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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2010-0020137 filed in the Korean Intel-
lectual Property Office on Mar. 5, 2010, the contents of which
are herein incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention The present invention
relates to a liquid crystal display.

[0003] (b) Description of the Related Art

[0004] Liquid crystal displays (LCDs) are one of the most
widely used flat panel displays. An LCD includes a pair of
panels provided with field-generating electrodes, such as
pixel electrodes and a common electrode, and a liquid crystal
(LC) layer interposed between the two panels. The LCD
displays images by applying voltages to the field-generating
electrodes to generate an electric field in the LC layer that
determines the orientations of LC molecules therein to adjust
polarization of incident light.

[0005] An LCD also includes switching elements con-
nected to the respective pixel electrodes, and a plurality of
signal lines such as gate lines and data lines for controlling the
switching elements and thereby applying voltages to the pixel
electrodes.

[0006] The liquid crystal display receives an input image
signal from an external graphics controller, the input image
signal contains luminance information of each pixel PX, and
the luminance is represented by gray levels of varying inten-
sity. Each pixel is supplied with the data voltage correspond-
ing to the desired luminance information. The data voltage
applied to the pixel appears as a pixel voltage according to a
difference between a reference voltage such as a common
voltage and the data voltage, and each pixel displays lumi-
nance representing a gray of the image signal according to the
pixel voltage. Here, the range of the pixel voltage that is
applicable to the liquid crystal display is determined accord-
ing to a driver.

[0007] The driver of the liquid crystal display may be
mounted on the display panel in a form of a plurality of
integrated circuit (IC) chips, or may be installed on a flexible
circuit film and attached to the display panel, but the use of IC
chips involves a high percentage of the manufacturing cost of
the liquid crystal display.

SUMMARY OF THE INVENTION

[0008] A liquid crystal display according to an exemplary
embodiment of the present invention includes a first substrate,
a first pixel and a second pixel that neighbor each other in a
row direction, a third pixel and a fourth pixel respectively
neighboring the first pixel and the second pixel in a column
direction, wherein the first to fourth pixels are formed on the
first substrate, a first data line and a second data line formed
on the first substrate and respectively transmitting a data
voltage, and a first voltage line disposed between the first data
line and the second data line. The first pixel, the second pixel,
the third pixel, and the fourth pixel respectively include a first
switching element connected to either the first data line or the
second data line, a second switching element connected to the
first voltage line, a first pixel electrode connected to the first
switching element, and a second pixel electrode connected to
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the second switching element. A position of the first pixel
electrode with respect to the second pixel electrode of the first
pixel is opposite to a position of the first pixel electrode with
respect to the second pixel electrode of the second pixel.
[0009] The first pixel electrode and the second pixel elec-
trode may respectively include a plurality of branches, and the
branches of the first pixel electrode and the branches of the
second pixel electrode may be alternately interposed with
each other.

[0010] A branch arrangement sequence of the first pixel
electrode and of the second pixel electrode in the first pixel
may be opposite to a branch arrangement sequence of the first
pixel electrode and the second pixel electrode in the third
pixel.

[0011] The branches of the first pixel electrode and the
branches of the second pixel electrode may be periodically
curved with a zigzag shape.

[0012] The first data line, the second data line, and the first
voltage line, may be periodically curved with a zigzag shape
according to the first pixel electrode and the second pixel
electrode.

[0013] The first voltage line may be supplied with two
different voltages alternately by frame.

[0014] The liquid crystal display may further include a
second voltage line extending parallel to the first voltage line,
wherein the second voltage line may be supplied with a dif-
ferent voltage from the first voltage line.

[0015] Theliquid crystal display may further include a first
common voltage line disposed on an edge portion of the first
substrate and intersecting the first and second data lines,
wherein the first voltage line may be connected to the first
common voltage line, thereby receiving a voltage.

[0016] The liquid crystal display may further include a
second common voltage line disposed on an edge portion of
the first substrate and intersecting the first and second data
lines, wherein the second voltage line may be connected to the
second common voltage line, thereby receiving a voltage.
[0017] Theliquid crystal display may further include a data
driver respectively applying a data voltage to the first data line
and the second data line, wherein the first voltage line and the
second voltage line respectively receive a voltage from the
data driver.

[0018] The liquid crystal display may further include a
second substrate facing the first substrate and a liquid crystal
layer interposed between the first substrate and the second
substrate. The liquid crystal layer has positive dielectric
anisotropy, and may be in a vertical alignment mode in the
absence of an electric field.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0020] FIG. 2 is an equivalent circuit diagram showing a
structure of a liquid crystal display and one pixel according to
an exemplary embodiment of the present invention.

[0021] FIG. 3is aschematic cross-sectional view ofa liquid
crystal display according to an exemplary embodiment of the
present invention.

[0022] FIG. 4 and FIG. 5 are equivalent circuit diagrams of
two pixels in a liquid crystal display according to an exem-
plary embodiment of the present invention.

[0023] FIG. 6 and FIG. 7 depict a charging voltage of a
liquid crystal capacitor and a data voltage applied to a data
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line of four neighboring pixels in two sequential frames when
an available lowest voltage is OV and an available highest
voltage is 15V in a liquid crystal display according to an
exemplary embodiment of the present invention.

[0024] FIG. 8is an equivalent circuit diagram of four pixels
of aliquid crystal display according to an exemplary embodi-
ment of the present invention.

[0025] FIG. 9 is a layout view of four pixels of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0026] FIG.10isacross-sectional view of the liquid crystal
display of FIG. 9 taken along the line X-X.

[0027] FIG. 11, FIG. 12, and FIG. 13 are layout views of a
plurality of pixels of a liquid crystal display according to an
exemplary embodiment of the present invention.

[0028] FIG. 14 is a layout view of an edge portion of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0029] FIG.15isacross-sectional view of the liquid crystal
display of FIG. 14 taken along the line XV-XV.

