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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

This application claims the benefit of Korean Patent Appli-
cation No. P2006-123751 filed in Korea on Dec. 7, 2006,
which is hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a liquid crystal display and
a driving method thereof, and more particularly to a liquid
crystal display and a driving method thereof having a plural-
ity of common electrodes to which a common voltage is
independently applied, and divided into more than two por-
tions to change a potential of a common voltage into the
divided common electrode unit, and that are adaptive for
reducing amplitude of a scanning pulse to prevent a deterio-
ration of a display quality by a feed through voltage.

BACKGROUND
Description of the Related Art

Generally, a liquid crystal display controls light transmit-
tance of a liquid crystal using an electric field to display a
picture. To this end, theliquid crystal display includes a liquid
crystal display panel having liquid crystal cells arranged in a
matrix type, and a driving circuit driving the liquid crystal
display panel.

Referring to FIG. 1, a gate line GL and a data line DL are
crossed each other at the liquid crystal display panel, and a
thin film transistor (hereinafter, referred to as “TFT”) driving
the liquid crystal cell Clc is formed at a crossing of the gate
line GL and the data line DL. The TFT supplies a data voltage
Vd supplied via the data line to a pixel electrode Ep of the
liquid crystal cell Cle in response to a scanning pulse supplied
via the gate line GL. To this end, a gate electrode of the TFT
is connected to the gate line GL, a source electrode thereofis
connected to the data line DL, and a drain electrode thereof is
connected to the pixel electrode of the liquid crystal cell Cle.
The liquid crystal cell Cle is charged with a potential differ-
ence of the data voltage Vd supplied to the pixel electrode Ep
and a common voltage Vcom supplied to a common electrode
Ec. Further, an arrangement of liquid crystal molecules is
changed by an electric field formed by the potential difference
to adjust an amount of the transmitted light or cut off a light.
The common electrode Ec is formed at an upper substrate or
alower substrate of the liquid crystal display panel depending
upon a method which applies an electric field to the liquid
crystal cell Cle. A storage capacitor (hereinafter, referred to as
“Cst”) is formed between a storage line supplied with the
common voltage Vcom and the pixel electrode Ep of the
liquid crystal cell Cle. In this case, the storage capacitor Cst
maintains a charging voltage of the liquid crystal cell Clc.

The liquid crystal display panel is driven so as to prevent
degradation of the liquid crystal cell Clc and improve a dis-
play quality by an inversion method. Herein, the inversion
method inverses a polarity of the liquid crystal cell Clc in a
constant unit. The inversion method is largely classified into
a frame inversion, a line inversion, a column inversion, and a
dot inversion. Herein, the frame inversion inverses the polar-
ity of the liquid crystal cell in a frame unit. The line inversion
inverses the polarity of the liquid crystal cell in a horizontal
line unit. The column inversion inverses the polarity of the
liquid crystal cell in a vertical line unit. The dot inversion
inverses the polarity of the liquid crystal cell in aliquid crystal
cell unit. The line inversion has an advantage of a low power
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2

consumption compared to the column inversion and the dot
inversion. The column inversion and the dot inversion inverse
the polarity using only data signal, so that a driving voltage
scope of the data signal is relatively wide. However, the line
inversion drives a data signal and a common voltage Vcom to
have an inverse polarity each other to narrow a driving voltage
scopeofthe data signal. Herein, the common voltage Vcom is
supplied to the liquid crystal cell Cle as a reference voltage
FIG. 2 is a diagram showing a portion of a liquid crystal
display panel driven by a related art line inversion, and FIG.
3 is a diagram showing driving voltages supplied to the liquid
crystal display panel in FIG. 2. In FIG. 2, ‘Vcom?2’ represents
a common voltage with which a first and second common
electrodes Ec1 and Ec2 are commonly supplied. Further, in
FIG. 3, ‘SP1 and SP2’ represent scanning pulses with which
a first and second gate lines GL1 and GL2 are supplied,
respectively, “Vcom1’ represents a common voltage with
which a storage line SL is supplied, “Vd’ represents a data
voltage with which the data line DL is supplied, “VEp1’
represents a potential of a first pixel electrode Epl, and
‘VEp2’ represents a potential of a second pixel electrode Ep2.
Referring to FIG. 2 and FIG. 3, a scanning pulse SP is
swung between a gate high voltage VGH turning-on the TFT
and a gate low voltage VGL turning-off the TFT. In the
common voltage vcom1 with which the storage line SL is
supplied, potentials —~Vcom and +Vcom thereof are inversed
in an interval of one horizontal period 1H. In the data voltage
Vd with which the data line DL is supplied, potentials +Vd
and —Vd thereof are inversed in the interval of one horizontal
period 1H on the basis of the common voltage Vcoml.
Herein, ‘+Vd’ represents a positive polarity data voltage hav-
ing a potential higher than the common voltage Vcoml1, and
‘-Vd’ represents a negative polarity data voltage having a
potential lower than the common voltage Vecom1. The data
voltage Vd is supplied, via the data line DL, to the pixel
electrode Ep of the liquid crystal cell Clc for a scanning
period that the scanning pulse SP is maintained as the gate
high voltage VGH. The common voltage Vcom2 is supplied
to the common electrode Ec opposed to the pixel electrode
Ep. A value of the common voltage Vcom2 with which the
common electrode Ec is supplied and a value of the common
voltage Vcom1 with which the storage line SL is supplied are
substantially the same each other. Since the storage lines SL
oftheliquid crystal display panel are electrically connected to
each other, a potential VEp of the pixel electrode Ep is
changed by a swing of the common voltage Vcoml1 for a
non-scanning interval that the scanning pulse SP is main-
tained as the gate low voltage VGL. For example, in FIG. 3,
the common voltages Vcom1 of OV and 5V are alternatively
applied and the data voltages Vd of 3V and 2V are alterna-
tively applied so as to charge the liquid crystal cells Cle1 and
Cle2 into 3V in the interval of one horizontal period 1H. In
this case, the potentials VEp1 and VEp2 of the first and
second pixel electrodes are continuously changed for a non-
scanning interval of the scanning pulse. In other words, the
potential VEp1 of the first pixel electrode is maintained as 3V
by the data voltage +Vd supplied for the scanning period 1H,
and thenis affected by a swing of the common voltage Vcoml1
for non-scanning intervals (2H and 3H, etc) to change into 8V
and 3V in the interval of one horizontal period 1H. The
potential VEp2 of the second pixel electrode 1s maintained as
2V by the data voltage —Vd supplied for the scanning period
2H, and then is affected by a swing of the common voltage
Veoml fornon-scanning intervals (3H and 4H, etc) to change
into -3V and 2V in the interval of one horizontal period 1H.
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Such a potential VEp change of the pixel electrode Ep for the
non-scanning intervals necessarily increases amplitude of the
scanning pulse.

