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57 ABSTRACT

Disclosed is an LCD panel, an LCD including the LCD
panel, and a driving method for high-speed responses. The

first frame-------

present invention comprises a plurality of gate lines; a
plurality of data lines; a common electrode line formed in
the horizontal direction with vertical branches, and formed
at a predetermined area between a gate line and its adjacent
gate line; a first pixel electrode formed at an odd row of an
odd column and even row of an even column among an area
formed by a the data line and a gate line; and a second pixel
¢lectrode formed at an odd row of an even column and an
even row of an odd column of the area, and having a polarity
different from the first pixel electrode. The first pixel elec-
trode is formed at an area respectively divided by an odd
data line and its subsequent adjacent even data line and by
connecting an odd gate line and its subsequent adjacent
common electrode line, and formed at an area respectively
divided by an even data line and its subsequent adjacent odd
data line and by connecting an even common electrode line
and its subsequent adjacent gate line; and the second pixel
electrode is formed at an area respectively surrounded by an
even data line and its subsequent adjacent odd data line and
connected to an odd common electrode line and its subse-
quent adjacent gate line, formed at an area respectively
divided by an odd data line and its subsequent adjacent even
data line and connected to an even gate line and its subse-
quent adjacent common electrode line.
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LCD PANEL, LCD INCLUDING SAME, AND
DRIVING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display (LCD) and a driving method thereof. More specifi-
cally, the present invention relates to an LCD panel, an LCD
including the same and a method for driving the same to
achieve a high-speed response.

[0003] (b) Description of the Related Art

[0004] As personal computers (PC) and television sets
have become lighter in weight and slimmer in thickness,
display devices have also been required to become lighter
and slimmer, and flat panel displays such as the LCD instead
of cathode ray tubes (CRT) have been developed and used
in practice to meet such requirements.

[0005] In the LCD, an electric field is used to arrange
liquid crystal material that has anisotropic permittivity and
is provided between two substrates. By adjusting the
strength of the electric field, lights that transmits the sub-
strates are adjusted. Accordingly, desired image signals are
obtained. The LCD is one of the most used portable flat
panel displays. Particularly, thin film transistor (TFT) LCDs
using TFTs as switching elements are widely used.

[0006] FIG. 1 shows a pixel equivalent circuit of a general
TFT-LCD.

[0007] As shown, the pixel of the general TFT-LCD
comprises a TFT switching element that has a source elec-
trode coupled to a data line and a gate electrode to a gate
line; a liquid crystal capacitor C,. coupled to the drain
electrode of the TFT switching element; a storage capacitor
C,; coupled to the drain electrode of the TFT switching
clement; a parasitic capacitor C, provided between the gate
and drain electrodes of the TFT switching element; a para-
sitic capacitor C,, provided between the drain and source
electrodes of the TFT switching element; and an overlap
capacitor C_, ., provided between the data line and a pixel
electrode.

[0008] An operation of the liquid crystal provided between
the pixel electrode on a TFT substrate and a common
electrode on a color filter substrate will now be described.

[0009] First, when a bipolar pulse is supplied via the gate
line, the TFT switching element is turned on. At this time, a
signal voltage supplied to the source electrode of the TFT
switching element via a signal line is supplied to a liquid
crystal capacitor and a storage capacitor via the drain
electrode. The signal voltage supplied together with the gate
pulse is maintained by the storage capacitor and supplied to
the liquid crystal capacitor after the gate voltage is turned
off.

[0010] According to the above-described method for
manufacturing the storage capacitor, the TFT-LCD is cat-
egorized as a previous gate method (or an additional capaci-
tance method) as shown in FIG. 24, and a common method
(or an individual wiring method) as shown in FIG. 2b.

[0011] As shown, the previous gate method uses a capaci-
tor provided between a pixel electrode and a previous gate
as a storage capacitor, and the common method generates a

(2) Field of the Invention

over
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storage electrode in the pixel electrode and uses a capacitor
between the storage electrode and the pixel electrode as the
storage capacitor. The storage electrode of the common
method is connected to a transparent common electrode line
of the color filter substrate and is then driven.