DESCRIPTION OF SYMBOLS
[0030]

3: liquid crystal layer
100: lower panel
121: gate line
131: storage electrode line

31: liquid erystal molecule
110, 210: insulation substrate
124a, 124b: gate electrode
137a, 137b: common
voltage line
145a, 145b: contact hole
163a, 165a: ohmic contact
173a, 173b: source electrode

140: gate insulating layer

154a, 154b: semiconductor

171: data line

175a, 175b, 177a, 177b: drain electrode
178: voltage line

185a, 185b: contact hole

200: upper panel

230: color filter

300: liquid crystal panel assembly
500: data driver

800: gray voltage generator

PX, PX1, PX2, PX3, PX4: pixel
Qa, Qb: switching element,

thin film transistor

SL: storage electrode line

180: passivation layer

191a, 191b: pixel electrode
220: light blocking member
250: overcoat

400: gate driver

600: signal controller

PEa, PEb: pixel electrode

VL, VL1, VL2: voltage line

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0031] Exemplary embodiments 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 vari-
ous different ways, all without departing from the spirit or
scope of the present invention.

[0032] In the drawings, the thickness of layers, films, pan-
els, regions, etc., can be exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present.

[0033] Hereinafter, a liquid crystal display according to an
exemplary embodiment of the present invention will be
described in detail with reference to FIG. 1 and FIG. 2.
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[0034] FIG. 1is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion, and FIG. 2 is an equivalent circuit diagram showing a
structure of a liquid crystal display and one-pixel according to
an exemplary embodiment of the present invention.

[0035] Referring to FIG. 1, a liquid crystal display accord-
ing to an exemplary embodiment of the present invention
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. The liquid crystal panel assembly 300
includes a plurality of signal lines (not shown) and a plurality
of pixels PX connected thereto and arranged in an approxi-
mate matrix. Meanwhile, referring to FIG. 2, in a view of the
structure, the liquid crystal panel assembly 300 includes
lower and upper panels 100 and 200 facing each other, and a
liquid crystal layer 3 therebetween.

[0036] The plurality of signal lines includes gate lines and
data lines.
[0037] Referring to FIG. 2, each pixel PX includes a liquid

crystal capacitor Clc, a first storage capacitor Csta, and a
second storage capacitor Cstb.

[0038] The liquid crystal capacitor Clc includes the first
pixel electrode PEa and a second pixel electrode PEb of the
lower panel 100 as two terminals, and the liquid crystal layer
3 between the first and the second pixel electrodes PEa and
PED functions as a dielectric material. The first pixel electrode
PEa and the second pixel electrode PEb may be connected to
the signal lines through a separate switching element (not
shown). The liquid crystal layer 3 has dielectric anisotropy
and may be in a vertical alignment mode, in which the liquid
crystal molecules of the liquid crystal layer 3 have their long
axes aligned vertical to surfaces of the two panels 100 and 200
in the absence of an electric field.

[0039] Thefirstand second pixel electrodes PEa and PEb of
the pixel electrode PE may be formed from different layers, or
from the same layer.

[0040] The first storage capacitor Csta and the second stor-
age capacitor Cstb serving as assistants to the liquid crystal
capacitor Clc may be respectively formed by overlapping
separate electrodes (not shown) provided on the lower panel
100 with the first and second pixel electrodes PEa and PEb via
an insulator interposed therebetween. The first and second
storage capacitors Csta and Cstb may be omitted if necessary.
[0041] Inaddition, to realize a color display, each pixel PX
uniquely displays one of primary colors (spatial division), or
each pixel PX temporally and alternately displays one of the
primary colors (temporal division). Then, the primary colors
are spatially or temporally synthesized, and thus a desired
color is recognized. An example of the primary colors may be
red, green, and blue. One example of the spatial division is
represented in FIG. 2, where each pixel PX is provided with
a color filter (CF) for one of the primary colors on the region
of the upper panel 200 corresponding to the first and second
pixel electrodes PEa and PEDb. Alternatively, the color filter
CF may be formed on or below the first and second pixel
electrodes PEa and PEDb of the lower panel 100.

[0042] Referringagainto FIG. 1, the gray voltage generator
800 generates all gray level voltages or a predetermined num-
ber, of gray level voltages (or reference gray level voltages)
related to transmittance of the pixels PX.

[0043] The gate driver 400 is connected to the gate lines of
the liquid crystal panel assembly 300, and applies a gate
signal configured by a combination of a gate-on voltage Von
and a gate-off voltage Voff to the gate lines.
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[0044] The data driver 500 is connected to the data lines of
the liquid crystal panel assembly 300, and selects a gray level
voltage from the gray voltage generator 800 and applies the
selected gray level voltage to the data line as the data voltage.
However, in a case in which the gray voltage generator 800
provides a limited number of reference gray level voltages
instead of all of the gray level voltages, the data driver 500
generates a desired data voltage by dividing the reference
gray level voltages.

[0045] The signal controller 600 controls the gate driver
400 and the data driver 500.

[0046] Next, a method of driving a liquid crystal display
according to an exemplary embodiment of the present inven-
tion will be described with reference to FIG. 3 as well as FIG.
1 and FIG. 2.

[0047] FIG. 3 is a cross-sectional view of a liquid crystal
display according to an exemplary embodiment of the present
invention. FIG. 3 shows the lower and upper panels 100 and
200 facing each other, the liquid crystal layer 3 therebetween,
the first and second pixel electrodes PEa and PEb, and the
liquid crystal molecules 31.

[0048] Referring to FIG. 1, the signal controller 600
receives input image signals R, G, and B and input control
signals for controlling the input image signals from an exter-
nal graphics controller (not shown). The input image signals
R, G, and B contain a luminance value of the respective pixels
PX, and the luminance value can have one of a predetermined
number of gray values, for example 1024=2'°, 256=2%, or
64=25. The input control signals include vertical synchroni-
zation signals Vsync, horizontal synchronization signals
Hsyne, main clock signals MCLK, and data enable signals
DE.