FIG. 4 is a diagram explaining a fact that amplitude of the
scanning pulse is increased by the potential Vep change of the
pixel electrode Ep for a related art non-scanning interval.

Referring to FIG. 4, in a line inversion drive using a swing
of the common voltage Vcom, the potentials VEp1 and VEp2
of each pixel electrode are changed in an upper direction and
alower direction. Specifically, the potential VEp2 of the pixel
electrode charged for a scanning period that a high potential
common voltage Vcom-High is supplied is further decreased
as much as [Vcom-High—VEp2| from a low potential Vcom-
Low of the common voltage for a non-scanning interval that
a low potential common voltage Vcom-Low is supplied. In
order to maintain the decreased potential VEp2 of the pixel
electrode, a gate-off voltage requires a voltage lower than the
decreased potential VEp2 of the pixel electrode. Accordingly,
amplitude of the scanning pulse s |(Vd-High+Gate-On)-(Vd-
Low-Gate-Off-Vcom amplitude)!. In the line inversion drive
using a swing of the common voltage Vcom, the result means
that amplitude of the scanning pulse is further increased as
much as amplitude of the common voltage Vcom. An ampli-
tude increase of the scanning pulse increases the feed through
voltage. In the charging voltage, a voltage shift as much as
AVp is generated by a parasitic capacitor Cgd between the
gate electrode and the drain electrode of the TFT. Such AVp
refers to as a feed through voltage. A magnitude of the feed
through voltage AVp is in proportion to amplitude VGH-VGL
of the scanning pulse. The liquid crystal cell Cle is charged
with a voltage lower as much as AVp than the data voltage Vd
corresponding to a video data by the feed through voltage
AVp. Inother words, the liquid crystal cell Clc is charged with
avoltage having a potential difference lower as much as AVp
than the data voltage Vd regarding the common voltage Vcom
upon driving of the positive polarity (+). The liquid crystal
cell Clc is charged with a voltage having a potential difference
higher as much as AVp than the data voltage Vd regarding the
common voltage Vcom upon driving of the negative polarity
).

The liquid crystal display driven by the line inversion
method using a swing of the related art common voltage
Vcom has the following problems.

In the related art, first, an additional storage line is required
at the lower substrate provided with the TFT so as to apply a
common voltage swung between the high-level potential and
the low-level potential, so that an aperture ratio is reduced by
the storage line.

Second, a common voltage swung via the storage lines is
applied, so that a potential of the pixel electrode is changed by
the swung common voltage for the non-scanning interval. Tn
this case, the storage lines are electrically connected to each
other. Thus, amplitude of the scanning pulse is increased.
Accordingly, in the related art liquid crystal display, the feed
through voltage AVp is increased by an increase of scanning
pulse amplitude to generate a flicker or a residual image at a
screen of the liquid crystal display panel. As a result, the
display quality is deteriorated.

SUMMARY

In one embodiment, a liquid crystal display includes a
plurality of common electrodes to which a common voltage is
separately applied. Liquid crystal cells are arranged in (mxn)
matrices, where m and n are positive integers equal to or
greater than two, and configured to display an image using
liquid crystal molecules driven by a potential difference
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4

between pixel electrodes and the common electrodes, and
including m data lines to which a data voltage is supplied and
n gate lines to which a scanning pulse is supplied. A number
(mxn) of storage capacitors reside between a pixel electrode
of theliquid crystal cells and the gate lines and are configured
to maintain voltages of the liquid crystal cells. A data driver is
configured to inverse a polarity of the data voltage in units of
n/k lines and to supply the data voltage to the data lines, where
k a divisor of the common electrode, such that 2=k=n. A
common voltage controller is configured to change a poten-
tial of the common voltage into units of n/k common elec-
trodes.

In another embodiment, a method of driving a liquid crys-
tal display described above includes, inversing a polarity of
the data voltage in units of n/k lines and supplying the data
voltage to the data lines, wherein k a divisor of the common
electrode, such that 2=k=n. A potential of the common volt-
age 1s changed into units of n/k common electrode units and
avoltage of the liquid crystal cells is maintained using (mxn)
storage capacitors formed between a pixel electrode of the
liquid crystal cell and the gate line.