[0012] When using an LCD to big screen applications, the
biggest restriction is the response time. For a big size LCD,
this invention is directed to a method for improving the
response speed of the LCD using the previous gate method.

[0013] FIG. 3 shows a pixel equivalent circuit of the
TFT-LCD using the previous gate, and FIG. 4 shows
waveforms for describing the improvement of the response
speed using the previous gate of FIG. 3.

[0014] As shown in FIG. 3, in the pixel equivalent circuit
of the TFT-LCD, one terminal of the storage capacitor Cst
is connected to the drain electrode and another terminal to
the previous gate.

[0015] In operation, a predetermined switching pulse sig-
nal is supplied to the gate line, and the voltage finally
supplied to the pixel by the common electrode voltage is as
follows:

Cy Equation 1

v, + ———— AV,
er + ngclc

p=xVs

[0016] where Vs represents the voltage supplied to the
source electrode, C,, represents the capacitance of the stor-
age capacitor, C,4 represents the parasitic capacitance
between the gate and drain electrodes, C,. represents the
capacitance of the liquid crystal capacitor, and AV, repre-
sents the difference voltage between the previous gate
voltage and the present gate voltage.

[0017] However, since the above-noted method uses the
previous gate structure, a heavy gate load is generated. Also,
since the method can only be applied to line inversion
driving, cross-talk and flickers are generated and it is diffi-
cult to achieve a high degree of precision.

[0018] Also, conventional gate TAP ICs cannot be used,
and if the gate voltage at an off state is heavily increased, the
off state current I ; becomes great. And accordingly, gate
value modification is limited.

SUMMARY OF THE INVENTION

[0019] Itis an object of the present invention to provide an
LCD panel of an LCD by swinging the common electrode
voltage supplied to a storage common electrode line to
obtain a high response speed in an independent wiring
structure of an LCD that can do dot inversion driving.

[0020] 1In one aspect of the present invention, an LCD
panel comprises a plurality of gate lines formed in the
horizontal direction with vertical branches, a plurality of
data lines formed in the vertical direction with horizontal
branches, a common electrode line formed in the horizontal
direction with vertical branches, and formed at a predeter-
mined area between a gate line and its adjacent gate line, a
first pixel electrode formed on an odd row of an odd column
and an even row of an even column among areas formed by
the data lines and gate lines crossing the data lines; and a
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second pixel electrode formed on an odd row of an even
column and an even row of an odd column of the areas, and
having a polarity different from the first pixel electrode.

[0021] The first pixel electrode is formed at an area
respectively divided by an odd data line and its subsequent
adjacent even data line and by connecting an odd gate line
and its subsequent adjacent common electrode line, and
formed at an area respectively divided by an even data line
and its subsequent adjacent odd data line and by connecting
an even common electrode line and its subsequent adjacent
gate line. The second pixel electrode is formed at an area
respectively divided by an even data line and its subsequent
adjacent odd data line and by connecting an odd common
electrode line and its subsequent adjacent gate line, formed
at an area respectively divided by an odd data line and its
subsequent adjacent even data line and by connecting an
even gate line and its subsequent adjacent common electrode
line.

[0022] In another aspect of the present invention, an LCD
for a high-speed response comprises a timing controller for
outputting first driving signal and second driving signal, and
outputting a third driving signal that defines periods and
amplitudes according to vertical and horizontal synchroni-
zation signals and a main clock signal; a data driver for
outputting an image signal that drives a polarity of a liquid
crystal capacitor based on the first driving signal, a gate
driver for outputting a scanning signal based on the second
driving signal, a driving voltage generator for receiving the
third driving signal, raising or lowering levels of the third
driving signal, and outputting a common electrode voltage
that is synchronized with the image signal in a predeter-
mined period and swung, and an LCD panel for displaying
the image signal in cooperation with the common electrode
voltage and the scanning signal in an independent wiring
structure that forms gate lines in the horizontal direction and
common electrode lines between the gate lines.

