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(57) ABSTRACT

This invention relates to a three electrode liquid crystal
display panel that is adaptive for AC-driving liquid crystal
cells inclusive of three electrodes, and a driving method
thereof. A three electrode liquid crystal display panel accord-
ing to an embodiment of the present invention includes first
and second pixel electrodes disposed on a first substrate with
an insulating film therebetween; and a common electrode
disposed in a second substrate which is bonded with the first

22) Filed: Dec. 13, 2005 . S )
(22) File e substrate with a liquid crystal therebetween, and wherein the
(30) Foreign Application Priority Data first pixel electrode selectively supplies a maximum voltage
and a minimum voltage, the common electrode supplies a
Dec. 31, 2004 (KR) oo P2004-118562 ~ medium voltage between the maximum voltage and the
minimum voltage as a reference voltage, and the second
Publication Classification pixel electrode supplies a positive data voltage and a nega-
tive data voltage on the basis of the reference voltage in a
(51) Imt. CL range between the maximum voltage and the minimum
G0IG 3736 (2006.01) voltage, thereby AC-driving the liquid crystal.
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LIQUID CRYSTAL DISPLAY PANEL AND
METHOD OF DRIVING THE SAME

[0001] This application claims the benefit of the Korean
Patent Application No. P2004-118562 filed on Dec. 31,
2004, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display panel using three electrodes, and a driving method
thereof.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display device controls the light
transmittance of a liquid crystal having a dielectric anisot-
ropy using an electric field, thereby displaying a picture. The
liquid crystal display device includes a liquid crystal display
panel that displays a picture through a liquid crystal cell
matrix, and a drive circuit for driving the liquid crystal
display panel.

[0006] Referring to FIG. 1, a liquid crystal display panel
of the related art includes a color filter substrate 10 bonded
to a thin film transistor substrate 20 with a liquid crystal 24
therebetween.

[0007] The color filter substrate 10 includes a black matrix
4, a color filter 6 and a common electrode 8 that are
sequentially formed on an upper glass substrate 2. The black
matrix 4 is formed in a matrix shape on the upper glass
substrate 2. The black matrix 4 divides the area of the upper
glass substrate 2 into a plurality of cell areas where a color
filter 6 is to be formed, and prevents light interference
between adjacent cells and external light reflection. The
color filter 6 is formed to be divided into red R, green G and
blue B in the cell area by the black matrix 4, to transmit red,
green, and blue light. The common electrode 8 supplies a
common voltage Vecom, which is a standard when driving a
liquid crystal 24, to a transparent conductive layer over the
entire surface of the color filter 6. And, an overcoat layer
(not shown) may be further formed between the color filter
6 and the common electrode 8 in order to level the color filter
6.

[0008] The thin film transistor substrate 20 includes a thin
film transistor 18 and a pixel electrode 22 which are formed
at each cell area defined by the crossing of a gate line 14 and
a data line 12 on a lower glass substrate 12. The thin film
transistor 18 supplies a data signal from the data line 16 to
the pixel electrode 22 in response to a gate signal from the
gate line 12. The pixel electrode 22 formed of a transparent
conductive layer drives the liquid crystal according to the
data signal from the thin film transistor 18.

[0009] The liquid crystal 24 having a dielectric anisotropy
rotates in accordance with an electric field formed by the
data signal on the pixel electrode 22 and the common
voltage Vcom on the common electrode 8 to control the light
transmittance, thereby realizing a gray level.

[0010] The liquid crystal display panel further includes a
spacer (not shown) to fix a cell gap between the color filter
substrate 10 and the thin film transistor substrate 20.

Jul. 6, 2006

[0011] The related art liquid crystal display panel is an
active matrix type because a thin film transistor acting as a
device is formed at each liquid crystal cell; thus it is suitable
to display motion picture. The related art liquid crystal
display panel has a disadvantage in that a motion blurring
phenomenon occurs because of a slow response speed
caused by the viscosity and elasticity of the liquid crystal.

[0012] Accordingly, a three electrode liquid crystal dis-
play panel has been recently proposed that may improve the
response speed by forming an electric field in horizontal or
vertical direction by applying different voltages to three
electrodes, ie., the common electrode and the first and
second pixel electrodes. In the three electrode liquid crystal
display panel, the liquid crystal cell where the horizontal
electric field is formed by the three electrodes displays
white, and the liquid crystal cell where the vertical electric
field is formed displays black, thus the white and black gray
levels are all determined by the electric field applied to the
liquid crystal cell. Accordingly, the response speed may be
improved in comparison with the existing liquid crystal
display panel where the liquid crystal is restored to an initial
alignment state when there is no electric field.

[0013] However, the three electrode liquid crystal display
panel should drive the liquid crystal with alternating current
(AC) in order to prevent the liquid crystal from deteriorat-
ing, but the AC driving method has not yet been proposed.
Accordingly, a specific driving method for AC-driving the
three electrode liquid crystal display panel and a three
electrode structure which is suitable for AC-driving is
required.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to a
liquid crystal display and method of driving the same that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0015] An advantage of the present invention is to provide
a three electrode liquid crystal display panel that is capable
of AC-driving liquid crystal cells with three electrodes and
a driving method thereof.

[0016] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0017] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
panel, including: first and second pixel electrodes on a first
substrate with an insulating film therebetween; and a com-
mon electrode on a second substrate which is bonded with
the first substrate with a liquid crystal therebetween, and
wherein a maximum voltage and a minimum voltage are
selectively applied to the first pixel electrode, a medium
voltage with a voltage level between the maximum voltage
and the minimum voltage is applied to the common elec-
trode, and a positive data voltage and a negative data voltage
that are relative to the medium voltage and in a range
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between the maximum voltage and the minimum voltage are
applied to the second pixel electrode.

