second pixel electrode comprising
a second stem disposed at the edge of the pixel area and
second branch electrodes extending from the second
stem and between the first branch electrodes, wherein,

the pixel area is divided into a first region, where an average
minimum distance between the adjacent first and second
branch electrodes is equal to a first value, and a second
region, where the average minimum distance between
the adjacent first and second branch electrodes is equal
to a second value that is less than the first value, and

the surface area of the first region is at least about 8 times
larger than that of the second region.

2. The liquid crystal display of claim 1, wherein the liquid
crystal layer is vertically aligned.

3. The liquid crystal display of claim 2, wherein: the first
pixel electrode and the second pixel electrode receive volt-
ages having different polarities.

4. The liquid crystal display of claim 3, wherein:

in the first region, the first branch electrodes and the second

branch electrodes are uniformly separated by a first dis-
tance; and
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in the second region, the first branch electrodes and the
second branch electrodes are uniformly separated by a
second distance.

5. The liquid crystal display of claim 4, wherein the first
distance is at least about 2 um larger than the second distance.

6. The liquid crystal display of claim 5, wherein the first
distance is about 30 um.

7. The liquid crystal display of claim 1, wherein the first
pixel electrode and the second pixel electrode receive volt-
ages having different polarities.

8. The liquid crystal display of claim 7, wherein:

in the first region, the first branch electrodes and the second

branch electrodes are uniformly separated by a first dis-
tance; and

in the second region, the first branch electrodes and the

second branch electrodes are uniformly separated by a
second distance.

9. The liquid crystal display of claim 8, wherein the first
distance s at least about 2 um larger than the second distance.

10. The liquid crystal display of claim 9, wherein the first
distance is about 30 um.

11. The liquid crystal display of claim 1, wherein:

in the first region, the first branch electrodes and the second

branch electrodes are uniformly separated by a first dis-
tance; and

in the second region, the first branch electrodes and the

second branch electrodes are uniformly separated by a
second distance.

12. The liquid crystal display of claim 11, wherein the first
distance s at least about 2 um larger than the second distance.

13. The liquid crystal display of claim 12, wherein the first
distances is about 30 um.
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