[0049] The signal controller 600, based on the received
input image signals R, G, and B and the input control signals,
processes the input image signals R, G, and B in accordance
with the operating conditions of the liquid crystal panel
assembly 300, and generates gate control signals CONT1,
data control signals CONT?2, and digital image signals DAT.
Then, the signal controller 600 transmits the gate control
signals CONT1 to the gate driver 400, while transmitting the
data control signals CONT?2 and the processed image signals
DAT to the data driver 500.

[0050] Depending upon the data control signals CONT2
from the signal controller 600, the data driver 500 receives the
digital image signals DAT for one row of pixels PX, and
selects gray voltages corresponding to the respective digital
image signals DAT, followed by converting the digital image
signals DAT into analog data voltages Vd and applying them
to the corresponding data lines.

[0051] Upon receipt of the gate control signals CONT1
from the signal controller 600, the gate driver 400 applies
gate-on voltages Von to the gate lines to turn on the switching
elements connected to the gate lines. Thus, the data voltage
Vd applied to the data line is applied to the pixel electrode PE
through the turned-on switching element. Here, only one of
the first pixel electrode PEa and the second pixel electrode
PEb may be supplied with the data voltage, and the other may
be supplied with a predetermined voltage or may be periodi-
cally supplied with two voltages that oscillate.

[0052] The difference between the two data voltages
applied to the first and second pixel electrodes PEa and PEb is
expressed as a charged voltage of the liquid crystal capacitors
Clc, i.e., a pixel voltage.
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[0053] If a potential difference is generated between two
terminals of the liquid crystal capacitor Clc, as shown in FIG.
4, an electric field parallel to the surface of the display panel
100 and 200 is formed on the liquid crystal layer 3 between
the first and second pixel electrodes PEa and PEb, as shown in
FIG. 3. When the liquid crystal molecules 31 have a positive
dielectric anisotropy, the liquid crystal molecules 31 arrange
themselves such that the long axes thereof are aligned parallel
to the direction of the electric field, and the degree of incli-
nation changes according to the magnitude of the pixel volt-
age. This liquid crystal layer 3 is referred to as an electrically-
induced optical compensation (EOC) mode liquid crystal
layer. Also, the polarization of light passing through the liquid
crystal layer 3 is changed according to the inclination degree
of the liquid crystal molecules 31. The change of the polar-
ization appears as a change of transmittance of light by the
polarizer, and accordingly, the pixel PX displays the lumi-
nance representing the gray value of the image signal DAT.
[0054] By repeating such a process by one horizontal
period (also referred to as “1H”, equal to one period of the
horizontal synchronization signal (Hsync) and the data
enable signal DE), the gate-on signal Von is sequentially
applied to all the gate lines and the data voltages are applied
to all the pixels PX to display an image of one frame.
[0055] Next, a structure to apply a voltage to a pixel of a
liquid crystal display according to an exemplary embodiment
of the present invention will be described with reference to
FIG. 4 and FIG. 5 as well as FIG. 1 to FIG. 3.

[0056] FIG. 4 and FIG. 5 are equivalent circuit diagrams of
two pixels in a liquid crystal display according to an exem-
plary embodiment of the present invention.

[0057] Referring to FIG. 4, the liquid crystal display
according to the present exemplary embodiment includes
signal lines including a gate line Gi, a storage electrode line
SL, neighboring data lines Dj and D(j+1), and a voltage line
VL disposed between two data lines Dj and D(j+1), and pixels
PX,, and PX,,,, connected thereto.

[0058] The gate line Gi transmits the gate signal, and the
storage electrode line SL transmits a predetermined voltage
such as a common voltage Vcom. The gate line Gi and the
storage electrode line SL. may be parallel to each other.
[0059] The data lines Dj and D(j+1) transmit the data volt-
age Vd from the data driver 500.

[0060] The voltage line VL is supplied with a predeter-
mined voltage or is periodically supplied with two voltages
that oscillate. For example, the voltage line VL may be peri-
odically supplied with a lowest voltage and a highest voltage
that are available to the liquid crystal display, and the oscil-
lation period of the voltage may be one frame.

[0061] The voltage line VL may receive the predetermined
voltage or the two oscillating voltages from the data driver
500, via the data lines Dj and D(j+1). If the voltage from the
data driver 500 is supplied to the voltage line VL, it may be
useful for synchronizing the signal.

[0062] Each pixel PXnand PX(n+1)includes a first switch-
ing element Qa, a second switching element Qb, the liquid
crystal capacitor Clc, the first storage capacitor Csta, and the
second storage capacitor Cstb.

[0063] The first and second switching elements Qa and Qb
may be three terminal elements such as a thin film transistor
provided in the lower panel 100. The first switching element
Qaofeach pixel PXnand PX(n+1) includes a control terminal
connected to the gate line Gi, an input terminal connected
either to the data lines Dj or D(j+1), and an output terminal
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connected to the liquid crystal capacitor Clc and the first
storage capacitor Csta. The second switching element Qb of
each pixel PXn and PX(n+1), includes a control terminal
connected to the gate line Gi, an input terminal connected to
the voltage line VL, and an output terminal connected to the
liquid crystal capacitor Clc and the second storage capacitor
Cstb. The second switching elements Qb of two neighboring
pixels PXn and PX(n+1) are connected to the same voltage
line VL.

[0064] The description of the liquid crystal capacitor Clc
and the first and the second storage capacitors Csta and Cstb
is the same as the description of FIG. 2 such that it is omitted.
However, in the exemplary embodiment shown in FIG. 4, the
first and second storage capacitors Csta and Cstb are formed
by respectively overlapping the first pixel electrode PEa and
the second pixel electrode PEb, with the storage electrode line
SL, via the insulator interposed therebetween.