In yet another embodiment, a liquid crystal display
includes liquid crystal cells in pixel areas defined by crossing
points of a plurality of gate lines GL1 to GLn, wheren is a
positive integer, and a plurality of data lines DL1 to DLm,
where m is a positive integer. A data driving circuit is config-
ured to supply avideo signal to the data lines D1 to DLm and
to inverse a polarity of the data voltage in units of n/k lines,
where k a divisor of the common electrode, such that 2=k=n.
A gate driving circuit is configured to supply a scanning pulse
to the gate lines GL.1 to GLn. A common voltage controller is
configured to allow a high-level potential and low-level
potential common voltages +Vcom and —Vcom to be alter-
natively supplied to common electrode lines.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects of the invention will be apparent
from the following detailed description of the embodiments
of the present invention with reference to the accompanying
drawings, in which:

FIG. 1 is a diagram schematically showing a pixel cell
included in a related art liquid crystal display panel;

FIG. 2 is a diagram showing a portion of a liquid crystal
display panel driven by a related art line inversion method,

FIG. 3 is a diagram showing driving voltages supplied to
the liquid crystal display panel in FIG. 2;

FIG. 4 is a diagram showing that the amplitude of a scan-
ning pulse is increased by a potential change of a pixel elec-
trode for a related art non-scanning interval,

FIG. 5 is a block diagram illustrating a liquid crystal dis-
play according to an embodiment of the present invention;

FIG. 6A is an equivalent circuit diagram illustrating a
portion of a lower substrate in a liquid crystal display accord-
ing to the embodiment of the present invention;

FIG. 6B is a diagram illustrating a plurality of common
electrode lines divided at an upper substrate of the liquid
crystal display according to the embodiment of the present
invention;

FIG. 7A is an equivalent circuit diagram illustrating a
portion of a lower substrate in a liquid crystal display accord-
ing to the embodiment of the present invention;

FIG. 7B is a diagram illustrating a plurality of common
electrode lines divided at an upper substrate of the liquid
crystal display according to the embodiment of the present
invention;
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FIG. 8 is a waveform diagram of common voltages sup-
plied to the n divided common voltage lines in FIG. 6B and
FIG. 7B,

FIG. 9 is a waveform diagram of driving voltages supplied
to the liquid crystal display panel in FIG. 6A to FIG. 7B; and

FIG. 10A to FIG. 10C are diagrams illustrating that the
amplitude of a scanning pulse is decreased by a potential
maintained at a pixel electrode for a non-scanning interval
according to the embodiment of the present invention.

DETAILED DESCRIPTION

Hereinafter, the preferred embodiments of the present
invention will be described in detail with reference to FIG. 5
to FIG. 10C.

FIG. 5 is a block diagram showing a liquid crystal display
according to an embodiment of the present invention.

Referring to F1G. 5, a liquid crystal display according to the
embodiment of the present invention includes a liquid crystal
display panel 140 having liquid crystal cells formed at pixel
areas defined by a crossing of a plurality of gate lines GL1 to
GLn (herein, n is a positive integer) and a plurality of data
lines DL1 to DLm (herein, m is a positive integer), and thin
film transistors provided at each intersection of the gate lines
GL1 to GLn and the data lines DL1 to DLm to drive each
liquid crystal cells; a data driving circuit 120 supplying a
video signal to the data lines DL1 to DLm; a gate driving
circuit 130 supplying a scanning pulseto the gate lines GL1 to
GLn; a timing controller 110 controlling the data driving
circuit 120 and the gate driving circuit 130; and a common
voltage controller 150 allowing a high-level potential/low-
level potential common voltages +Vceom and -Veom to be
alternatively supplied to common electrode lines which are
divided into more than two portions of the liquid crystal
display panel 140.

The liquid crystal display panel 1401s formed in a structure
that an upper substrate and a lower substrate are joined. The
gate lines GL.1 to GLn and the data lines DL1 to DLm cross
each other at the lower substrate of the liquid crystal display
panel 140. The thin film transistors provided at each intersec-
tion of the gate lines GL1 to GLn and the data lines DL1 to
DLm supply a data voltage from the data lines DL1to DLm to
a pixel electrode of the liquid crystal cell in response to a
scanning pulse from the gate lines GL1 to GLn, respectively.
The liquid crystal cell is charged with a potential difference of
a data voltage and a common voltage. In this case, the data
voltage is supplied to the pixel electrode, and the common
voltage is supplied to the common electrode. An arrangement
of the liquid crystal molecules is changed by an electric field
provided by the potential difference to adjust an amount of the
transmitted light. The common electrode is divided into more
than two portions to allow the common voltage to be inde-
pendently applied, and formed at the upper substrate or the
lower substrate in accordance with a method that an electric
field is applied to theliquid crystal cell. A storage capacitor is
formed between the pixel electrode of the liquid crystal cell
and the pre-stage gate line. In this case, the storage capacitor
maintains a charging voltage of the liquid crystal cell. The
common electrode and the storage capacitor will be described
in detail with reference to FIG. 6A to FIG. 7B. A color filter
and a black matrix are formed at the upper substrate of the
liquid crystal display panel 140. Herein, the color filter real-
izes a color, and the black matrix reduces a light interference
between the adjacent pixels. Furthermore, a polarizing plate
having optic axis perpendicular to each other is attached to the
upper substrate and the lower substrate. An alignment film is
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formed at the inside of the substrates. In this case the align-
ment film sets a pre-tilt angle of the liquid crystal.