[0023] Also disclosed is a method for driving an LCD with
above-described structure. The method comprises the steps
of receiving an image signal from an external image signal
source and providing the image signal to a data line,
generating a first scanning signal so as to provide the same
to an odd pixel of an odd gate line and an even pixel of an
even gate line, generating a second scanning signal so as to
provide the same to an odd pixel of an even gate line and an
even pixel of an odd gate line, sequentially providing the
first and second scanning signals to the gate line, and
supplying a common electrode voltage to a common elec-
trode line so as to superimpose voltage to transmission (VT)
curves of positive and negative polarity driving together
with the sequential providing of the first scanning signal and
the second scanning signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate an
embodiment of the invention, and, together with the descrip-
tion, serve to explain the principles of the invention:

[0025] FIG. 1 shows a pixel equivalent circuit of a general
TFT-LCD;
[0026] FIGS. 2a and 2b respectively show schematic

diagrams for the previous gate method and independent
wiring method;
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[0027] FIG. 3 shows a schematic diagram for the pixel
equivalent circuit of the TFT-LCD using the previous gate;

[0028] FIG. 4 shows waveforms for describing an
improvement of a response speed using a previous gate
signal of FIG. 3;

[0029] FIG. 5 shows waveforms for describing changes of
a pixel voltage according to periodic swing common volt-
age;

[0030] FIG. 6 shows a schematic diagram for describing
an LCD for a high-speed response according to a preferred
embodiment of the present invention;

[0031] FIG. 7 shows a schematic diagram for describing
the pixel equivalent circuit of the LCD panel of FIG. 6;

[0032] FIG. 8 shows a VT (voltage to transmission) curve
according to the preferred embodiment of the present inven-
tion; and

[0033] FIG. 9 shows a graph for describing a minimum
value (Vth) of an actual voltage sensed by the liquid crystal
and a maximum value (Vmax) of the actual voltage sensed
by the liquid crystal, the liquid crystal being positioned on
the VT curve in a normal case.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] In the following detailed description, only the
preferred embodiment of the invention has been shown and
described, simply by illustrating the best mode contemplated
by the inventor(s) of carrying out the invention. As will be
realized, the invention is capable of modification in various
obvious respects, all without departing from the invention.
Accordingly, the drawings and description are to be regarded
as illustrative in nature, and not restrictive.

[0035] FIG. 5 shows waveforms for describing changes of
a pixel voltage according to periodic common voltage
swings.

[0036] As shown in FIG. 5, for illustrating the voltages
supplied to a single pixel, the voltage supplied to the pixel
is swung by swinging the common electrode voltage sup-
plied to the common electrode line. At this time, the average
voltage Vp supplied to the pixel is as follows:

Cy Equation 2

Vy=tVi+ —————— AV,
U 2(Cy+Cu+C) "

P

[0037] where V, represents the voltage supplied to the
source ¢lectrode, C,, represents the capacitance of the stor-
age capacitor, C,y represents the parasitic capacitance
between the gate and drain electrodes, C,, represents the
capacitance of the liquid crystal capacitor, and AV__ rep-
resents the swing width of the voltage supplied to the
common electrode line.

[0038] As expressed in Equation 2, since the voltage
additionally supplied to the common electrode is propor-
tional to a value of C /(C,+C,.), when the gray is modified
according to a memory effect by the liquid crystal capacitor
Clc, an overshoot effect is generated, and hence the response
speed of the liquid crystal can be improved.
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[0039] When the overshoot is generated to improve the
response speed of the liquid crystal and the three subsequent
conditions are satisfied, the response speed of the LCD can
be improved.

[0040] (1) Condition 1.

[0041] In the case the pixel voltage is switched from
negative polarity to positive polarity, the common electrode
voltage is terminated by the negative polarity at the gate-on
time.

[0042]

[0043] In the case the pixel voltage is switched from
positive polarity to negative polarity, the common electrode
voltage is terminated by the positive polarity at the gate-on
time.

[0044]

[0045] After the gate is closed, the common electrode
voltage repeatedly swings between the negative and positive
polarities.