[0018] In another aspect of the present invention, a liquid
crystal display panel, includes: a first pixel electrode is
disposed on a first substrate with an insulating film therebe-
tween and is applied is applied a medium voltage with a
voltage level between the maximum voltage and the mini-
mum voltage; a second pixel electrode is disposed on a first
substrate with an insulating film therebetween and is applied
a positive data voltage and a negative data voltage that are
relative to the medium voltage and in a range between the
maximum voltage and the minimum voltage; and a common
electrode is disposed on a second substrate which is bonded
with the first substrate with a liquid crystal therebetween and
is selectively applied a maximum voltage and a minimum
voltage; and wherein the liquid crystal is driven with alter-
nating current.

[0019] Inanother aspect of the present invention, a driving
method of a liquid crystal display panel, includes: selec-
tively applying a maximum voltage and a minimum voltage
to a first pixel electrode formed on a first substrate; applying
a medium voltage with a voltage level between the maxi-
mum voltage and the minimum voltage to a common
electrode of a second substrate, which together with the first
substrate has a liquid crystal therebetween; and applying a
positive data voltage and a negative data voltage that are
relative to the medium voltage and in a range between the
maximum voltage and the minimum voltage to a second
pixel electrode which overlaps the first pixel electrode with
an insulating film therebetween, and wherein the liquid
crystal is driven with alternating current.

[0020] Inanother aspect of the present invention, a driving
method of a liquid crystal display panel, includes: selec-
tively applying a maximum voltage and a minimum voltage
to a common electrode formed on a first substrate; applying
a medium voltage with a voltage level between the maxi-
mum voltage and the minimum voltage to a first pixel
electrode of a second substrate, which together with the first
substrate has a liquid crystal therebetween; and applying a
positive data voltage and a negative data voltage that is
relative to the medium voltage in a range between the
maximum voltage and the minimum voltage to a second
pixel electrode, which overlaps the first pixel electrode with
an insulating film therebetween, and wherein the liquid
crystal is driven with alternating current.

[0021] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

[0022] In order to achieve these and other advantages of
the invention, a liquid crystal display panel according to an
aspect of the present invention includes first and second
pixel electrodes disposed on a first substrate with an insu-
lating film therebetween; and a common electrode disposed
in a second substrate which is bonded with the first substrate
with a liquid crystal therebetween, and wherein the first
pixel electrode selectively supplies a maximum voltage and
a minimum voltage, the common electrode supplies a
medium voltage between the maximum voltage and the
minimum voltage as a reference voltage, and the second
pixel electrode supplies a positive data voltage and a nega-
tive data voltage on the basis of the reference voltage in a
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range between the maximum voltage and the minimum
voltage, thereby AC-driving the liquid crystal.

[0023] A liquid crystal display panel according to another
aspect of the present invention includes first and second
pixel electrodes disposed on a first substrate with an insu-
lating film therebetween; and a common electrode disposed
in a second substrate which is bonded with the first substrate
with a liquid crystal therebetween, and wherein the common
electrode selectively supplies a maximum voltage and a
minimum voltage, the first pixel electrode supplies a
medium voltage between the maximum voltage and the
minimum voltage as a reference voltage, and the second
pixel electrode supplies a positive data voltage and a nega-
tive data voltage on the basis of the reference voltage in a
range between the maximum voltage and the minimum
voltage, thereby AC-driving the liquid crystal.

[0024] The liquid crystal display panel further includes a
thin film transistor which is connected to the second pixel
electrode on the first substrate and supplies the positive and
negative data voltages from a drive circuit; and a gate line
and a data line which are connected to the thin film tran-
sistor.

[0025] The liquid crystal display panel further includes a
pad which is connected to the first pixel electrode on the first
substrate and supplies the maximum voltage and the mini-
mum voltage from the drive circuit.

[0026] In the liquid crystal display panel, as a voltage of
the second pixel electrode is further from a voltage of the
first pixel electrode that the common electrode, a horizontal
electric field component is increased to drive the liquid
crystal in a white state, and as the voltage of the second pixel
electrode is closer to the voltage of the first pixel electrode
that the common electrode, a vertical electric field compo-
nent is increased to drive the liquid crystal in a black state.

[0027] In the liquid crystal display panel, a positive volt-
age is applied to the liquid crystal if the first pixel electrode
supplies the maximum voltage and the second pixel elec-
trode supplies the positive data voltage, and a negative
voltage is applied to the liquid crystal if the first pixel
electrode supplies the minimum voltage and the second
pixel electrode supplies the negative data voltage.

[0028] In the liquid crystal display panel, the common
electrode is formed in an integrated entire surface electrode
structure, and the first pixel electrode is a structure of a
plurality of stripes which are independent for each liquid
crystal cell that is defined by the crossing of the gate line and
the data line.

[0029] In the liquid crystal display panel, the first pixel
electrode is formed in a dot electrode structure for each
liquid crystal cell which is defined by the crossing of the gate
line and the data line, and the first pixel electrode is
commonly connected to a first pixel electrode which is
formed in a liquid crystal cell of the same polarity.

[0030] In the liquid crystal display panel, the first pixel
electrode supplies any one voltage of the maximum voltage
and the minimum voltage which is opposite to that of an
adjacent first pixel electrode in vertical or horizontal direc-
tions, and the second pixel electrode supplies a data voltage
of a polarity which is opposite to that of an adjacent second
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pixel electrode in the vertical and horizontal directions,
thereby making the polarity of the liquid crystal cell inverted
for each liquid crystal cell.