The timing controller 110 is supplied with digital video
data RGB, vertical/horizontal synchronizing signals Hsync
and Vsync, and a clock signal CLK, etc from a system intet-
face circuit (not shown) to generate a data control signal DDC
and a gate control signal GDC. In this case, the data control
signal DDC controls the data driving circuit 120, and the gate
control signal GDC controls the gate driving circuit 130. The
timing controller 110 re-aligns the digital video data RGB in
accordance with the clock signal CLK to supply them to the
data driving circuit 120. Herein, the data control signal DDC
includes a source shift clock SSC, a source start pulse SSP, a
polarity control signal POL, etc., and the gate control signal
GDC includes a gate start pulse GSP, a gate shift clock GSC,
and a gate output enable signal GOE, etc.

The data driving circuit 120 converts the digital video data
RGB into an analog gamma compensation voltage, that is, a
data voltage to inverse a polarity of the data voltage in a (n/k)
horizontal line unit (herein, k is the number of dividing the
commor electrode, 2=k=n), thereby supplying it to the data
lines DL1 to DLm. In this case, the digital video data RGB are
supplied from the timing controller 110. The data driving
circuit 120 includes a shift register sampling the clock signal
CLK, a register temporarily storing the digital video data
RGB, alatch storing the data RGB by one lineand, at the same
time outputting the stored data of one line, in response to a
clock signal from the shift register, a digital/analog converter
selecting a positive/negative polarity gamma voltage corre-
sponding to a digital data value from the latch, a multiplexer
selecting a data line supplied with an analog data converted by
the positive/negative polarity gamma voltage, and an output
buffer connected between the multiplexer and the data line.

The gate driving circuit 130 sequentially supplies a scan-
ning pulse to the gate lines GL1 to GLn. In this case, the
scanning pulse selects a horizontal line of the liquid crystal
display panel 140 to be supplied with the data voltage. The
gate driving circuit 130 includes a shift register sequentially
shifting a gate start pulse GSP from the timing controller 110
to generate a shift output signal, level shifters converting a
shift output signal from the shift register into a scanning pulse
having a voltage level that is adaptive for driving a thin film
transistor to supply it to the gate lines GL1 to GLn, and an
output buffer arranged between the level shifters and the gate
lines GL1 to GLn to stabilize the scanning pulse.

The common voltage controller 150 allows a high-level
potential/low-level potential common voltages +Vcom and
-Vcom to be alternatively supplied to common electrode
lines which are divided into more than two portions of the
liquid crystal display panel 140. In other words, the common
voltage controller 150 allows the low-level potential common
voltage -Vcom to be supplied to a common electrode. Herein,
the common electrode is opposed to pixel electrodes of a
horizontal line to which the positive polarity data voltage is
supplied. The common voltage controller 150 allows the
high-level potential common voltage +Vcom to be supplied
to a common electrode. Herein, the common electrode is
opposed to the pixel electrodes of a horizontal line to which
the negative polarity data voltage is supplied.

FIG. 6A is a equivalent circuit diagram showing a portion
of a lower substrate in a liquid crystal display of vertical
electric field applying type according to the embodiment of
the present invention, and FIG. 6B is a diagram showing a
plurality of common electrode lines divided at an upper sub-
strate of the liquid crystal display of vertical electric field
applying type according to the embodiment of the present
invention. In the liquid crystal display of vertical electric field
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applying type, the common electrode formed on the upper
substrate and the pixel electrode formed on the lower sub-
strate are opposed to each other. Thus the liquid crystal dis-
play of vertical electric field applying type drives a liquid
crystal of a TN (Twisted Nemastic) mode by a vertical electric
field provided between the common electrode and the pixel
electrode.

Referring to FIG. 6A, in the lower substrate of the liquid
crystal display of vertical electric field applying type accord-
ing to the embodiment of the present invention, the TFT is
formed at an intersection of the gate lines GL.1 and GI.2 and
the data line DL. In this case the TFT drives the liquid crystal
cells Clcl and Clc2. The TFT supplies the data voltage sup-
plied via the data line DL to the pixel electrodes Ep1 and Ep2
of the liquid crystal cells Clcl and Cle2 in response to the
scanning pulse supplied via the gate lines GL1 and GL2. To
this end, the gate electrode G of the TFT is connected to the
gate lines GL1 and GL2, the source electrode S thereof is
connected to the data line DL, and the drain electrode D
thereofis connected to the pixel electrodes Epl and Ep2 of the
liquid crystal cells Cle1 and Cle2. The first liquid crystal cell
Clel is charged with a potential difference between a data
voltage and a first common voltage Vcom1. Herein, the data
voltage is supplied to the first pixel electrode Ep1, and the first
common voltage Vcoml is supplied to the first common
electrode Ecl. Referring to FIG. 6B, the first common elec-
trode Ecl is connected to a first common electrode line
Veoml1 of a plurality of common electrode lines VcomL1 to
VeomDn which are divided at the upper substrate. The first
common electrode Ecl is independently supplied with the
first common voltage Vcom1 via the first common electrode
line VcomL1. Furthermore, the second liquid crystal cell
Clc2 is charged with a potential difference between a data
voltage and a second common voltage Vcom2. Herein, the
data voltage is supplied to the second pixel electrode Ep2, and
the second common voltage Veom?2 is supplied to the second
common electrode Ec2. Referring to FIG. 6B, the second
common electrode Ec2 is connected to a second common
electrode line Veoml2 of a plurality of common electrode
lines Vcoml1 to VecomLn which are divided at the upper
substrate. The second common electrode Ec2 is indepen-
dently supplied with the second common voltage Vcom?2 via
the second common electrode line Vcoml.2. Herein, a polar-
ity of the data voltage with which the first pixel electrode Epl
is supplied and a polarity of the data voltage with which the
second pixel electrode Ep2 is supplied are inversed each other
on the basis of the common voltage. A potential of a common
voltage is inversed in the divided common electrode line unit.
In this case, the common voltage is supplied in accordance
with a polarity inversion of the data voltage. For example, ifa
data voltage with which the first pixel electrode Epl is sup-
plied is a positive polarity and a data voltage with which the
second pixel electrode Ep2 is supplied is a negative polarity,
the first common voltage Vcoml of high-level potential is
supplied and the second common voltage Vecom?2 of low-level
potential is supplied. As a result, the line inversion is realized.

