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IN-PLANE SWITCHING MODE LIQUID
CRYSTAL DISPLAY DEVICE, ARRAY
SUBSTRATE FOR IN-PLANE SWITCHING
MODE LIQUID CRYSTAL DISPLAY DEVICE
AND METHOD OF DRIVING THE SAME

[0001] This Nonprovisional Application claims priority
under 35 U.S.C. §119(a) on Patent Application No. 10-2006-
0038297 filed in Korea on Apr. 27, 2006, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device, more particularly, to an array sub-
strate for an in-plane switching (IPS) mode LCD device
being capable of displaying high quality images with an
improved response rate.

[0004] 2. Description of the Related Art

[0005] Generally, in the twist nematic (TN) mode LCD
device, the pixel and common electrodes, by which a
vertical electric field driving the liquid crystal (LC) layer is
induced, are formed on different substrates.

[0006] On the other hand, in the IPS mode LCD device,
the pixel and common electrodes are formed on the same
substrate. A horizontal electric field is induced between the
pixel and common electrodes, and the LC layer is driven by
the horizontal electric field to have a wider viewing angle
than the TN mode LCD device.

[0007] FIG. 1 is a schematic view showing an array
substrate for an IPS mode LCD device according to the
related art.

[0008] As shown in FIG. 1, display and non-display areas
“DA” and “NA” are defined on a substrate 10. The non-
display area “NA” surrounds the display area “DA”. Images
are displayed in the display area “DA”. A plurality of data
drivers 30 and a plurality of gate drivers 40 are formed on
a plurality of tape carrier packages (TCPs) 20 in the non-
display area “NA”. The data drivers 30 generate image
signals to display images. The gate drivers 40 generate gate
signals to control the data signals. The TCPs 20 and the
display area “DA” are connected by a plurality of electric
lines (not shown). The data drivers 30 are disposed on one
side of the substrate 10, and the gate drivers 40 are disposed
on another side of the substrate 10.

[0009] A plurality of data lines “D,,_,”, “D,,” and “D,, ,,”
and a plurality of gate lines “G,” are formed in the display
area “DA”. The data lines “D,,_,”, “D,,” and “D,,,,” and a
plurality of gate lines “G,” cross each other to define a
plurality of pixel regions “P”. The data lines “D,,_,”, “D,”
and “D,,.,” are connected to the data drivers 30, and the gate
lines “G,” are connected to the gate drivers 40. Each pixel
region P displays image having one of red “R”, green “G”
and blue “B” colors.

[0010] A common electrode “CE” and a pixel electrode
“PE” are formed in each pixel region “P” on the substrate 10.
A horizontal electric field is induced between the common
and pixel electrodes “CE” and “PE”. The common and pixel
electrodes “CE” and “PE” may have an angle less than about
45 degrees with respect to the data lines “D,,_,”, “D,,”” and
“D,,.;”- The common and pixel electrodes “CE” and “PE”
may be parallel to the data lines “D,,_,”, “D,,” and “D,,,,”

and alternately arranged with each other. The LCD layer is
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formed over the common and pixel electrodes “CE” and
“PE”. A rubbing process is performed to the LCD layer
according to an arrow as shown in FIG. 1 to display black
images when voltages are applied to the common and pixel
electrodes “CE” and “PE”. It may be referred to as a
normally black mode.

[0011] FIGS. 2A and 2B are a perspective view for
explaining arrangements of LC molecules of an IPS mode
LCD device according to the related art.

[0012] As shown in FIG. 2A, when voltages are not
applied to the pixel and common electrodes “PE” and “CE”,
the LC molecules “LC” are aligned along an initial align-
ment direction.

[0013] As shown in FIG. 2B, when voltages, for example,
7 and 0 voltages are respectively applied to the pixel and
common electrodes “PE” and “CE”, are applied to the pixel
and common electrodes “PE” and “CE” and the horizontal
electric field are generated between the common and pixel
electrodes “CE” and “PE”, the LC molecules “LC” are
aligned along a direction of the horizontal electric field. The
LC molecules “LC” have different light transmittances
depending on magnitude of the electric field. It may be
called a rising step.

[0014] When the electric field between the common and
pixel electrodes “CE” and “PE” are removed after the rising
step, the LC molecules “LC” are realigned to the initial
alignment direction. It may be called a falling step.