[0031] In the liquid crystal display panel, the first pixel
electrode is formed in an integrated entire surface electrode
structure.

[0032] In the liquid crystal display panel, the first pixel
electrode alternately supplies the maximum voltage and the
minimum voltage for each frame, and the second pixel
electrode alternately supplies the positive and negative data
voltages for each frame, thereby making the polarity of the
liquid crystal cell inverted for each frame.

[0033] In the liquid crystal display panel, the common
electrode alternately supplies the maximum voltage and the
minimum voltage for each frame, and the second pixel
electrode alternately supplies the positive and negative data
voltages for each frame, thereby making the polarity of the
liquid crystal cell inverted for each frame.

[0034] In the liquid crystal display panel, the first pixel
electrode is formed in a line electrode structure where the
first pixel electrode is divided for each vertical or horizontal
line.

[0035] In the liquid crystal display panel, the first pixel
electrode alternately supplies the maximum voltage and the
minimum voltage for each horizontal or vertical line, and the
second pixel electrode alternately supplies the positive and
negative voltages for each horizontal or vertical line, thereby
making the polarity of the liquid crystal cell inverted for
each horizontal or vertical line.

[0036] In the liquid crystal display panel, in case that the
first pixel electrode is divided for each horizontal line, the
thin film transistor is alternately connected to two adjacent
gate lines.

[0037] In the liquid crystal display panel, the data line
supplies a data voltage of which the polarity is inverted for
each horizontal and vertical line, thereby making the polar-
ity of the liquid crystal cell inverted for each horizontal line.

[0038] A driving method of a liquid crystal display panel
according to still another aspect of the present invention
includes the steps of selectively supplying a maximum
voltage and a minimum voltage to a first pixel electrode
formed on a first substrate; supplying a medium voltage
between the maximum voltage and the minimum voltage as
a reference voltage to a common electrode of a second
substrate which together with the first substrate has a liquid
crystal therebetween; and supplying a positive data voltage
and a negative data voltage on the basis of the reference
voltage in a range between the maximum voltage and the
minimum voltage to a second pixel electrode which overlaps
the first pixel electrode with an insulating film therebetwen,
and wherein the liquid crystal is driven with alternating
current.

[0039] A driving method of a liquid crystal display panel
according to still another aspect of the present invention
includes the steps of selectively supplying a maximum
voltage and a minimum voltage to a common electrode
formed on a first substrate; supplying a medium voltage
between the maximum voltage and the minimum voltage as
a reference voltage to a first pixel electrode of a second
substrate which together with the first substrate has a liquid
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crystal therebetween; and supplying a positive data voltage
and a negative data voltage on the basis of the reference
voltage in a range between the maximum voltage and the
minimum voltage to a second pixel electrode which overlaps
the first pixel electrode with an insulating film therebetwen,
and wherein the liquid crystal is driven with alternating
current.

[0040] In the driving method, the positive and negative
data voltages are supplied through a data line and a thin film
transistor.

[0041] In the driving method, the maximum voltage and
the minimum voltage are supplied through a pad.

[0042] In the driving method, as a voltage of the second
pixel electrode is further from a voltage of the first pixel
electrode that the common electrode, a horizontal electric
field component is increased to drive the liquid crystal in a
white state, and as the voltage of the second pixel electrode
is closer to the voltage of the first pixel electrode that the
common electrode, a vertical electric field component is
increased to drive the liquid crystal in a black state.

[0043] In the driving method, a positive voltage is applied
to the liquid crystal if the first pixel electrode supplies the
maximum voltage and the second pixel electrode supplies
the positive data voltage, and a negative voltage is applied
to the liquid crystal if the first pixel electrode supplies the
minimum voltage and the second pixel electrode supplies
the negative data voltage.

[0044] In the driving method, the first pixel electrode
formed in a dot electrode structure for each liquid crystal cell
supplies any one voltage of the maximum voltage and the
minimum voltage which is opposite to that of an adjacent
first pixel electrode in vertical or horizontal directions, and
the second pixel electrode which is independent for each
liquid crystal cell supplies a data voltage of a polarity which
is opposite to that of an adjacent second pixel electrode in
the vertical and horizontal directions, thereby making the
polarity of the liquid crystal cell inverted for each liquid
crystal cell.

[0045] In the driving method, the first pixel electrode
formed in an entire surface electrode structure alternately
supplies the maximum voltage and the minimum voltage for
each frame, and the second pixel electrode which is inde-
pendent for each liquid crystal cell alternately supplies the
positive and negative data voltages for each frame, thereby
making the polarity of the liquid crystal cell inverted for
each frame.

[0046] In the driving method, the common electrode
formed in an entire surface electrode structure alternately
supplies the maximum voltage and the minimum voltage for
each frame, and the second pixel electrode which is inde-
pendent for each liquid crystal cell alternately supplies the
positive and negative data voltages for each frame, thereby
making the polarity of the liquid crystal cell inverted for
each frame.

[0047] In the driving method, the first pixel electrode
divided for each horizontal line alternately supplies the
maximum voltage and the minimum voltage for each hori-
zontal line, and the second pixel electrode which is inde-
pendent for each liquid crystal cell alternately supplies the
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positive and negative voltages for each horizontal line,
thereby making the polarity of the liquid crystal cell inverted
for each horizontal line.