[0065] In the exemplary embodiment shown in FIG. 5,
instead of one voltage line VL, a first voltage line VL1 and a
second voltage line VL2 are disposed between two neighbor-
ing pixels PXn and PX(n+1) such that the second switching
element Qb of the pixels PXn and PX(n+1) are respectively
connected to the first voltage line VL1 and the second voltage
line VL2. The first and second voltage lines VL1 and VL2
may be supplied with one predetermined voltage, or may be
periodically supplied with two oscillating voltages. Alterna-
tively, the first voltage line VL1 and the second voltage line
VL2 may be periodically supplied with the different voltages
that oscillate for the frame. As described above, the voltages
may be the lowest voltage and the highest voltage available to
the liquid crystal display.

[0066] Next, an operation of the liquid crystal display
shown in FIG. 4 will be described with reference to FIG. 6 and
FIG. 7.

[0067] FIG. 6 and FIG. 7 depict a charging voltage of a
liquid crystal capacitor and a data voltage applied to a data
line of four neighboring pixels in two sequential frames when
an available lowest voltage is OV and an available highest
voltage is 15V in a liquid crystal display according to an
exemplary embodiment of the present invention.

[0068] Referring to FIG. 6 and FIG. 7, one voltage line VL
is disposed between two neighboring pixels, and two pixels
PX are commonly connected to the voltage line VL. The
voltage line VL is periodically supplied with the highest
driving voltage (e.g., 15V) and the lowest driving voltage
(e.g., 0V) by frame, and two neighboring voltage lines VL are
supplied with different voltages. That is, if the voltage line VL
is supplied with OV in one frame as shown in FIG. 6, the
voltage line VL is supplied with 15V in the next frame as
shown in FIG. 7, and the neighboring voltage lines VL is
supplied with the reverse voltage.

[0069] The data voltages applied to the data lines Dj, D(j+
1), D(j+2), and D(j+3) may be the highest driving voltage, the
lowest driving voltage, or voltages therebetween.

[0070] First, referring to FIG. 6, when the left voltage line
VL is supplied with OV and the right voltage line VL is
supplied with 15V, the target charging voltage of the first pixel
is 15V, such that the first data line Dj is supplied with the data
voltage of 15V, and the target charging voltage of the second
pixel is 10V such that the second data line D(j+1) is supplied
with 10V. The target charging voltage of the third pixel is 10V
such that the third dataline D(j+2) is supplied with 5V, and the
target charging voltage of the fourth pixelis 14V such that the
fourth data line D(j+3) is supplied with 1V. Here, the two left
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pixels are supplied with a data voltage having a positive
polarity and two right pixels are supplied with a data voltage
of'a negative polarity with respect to the voltage of the voltage
line VL such that it is possible to drive by column inversion,
and thereby improve display characteristics.

[0071] Inthe next frame, as shown in FIG. 7, the left voltage
line VL is supplied with 15V, and the right voltage line VL is
supplied with OV. The target charging voltage of the first pixel
is 15V such that the first data line Dj is supplied with the data
voltage of 0V, and the target charging voltage of the second
pixelis 1.0V such that the second data line D(j+1) is supplied
with 5V. The target charging voltage of the third pixel is 10V
such that the third data line D(j+2) is supplied with 10V, and
the target charging voltage of the fourth pixel is 14V such that
the fourth data line D(j+3) is supplied with 14V. Here, two left
pixels are supplied with a data voltage having a negative
polarity and two right pixels are supplied with a data voltage
having a positive polarity with respect to the voltage of the
voltage line VL such that it is possible to drive by column
inversion, and since the opposite polarity was applied to the
previous frame, driving by frame inversion is realized.
[0072] Inthe exemplary embodiments of FIG. 6 and FIG.7,
the values of the target charging voltage of the pixel and the
voltage applied to the voltage line VL are exemplary, and may
vary according to the liquid crystal display.

[0073] In the present exemplary embodiment, the voltage
line VL that is shared by two pixels is disposed between two
neighboring pixels, such that the number of data lines may be
reduced, the aperture ratio and the transmittance of the liquid
crystal display may be increased, and the number of data
drivers may be reduced. Therefore, the manufacturing cost of
the liquid crystal display may be reduced.

[0074] Also, two pixel electrodes of one pixel PX are sup-
plied with voltages having different polarities with respect to
the common voltage Vcom that is substantially between the
highest driving voltage and the lowest driving voltage, such
that the driving voltage may be increased, the response speed
of the liquid crystal molecule may be increased, and the
transmittance of the liquid crystal display may be increased.
[0075] Next, aninversion driving method of a liquid crystal
display according to an exemplary embodiment of the present
invention will be described with reference to FIG. 8.

[0076] FIG. 8isan equivalent circuit diagram of four pixels
of'aliquid crystal display according to an exemplary embodi-
ment of the present invention,

[0077] Referring to FIG. 8, a circuit of four pixels PX1,
PX2, PX3, and PX4 that neighbor each other in the row
direction and the column direction is Shown. The connection
relationship of two pixels PX1 and PX2 that neighbor in the
row direction is the same as that of the exemplary embodi-
ment shown in FIG. 4 such that the detailed description
thereof is omitted.

[0078] However, the connection relationship of the liquid
crystal capacitor Clc, and the first and second switching ele-
ments Qa and Qb of two pixels PX3 and PX4, is different from
that of the pixels PX1 and PX2. Referring to the left terminal
of'the liquid crystal capacitor Clc as the first terminal and the
right terminal as the second terminal, the first switching ele-
ment Qa of the pixels PX1 and PX2 are connected to the first
terminal of'the liquid crystal capacitor Clc, the second switch-
ing element Qb is connected to the second terminal of the
liquid crystal capacitor Clc. On the other hand, the first
switching element Qa ofthe pixels PX3 and PX4 is connected
to the second terminal of the liquid crystal capacitor Clc, and
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the second switching element Qb thereof is connected to the
first terminal of the liquid crystal capacitor Clc.

[0079] Thus, although the voltage line VL is supplied with
the same voltage during one frame, row inversion driving is
possible.