[0015] Movements of the LC molecules, such as the rising
step and the falling step, appear in not only the IPS mode
LCD device but also other display devices.

[0016] In the rising step, the LC molecules “LC” are
responsive to the electric field such that they are quickly
aligned along the direction of the electric field. However, in
the falling step, the LC molecules “LC” are less responsive
than the rising step. It is because the LC molecules “LC” are
realigned to the initial alignment direction depending on the
characteristics of the LC molecules and an alignment layer,
for example, an elastic coefficient, a rotational viscosity, an
aligning force, and so on.

[0017] Since the LC molecules “LC” are slowly realigned
in the falling step, the LC molecules “LC” have undesired
alignment in the next frame and the LCD device can not
display desired images.

SUMMARY OF THE INVENTION

[0018] Accordingly, the present invention is directed to an
array substrate for an IPS mode LCD device and a method
of driving a display device having the same that substan-
tially obviates one or more of the problems due to limitations
and disadvantages of the related art.

[0019] An object of the present invention is to provide an
array substrate for an IPS mode LCD device being capable
of displaying high quality images and a method of driving an
IPS mode LCD device having the array substrate.

[0020] 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.

[0021] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
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embodied and broadly described herein, an array substrate
for an in-plane switching mode liquid crystal display device
comprises a pixel electrode in a pixel region; a common
electrode in the pixel region, the common electrode being
parallel to the pixel electrode; a first electrode in the pixel
region and crossing the pixel and common electrodes; and a
second electrode in the pixel region, the second electrode
being parallel to the first electrode.

[0022] In another aspect of the present invention, an array
substrate for an in-plane switching mode liquid crystal
display device comprises first and second gate lines along a
first direction on a substrate having a pixel region; a data line
along a second direction different from the first direction on
the substrate, the data line crossing one of the first and
second gate lines to define the pixel region; a pixel electrode
in the pixel region and along a third direction; a common
electrode in the pixel region and along the third direction,
the common electrode being spaced apart from the pixel
electrode; a first electrode in the pixel region and along a
fourth direction different from the third direction; and a
second electrode in the pixel region and along the fourth
direction, the second electrode being spaced apart from the
first electrode.

[0023] In another aspect of the present invention, a
method of driving an in-plane switching mode liquid crystal
display device, which includes a pixel electrode on a first
substrate, a common electrode on the first substrate, the
common electrode parallel to the pixel electrode, a first
electrode on the first substrate and crossing the pixel and
common electrodes, a second electrode on the first substrate,
the second electrode parallel to the first electrode, and a
second substrate facing the first substrate, comprises: apply-
ing first and second voltages to the pixel and common
electrodes, respectively, during a first period; and applying
third and fourth voltages to the first and second electrodes,
respectively, during a second period, the third voltage being
different from the fourth voltage.

[0024] In another aspect of the present invention, an
in-plane switching mode liquid display device comprises an
array substrate. The array substrate comprises a pixel elec-
trode in a pixel region; a common electrode in the pixel
region, the common electrode parallel to the pixel electrode;
a first electrode in the pixel region and crossing the pixel and
common electrodes; and a second electrode in the pixel
region, the second electrode being parallel to the first
electrode.

[0025] It 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] 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.

[0027] FIG. 1 is a schematic view showing an array
substrate for an IPS mode LCD device according to the
related art.

[0028] FIGS. 2A and 2B are schematic plane views for
showing arrangements of LC molecules of an IPS mode
LCD device according to the related art.
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[0029] FIG. 3 is a schematic plane view showing a pixel
region of an array substrate for an IPS mode LCD device
according to a first exemplary embodiment of the present
invention.

[0030] FIG. 4 is a timing chart for illustrating a driving
method of an IPS mode LCD device according to a first
exemplary embodiment of the present invention.

[0031] FIGS. 5A to 5C are schematic plane views for
showing arrangements of LC molecules of an IPS mode
LCD device according to a first exemplary embodiment of
the present invention.

[0032] FIG. 6 is a schematic view showing a pixel region
of an array substrate for an IPS LCD device according to a
second exemplary embodiment of the present invention.
[0033] FIG. 7 is a timing chart for illustrating a driving
method of an IPS mode LCD device according to a second
exemplary embodiment of the present invention.