[0048] In the driving method, the first pixel electrode
divided for each vertical line alternately supplies the maxi-
mum voltage and the minimum voltage for each vertical
line, and the second pixel electrode which is independent for
each liquid crystal cell alternately supplies the positive and
negative voltages for each vertical line, thereby making the
polarity of the liquid crystal cell inverted for each vertical
line.

[0049] Inthe driving method, in case that the second pixel
electrode divided for each liquid crystal cell is connected to
a thin film transistor and the thin film transistor is alternately
connected to two adjacent gate lines, the first pixel electrode
divided for each horizontal line alternately supplies the
maximum voltage and the minimum voltage for each hori-
zontal line, and a data line connected to the thin film
transistor supplies a data voltage of which the polarity is
inverted for each horizontal and vertical line, thereby mak-
ing the polarity of the liquid crystal cell inverted for each
horizontal line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0051]

[0052] FIG.1is a perspective diagram illustrating a liquid
crystal display panel structure of the related art;

[0053] FIG. 2 is a sectional diagram illustrating a liquid
crystal display panel structure according to the present
invention;

[0054] FIG. 3 is a diagram illustrating a voltage relation-
ship of three electrodes shown in FIG. 2;

[0055] FIG. 4 is a plane view illustrating the structure of
a thin film transistor substrate in the liquid crystal display
panel according to a first embodiment of the present inven-
tion,;

[0056] FIG. 5 is a plane view illustrating the structure of
a thin film transistor substrate in the liquid crystal display
panel according to a second embodiment of the present
invention;

[0057] FIG. 6 is a plane view illustrating the structure of
a thin film transistor substrate in the liquid crystal display
panel according to a third embodiment of the present inven-
tion; and

[0058] FIG. 7 is a plane view illustrating the structure of
a thin film transistor substrate in the liquid crystal display
panel according to a fourth embodiment of the present
invention.

In the drawings:

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

[0059] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.
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[0060] With reference to FIGS. 2 to 7B, embodiments of
the present invention will be explained as follows.

[0061] FIG.2 is a sectional diagram illustrating two liquid
crystal cell parts in a three electrode liquid crystal display
panel according to an embodiment of the present invention.

[0062] The three electrode liquid crystal display panel
shown in FIG. 2 includes a thin film transistor substrate 40
and a color filter substrate 50 that are bonded with a liquid
crystal 60 therebetween.

[0063] The color filter substrate 50 includes a common
electrode 54 formed of a transparent conductive layer over
the entire surface of an upper substrate 52. A reference
voltage V1 that is the standard value for driving a liquid
crystal cell is supplied to the common electrode 54. The
color filter substrate 50 further includes a color filter and a
black matrix (not shown) which are formed between the
upper substrate 52 and the common electrode 54.

[0064] The thin film transistor substrate 40 includes first
and second pixel electrodes 44, 48 disposed on a lower
substrate 42 with an insulating film 46 therebetween, and a
thin film transistor (not shown) connected to the second
pixel electrode 48.

[0065] The first pixel electrode 44 is formed of a trans-
parent conductive layer over the entire surface of the color
filter substrate 50 like the common electrode 54. The first
pixel electrode 44 selectively receives a maximum voltage
Vmax and a minimum voltage Vmin from a data driver
through a pad.

[0066] The second pixel electrode 48 are elongated lines
overlapping the first pixel electrode 44 with the insulating
film 46 therebetween, and the second pixel electrode 48 for
each liquid crystal cell is connected to the corresponding
thin film transistor. The second pixel electrode 48 receives a
data voltage V2 supplied from a data driver through the thin
film transistor. Accordingly, the second pixel electrode 48
forms a horizontal electric field with the first pixel electrode
44 or forms a vertical electric field with the common
electrode 54 together with the first pixel electrode to drive
the liquid crystal 60.

[0067] Particularly, if the same voltage is applied to the
second pixel electrode 48 as to the common electrode 54 and
another voltage is applied to the first pixel electrode 44, the
second pixel electrode 48 forms a horizontal electric field in
accordance with a voltage difference with the first pixel
electrode 44, thus the liquid crystal 60 has a white state. On
the contrary, if the same voltage is applied to the first and
second pixel electrodes 44, 48 and another voltage is applied
to the common electrode 54, a vertical electric field com-
ponent depending on a voltage between the first and second
pixel electrodes 48 and the common electrode 54 becomes
greater, thus the liquid crystal 60 has a black state.

[0068] That is to say, as a voltage of the second pixel
electrode 48 gets further from the voltage of the first pixel
electrode 44 than the common electrode 54, the horizontal
electric field component is increased so that the liquid
crystal 60 is in the white state. On the contrary, as a voltage
of the second pixel electrode 48 gets closer to the voltage of
the first pixel electrode 44 than the common electrode 54,
the vertical electric field component is increased so that the
liquid crystal 60 is in the black state.
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[0069] In this case, the liquid crystal 60 may be in the
white and black states even when the liquid crystal is
horizontally aligned, besides when the liquid crystal of any
one or both sides of the thin film transistor substrate 40 and
the color filter substrate 50 is vertically aligned.

[0070] In order to AC-drive the liquid crystal 60, the first
and second pixel electrodes 44, 48 and the common elec-
trode 54 receive a voltage as in the following TABLE 1.

TABLE 1
Common electrode  Second pixel — First pixel electrode
(54) electrode (48) (44)
Positive (+) V1 V1 +Vb Vmax
Negative (-) V1 V1-Vb Vmin

[0071] InTABLE 1, a reference voltage V1 supplied to the
common electrode 54, a data voltage (V1+Vb, V1-Vh)
supplied in accordance with a video data to the second pixel
electrode 48, and a maximum voltage Vmax and a minimum
voltage Vmin of the data driver supplied to the first pixel
electrode 44 have relative magnitudes as shown in FIG. 3.