[0046] On the other hand, the overshoot caused by the
liquid crystal capacitor C,_ is given as follows.

[0047] First, if the capacitances of the respective liquid
crystal capacitors C,_ are set as C,_; and C,_, when the first
gray state is switched to the second gray state, a difference
between the second terms of equation 2 of the respective
states becomes an overshoot value, as follows:

(2) Condition 2.

(3) Condition 3.

y _ Cy Cst
overshot = Q(C:r +Cit) B Q(CH +Cle2)
AVeon CglCicz = Cuer)
UCy + Cier) - (Cot + Cicz)

Equation 3

. AVv:om =

[0048] FIG. 6 shows a schematic diagram for describing
an LCD for a high-speed response according to a preferred
embodiment of the present invention.

[0049] Referring to FIG. 6, the LCD for a high-speed
response comprises a timing controller 100, a data driver
200, a gate driver 400, a driving voltage generator 300 and
an LCD panel 500.

[0050] The timing controller 100 outputs a first signal 101
that defines the periods and amplitudes of the common
electrode voltage Vcom to the driving voltage generator 300
according to the vertical synchronization signal Vsync,
horizontal synchronization signal Hsync and main clock
signal MCLK; outputs data driver driving signals LOAD,
Hstart, R, G and B to the data driver 200; and outputs gate
driver driving signals Gate Clk and Vstart to the gate driver
400.

[0051] The data driver 200 outputs data driving voltages
D, through D,, that drive the polarity of the liquid crystal
capacitor C,, using the data driver driving signals, to data
lines of the LCD panel 500. Here, the data driver 200 uses
a line inversion low voltage driving TAP IC, and the low
voltage ranges from O to 5 volts.

[0052] The driving voltage generator 300 receives the first
signals 101 from the timing controller 100 and raises or
lowers the voltage levels of the first signal 101, outputs gate
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driving voltages Von and Voff for driving the gate driver to
the gate driver 400, and outputs the common electrode
voltage Vecom that swings and synchronizes with the gate
driving voltage by a predetermined period, to the LCD panel
500. At this time, the common electrode voltage can be a
square wave having a period identical to or three times that
of the gate driving voltage.

[0053] The gate driver 400 outputs gate driving voltages
G, through G, to the LCD panel 500 using the gate driver
driving signals Gate Clk and Vstart provided by the timing
controller 100, and the gate driving voltages Von and Voff
provided by the driving voltage generator 300.

[0054] The LCD panel 500 uses an independent wiring
structure that includes a plurality of gate lines, data lines,
common electrode lines, switching elements (TFTs) con-
nected to the respective gate lines and data lines, liquid
crystal capacitor Clc and storage capacitor C, and displays
the data voltages (or image signals) provided by the data
driver 200 in response to the gate voltage (or a scanning
signal) provided by the gate driver 400 and the common
electrode voltage Vcom provided by the driving voltage
generator 300.

[0055] In detail, the gate lines formed in the horizontal
direction transmit the scanning signals G, G,, . . . provided
by the gate driver 400, and the data lines formed crossing the
gate lines are formed in the vertical direction and transmit
image signals D, D,, D5, provided by the data driver 200,
and the common electrode line that transmits the common
electrode voltage Vcom provided by the driving voltage
generator 300 is formed between a gate line and its adjacent
gate line.

[0056] A first end of the switching element (TFT) formed
by an area surrounded by the gate lines and data lines is
connected to the gate line, a second end to the data line, and
a third end to the common electrode line so as to perform On
and Off operations.

[0057] The liquid crystal capacitor C,_ transmits the light
from a backlight (not illustrated) in proportion to the image
signals provided by the data driver 200 according to turn-on
operation of the switching element, and the storage capacitor
C,, stores the image signals provided by the data driver 200
when the switching element is turned on, and supplies the
stored image signals to the liquid crystal capacitor C,, when
the switching element is turned off.

[0058] FIG. 7 shows a schematic diagram for describing
the pixel equivalent circuit of the LCD panel of FIG. 6.