[0034] FIGS. 8A and 8B are schematic plane views for
showing arrangements of LC molecules of an IPS mode
LCD device according to a second exemplary embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0035] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0036] FIG. 3 is a schematic plane view showing a pixel
region of an array substrate for an IPS mode LCD device
according to a first exemplary embodiment of the present
invention.

[0037] As shown in FIG. 3, not only common and pixel
electrodes “CE” and “PE” but also first and second elec-
trodes “1E” and “2E” are formed in pixel region. The
common and pixel electrodes “CE” and “PE” are separated
from and parallel to each other. Although the common and
pixel electrodes “CE” and “PE” have an zigzag shape in
FIG. 3, the common and pixel electrodes “CE” and “PE”
may have another shapes, for example, a linear bar shape.
The first and second electrodes “1E” and “2E” cross the
common and pixel electrodes “CE” and “PE”. The first and
second electrodes “1E” and “2E” are parallel to and alter-
nately arranged with each other. It should be noted that there
can be a plurality of first and second electrodes alternately
arranged with each other so that one second electrode “2E”
1s disposed between two first electrodes “1E”. The first and
second electrodes “1E” and “2E” and the pixel and common
electrodes “PE” and “CE” are formed of one of a transparent
conductive material, such as indium-tin-oxide (ITO) and
indium-zinc-oxide (IZ0), and a metallic material. The first
and second electrodes “1E” and “2E” are formed on the
same substrate as the common and pixel electrodes “CE”
and “PE”. The first and second electrodes “1E” and “2E”
may be formed of a different layer from the common and
pixel electrodes “CE” and “PE” to be electrically discon-
nected to the common and pixel electrodes “CE” and “PE”.
[0038] A first electric field is induced between the pixel
and common electrodes “PE” and “CE”. In the rising step,
the LC molecules are arranged along the first electric field.
A second electric field is induced between the first and
second electrodes “1E” and “2E” to be parallel to an initial
alignment direction of the LC molecules. In the falling step,
the LCD molecules are fast rearranged to the initial arrange-
ment of the LC molecules due to the second electric field
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between the first and second electrodes “1E” and “2E”.
Although the common and pixel electrodes are formed of the
same layer in FIG. 3, the common and pixel electrodes may
be formed of different layers. The former may be referred to
as the IPS mode, and the later may be referred to as a fringe
field switching (FFS) mode.

[0039] Although not shown in FIG. 3, a gate line and a
data line cross to define a pixel region. The common and
pixel electrodes “CE” and “PE” and the first and second
electrodes “1E” and “2E” are formed in each pixel region.
A thin film transistor (TFT) is formed in each pixel region
and electrically connected to the gate and data lines. The
TFT is turned on by a gate signal through the gate line, and
the pixel voltage is applied to the pixel electrode “PE”
through the data line. The pixel and common electrodes
“PE” and “CE” may be inclined to the gate line with an angle
less than about 45 degrees.

[0040] Voltages are applied to the first and second elec-
trodes “1E” and “2E” using one of a timing controller (not
shown) and an additional circuit unit. The voltages are
applied to the first and second electrodes “1E” and “2E” per
a desired period and for a desired time.

[0041] FIG. 4 is a timing chart for illustrating a driving
method of an IPS mode LCD device according to a first
exemplary embodiment of the present invention, and FIGS.
5A to 5C are schematic plane views for showing arrange-
ments of LC molecules of an IPS mode LCD device accord-
ing to a first exemplary embodiment of the present inven-
tion. In particular, FIGS. 5A to 5C show arrangements of LC
molecules in an image displaying step and a reset step in the
Nth frame, and an image displaying step in the (N+1)th
frame, respectively. One frame includes the image display-
ing step and the reset step.

[0042] Inthe image displaying step in the Nth frame, when
the gate signal is applied to the TFT through the gate line,
a first pixel voltage is applied to the pixel electrode “PE”. At
the same time, the common voltage is applied to the com-
mon electrode “CE”. The common electrode “CE” main-
tains the common voltage. For example, to produce a white
color image, the first pixel voltage of 7V is applied to the
pixel electrode “PE”, and the common voltage of OV is
applied to the common electrode “CE”. In this case, the LC
molecules “LC” are arranged along a direction of a first
electric field between the pixel and common electrodes “PE”
and “CE” as shown in FIG. 5A to produce the white color
image. It is called the rising step. In the image displaying
step, an electric field is not induced between the first and
second electrodes “1E” and “2E”.