[0072] Referring to FIG. 3, a medium voltage between the
maximum voltage Vmax and the minimum voltage Vmin
supplied to the first pixel electrode 44, i.e., a reference
voltage V1 corresponding to (Vmax+Vmin)/2, is supplied to
the common electrode 54 for AC-driving. A voltage V2
between the maximum voltage Vmax and the minimum
voltage Vmin, i.e., a data voltage (V2=V1+Vb, V2=V1-Vb)
corresponding to Vmax>V2>Vmin, is supplied to the second
pixel electrode 48. Accordingly, the positive (+) or negative
(=) voltage can be supplied to the liquid crystal 60 in
accordance with the voltage supplied to the first and second
pixel electrodes 44, 48 on the basis of the reference voltage
V1 of the common electrode 54.

[0073] A dot inversion method where the polarity is
inverted for each liquid crystal cell, a frame inversion
method where the polarity is inverted for each frame, and a
line inversion method where the polarity is inverted for each
line may be used to AC-drive the liquid crystal 60 in the
three electrode liquid crystal display panel. In this case, the
common electrode 54 and the second pixel electrode 48 are
formed using the same structure as shown in FIG. 2 regard-
less of the inversion method. On the contrary, the first pixel
electrode 44 is to be formed using a different electrode
structure according to the inversion method. Specifically, the
first pixel electrode 44 has to be formed in a dot electrode
structure for the dot inversion method, in an entire surface
electrode structure for the frame inversion method, and in a
line electrode structure for the line inversion method.

[0074] FIG. 4 is a plane view illustrating the structure of
a thin film transistor substrate in the three electrode liquid

crystal display panel which is applied to a dot inversion
method.

[0075] The thin film transistor substrate shown in FIG. 4
includes first and second pixel electrodes 64, 48 formed in
each liquid crystal cell area which is defined by the crossing
of a gate line GL and a data line DL and a thin film transistor
T connected between the gate line GL, the data line DL and
the second pixel electrode 48.

[0076] The first pixel electrode 64 is formed in the dot
electrode structure in each liquid crystal cell area which is
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defined by the crossing of the gate line GL and the data line
DL. The first pixel electrode 64 is commonly connected to
a first pixel electrode 64 which is formed in a liquid crystal
cell area of the same polarity. For example, the first pixel
electrode 64 of a first liquid crystal cell area is connected to
the first pixel electrode 64 of a third liquid crystal cell area,
and the first pixel electrode 64 of a second liquid crystal cell
area is connected to the first pixel electrode 64 of a fourth
liquid crystal cell area. Accordingly, the maximum voltage
Vmax of the data driver is supplied through a pad to the first
pixel electrode 64 of the liquid crystal cell area to which the
positive (+) voltage is to be supplied, and the minimum
voltage Vmin of the data driver is supplied to the first pixel
electrode 64 of the liquid crystal cell area to which the
negative (=) voltage is to be supplied.

[0077] The second pixel electrode 48 connected to the thin
film transistor is formed as elongated lines where the second
pixel electrode 48 overlaps the first pixel electrode with an
insulating film therebetween. The positive (+) data voltage
(V2=V1+Vb) is supplied through the data line DL and the
thin film transistor T to the second pixel electrode of the
liquid crystal cell area to which the positive (+) voltage is to
be supplied, and the negative () data voltage (V2=V1-Vb)
is supplied through the data line DL and the thin film
transistor T to the second pixel electrode of the liquid crystal
cell area to which the negative (<) voltage is to be supplied.
The data voltage V2 of opposite polarity to the second pixel
electrode 48 which is adjacent in horizontal and vertical
directions is applied to the second pixel electrode 48 for dot
inversion driving.

[0078] Accordingly, as in TABLE 1, the maximum voltage
Vmax and the positive (+) data voltage (V2=V1+Vb) can be
supplied to each of the first and second pixel electrodes 64,
48 of the positive (+) liquid crystal cell, and the minimum
voltage Vmin and the negative () data voltage (V2=V1-
Vb) can be supplied to each of the first and second pixel
electrodes 64, 48 of the negative (<) liquid crystal cell. The
reference voltage V1 is supplied to the common electrode.
As a result, the three electrode liquid crystal display panel
using the thin film transistor substrate shown in FIG. 4 can
be driven by the dot inversion method.

[0079] FIG. 5 is a plane view illustrating the structure of
a thin film transistor substrate in a three electrode liquid
crystal panel which is used in a frame inversion method.

[0080] The thin film transistor substrate shown in FIG. 5
has the same components as the thin film transistor substrate
shown in FIG. 4 except that a first pixel electrode 74 is
formed to be a single integrated electrode structure over the
entire surface, thus a description for the repeated compo-
nents will be omitted.

[0081] The first pixel electrode 74 shown in FIG. 5 is
formed over the entire surface of the thin film transistor
substrate in the same manner as the common electrode of the
color filter substrate. The maximum voltage Vmax and the
minimum voltage Vmin of the data driver is alternately
supplied to the first pixel electrode 74 for each frame. The
positive (+) data voltage (V2=V1+Vb) and the negative (-)
data voltage (V2=V1-Vb) are alternately supplied to the
second pixel electrode through the data line DL and the thin
film transistor T for each frame. Accordingly, as in TABLE
1, the maximum voltage Vmax and the positive (+) data
voltage (V2=V1+Vb) can be supplied to each of the first and
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second pixel electrodes 74, 48 in the positive (+) frame, and
the minimum voltage Vmin and the negative () data voltage
(V2=V1-VVb) can be supplied to each of the first and
second pixel electrodes 74, 48 in the negative (=) frame.
And, the reference voltage V1 is supplied to the common
electrode.