[0059] As shown, the LCD panel uses an independent
wiring structure, and at this time, the gate lines are formed
in the horizontal direction with vertical branches, the data
lines are formed in the vertical direction with horizontal
branches, and the common electrode lines each formed in a
predetermined area made between a gate line and a subse-
quent adjacent gate line are formed in the horizontal direc-
tion with vertical branches.

[0060] First pixel electrodes are formed at areas respec-
tively surrounded by an odd data line and its subsequent
adjacent even data line and are connected to an odd gate line
and its subsequent adjacent common electrode line.

[0061] Also, the first pixel electrodes are formed at the
areas respectively surrounded by an even data line and its
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subsequent adjacent odd data line and are connected to an
even common electrode line and its subsequent adjacent gate
line.

[0062] Second pixel electrodes are formed at areas respec-
tively surrounded by an even data line and its subsequent
adjacent odd data line and are connected to an odd common
electrode line and its subsequent adjacent gate line.

[0063] Also, the second pixel electrodes are formed at the
areas respectively surrounded by an odd data line and its
subsequent adjacent even data line and are connected to an
even gate line and its subsequent adjacent common electrode
line.

[0064] Here, the first pixel electrode has a polarity differ-
ent from that of the second pixel electrode.

[0065] The LCD panel and the LCD including the same
according to the preferred embodiment of the present inven-
tion use independent wiring structures. Swinging the com-
mon electrode voltage supplied to the common electrode
line for storage enables the LCD to achieve the high speed
response of the liquid crystal. Further, the merits of dot
inversion driving can be obtained by positioning the gates
differently.

[0066] That is, as shown in FIGS. 6 and 7, since the LCD
panel comprises the gate lines provided in the horizontal
direction and the common electrode lines between the gate
lines and has the independent wiring method, high-speed
response of the LCD can be performed not by using a data
driver for dot inversion driving (or a dot inversion TAP IC)
but by using a cheaper data driver for line inversion driving
(or a line inversion driving TAP IC).

[0067] Also, even when the line inversion TAP IC is used
as the data driver instead of the dot inversion TAP IC, the
LCD panel can perform the dot inversion operation.

[0068] An LCD panel for high-speed responses, and an
LCD including the LCD panel and its driving method
according to the present invention will now be described in
detail.

[0069] The size of the voltage supplied to the pixel by the
common electrode voltage that is swung when the voltage is
supplied to the data line is expressed in equation 2, and the
voltage Vp' supplied to the pixel with respect to the top
substrate common electrode voltage Vg, 1S expressed in
equation 4, and the VT curve is shown in FIG. 8.

Cy Equation 4

V! = |V + ———- AVeom | = VeF—com
P 2(Cy + Ca + Ci0) *

[0070] If the common electrode voltage for storage is not
swung, the VT curves are formed on both parts with respect
to the common electrode voltage, but if the common elec-
trode voltage is swung, as shown in FIG. 8, both VT curves
move to the central part, and the white mode that is the
positive (+) portion and the black mode that is the negative
(-) portion are superimposed. At this time, the shifted
voltage Vshift is expressed by the second term on the right
of equation 2. That is:
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er

AV
2- (er + Cga + Clc) e

Venigr =

[0071] Therefore, as shown in FIG. 8, when the VT shift
degree is set about 5V, the two VT curves are completely
superimposed, and the LCD panel can be driven even when
the low voltage TAP IC is used as the data driver.

[0072] The amplitude of the common electrode voltage to
be swung for completely superimposing the VT curves of
the LCD that uses the independent wiring method will now
be described.

[0073] FIG. 9 shows a graph for describing a minimum
value (Vth) of an actual voltage sensed by the liquid crystal
and a maximum value (Vmax) of the actual voltage sensed
by the liquid crystal, the liquid crystal being positioned on
the VT curve in a normal case.

[0074] As shown, the dotted lines respectively represent
the normally black mode and normally white mode on the
(+) and (=) portions when the common electrode voltage
Veom is not swung, and the VT curves move to the central
part when the common electrode voltage is swung. At this
time, when an appropriate common electrode voltage is
swung, the two VT curves are superimposed as shown in
FIG. 8. Here, the positive and negative polarity voltage will
be 5V when a 10V TAP IC of the data driver is used, and it
will be 2.5V when a 5V TAP IC is used.