[0043] Next, the reset step is performed after the image
displaying step. In the reset step, a second electric field is
induced between the first and second electrodes “1E” and
“2E” to fast rearrange the LC molecules to the initial
arrangement. Namely, to remove the first electric field
between the common and pixel electrodes “CE” and “PE”,
a second pixel voltage, which may be the same as the
common voltage, is applied to the pixel electrode “PE”.
Moreover, first and second voltages are respectively applied
to the first and second electrodes “1E” and “2E” to induce
the second electric field between the first and second elec-
trodes “1E” and “2E”. The first voltage has a range between
5V and 50V. In FIG. 4, the first and second voltages are 10V
and OV, respectively. The second electrode “2E” may main-
tain the second voltage. The first and second voltages may
be applied to the first and second electrodes “1E” and “2E”
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using a timing controller. However, the first and second
voltages may be applied to the first and second electrodes
“1E” and “2E” using additional TFT and circuits.

[0044] As a result, the second electric field is generated
between the first and second electrodes “1E” and “2E”, and
the LC molecules “L.C” are fast rearranged into the initial
arrangement as shown in FIG. 5B. It is called the falling
step. In this case, the reset step may be between %0 and 2
as much as the period of the one frame. The period of the
reset step may be various depending on characteristics of the
LC molecules and the alignment layer.

[0045] Next, in the applying step of the (N+1)th frame, a
third pixel voltage, which may be 3V, is applied to the pixel
electrode “PE”. Since the common electrode “CE” main-
tains the common voltage of 0V, a third electric field is
generated between the pixel and common electrodes “PE”
and “CE”. The LC molecules “LC” are arranged along the
third electric field, as shown in FIG. 5C. In this case, the first
and second electrodes “1E” and “2E” do not generate an
electric field. Since the LC molecules “LC” return to the
initial arrangement due to the reset step, the LC molecules
“LC” are very responsive to the third electric field to
produce desired images. After the image displaying step of
the (N+1)th frame, the reset step is also performed.

[0046] FIG. 6 is a schematic view showing a pixel region
of an array substrate for an IPS LCD device according to a
second exemplary embodiment of the present invention.

[0047] As shown in FIG. 6, a data line “DL” crosses first
and second gate lines “GL.1” and “GL2”. The pixel region
“P” is defined by crossing between the data line “DL” and
one of the first and second gate lines “GL1” and “GL2”. The
common and pixel electrodes “CE” and “PE” and the first
and second electrodes “1E” and “2E” are formed in the pixel
region “P”. The common and pixel electrodes “CE” and
“PE” and the first and second electrodes “1E” and “2E” are
arranged to form a square shape. The common electrode
“CE” faces the pixel electrode “PE”, and the first electrode
“1E” faces the second electrode “2E”.

[0048] First to fourth switching elements “T1”, “T2”,
“T3” and “T4” are formed in the pixel region “P”. The first
to fourth switching elements “T1”, “T2”, “I3” and “T4”
may be the TFTs. For example, the first switching element
“T1” of the TFT includes a gate line, a semiconductor layer,
a source electrode and a drain electrode. The gate line
extends from the gate line, and the source electrode extends
from the data line. The drain electrode is separated from the
source electrode.

[0049] The first switching element “T1” is connected to
the data line “DL” and the first gate line “GL1”. The first
switching element “T1” is turned on depending on the first
gate signal, which is applied to the first switching element
“T1” through the first gate line “GL1”, and then the pixel
voltage “Vpx” is applied to the pixel electrode “PE” through
the data line “DL” and the first TFT “T1”.

[0050] The second switching element ““T2” is connected to
the first switching element “T1” and the first electrode “1E”.
The second switching element “T2” is turned on depending
on the first gate signal, and then the pixel voltage “Vpx” is
applied to the first electrode “1E”.