[0082] Differently from this, the reference voltage V1
might be supplied to the first pixel electrode 74 and the
maximum voltage Vmax and the minimum voltage Vmin
might alternately be supplied to the common electrode for
each frame.

[0083] As a result, the three electrode liquid crystal dis-
play panel using the thin film transistor substrate shown in
FIG. 5 can be driven by the frame inversion method.

[0084] FIG. 6 is a plane view illustrating the structure of
a thin film transistor substrate in a three electrode liquid
crystal panel which uses a line inversion method.

[0085] The thin film transistor substrate shown in FIG. 6
has the same components as the thin film transistor substrate
shown in FIG. 4 except that a first pixel electrode 84 is
formed in a line electrode structure where the first pixel
electrode 84 is divided for each horizontal line, thus a
description for the repeated components will be omitted.

[0086] The first pixel electrode 84 shown in FIG. 6 is
formed in a line electrode structure where the first pixel
electrode 84 is divided for each horizontal line. The maxi-
mum voltage Vmax and the minimum voltage Vmin are
alternately supplied to the first pixel electrode 84 through the
pad for each horizontal line. The positive (+) data voltage
(V2=V1+Vb) and the negative () data voltage (V2=V1-
Vb) are alternately supplied to the second pixel electrode
through the data line DL and the thin film transistor T for
each horizontal line. Accordingly, as in TABLE 1, the
maximum voltage Vmax and the positive (+) data voltage
(V2=V1+Vb) can be supplied to each of the first and second
pixel electrodes 84, 48 in the positive (+) horizontal line, and
the minimum voltage Vmin and the negative () data voltage
(V2=V1-Vb) can be supplied to each of the first and second
pixel electrodes 84, 48 in the negative (-) horizontal line.
The reference voltage V1 is supplied to the common elec-
trode.

[0087] As a result, the three electrode liquid crystal dis-
play panel using the thin film transistor substrate shown in
FIG. 6 can be driven by the line inversion method.

[0088] On the other hand, if the first pixel electrode 84 is
formed to be divided for each vertical line so as to alter-
nately supply the maximum voltage Vmax and the minimum
voltage Vmin for each vertical line and the second pixel
electrode 48 alternately supplies the positive and negative
data voltage for each data line, the three electrode liquid
crystal display panel can be driven in a column inversion
method.

[0089] FIG. 7 is a plane view illustrating another structure
of the thin film transistor in the three electrode liquid crystal
display panel, which may be used with the line inversion
method.

[0090] The thin film transistor substrate shown in FIG. 7
has the same components as the thin film transistor substrate
shown in FIG. 6 except that the thin film transistor included
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in one horizontal line is alternately connected to two gate
lines GL,, GL, ,, thus a description for the repeated com-

n-1°

ponents will be omitted.

[0091] The first pixel electrode 94 shown in FIG. 7 is
formed in a line electrode structure where the first pixel
electrode 94 is divided for each horizontal line. The maxi-
mum voltage Vmax and the minimum voltage Vmin are
alternately supplied to the first pixel electrode 94 through the
pad.

[0092] The thin film transistor TFT included in one hori-
zontal line is alternately connected to the two gate lines GL,,
GL__,, and the connection structure of the thin film transistor
is repeated in the same manner for each horizontal line.
Accordingly, the liquid crystal cells can be driven using the
line inversion method even in case of using a dot inversion

data driver.

[0093] For example, in a first horizontal period where a
first gate line GL1 is driven, the positive (+) data voltage
(V2=V1+Vb) is supplied through the data line DL2, DL4
and the thin film transistor T to the second pixel electrode 48
of second and fourth liquid crystal cell areas in a first
horizontal line. In a second horizontal period where a second
gate line GL2 is driven, the positive (+) data voltage
(V2=V1+Vb) is supplied through the data line DL1, DL3
and the thin film transistor T to the second pixel electrode 48
of first and third liquid crystal cell areas in a first horizontal
line. In this case, the maximum voltage Vmax is supplied to
the first pixel electrode 94 of the first horizontal line and the
reference voltage V1 is supplied to the common electrode.
Accordingly, the positive (+) voltage is supplied to the first
horizontal line.

[0094] Further, in the second horizontal period, the nega-
tive (-) data voltage (V2=V1-Vb) is supplied through the
data line DL2, DL4 and the thin film transistor T to the
second pixel electrode 48 of the second and fourth liquid
crystal cell areas in a second horizontal line. Then, in a third
horizontal period when the third gate line GL3 is driven, the
negative () data voltage (V2=V1-Vb) is supplied through
the data line DL1, DL3 and the thin film transistor T to the
second pixel electrode 48 of first and third liquid crystal cell
areas in a second horizontal line. In this case, the minimum
voltage Vmin is supplied to the first pixel electrode 94 of the
second horizontal line and the reference voltage V1 is
supplied to the common electrode. Accordingly, the positive
(+) voltage is supplied to the second horizontal line.

[0095] As a result, the three electrode liquid crystal dis-
play parel using the thin film transistor substrate shown in
FIG. 7 can be driven using the line inversion method
resulting in a dot inversion data driver.