[0080] Next, the pixel structure and liquid crystal display
arrangement shown in FIG. 8 will be described with reference
to FIG. 9 to FIG. 1.3.

[0081] FIG. 9 is a layout view of four pixels of a liquid
crystal display according to an exemplary embodiment of the
present invention, and FIG. 10 is a cross-sectional view of the
liquid crystal display of FIG. 9 taken along the line X-X.
[0082] Referring to FIG. 9 and FIG. 10, a liquid crystal
display according to an exemplary embodiment of the present
invention includes lower and upper display panels 100 and
200 facing each other, and a liquid crystal layer 3 interposed
between the two panels 100 and 200.

[0083] First, the lower display panel 100 will be described
in detail.

[0084] A plurality of gate conductors including a plurality
of gate lines 121, and a plurality of storage electrode lines 131
are formed on an insulation substrate 110.

[0085] The gate lines 121 transmit gate signals and extend
in a transverse direction, and each gate line 121 includes a
plurality of pairs of first and second gate electrodes 124a and
124b.

[0086] The storage electrode line 131 receives a predeter-
mined voltage such as a common voltage Vcom, and extends
in the transverse direction. Each storage electrode line 131
may be disposed above a neighboring gate line 121, and may
include a downward protrusion.

[0087] A gate insulating layer 140 that may be made of
silicon nitride (SiNXx) or silicon oxide (SiOx) is formed on the
gate conductors 121 and 131.

[0088] A plurality of first semiconductor stripes (not
shown) and a plurality of second semiconductor stripes (not
shown) respectively disposed between pairs of first semicon-
ductor stripes are formed on the gate insulating layer 140, and
they may be made of hydrogenated amorphous silicon or
polysilicon. The first semiconductor stripe includes protru-
sions 154a protruding on the left or right side to be disposed
on the first gate electrode 124a, and the second semiconduc-
tor stripe includes protrusions 1545 protruding on both of the
right and left sides to be disposed on the second gate elec-
trodes 124b.

[0089] Ohmic contacts 163a and 165a are formed on the
first and the second semiconductor stripes. The ohmic con-
tacts 163a and 165¢ may be made of a material such as
n+hydrogenated a-Si that is heavily doped with an n-type
impurity such as phosphorus, or of a silicide. The ohmic
contacts 163a and 1654 are separated from each other on the
first and second gate electrodes 124a and 1245.

[0090] A data conductor including a plurality of pairs of
data lines 171, a plurality of voltage lines 178, and a plurality
of pairs of first and second drain electrodes 1754 and 1755 are
formed on the ohmic contacts 163a and 165a and the gate
insulating layer 140.

[0091] The data line 171 transmits the data signal and
extends substantially in the longitudinal direction. As shown
in FIG. 9, the data line 171 may be periodically curved with a
zigzag shape, and there may be a plurality of curves. The
acute angle between the oblique edge of the data line 171 and
the gate line 121 may be about 45 degrees. The data line 171
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includes a first source electrode 173a extending toward the
first gate electrodes 124a and 12454.

[0092] The voltage line 178 is disposed between the pair of
data lines 171, and transmits a predetermined voltage, or
alternatively, transmits two voltages that periodically oscil-
late. The voltage line 178 extends in the longitudinal direction
like the data line 171, as shown in FIG. 9, may be curved
parallel to the data line 171 with the zigzag shape. The acute
angle between the oblique edge of the voltage line 178 and the
gate line 121 may be about 45 degrees. The voltage line 178
includes second source electrodes 1735 extending in both
sides toward the second gate electrodes 1245. The first source
electrode 173a and the second source electrode 1735 face
each other with mirror symmetry.

[0093] The first drain electrode 1754 includes a bar-shaped
end portion and a first extension 1774 having a wide area, and
the second drain electrode 1754 includes a bar-shaped end
portion and a second extension 1776 having a wide area. The
bar-shaped end portions of the first and second drain elec-
trodes 175a and 1755 are respectively opposite to the first and
second source electrodes 173a and 17356 with respect to the
first and second gate electrodes 124a and 1245, and are par-
tially enclosed by the first and second source electrodes 173a
and 1735. Most of the first and second expansions 1774 and
177b overlap the storage electrode line 131.

[0094] The first and second gate electrodes 124a and 1245,
the first and second source electrodes 173a and 173/, and the
first and second drain electrodes 175a and 1755 respectively
constitute the first and second thin film transistors Qa and Qb
together with the first and second semiconductors 154a and
1545. Channels of the first and second thin film transistors Qa
and Qb are respectively formed in the first and second semi-
conductors 154a and 1545 between the first and second
source electrodes 173a and 1736 and the first and second
drain electrodes 175a and 1756b.

[0095] The protrusions 154a and 1545 of the semiconduc-
tor have a portion that is exposed without being covered by
the first and second source electrodes 173a and 1736 and the
first and second drain electrodes 1754 and 1755.

[0096] A passivation layer 180 made of an inorganic insu-
lator or an organic insulator is formed on the data conductors
173a, 173b, 175a, and 175b, and the exposed protrusions
1544 and 1545 of the semiconductors.

[0097] The passivation layer 180 has a plurality of contact
holes 185a and 1854 exposing portions of the first and second
extensions 177a and 1775.

[0098] A plurality of pairs of first and second pixel elec-
trodes 191a and 1915 that may be made of a transparent
conductive material such as indium tin oxide (ITO) or indium
zinc oxide (IZO), or a reflective metal such as aluminum,
silver, chromium, or alloys thereof, are formed on the passi-
vation layer 180.