[0051] The third switching element “T3” is connected to
the second gate line “GL2” and the first electrode “1E”. The
third switching element “T3” is turned on depending on the
second gate signal, which is applied to the third switching
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element “T3” through the second gate line “GL2”, and then
a reset voltage “Vr” is applied to the first electrode “1E”.
[0052] The fourth switching element “T4” is connected to
the first gate line “GL2” and the common electrode “CE”.
The fourth switching element “T4” is turned on depending
on the first gate signal, and then the common voltage
“Veom”, which is directly applied to the second electrode
“2E”, is applied to the common electrode “2E”. The com-
mon voltage “Vcom™ may be directly applied to the com-
mon electrode “CE” without the fourth switching element
“T4”.

[0053] A method of driving an IPS mode LCD device
having the above-mentioned array substrate is explained
with reference to FIGS. 7, 8A and 8B. FIG. 7 is a timing
chart for illustrating a driving method of an IPS mode LCD
device according to a second exemplary embodiment of the
present invention, and FIGS. 8A and 8B are schematic plane
views for showing arrangements of L.C molecules of an IPS
mode LCD device according to a second exemplary embodi-
ment of the present invention.

[0054] The IPS mode LCD device displays a first image in
the Nth frame and a second image in the (N+1)th image.
Each of the Nth and (N+1)th frames includes the image
displaying step and the reset step. The reset step is disposed
between the image displaying steps in the Nth and (N+1)th
frames. FIGS. 8A and 8B show arrangements of LC mol-
ecules in the image displaying step and the reset step,
respectively.

[0055] In the image displaying step, voltages are applied
to the electrodes. To display a white image, the first switch-
ing element “T1” (of FIG. 6) is turned on by the first gate
signal, and then the first pixel voltage is applied to the pixel
electrode “PE”. At the same time, the second switching
element “T2” (of FIG. 6) is also turned on by the first gate
signal, and then the first pixel voltage is applied to the first
electrode “1E”. Moreover, the fourth switching element
“T4” (of FIG. 6) is also turned on by the first gate signal, and
then the common voltage “Vcom” is applied to the common
electrode “CE”. The common voltage “Vcom” is applied to
the second electrode “2E” irrespective of being on and off of
the fourth switching element “T4” (of F1G. 6). The first pixel
voltage and the common voltage “Vcom” may be 7V and
0V, respectively.

[0056] Namely, the pixel electrode “PE” and the first
electrode “1E” have the same voltage, and the common
electrode “CE” and the second electrode “2E” have the same
voltage. As a result, the pixel electrode “PE” and the first
electrode “1E” function as one electrode, and the common
electrode “CE” and the second electrode “2E” function as
the other electrode. A first electric field is generated between
the one and the other electrodes such that the LC molecules
“LC” are arranged along the first electric field as shown in
FIG. 8A.

[0057] Next, in the reset step, a second electric field is
generated between the first and second electrodes “1E” and
“2E”, but not between the pixel and common electrodes
“PE” and “CE”, to fast rearrange the L.C molecules “LC” to
the initial arrangement.

[0058] In more details, to remove the first electric field
between the pixel and common electrodes “PE” and “CE”,
an “off” state is induced between the pixel and common
electrodes “PE” and “CE”. Namely, the second pixel volt-
age, which is the same as the common voltage, is applied to
the pixel and common electrodes “PE” and “CE”, and the
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electric field is not generated between the pixel and common
electrodes “PE” and “CE”. In other hands, the third switch-
ing element “T3” is turned on by the second gate signal, and
then a reset voltage “Vr” (of FIG. 6) is applied to the first
electrode “1E”. The reset voltage “Vr” (of FIG. 6) may be
between 5V and 50V. Since the second electrode “2E”
maintains the common voltage “Vcom™ different from the
reset voltage, a second electric field is generated between the
first and second electrodes “1E” and “2E”. Then, the LC
molecules “LC” are arranged along the second electric field.
The second electric filed may be parallel to the initial
arrangement of the LC molecules “LC”, as shown in FIG.
8B. In this case, the reset step may be between Y40 and ¥ as
much as the period of the one frame. The period of the reset
step may be various depending on characteristics of the LC
molecules and the alignment layer.