[0096] As described above, the three electrode liquid
crystal display panel and the driving method thereof accord-
ing to the present invention selectively supplies the maxi-
mum voltage Vmax and the minimum voltage Vmin of the
data driver to the first pixel electrode, supplies the medium
voltage between the maximum voltage Vmax and the mini-
mum voltage Vmin as the reference voltage V1 to the
common electrode, and selectively supplies the positive data
voltage (V2=V1+Vb) and the negative data voltage (V2=
V1-Vb) on the basis of the reference voltage V1 in a range
between the maximum voltage Vmax and the minimum
voltage Vmin to the second pixel electrode, thereby AC-
driving the liquid crystal.
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[0097] Further, the three electrode liquid crystal display
panel and the driving method thereof according to the
present invention includes different electrode structures for
the first pixel electrode in accordance with the inversion
method and supplies the voltage to each of the liquid crystal
cells having three electrodes, thereby enabling to drive the
liquid crystal cells by the dot inversion, frame inversion, and
line inversion methods.

[0098] Further, the three electrode liquid crystal display
panel and the driving method thereof according to the
present invention has a first pixel electrode with a horizontal
line electrode structure and where the thin film transistor
connected to the second pixel electrode is alternately con-
nected to two adjacent gate lines, thus the liquid crystal cells
can be driven by the line inversion method by use of the dot
inversion data driver.

[0099] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

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

a first pixel electrode is disposed on a first substrate with
an insulating film therebetween and is selectively
applied a maximum voltage and a minimum voltage;

a second pixel electrode is disposed on a first substrate
with an insulating film therebetween and is applied a
positive data voltage and a negative data voltage that
are relative to the medium voltage and in a range
between the maximum voltage and the minimum volt-
age; and

a common electrode is disposed on a second substrate
which is bonded with the first substrate with a liquid
crystal therebetween and is applied a medium voltage
with a voltage level between the maximum voltage and
the minimum voltage; and

wherein the liquid crystal is driven with alternating cur-
rent.
2. A liquid crystal display panel, comprising:

a first pixel electrode is disposed on a first substrate with
an insulating film therebetween and is applied is
applied a medium voltage with a voltage level between
the maximum voltage and the minimum voltage;

a second pixel electrode is disposed on a first substrate
with an insulating film therebetween and is applied a
positive data voltage and a negative data voltage that
are relative to the medium voltage and in a range
between the maximum voltage and the minimum volt-
age; and

a common electrode is disposed on a second substrate
which is bonded with the first substrate with a liquid
crystal therebetween and is selectively applied a maxi-
mum voltage and a minimum voltage; and

wherein the liquid crystal is driven with alternating cur-
rent.
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3. The liquid crystal display panel according to any one of
claims 1 and 2, further comprising:

a thin film transistor that is connected to the second pixel
electrode on the first substrate and that supplies the
positive and negative data voltages from a drive circuit;
and

a gate line and a data line which are connected to the thin
film transistor.

4. The liquid crystal display panel according to claim 3,
further comprising:

a pad that is connected to the first pixel electrode on the
first substrate and that supplies the maximum voltage
and the minimum voltage from the drive circuit.

5. The liquid crystal display panel according to claim 1,
wherein as a voltage of the second pixel electrode diverges
from a voltage of the first pixel electrode, as a horizontal
electric field component increases to drive the liquid crystal
in a white state, and as the voltage of the second pixel
electrode converges to the voltage of the first pixel electrode,
a vertical electric field component increases to drive the
liquid crystal in a black state.

6. The liquid crystal display panel according to claim 1,
wherein a positive voltage is applied to the liquid crystal if
the maximum voltage is applied to the first pixel electrode
and the positive data voltage is applied to the second pixel
electrode, and a negative voltage is applied to the liquid
crystal if the minimum voltage is applied to the first pixel
electrode and the negative data voltage is applied to the
second pixel electrode.

7. The liquid crystal display panel according to claim 3,
wherein the common electrode covers the entire surface of
the second substrate, and the first pixel electrode has a
structure including a plurality of stripes corresponding to a
line of liquid crystal cells that are defined by the crossing of
the gate line and the data line.

8. The liquid crystal display panel according to claim 7,
wherein the first pixel electrode has a dot electrode structure
for each liquid crystal cell, and the first pixel electrode is
commonly connected to a first pixel electrode in another
liquid crystal cell with the same polarity.

9. The liquid crystal display panel according to claim 8,
wherein any one voltage of the maximum voltage and the
minimum voltage, which is opposite to that of an adjacent
first pixel electrode in vertical and horizontal directions, is
applied to the first pixel electrode, and a data voltage of a
polarity, which is opposite to that of an adjacent second pixel
electrode in the vertical and horizontal directions, is applied
to the second pixel electrode, thereby inverting the polarity
of each liquid crystal cell.

10. The liquid crystal display panel according to claim 7,
wherein the first pixel electrode covers an entire surface of
the first substrate.

11. The liquid crystal display panel according to claim 10,
wherein the maximum voltage and the minimum voltage are
alternatively applied to the first pixel electrode for each
frame, and the positive and negative data voltages are
alternatively applied to the second pixel electrode for each
frame, thereby inverting the polarity of the liquid crystal cell
each frame.

12. The liquid crystal display panel according to claim 10,
wherein the maximum voltage and the minimum voltage are
alternatively applied to the common electrode for each
frame, and the positive and negative data voltages are
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alternatively applied to the second pixel electrode for each
frame, thereby inverting the polarity of the liquid crystal cell
each frame.