On the other hand, the common electrode lines of the upper
substrate may be divided into k instead of n (herein, 2=k=n).
In this case, a polarity of the data voltage is inversed in n/k
horizontal line units. Furthermore, a potential of the common
voltage is inversed in the divided common electrode line unit.
As a result, an n/k line inversion is realized. Hereinafter, a
case that the common electrode lines of the upper substrate
are divided into n will be described.

Referring to FIG. 6A, a first storage capacitor Cstl is
formed between the pixel electrode Epl of the first liquid
crystal cell Clel and a dummy gate line (not shown). A second
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storage capacitor Cst2 is formed between the pixel electrode
Ep2 ofthe second liquid crystal cell Clc2 and the first gate line
GL1. The first and second storage capacitors Cstl and Cst2
play a role to maintain charging voltages of the first and
second liquid crystal cells Clcl and Clc2 for one frame,
respectively. Accordingly, the present invention uses the pre-
stage gate line, so that an aperture ratio can be highly
improved compared to the related art. Herein, the related art
includes an additional storage line so as to form the storage
capacitor.

FIG. 7A is a equivalent circuit diagram showing a portion
of a lower substrate in a liquid crystal display of horizontal
electric field applying type according to the embodiment of
the present invention, and FIG. 7B is a diagram showing a
plurality of common electrode lines divided at an upper sub-
strate of the liquid crystal display of horizontal electric field
applying type according to the embodiment of the present
invention. The liquid crystal display of horizontal electric
field applying type drives a liquid crystal ofan in plane switch
(hereinafter, referred to as “IPS”) mode by a horizontal elec-
tric field between a pixel electrode and a common electrode.
Herein, the pixel electrode and the common electrode are
arranged in parallel to the lower substrate.

Referring to FI1G. 7A, in the lower substrate of the liquid
crystal display of vertical electric field applying type accord-
ing to the embodiment of the present invention, the TFT is
formed at an intersection of the gate lines GL.1 and GL.2 and
the data line DL. In this case the TFT drives the liquid crystal
cells Clcl and Cle2. The TFT supplies the data voltage sup-
plied via the data line DL to the pixel electrodes Epl and Ep2
of the liquid crystal cells Clcl and Cle2 in response to the
scanning pulse supplied via the gate lines GL1 and GL2. To
this end, the gate electrode G of the TFT is connected to the
gate lines GL1 and GL2, the source electrode S thereof is
connected to the data line DL, and the drain electrode D
thereof is connected to the pixel electrodes Ep1 and Ep2 of the
liquid crystal cells Cle1 and Clc2. The first liquid crystal cell
Clel is charged with a potential difference between a data
voltage and a first common voltage Vcom1. Herein, the data
voltage is supplied to the first pixel electrode Ep1, and the first
common voltage Vcom1 is supplied to the first common
electrode Ecl. Referring to FIG. 7B, the first common elec-
trode Ecl is connected to a first common electrode line
Veoml 1 of a plurality of common electrode lines VcomL1 to
VeomLn which are divided at the lower substrate. The first
common electrode Ecl is independently supplied with the
first common voltage Vcom1 via the first common electrode
line VecomL1. Furthermore, the second liquid crystal cell
Clc2 is charged with a potential difference between a data
voltage and a second common voltage Vcom2. Herein, the
data voltage is supplied to the second pixel electrode Ep2, and
the second common voltage Vcom?2 is supplied to the second
common electrode Ec2. Referring to FIG. 7B, the second
common electrode Ec2 is connected to a second common
electrode line Veoml2 of a plurality of common electrode
lines VcomL1 to VecomLn which are divided at the lower
substrate. The second common electrode Ec2 is indepen-
dently supplied with the second common voltage Vecom?2 via
the second common electrode line VcomI.2. Herein, a polar-
ity of the data voltage with which the first pixel electrode Epl
is supplied and a polarity of the data voltage with which the
second pixel electrode Ep2 is supplied are inversed each other
on the basis of the common voltage. A potential of a common
voltage is inversed in the divided common electrode line unit.
In this case, the common voltage is supplied in accordance
with a polarity inversion of the data voltage. For example, ifa
data voltage with which the first pixel electrode Epl is sup-
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plied is a positive polarity and a data voltage with which the
second pixel electrode Ep2 is supplied is a negative polarity,
the first common voltage Vcom1 of high-level potential is
supplied and the second common voltage Veom?2 of low-level
potential is supplied. As aresult, the line inversion is realized.

On the other hand, the common electrode lines of the lower
substrate may be divided into k instead of n (2=k=n) In this
case, apolarity of the data voltage is inversed in n/k horizontal
line units, and is inversed in a common electrode line that a
polarity of the common voltage is divided. As a result, an n/k
line inversion is realized. Hereinafter, a case that the common
electrode lines of the lower substrate are divided into n will be
described.