[0059] After the reset step, the image displaying step of
the (N+1)th frame is performed. In the image displaying step
of the (N+1)th frame, a third pixel voltage is applied to the
pixel electrode “PE” and the first electrode “1E”. Similarly
to the image displaying step of the Nth frame, the pixel
electrode “PE” and the first electrode “1E” have the same
voltage, and the common electrode “CE” and the second
electrode “2E” have the same voltage. A third electric field
is generated between the combination of the pixel and first
electrodes “PE” and “1E” and the combination of the
common and second electrodes “CE” and “2E”, and the LC
molecules “LC” are arranged along the third electric field.
Since the LC molecules “LC” are arranged in the initial
arrangement of the LC molecules “L.C” due to the reset step,
the TIPS mode LCD device can display desired images.
[0060] After the image displaying step of the (N+1)th
frame, the reset step is also performed.

[0061] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
organic electroluminescent device and fabricating method
thereof of the present invention without departing from the
spirit or scope of the invention. Thus, it is intended that the
present invention 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. An array substrate for an in-plane switching mode
liquid crystal display device, the array substrate comprising:

a pixel electrode in a pixel region;

a common electrode in the pixel region, the common

electrode being parallel to the pixel electrode;

a first electrode in the pixel region and crossing the pixel

and common electrodes; and

a second electrode in the pixel region, the second elec-

trode being parallel to the first electrode.

2. The array substrate according to claim 1, further
comprising

a substrate;

a gate line on the substrate; and

a data line crossing the gate line to define the pixel region.

3. The array substrate according to claim 2, wherein the
first and second electrodes are parallel to the gate line.

4. The array substrate according to claim 1, wherein the
first and second electrodes includes one of a transparent
conductive material and a metallic material, and wherein the
transparent conductive material includes one of indium-tin-
oxide and indium-zinc-oxide.
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5. The array substrate according to claim 1, further
comptising at least one third electrode and at least one fourth
electrode alternately arranged with each other and parallel to
the first and second electrode.

6. The array substrate according to claim 1, wherein the
pixel and common electrodes have a zigzag shape.

7. The array substrate according to claim 1, wherein the
pixel and common electrodes have an angle of about 45
degrees with respect to the first and second electrodes.

8. The array substrate according to claim 1, wherein the
pixel electrode, the common electrode, the first electrode
and the second electrode form a square shape.

9. The array substrate according to claim 1, wherein the
common electrode and the second electrode receive the
same voltage.

10. The array substrate according to claim 1, wherein the
pixel electrode and the first electrode receive different
voltages.

11. The array substrate according to claim 1, wherein the
pixel and common electrodes are respectively formed on
first and second layers, and the first and second electrodes
are respectively formed on third and fourth layers, wherein
each of the third and fourth layers is different from both the
first and second layers.

12. The array substrate according to claim 11, wherein the
first and second layers are the same, and the third and fourth
layers are the same.

13. The array substrate according to claim 1, wherein the
pixel electrode and the common electrode form a first
electric field in an image displaying period such that liquid
crystal molecules in the pixel region rotate from an initial
arrangement to a display arrangement by the first electric
field, the first electrode and the second electrode form a
second electric field in a reset period such that the liquid
crystal molecules in the pixel region return to the initial
arrangement by the second electric field, and the image
displaying period and the reset period are non-overlapped.

14. An array substrate for an in-plane switching mode
liquid crystal display device, the array substrate comprising:

first and second gate lines extending along a first direction
on a substrate having a pixel region;

a data line extending along a second direction different
from the first direction on the substrate, the data line
crossing one of the first and second gate lines to define
the pixel region;

a pixel electrode in the pixel region and along a third
direction;

a common electrode in the pixel region and extending
along the third direction, the common electrode being
spaced apart from the pixel electrode;

a first electrode in the pixel region and extending along a
fourth direction different from the third direction; and

asecond electrode in the pixel region and extending along
the fourth direction, the second electrode being spaced
apart from the first electrode.

15. The array substrate according to claim 14, wherein the
pixel electrode and the common electrode form a first
electric field in an image displaying period such that liquid
crystal molecules in the pixel region rotate from an initial
arrangement to a display arrangement by the first electric
field, the first electrode and the second electrode form a
second electric field in a reset period such that the liquid
crystal molecules in the pixel region return to the initial
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arrangement by the second electric field, and the image
displaying period and the reset period are non-overlapped.