[0099] As shown in FIG. 9, the first and second pixel elec-
trodes 191a and 1915 include a plurality of branches that are
interposed between each other with a substantially uniform
gap, and the plurality of branches are substantially parallel to
the data lines 171 and the voltage line 178. The plurality of
branches may be curved with the zigzag shape like the data
line 171 and the voltage line 178 as shown in FIG. 9, and may
form an acute angle of about 45 degrees with the gate line 121.
The branches of the first pixel electrode 191a and the second
pixel electrode 1915 are alternately disposed, thereby form-
ing a pectinate pattern.
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[0100] The first and second pixel electrodes 191a and 1915
are respectively physically and electrically connected to the
first and second drain electrodes 175a and 1755 through the
contact holes 185a and 185b. The first and second pixel
electrodes 191a and 1915 respectively receive data voltages
from the first and second drain electrodes 175a and 1755. The
first and second pixel electrodes 191a and 1915 along with the
liquid crystal layer 3 form the liquid crystal capacitor Clc
which maintains the applied voltage after the first and second
thin film transistors Qa and Qb are turned off.

[0101] The first and second expansions 1774 and 1775 of
the first and second drain electrodes 175a and 1755 that are
connected to the first and second pixel electrodes 191a and
1915 overlap the storage electrode line 131 via the gate insu-
lating layer 140, thereby respectively forming the first and
second storage capacitors Csta and Cstb that enhance the
voltage maintaining capacity of the liquid crystal capacitor
Cle.

[0102] Referring to FIG. 8 and FIG. 9, for the pixels PX1
and PX3, or PX2 and PX4 neighbor each other in the column
direction, the sequence in which the branches of the first and
second pixel electrodes 191a and 1915 are positioned in the
region where light is transmitted is different. That is, the
branches of the second pixel electrode 1915 of the pixels PX1
and PX2 disposed in the upper row form the outer boundary
ofthe pixels PX1 and PX2, and are disposed ahead of the first
pixel electrode 191a. On the other hand, the branches of the
first pixel electrode 191a form the outer boundary of the
pixels PX3 and PX4 in disposed in the lower row, and are
disposed ahead of the second pixel electrode 1915. As
described above, the arrangement sequence of the branches of
the first pixel electrode 191a and the second pixel electrode
1915 of the pixels neighboring in the column direction are
reversed, and as a result, as shown in FIG. 8, row inversion
driving may be realized with respect to the voltage line 178
supplied with a voltage that oscillates by frame.

[0103] Next, referring to the upper panel 200, light block-
ing member 220 and a plurality of color filters 230 are formed
on an insulation substrate 210. The light blocking member
220 blocks light leakage between the first and second pixel
electrodes 191a and 191.5. The color filter 230 is primarily
disposed in the region enclosed by the light blocking member
220, and may extend along the columns of the first and second
pixel electrodes 191a and 1915.

[0104] Anovercoat250is formed on the color filter 230 and
the light blocking member 220. The overcoat 250 may be
made of an (organic) insulating material, and protects the
color filters 230 and provides a flat surface. The overcoat 250
may be omitted.

[0105] Vertical alignment layers (not shown) may be
formed on the inner surface of the display panels 100 and 200.
[0106] Polarizers (not shown) may be provided on the outer
surface of the display panels 100 and 200.

[0107] If the first and second pixel electrodes 191a and
1915 are supplied with voltages through the data line 171 and
the voltage line 178, an electric field approximately parallel to
the surface of the display panels 100 and 200 is formed. Thus,
the liquid crystal molecules of the liquid crystal layer 3 that
are initially aligned perpendicular to the surfaces of the dis-
play panels 100 and 200 rearrange themselves in response to
the electric field such that the long axes thereof are inclined
parallel to the direction of the electric field, and the polariza-
tion degree of the light incident to the liquid crystal layer 3
varies according to the inclination degree of the liquid crystal
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molecules. The change of polarization appears as a change of
transmittance by the polarizer, by which the liquid crystal
display displays the images.

[0108] In the present exemplary embodiment, the first and
second pixel electrodes 191a and 1915 curve with a zigzag
shape to vary the inclination direction of the liquid crystal
molecules, and thereby improve the viewing angle. In addi-
tion, the exemplary embodiment of FIG. 9 may also incorpo-
rate characteristics and effects of the exemplary embodiments
described above.

[0109] FIG. 11, FIG.1.2, and FIG. 13 are layout views of a
plurality of pixels of a liquid crystal display according to an
exemplary embodiment of the present invention.

[0110] Referring to FIG. 11, the pixels shown in FIG. 9 are
consecutively disposed in a row direction. That is, the two
pixels PX1 and PX2 are alternately disposed in the upper row
of'the pixel, and the two pixels PX3 and PX4 are alternately
disposed in the lower row of the pixel. On the other hand, the
two neighboring voltage lines 178 are supplied with different
voltages, for example OV and 15V. As described above, as
shown in FIG. 6 and FIG. 7, the polarities of the data voltages
applied to the neighbor pixel pair PX1 and PX2 in each pixel
row are reversed, to realize column inversion. Also, the volt-
age applied to each voltage line 178 may oscillate by frame, to
realize frame inversion as described regarding FIG. 6 and
FIG. 7.

[0111] Next, referring to FIG. 12, a pair of pixels PX1 and
PX2, and a pair of pixels PX3 and PX4 are alternately dis-
posed in one pixel row. That is, a pair of pixels including the
pixels PX1 and PX2 neighbor the pair of pixels including the
pixels PX3 and PX4. Pixels PX3 and PX4 have first and
second pixel electrodes 191a and 1915 whose branch
arrangement is reversed with respect to the branch arrange-
ment of the first and second pixel electrodes 191a and 19156 of
the pixels PX1 and PX2. Here, two neighboring voltage lines
178 may be supplied with the same voltage, for example OV
and 15V. Although the voltage line 178 between the pixel pair
PX1 and PX2 and the voltage line 178 between the pixel pair
PX3 and PX4 neighboring in the row direction are supplied
with the same voltage, the branch arrangements of the first
and second pixel electrodes 191a and 1915 of the two pixel
pairs are reversed with respect to each other, to realize column
inversion.