Referring to FIG. 7A, a first storage capacitor Cstl is
formed between the pixel electrode Epl of the first liquid
crystal cell Clel and a dummy gate line (not shown). A second
storage capacitor Cst2 is formed between the pixel electrode
Ep2 of the second liquid crystal cell Clc2 and the first gate line
GL1. The first and second storage capacitors Cstl and Cst2
play a role to maintain charging voltages of the first and
second liquid crystal cells Clcl and Clc2 for one frame,
respectively. Accordingly, the present invention uses the pre-
stage gate line, so that an aperture ratio can be highly
improved compared to the related art. Herein, the related art
includes an additional storage line so as to form the storage
capacitor.

FIG. 8 is a waveform diagram of common voltages sup-
plied to the n divided common voltage lines in FIG. 6B and
FIG. 7B.

Referring to FIG. 8, a potential of the first common voltage
Vcom1 is maintained as a high-level logic state for a blank
period. In this case, the first common voltage is supplied to the
first common voltage line Vcoml1 shown in FIG. 6B and
FIG. 7B. Further, the potential of the first common voltage
Veom1 is synchronized with timing that a first scanning pulse
SP1 is supplied to the first gate line to be inversed in a
low-level logic state. The potential of the first common volt-
age Vcoml1 is maintained as the low-level logic state for one
frame, and then is synchronized with timing that the first
scanning pulse SP1 of next frame to be inversed in the high-
level logic state. The data voltage of positive polarity having
a potential higher than the first common voltage Vcoml is
supplied to the pixel electrodes of the first horizontal line for
the first horizontal period 1H that the first common voltage
Veom1 is maintained as the low-level logic state.

A potential of the second common voltage Vcom2 is main-
tained as a low-level logic state for ablank period. In this case,
the second common voltage is supplied to the second com-
mon voltage line Vcoml.2 shown in FIG. 6B and FIG. 7B.
Further, the potential of the second common voltage Vcom?2
is synchronized with timing that a second scanning pulse SP2
is supplied to the second gate line to be inversed in a high-
level logic state. The potential of the second common voltage
Veom?2 is maintained as the high-level logic state for one
frame, and then is synchronized with timing that the second
scanning pulse SP2 of next frame to be inversed in the low-
level logic state. The data voltage of negative polarity having
a potential lower than the second common voltage Vcom2 is
supplied to the pixel electrodes of the second horizontal line
for a second horizontal period 2H that the second common
voltage Veom?2 is maintained as the high-level logic state.

A potential of the third common voltage Vcom3 is main-
tained as a high-level logic state for a blank period. In this
case, the third common voltage is supplied to the third com-
mon voltage line VcomL3 shown in FIG. 6B and FIG. 7B.
Further, the potential of the third common voltage Vcom3 is
synchronized with timing that a third scanning pulse SP3 is
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supplied to the third gate line to be inversed in a low-level
logic state. The potential of the third common voltage Vcom3
is maintained as the low-level logic state for one frame, and
then is synchronized with timing that the third scanning pulse
SP3 of next frame to be inversed in the high-level logic state.
The data voltage of positive polarity having a potential higher
than the third common voltage Vcom3 is supplied to the pixel
electrodes of the third horizontal line for a third horizontal
period 3H that the third common voltage Vcom3 is main-
tained as the low-level logic state.

The above-mentioned explanation will be described with
reference to the following table 1.

TABLE 1

First Second Third
scanning scanning scanning

Blank period period period period
Veoml High Veoml Low Veoml Low Veoml Low
Veom2 Low Veom2 Low Veom2 High Veom2 High
Veom3 High Veom3 High Veom3 High Veom3 Low
Veom4 Low Veom4 Low Veom4 Low Vcomd4 Low
Veomn Low Veomn Low Veomn Low Veommn Low

A potential of the common voltages with which the com-
mon voltage lines are supplied is independently inversed for
each divided common voltage line, and is inversed for each
frame. Herein, the common voltage lines are divided into n.
Accordingly, the liquid crystal display according to the
embodiment of the present invention independently scans the
common electrode to carry out the line inversion without
changing a potential of the pixel electrode. This will be
described in detail with reference to FIG. 9 to FIG. 10C.

FIG. 9 is a waveform diagram of driving voltages supplied
to the liquid crystal display panel in FIG. 6A to FIG. 7B. In
FIG. 9, ‘SP1 and SP2’ represent scanning pulses with which
the first and second gate lines GL1 and GL2 are supplied,
respectively, “Vcom1’ represents the first common voltage
with which the first common electrode Ecl is supplied,
“Veom?2’ represents the second common voltage with which
the second common electrode Ec2 is supplied, “Vd’ repre-
sents the data voltage with which the data line DL is supplied,
‘VEpl’ represents the potential of the first pixel electrode
Ep1, and “VEp2’ represents the potential of the second pixel
electrode Ep2.