13. The liquid crystal display panel according to claim 7,
wherein the first pixel electrode is formed in a line electrode
structure where the first pixel electrode is divided for each
vertical or horizontal line.

14. The liquid crystal display panel according to claim 13,
wherein the maximum voltage and the minimum voltage are
alternatively applied to the first pixel electrode for each
horizontal or vertical line, and the positive and negative
voltages are alternatively applied to the second pixel elec-
trode for each horizontal or vertical line, thereby inverting
the polarity of the liquid crystal cell for each horizontal or
vertical line.

15. The liquid crystal display panel according to claim 13,
wherein when the first pixel electrode is divided for each
horizontal line, thin film transistors along a horizontal line
are alternately connected to two adjacent gate lines.

16. The liquid crystal display panel according to claim 15,
wherein the data line supplies a data voltage of which the
polarity is inverted for each horizontal and vertical line,
thereby making the polarity of the liquid crystal cell inverted
for each cell.

17. A driving method of a liquid crystal display panel,
comprising:

selectively applying a maximum voltage and a minimum
voltage to a first pixel electrode formed on a first
substrate;

applying a medium voltage with a voltage level between
the maximum voltage and the minimum voltage to a
common electrode of a second substrate, which
together with the first substrate has a liquid crystal
therebetween; and

applying a positive data voltage and a negative data
voltage that are relative to the medium voltage and in
a range between the maximum voltage and the mini-
mum voltage to a second pixel electrode which over-
laps the first pixel electrode with an insulating film
therebetween, and

wherein the liquid crystal is driven with alternating cur-
rent.
18. A driving method of a liquid crystal display panel,
comprising:

selectively applying a maximum voltage and a minimum
voltage to a common electrode formed on a first
substrate;

applying a medium voltage with a voltage level between
the maximum voltage and the minimum voltage to a
first pixel electrode of a second substrate, which
together with the first substrate has a liquid crystal
therebetween; and

applying a positive data voltage and a negative data
voltage that is relative to the medium voltage in a range
between the maximum voltage and the minimum volt-
age to a second pixel electrode, which overlaps the first
pixel electrode with an insulating film therebetween,
and

wherein the liquid crystal is driven with alternating cur-
rent.
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19. The driving method according to any one of claims 17
and 18, wherein the positive and negative data voltages are
applied using a data line and a thin film transistor.

20. The driving method according to claim 17, wherein
the maximum voltage and the minimum voltage are applied
through a pad.

21. The driving method according to claim 17, wherein as
a voltage of the second pixel electrode diverges from a
voltage of the first pixel electrode, a horizontal electric field
component increases to drive the liquid crystal in a white
state, and as the voltage of the second pixel electrode
converges to the voltage of the first pixel electrode, a vertical
electric field component increases to drive the liquid crystal
in a black state.

22. The driving method according to claim 17, wherein a
positive voltage is applied to the liquid crystal if the first
pixel electrode applies the maximum voltage and the second
pixel electrode applies the positive data voltage, and a
negative voltage is applied to the liquid crystal if the first
pixel electrode applies the minimum voltage and the second
pixel electrode applies the negative data voltage.

23. The driving method according to claim 17, wherein
the first pixel electrode formed in a dot electrode structure
for each liquid crystal cell applies any one voltage of the
maximum voltage and the minimum voltage which is oppo-
site to that of an adjacent first pixel electrode in vertical and
horizontal directions, and the second pixel electrode which
is independent for each liquid crystal cell applies a data
voltage of a polarity which is opposite to that of an adjacent
second pixel electrode in the vertical and horizontal direc-
tions, thereby inverting the polarity of each liquid crystal
cell.

24. The driving method according to claim 17, wherein
the first pixel electrode covers an entire surface of the first
substrate and the maximum voltage and the minimum volt-
age for each frame are alternatively applied to the first pixel
electrode, and the positive and negative data voltages for
each frame are4 alternatively applied to the second pixel
electrode, which is independent for each liquid crystal cell,
thereby inverting the polarity of the liquid crystal cell for
each frame.

25. The driving method according to claim 18, wherein
the common electrode covers an entire surface of the second
substrate and the maximum voltage and the minimum volt-
age for each frame are alternatively applied to the common
electrode, and the positive and negative data voltages for
each frame are alternatively applied to the second pixel
electrode which is independent for each liquid crystal cell,
thereby inverting the polarity of the liquid crystal cell for
each frame.

26. The driving method according to claim 17, wherein
the maximum voltage and the minimum voltage for each
horizontal line are alternatively applied to the first pixel
electrode divided for each horizontal line, and the positive
and negative voltages for each horizontal line are alterna-
tively applied to the second pixel electrode which is inde-
pendent for each liquid crystal cell, thereby inverting the
polarity of each horizontal line.

27. The driving method according to claim 17, wherein
the maximum voltage and the minimum voltage for each
vertical line are alternatively applied to the first pixel
electrode divided for each vertical line, and the positive and
negative voltages for each vertical line are alternatively
applied to the second pixel electrode, which is independent
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for each liquid crystal cell, thereby inverting the polarity of
the liquid crystal cell for each vertical line.

28. The driving method according to claim 17, wherein
when the second pixel electrode is divided for each liquid
crystal cell and connected to a thin film transistor and the
thin film transistor is alternately connected to two adjacent
gate lines, the first pixel electrode alternately applies the
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maximum voltage and the minimum voltage for each hori-
zontal line, and a data line connected to the thin film
transistor applies a data voltage of which the polarity is
inverted for each horizontal and vertical line, thereby invert-
ing the polarity of the liquid crystal cell for each horizontal
line.
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