[0112] Next, FIG. 13 shows another arrangement of the
pixels PX1, PX2, PX3, and PX4, each having first and second
pixel electrodes 194 and 191.d, according to an embodiment
of the invention. In this exemplary embodiment, the number
of' the branches of each of the pixel electrodes 191¢ and 191d
is reduced by two with respect to the number of branches of
the first and second pixel electrodes 191a and 1915 of the
exemplary embodiment of FIG. 11 and FIG. 1.2. The voltage
lines 178 are alternately supplied with the highest driving
voltage (e.g., 15V) and the lowest driving voltage (e.g., 0V) in
the row direction. The pixels R, G, and B representing red (R),
green (G), and blue (B) are alternately disposed in the row
direction, and, as shown in FIG. 9, pixels PX1 and PX3, and
PX2 and PX4, for which the branch arrangement of the first
and second pixel electrodes 191¢ and 191d are reversed, are
disposed as neighbors in the column direction.

[0113] When the pixels PX1, PX2, PX3, and PX4 are dis-
posed like this, and the pixels representing the red (R), the
green (G), and the blue (B) are grouped into one pixel group,
the polarities of the pixel groups neighboring in the row
direction are different and the polarities of the pixel groups
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neighboring in the column direction are also different,
thereby realizing dot inversion.

[0114] Next, a structure for supplying a voltage to an edge
portion of the liquid crystal display, particularly the voltage
line 178, will be described with reference to FIG. 14 and FIG.
15, as well as FIG. 1.

[0115] FIG. 14 is a layout view of an edge portion of a
liquid crystal display according to an exemplary embodiment
ofthe present invention, and FIG. 15 is a cross-sectional view
of the liquid crystal display of FIG. 14 taken along the line
XV-XV.

[0116] The liquid crystal display whose cross-sectional
edge portion is shown in FIG. 14 and FIG. 15 is similar to the
liquid crystal display according to the exemplary embodi-
ment shown in FIG. 9 and FIG. 10.

[0117] Referring to the lower panel 100, a first common
voltage line 1374 and a second common voltage line 1375 are
formed on the insulation substrate 110. Referring to FIG. 1
and FIG. 14, the first and second common voltage lines 137a
and 1375 extend in the row direction between the pixels PX
300 and the data driver 500, and are both insulated from and
cross the data line 171. The first common voltage line 137a
and the second common voltage line 1375 may transmit two
different voltages, for example the highest driving voltage
and the lowest driving voltage. Also, the voltages of the first
and second common voltage lines 137a and 1375 may change
by frame, and may oscillate.

[0118] A gateinsulating layer 140 is formed on the first and
the second common voltage line 137a and 137b. The gate
insulating layer 140 includes a plurality of substantially uni-
formly arranged contact holes 145a that expose a portion of
the first common voltage line 137a, and a plurality of sub-
stantially uniformly arranged contact holes 1455 that expose
a portion of the second common voltage line 1374.

[0119] A voltage line 178 is disposed on the gate insulating
layer 140, and a semiconductor (not shown) having the same
plane shape as the voltage line 178 may be formed between
the gate insulating layer 140 and the voltage line 178. Since
the description thereof'is the same as that of the above exem-
plary embodiment, it is omitted.

[0120] The voltage line 178 is alternately connected to the
first common voltage line 1374 and the second common
voltage line 1375 through the contact holes 145a and the
contact holes 1455 in a row direction, thereby receiving the
voltage.

[0121] Alternatively, one of the first and second common
voltage lines 1374 and 137b may be omitted, and in this case,
all of the voltage lines 178 may be connected to one common
voltage line. Also, the first and second common voltage lines
137a and 1376 may be formed from different layers than that
of the present exemplary embodiment, for example, may be
formed from the same layer as the data line 171. In this case,
the contact holes 145a and 1455 of the gate insulating layer
140 are unnecessary, and the voltage line 178 may be directly
connected to the first and second common voltage lines 137a
and 13764.

[0122] A passivation layer 180 is formed on the voltage line
178 and the gate insulating layer 140.

[0123] According to an exemplary embodiment of the
present invention, a pixel voltage range capable of being used
in the liquid crystal display may be increased without replac-
ing the data driver, thereby increasing the transmittance. Also,
the manufacturing cost of the driver may be reduced, and the
aperture ratio of the display panel may be improved.
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[0124] Also, according to an exemplary embodiment of the
present invention, row inversion, column inversion, or dot
inversion driving may be realized without inversion driving in
the data driver.

[0125] While embodiments of this invention have been
described in connection with what is presently considered to
be practical exemplary embodiments, it is to be understood
that embodiments of the invention are not limited to the
disclosed exemplary embodiments, but, on the contrary, are
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A liquid crystal display comprising:

a first substrate,

a first pixel and a second pixel that neighbor each other in
a row direction, wherein the first and second pixels are
formed on the first substrate;

a first data line and a second data line formed on the first
substrate and respectively transmitting a data voltage;
and

a first voltage line disposed between the first data line and
the second data line,

wherein the first pixel and second pixel respectively
include

a first switching element connected either to the first data
line or the second data line,

a second switching element connected to the first voltage
line,

a first pixel electrode connected to the first switching ele-
ment, and

a second pixel electrode connected to the second switching
element, and

a position of the first pixel electrode with respect to the
second pixel electrode of the first pixel is opposite to a
position of the first pixel electrode with respect to the
second pixel electrode of the second pixel.

2. The liquid crystal display of claim 1, wherein

the first pixel electrode and the second pixel electrode
respectively include a plurality of branches, and

the first data line, the second data line, the first voltage line,
and the branches of the first pixel electrode and the
second pixel electrode are periodically curved with a
zigzag shape.

3. The liquid crystal display of claim 1, wherein

the first voltage line is supplied with two different voltages
alternately by frame.

4. The liquid crystal display of claim 2, further comprising

a second voltage line extending parallel to the first voltage
line,

wherein the second voltage line is supplied with a different
voltage from the first voltage line.