Referring to FIG. 9, the first and second scanning pulses
SP1 and SP2 are swung between the gate high voltage VGH
turning-on the TFT and the gate low voltage VGL turning-off
the TFT. The potential of the first common voltage Vcoml is
maintained as the high-level logic state for the blank period as
shown in FIG. 8. Furthermore, the potential of the first com-
mon voltage Vcom1 is synchronized with timing that the first
scanning pulse SP1 is supplied to the first gate line GL1 to be
inversed in the low-level logic state and be maintained for one
frame. The data voltage +Vd of positive polarity having a
potential higher than the first common voltage Vcoml1 is
supplied to the first pixel electrode Ep1 for the first horizontal
period 1H that the first common voltage Veom1 is maintained
as the low-level logic state. Herein, the first pixel electrode
Ep1 is arranged at the first horizontal line. The data voltage
+Vdcharged into the first pixel electrode Ep1 is maintained as
the same value for a non-scanning interval (second horizontal
period 2H~(n)th horizontal period nH). This is caused by a
fact that the first common voltage Vcoml1 is maintained as the
low-level logic state without a change for the non-scanning
interval. Furthermore, the potential of the second common
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voltage Vcom? is maintained as the low-level logic state for
the blank period as shown in FIG. 8. Furthermore, the poten-
tial of the second common voltage Vcom?2 is synchronized
with timing that the second scanning pulse SP2 is supplied to
the second gate line GL2 to be inversed in the high-level logic
state and be maintained for one frame. The data voltage -Vd
of negative polarity having a potential lower than the second
common voltage Vcom?2 is supplied to the second pixel elec-
trode Ep2 for the second horizontal period 2H that the second
common voltage Vcom2 is maintained as the high-level logic
state. Herein, the second pixel electrode Ep2 is arranged at the
second horizontal line. The data voltage —Vd charged into the
second pixel electrode Ep2 is maintained as the same value
for a non-scanning interval (third horizontal period 3H~(n)th
horizontal period nH). This is caused by a fact that the second
common voltage Vcom2 is maintained as the high-level logic
state without a change for the non-scanning interval.

For example, in FIG. 9, the first common voltage Vcoml of
0V and the second common voltage Vcom?2 of 5V are applied
so as to charge the liquid crystal cells Cle1 and Cle2 into 3V
for one frame. If the data voltages Vd of 3V and 2V are
alternatively applied in the interval of one horizontal period
1H, the potential VEp1 of the first pixel electrode is main-
tained as 3V for one frame, and the potential VEp2 of the
second pixel electrode is maintained as 2V for one frame.
Thus, the present invention can carry out the line inversion
without changing the potential of the pixel electrode.

FIG. 10A to FIG. 10C are diagrams explaining a fact that
amplitude of a scanning pulse is decreased by a potential
maintain of a pixel electrode for a non-scanning interval.

Referring to FIG. 10A to FIG. 10C, the potential VEp1 of
the first pixel electrode is synchronized at a point that the first
scanning pulse SP1 is supplied. Furthermore, the potential
VEp1 of the first pixel electrode is maintained as an initial
value A without a change at the non-scanning interval by the
first common voltage Vcom1. Herein, the first common volt-
age Vcoml1 is maintained as the low-level logic state for one
frame. In this case, the initial value A has a potential higher
than the first common voltage Vcom1. The potential VEp2 of
the second pixel electrode is synchronized at a point that the
second scanning pulse SP2 is supplied. Furthermore, the
potential VEp2 of the second pixel electrode 1s maintained as
an initial value B without a change at the non-scanning intet-
val by the first common voltage Vcom1. Herein, the second
common voltage Vcom2 is maintained as the high-level logic
state for one frame. In this case, the initial value B has a
potential lower than the second common voltage Vcom2. The
potential VEp3 of the third pixel electrode is synchronized at
a point that the third scanning pulse SP3 is supplied. Further-
more, the potential VEp3 of the third pixel electrode is main-
tained as an initial value C without a change at the non-
scanning interval by the third common voltage Vcom3.
Herein, the third common voltage Vcom3 is maintained as the
low-level logic state for one frame. In this case, the initial
value C has a potential higher than the third common voltage
Vcom3.

Accordingly, amplitude (VGH-VGL) of the scanning pulse
is (Vd-High+Gate-On)-(Vd-Low—-Gate-Offl. The result
means that amplitude of the scanning pulse is reduced as
much as amplitude of Vcom compared to the related art line
inversion drive. For example, if the scanning pulse is swung
between —4V and 9V, amplitude of the scanning pulse can be
reduced as much as approximate (3.5V+c). If the scanning
pulse is swung between -3V and 6V, amplitude of the scan-
ning pulse can be reduced as much as approximate (2.5V+a).
Thus, the feed through voltage AVp is reduced by an ampli-
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tude decrease of the scanning pulse, so that a residual image
and a flicker are prevented. As a result, a picture quality is
improved.

Intherelated art, a storage capacitor is formed so as to drive
a line inversion by an additional storage line of an effective
display area. However, as described above, the liquid crystal
display and the driving method thereof according to the
present invention forms a storage capacitor between a pixel
electrode of a (n)th line and a gate line of a (n-1)th line to
remove an additional storage line, thereby increasing an aper-
ture ratio.

Furthermore, the liquid crystal display and the method
thereof according to the present invention have a plurality of
common electrodes to which a common voltage is indepen-
dently applied, and divided into more than two portions to
change a potential of a common voltage into the divided
common electrode unit, and that are adaptive for reducing
amplitude of a scanning pulse to decrease a feed through
voltage AVp. Thus, a residual image and a flicker are highly
reduced, so that a display quality is improved.

Although the present invention has been explained by the
embodiments shown in the drawings described above, it
should be understood to the ordinary skilled person in the art
that the invention is not limited to the embodiments, butrather
that various changes or modifications thereof are possible
without departing from the spirit of the invention. Accord-
ingly, the scope of the invention shall be determined only by
the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display comprising:

liquid crystal cells arranged in (mxn) matrices, where m

and n are positive integers equal to or greater than two,
and configured to display an image using liquid crystal
molecules driven by a potential difference between each
of pixel electrodes and each of the common electrodes;

m data lines to which data voltages each are supplied,

n gate lines to which scanning pulses each are supplied;

n common electrode lines, connected with the common

electrodes, to which common voltages each are supplied
and which correspond to the n gate lines, respectively;