[0075] A method for swinging the common electrode
voltage supplied to the common electrode line so as to
completely superimpose the VT curves of the LCD panel
will now be described.

[0076] Referring to FIG. 9, it can be found that Vmax—
Vshift(white)=—Vth+Vshift(black). At this time, since the
shift voltage Vshift is the second term on the right portion
of equation 2, it follows that:

C
Vinax — 2. * “AVeom =

Cr + Cog + Cleoypire)

Ca

-Vt
! 2- (Csr + Cgs + Clcfblack)

AVeom-

[0077] Since C_4 can be neglected, the amplitude of the
voltage supplied to the common electrode line to be swung
using a low voltage driving TAP IC is as follows:

AV = 2 Ve + Vi) (G + Clopiack) (Cor + Clovnire)  Equation 3
e er ) (zcsr + Clcfwhire + Clcfbhzck)
[0078] where V.. represents the maximum value of the

actual voltage sensed by the liquid crystal, V,, represents the
minimum value of the actual voltage sensed by the liquid
crystal, C,. represents the liquid crystal capacitance, C,,
represents the storage capacitance, C_ ;... represents the
liquid crystal capacitance of the black mode, and C,_ ;.
represents the liquid crystal capacitance of the white mode.
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[0079] A swing amplitude of the voltage supplied to the
common electrode line according to sizes of the liquid
crystal capacitance C,. and the storage capacitance C,,
voltage at the liquid crystal, and the size of the overshoot
will now be described in detail.

[0080] (i) in the case C .=C,(C,=2xC, ek in the
black state),

[0081] When the amplitude of the voltage supplied to the
common electrode line is AV>0 and zero Volts are supplied
to a data line in the black state, the voltage supplied to the
pixel is as follows, based on equations 4 and 5:

. Cy AV | Vepao = Equation 6
A T2 (C + Coa + Ciobtoat) " o

[0082] where it is assumed that C4=0 and Vg oorn=2.5.

[0083] Also, when the amplitude of the voltage supplied to
the common electrode line is AV>0 and 5 Volts are supplied
to a data line in the white state, the voltage supplied to the
pixel is as follows, based on equations 4 and 5:

VY iy = |3 = # AV | = Veroam = Equation 7
? 2-(Cs + Coa + Cic-blact )
AVeom
= +2.5

[0084] where it is assumed that C,4=0 and Vg ,,=2.5.

[0085] Since the black mode voltage must not be greater
than 1.7V, and hence it is found from equation 7 that

Voo 25«17
— - -25<17,

[0086] it follows that AV___<12.6. Based on this, equation

8 becomes such that V'p(white)<12.6/442.5=5.65.

[0087] Therefore, if the common electrode voltage is
swung in 12V, the actual voltage V'p(black)=1.5V and
V'p(white)=5.5V, and the size of the overshoot is 1.0V.

[0088] (ii) in the case C; =2xC_(C,=C\_ .o, in the black
state),
[0089] When the amplitude of the voltage supplied to the

common electrode line is AV>0 and zero Volts are supplied
to a data line in the black state, the voltage supplied to the
pixel is as follows, based on equations 4 and 5:

v Cy AV v Equation 8
P(black) = 2_( Csr + ng I Clc—black) com CF—com =

AVeor 95
2
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[0090] where it is assumed that C 4=0 and Vg opn=2.5.

[0091] Also, when the amplitude of the voltage supplied to
the common electrode line is AV>0 and 5 Volts are supplied
to a data line in the white state, the voltage supplied to the
pixel is as follows, based on equations 4 and 5:

Cy Equation 9

Vl;(whire) =|5- 2( Vcom - VCchom =

. S——|
er + ng + Clcfblack)

A VCOW[

+2.5

[0092] where it is assumed that C,4=0 and Vg ,,=2.5.