5. The liquid crystal display of claim 4, further comprising

a first common voltage line disposed on an edge portion of
the first substrate and intersecting the first and second
data lines,

wherein the first voltage line is connected to the first com-
mon voltage line, thereby receiving a voltage.

6. The liquid crystal display of claim 5, further comprising

a second common voltage line disposed on an edge portion
of the first substrate and intersecting the first and second
data lines,

wherein the second voltage line is connected to the second
common voltage line, thereby receiving a voltage.
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7. The liquid crystal display of claim 6, further comprising

adata driver respectively applying a data voltage to the first
data line and the second data line,

wherein the first voltage line and the second voltage line
respectively receive a voltage from the data driver.

8. The liquid crystal display of claim 1, further comprising

a second substrate facing the first substrate, and

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

wherein the liquid crystal layer has a positive dielectric
anisotropy.

9. The liquid crystal display of claim 2, further comprising
a third pixel and a fourth pixel respectively neighboring the
first pixel and the second pixel in a column direction, said
third and fourth pixels formed on the substrate, the third and
fourth pixels respectively including

a first switching element connected to the first data line or
the second data line,

a second switching element connected to the first voltage
line,

a first pixel electrode connected to the first switching ele-
ment, and

a second pixel electrode connected to the second switching
element.

10. The liquid crystal display of claim 9, wherein

the branches of the first pixel electrode and the branches of
the second pixel electrode are interposed between each
other, and

a branch arrangement sequence of the first pixel electrode
and the second pixel electrode in the first pixel is oppo-
site to a branch arrangement sequence of the first pixel
electrode and the second pixel electrode in the third
pixel.

11. A liquid crystal display comprising:

a first substrate,

a first data line and a second data line formed on the first
substrate, each data line respectively transmitting a data
voltage;

a first voltage line disposed between the first data line and
the second data line; and

a first pixel, second pixel, third pixel and fourth pixel
arranged in a matrix-like array on said first substrate,
each pixel including a liquid crystal capacitor,

a first switching element connected to the liquid crystal
capacitor and either the first data line or the second data
line,

a second switching element connected to the liquid crystal
capacitor and the first voltage line,

a first pixel electrode connected to the first switching ele-
ment, and

a second pixel electrode connected to the second switching
element,

the first pixel electrode and the second pixel electrode
respectively include a plurality of branches, and

the branches of the first pixel electrode and the branches of
the second pixel electrode are alternately interposed
with each other.

12. The liquid crystal display of claim 11, wherein

an arrangement sequence of the branches of the first pixel
electrode and the branches of the second pixel electrode
in the first pixel is opposite to an arrangement sequence
of the branches of the first pixel electrode and the
branches of the second pixel electrode in the third pixel.

Sep. &, 2011

13. The liquid crystal display of claim 12, wherein the
branches of the first pixel electrode and the branches of the
second pixel electrode are substantially periodically curved
with a zigzag shape, and the first data line, the second data
line, and the first voltage line are substantially periodically
curved with a zigzag shape according to the first pixel elec-
trode and the second pixel electrode.

14. The liquid crystal display of claim 11, wherein the first
switching element of first and second pixels that are neigh-
boring row pixels is connected to a first terminal of the liquid
crystal capacitor, the second switching element of the firstand
second neighboring row pixels is connected to the second
terminal of the liquid crystal capacitor, the first switching
element of third and fourth pixels that are neighboring row
pixels is connected to the second terminal of the liquid crystal
capacitor, and the second switching element of the third and
fourth neighboring row pixels is connected to the first termi-
nal of the liquid crystal capacitor, and the third and fourth
pixels respectively neighbor the first and second pixels in a
column direction.

15. The liquid crystal display of claim 11, wherein
branches of the second pixel electrode of the first and second
pixels disposed in an upper row form an outer boundary of the
first and second pixels and are disposed ahead of the first pixel
electrode,

branches of the first pixel electrode form an outer boundary
of the third and fourth pixels disposed in the lower row,
and are disposed ahead of the second pixel electrode,
wherein row inversion driving may be realized when the
first voltage line is supplied with a voltage that oscillates
by frame.

16. The liquid crystal display of claim 11, further compris-
ing a second voltage line disposed between the first data line
and the second data line extending parallel to the first voltage
line.

17. The liquid crystal display of claim 16, wherein the first
and second pixels are alternately disposed in an upper row of
the pixel, the third and fourth pixels are alternately disposed
in a lower row of the pixel, the polarities of the data voltages
applied to the first and second neighbor pixel pair in each
pixel row are reversed to realize column inversion, wherein
the second voltage line is supplied with a different voltage
from the first voltage line and the voltage applied to the first
and second voltage lines oscillates by frame to realize frame
inversion.

18. The liquid crystal display of claim 16, wherein said first
and second pixels and said third and fourth pixels are alter-
nately disposed in one pixel row, wherein the first and second
pixel electrodes of said third and fourth pixels have a branch
arrangement that is reversed with respect to the branch
arrangement of the first and second pixel electrodes of the first
and second pixels, the first and second voltage lines are sup-
plied with a same voltage, and the branch arrangements of the
first and second pixel electrodes of the first and second pixels
are reversed with respect to branch arrangements of the first
and second pixel electrodes of the third and fourth pixels, to
realize column inversion.

19. The liquid crystal display of claim 16, wherein the first
and second voltage lines are alternately supplied with a high-
est driving voltage and a lowest driving voltage in the row
direction, red, green, and blue pixels are alternately disposed
in the row direction, and, first and third pixels, and second and
fourth pixels having a branch arrangement of the first and
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9
second pixel electrodes reversed with respect to the first and electrode of the first pixel is opposite to a position of the first
third pixels, are respectively disposed as neighbors in the pixel electrode with respect to the second pixel electrode of
column direction. the second pixel.

20. The liquid crystal display of claim 11, wherein a posi-
tion of the first pixel electrode with respect to the second pixel
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