(mxn) storage capacitors between the pixel electrodes and

the gate lines and configured to maintain voltages of the
liquid crystal cells;
a data driver configured to inverse a polarity of each data
voltage and to supply the data voltage to each data line;

acommon voltage controller configured to change a poten-
tial of each common voltage and to supply the common
voltage to each common electrode line, wherein the
potential of the common voltage is changed synchroniz-
ing with the rising edge of a corresponding scanning
pulse each frame unit and the changed potential of the
common voltage is maintained for one frame;
wherein the common voltage controller supplies a first
potential of the common voltage to the common elec-
trode line if a polarity of the data voltage is positive, and
supplies a second potential of the common voltage
higher than the first potential to the common electrode
line if the polarity of the data voltage is negative; and

wherein an amplitude (VGH-VGL) of each scanning pulse
is 1(Vd-High+Gate-On)-(Vd-Low-Gate-Off)l, wherein
VGH is a gate high voltage, VGL is a gate low voltage,
Vd-High is a data high voltage, Gate-On is a gate-on
voltage, Vd-Low is a data low voltage, and Gate-Offis a
gate-off voltage.

2. The liquid crystal display of claim 1, wherein the storage
capacitors connected to liquid crystal cells at line n reside
between a pixel electrode at line n and a gate line at line n-1.
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3. The liquid crystal display of claim 2, wherein the pixel
electrodes and the common electrodes reside on the same
substrate.

4. The liquid crystal display of claim 2, wherein the pixel
electrodes and the common electrodes reside on opposing
substrates with a liquid crystal layer therebetween.

5. A method of driving a liquid crystal display, including
liquid crystal cells of (mxn) matrices, where m and n are
positive integers, and displaying an image using liquid crystal
molecules driven by a potential difference between each of
pixel electrodes and each of common electrodes, m data lines
to which data voltages each are supplied, n gate lines to which
scanning pulses each are supplied, n common electrode lines,
connected with the common electrodes, to which common
voltages each are supplied and which correspond to the n gate
lines, respectively, and (mxn) storage capacitors between the
pixel electrodes and the gate lines, the method comprising:

inversing a polarity of each data voltage and supplying the

data voltage to each data line; and
changing a potential of each common voltage and supply-
ing the common voltage to each common electrode line,
wherein the potential of the common voltage is changed
synchronizing with the rising edge of a corresponding
scanning pulse each frame unit and the changed poten-
tial of the common voltage is maintained for one frame,

wherein a first potential of the common voltage supplies to
the common electrode line if a polarity of the data volt-
age is positive, and a second potential of the common
voltage higher than the first potential suppiles to the
common electrode line if the polarity of the data voltage
is negative; and

wherein an amplitude (VGH-VGL) of each scanning pulse

is I(Vd-High+Gate-On)-(Vd-Low -Gate-Off)|, wherein
VGH is a gate high voltage, VGL is a gate low voltage,
Vd-High is a data high voltage, Gate-On is a gate-on
voltage, Vd-Low is a data low voltage, and Gate-Offis a
gate-off voltage.

6. The method of driving the liquid crystal display of claim
5, wherein the storage capacitor connected to a liquid crystal
cell of the nth line is formed between a pixel electrode of the
nth line and a gate line of the n—-1th line.

7. The method of driving the liquid crystal display of claim
6, wherein the pixel electrodes and the common electrodes
are formed on the same substrate.

8. The method of driving the liquid crystal display of claim
6, wherein the pixel electrode and the common electrode are
formed on opposing substrates having a liquid crystal layer
therebetween.
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9. A liquid crystal display comprising:

liquid crystal cells in pixel areas defined by crossing points
of a plurality of gate lines GL1 to GLn, where n is a
positive integer, and a plurality of data lines DL1 to
DLm, where m is a positive integer;

a plurality of common electrode lines to which common
voltages each are supplied and which correspond to the
gate lines, respectively;

a data driving circuit configured to supply a video signal to
each of the data lines DL1 to DLm and to inverse a
polarity of the data voltage;

a gate driving circuit configured to supply a scanning pulse
to each of the gate lines GL1 to GLn; and

a common voltage controller configured to allow a high-
level potential common voltage+Vcom and a low-level
potential common voltages—Vcom to be alternatively
supplied to the common electrode lines, wherein the
potential of the common voltage is changed synchroniz-
ing with the rising edge of a corresponding scanning
pulse each frame unit and the changed potential of the
common voltage is maintained for one frame;

wherein the common voltage controller supplies the low-
level potential common voltage -Vcom to the common
electrode line if a polarity of the data voltage is positive,
and supplies the high-level potential common voltage
+Vcom to the common electrode line if the polarity of
the data voltage is negative: and

wherein an amplitude (VGH-VGL) of the scanning pulse is
|(Vd-High+Gate-On)-(Vd-Low-Gate-Oft)l, wherein
VGH is a gate high voltage, VGL is a gate low voltage,
Vd-High is a data high voltage, Gate-On is a gate-on
voltage, Vd-Low is a data low voltage, and Gate-Offis a
gate-off voltage.

10. The liquid crystal display of claim 9 further comprising
(mxn) storage capacitors between pixel electrodes of the
liquid crystal cells and the gate lines and configured to main-
tain voltages of the liquid crystal cells.

11. The liquid crystal display of claim 10, wherein the
storage capacitors connected to liquid crystal cells at line n
reside between a pixel electrode at line nand a gate line at line
n-1.

12. The liquid crystal display of claim 10, wherein the pixel
electrodes and common electrodes of the liquid crystal cells
reside on the same substrate.

13. The liquid crystal display as claimed in claim 10,
wherein the pixel electrodes and common electrodes of the
liquid crystal cells reside on opposing substrates with a liquid
crystal layer therebetween.
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