[0093] Since the black mode voltage must not be greater
than 1.7V, and since it is found from equation 9 that

AVeom 25< 17V
- 2 < 1.7V,

[0094] the swing amplitude (AV,_,,) of the common elec-

trode line must be less than 16.8V.

[0095] Based on this, the actual voltages supplied to the
liquid crystal are as follows, according to equations 8 and 9:
V'p(black)<1.7V, V'p(white)<16.8/6+2.5=5.3V, and the
voltage of the overshoot is 1.4V.

[0096] According to the present invention, the conven-
tional 13V high voltage dot inversion TAP IC can be used,
and when this is substituted by the 5V low voltage line
inversion TAP IC, the driving voltage of the LCD can be
reduced since the maximum value of the actual voltage
sensed by the liquid crystal is 5.5V.

[0097] Also, since the overshoot ranges from 1.0 to 1.4V,
the response speed by the overshoot can be improved.

[0098] Further, when the gray is switched from a higher
degree to a first degree, a voltage lower than the first gray
voltage is supplied and a turn-off time of the liquid crystal
is shortened. When the gray is switched from the first one to
another, the liquid crystal is more quickly turned on since
another voltage is supplied from the first gray voltage.

[0099]

[0100] While this invention has been described in connec-
tion with what is presently considered to be the most
practical and preferred embodiment, it is to be understood
that the invention is not limited to the disclosed embodi-
ments, but on the contrary, is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims.

Also, acuteness of the VT curves is lowered.

What is claimed is:
1. A liquid crystal display (LCD) panel, comprising:

a plurality of gate lines formed in the horizontal direction;
a plurality of data lines formed in the vertical direction,

a common electrode line formed in the horizontal direc-
tion between the gate lines;
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a first pixel electrode formed at an odd row of an odd
column and at an even row of an even column among
areas formed by the data lines and the gate lines ; and

a second pixel electrode formed at an odd row of an even
column and at an even row of an odd column of the
areas, and wherein a polarity of the second electrode is
different from the first pixel electrode.

2. The LCD panel of claim 1, wherein the first pixel
electrode is formed at an area respectively surrounded by an
odd data line and its subsequent adjacent even data line and
is connected to an odd gate line and its subsequent adjacent
common electrode line, and formed at an area respectively
surrounded by an even data line and its subsequent adjacent
odd data line and is connected to an even common electrode
line and its subsequent adjacent gate line, and

wherein the second pixel electrode is formed at an area
respectively surrounded by an even data line and its
subsequent adjacent odd data line and is connected to
an odd common electrode line and its subsequent
adjacent gate line, formed at an area respectively sur-
rounded by an odd data line and its subsequent adjacent
even data line and is connected to an even gate line and
its subsequent adjacent common electrode line.

3. The LCD panel of claim 1, wherein a polarity of each

pixel is inverted to a different polarity per each frame.
4. A liquid crystal display (LCD), comprising:

a timing controller for outputting a first driving signal and
a second driving signal, and outputting a third driving
signal that defines periods and amplitudes according to
vertical and horizontal synchronization signals and a
main clock signal,

a data driver for outputting an image signal that drives a
polarity of a liquid crystal capacitor based on the first
driving signal,

a gate driver for outputting a scanning signal based on the
second driving signal;

a driving voltage generator for receiving the third driving
signal, raising or lowering levels of the third driving
signal, and outputting a common electrode voltage that
is swung and synchronized with the image signal in a
predetermined period; and

an LCD panel for displaying the image signal in coop-
eration with the common electrode voltage and the
scanning signal in an independent wiring structure that
forms gate lines in the horizontal direction and com-
mon electrode lines between the gate lines.
5. The LCD of claim 4, wherein the LCD panel com-
prises:

a plurality of gate lines formed in the horizontal direction;
a plurality of data lines formed in the vertical direction;

common electrode lines formed in the horizontal direction
between the gate lines;

a first pixel electrode formed at an odd row of an odd
column and at an even row of an even column in an area
formed by the data lines and the gate lines ; and

a second pixel electrode formed at an odd row of an even
column and at an even row of an odd column in the
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area, and wherein a polarity of the second electrode is
different from that of the first pixel electrode.

6. The LCD of claim 5, wherein the first pixel electrode
is formed at an area respectively surrounded by an odd data
line and its subsequent adjacent even data line and is
connected to an odd gate line and its subsequent adjacent
common electrode line, and formed at an area respectively
surrounded by an ven data line and its subsequent adjacent
odd data line and is connected to an even common electrode
line and its subsequent adjacent gate line, and

wherein the second pixel electrode is formed at an area
respectively surrounded by an even data line and its
subsequent adjacent odd data line and is connected to
an odd common electrode line and its subsequent
adjacent gate line, formed at an area respectively sur-
rounded by an odd data line and its subsequent adjacent
even data line and is connected to an even gate line and
its subsequent adjacent common electrode line.

7. The LCD of claim 4, wherein the gate driver concur-
rently provides a first scanning signal to an odd pixel of an
odd gate line and an even pixel of an even gate line, and a
second scanning signal to an odd pixel of an even gate line
and an even pixel of an odd gate line.

8. The LCD of claim 4, wherein a polarity of each pixel
is inverted to a different polarity per each frame.

9. The LCD of claim 4, wherein the swung common
electrode voltage is a square wave having a period identical
to the image signal.

10. The LCD of claim 4, wherein the swung common
electrode voltage is a square wave having a period three
times longer than the period of the image signal.

11. The LCD of claim 4, wherein the data driver is a low
voltage TAP IC for line inversion driving.

12. The LCD of claim 4, wherein a swing amplitude of the
common electrode voltage is established as:

2(Vinax + Vi) (Car + Cro-piack ) (Cst + Cle—nire)

AViom =
o er(zcﬂ + Cleyize + Clcfblack)

where V. represents the maximum value of the actual
voltage sensed by a liquid crystal, V,; represents the mini-
mum value of the actual voltage sensed by the liquid crystal,
C,. represents a liquid crystal capacitance, C, represents a
storage capacitance, C_ . represents the liquid crystal
capacitance in a black mode, and C,_ ;. represents the
liquid crystal capacitance in a white mode.

13. In a liquid crystal display (LCD) including an LCD
panel comprising a plurality of gate lines; a plurality of data
lines; common electrode lines formed by a predetermined
area made between a gate line and its subsequent adjacent
gate line; a first pixel electrode formed at an odd row of an
odd column and an even row of an even column in an area
formed by the data lines and the gate lines; and a second
pixel electrode formed at an odd row of an even column and
an even row of an odd column, a method for driving the
LCD, comprising steps of:

receiving an image signal from an external image signal
source and providing the image signal to a data line;

generating a first scanning signal and providing the same
to an odd pixel of an odd gate line and an even pixel of
an even gate line;
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generating a second scanning signal and providing the
same to an odd pixel of an even gate line and an even
pixel of an odd gate line;

sequentially providing the first scanning signal and the
second scanning signal to the gate line; and

supplying a common electrode voltage to a common
electrode line so as to superimpose voltage to trans-
mission (VT) curves of positive and negative polarity
driving together with the sequential providing of the
first scanning signal and the second scanning signal.
14. The method of claim 13, wherein the common elec-
trode voltage is synchronized with the image signal with a
predetermined period and is swung.
15. The method of claim 13, wherein a swing amplitude
of the common electrode voltage is established as:
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2Vinax + Vi) (Cop + Crepiact) - (Cst + Cremine)
Ct(2Cs + Clewhite + Clo-black)

AVeom =

where V__ represents the maximum value of the actual
voltage sensed by a liquid crystal, V,,, represents the mini-
mum value of the actual voltage sensed by the liquid crystal,
C,. represents a liquid crystal capacitance, C,, represents a
storage capacitance, C_, ;.. represents the liquid crystal
capacitance in black mode, and C,_ ;. represents the liquid
crystal capacitance in white mode.

16. The method of claim 13, wherein a polarity of each
pixel is inverted to a different polarity per each frame.

® 0k Ok kK
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