16. The array substrate according to claim 14, further
comprising:

a first switching element connected to the first gate line

and the pixel electrode;

a second switching element connected to the first switch-

ing element and the first electrode;

a third switching element connected to the second gate

line and the first electrode; and

a common line connected to the common electrode and

the second electrode.

17. The array substrate according to claim 16, further
comprising a fourth switching element connected to the first
gate line, the common electrode and the common line.

18. The array substrate according to claim 17, wherein the
first, second, third and fourth switching elements are thin
film transistor.

19. The array substrate according to claim 14, wherein
each of the first and second electrodes includes one of a
transparent conductive material and a metallic material, and
wherein the transparent conductive material includes one of
indium-tin-oxide and indium-zinc-oxide.

20. The array substrate according to claim 14, wherein the
third direction is the same as the first direction.

21. The array substrate according to claim 14, wherein the
fourth direction is the same as the second direction.

22. The array substrate according to claim 14, wherein the
pixel and common electrodes and the first and second
electrodes form a square shape.

23. The array substrate according to claim 14, wherein the
pixel and common electrodes are respectively formed on
first and second layers, and the first and second electrodes
are respectively formed on third and fourth layers, wherein
each of the third and fourth layers is different from both the
first and second layers.

24. The array substrate according to claim 23, wherein the
first and second layers are the same, and the third and fourth
layers are the same.

25. A method of driving an in-plane switching mode
liquid crystal display device, which includes a pixel elec-
trode on a first substrate, a common electrode on the first
substrate, the common electrode parallel to the pixel elec-
trode, a first electrode on the first substrate and crossing the
pixel and common electrodes, a second electrode on the first
substrate and parallel to the first electrode, and a second
substrate facing the first substrate, the method comprising:

applying first and second voltages to the pixel and com-

mon electrodes, respectively, during a first period; and
applying third and fourth voltages to the first and second

electrodes, respectively, during a second period, the

third voltage being different from the fourth voltage.

26. The method according to claim 25, further comprising

applying the fourth voltage to the first and second elec-

trodes during the first period; and

applying the second voltage to the pixel and common

electrodes during the second period.

27. The method according to claim 25, wherein the first
voltage is different from the second voltage.

28. The method according to claim 25, wherein the first
period is alternated with the second period.

29. The method according to claim 28, wherein the first
period is immediately adjacent from the second period.



US 2007/0252938 A1l

30. The method according to claim 25, wherein the second
and fourth voltages are the same.

31. The method according to claim 25, wherein the third
voltages is between about 5V and about 50V.

32. The method according to claim 25, wherein a period
of one frame is a summation of the first and second periods.

33. The method according to claim 32, wherein the second
period is between one twentieth and one half as much as the
period of one frame.

34. The method according to claim 25, wherein the steps
of applying the first and second voltages and applying the
third and fourth voltages are repeatedly performed.

35. The method according to claim 25, further compris-
ing:

applying the first voltage to the first electrode and the

second voltage to the second electrode during the first
period, wherein the first voltage is different from the
second voltage; and

applying the second voltage to the pixel and common

electrodes during the second period.

36. An in-plane switching mode liquid display device,
comptrising:

an array substrate, the array substrate comprising:

a pixel electrode in a pixel region;
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a common electrode in the pixel region, the common
electrode parallel to the pixel electrode;

a first electrode in the pixel region and crossing the
pixel and common electrodes; and

a second electrode in the pixel region, the second
electrode being parallel to the first electrode.

37. The device according to claim 36, wherein the pixel
electrode and the common electrode form a first electric field
in an image displaying period such that liquid crystal
molecules in the pixel region rotate from an initial arrange-
ment to a display arrangement by the first electric field, the
first electrode and the second electrode form a second
electric field in a reset period such that the liquid crystal
molecules in the pixel region return to the initial arrange-
ment by the second electric field, and the image displaying
period and the reset period are non-overlapped.

38. The device according to claim 36, wherein the first
and second electrodes are parallel to a gate line.

39. The device according to claim 36, wherein the pixel
electrode, the common electrode, the first electrode and the
second electrode form a square shape.



patsnap

TREMOF) HRVREXRSEREE , BRNREXRREREBERAKSIERRERS 5 E
[F(RE)E US20070252938A1 K (aH)A 2007-11-01
BRiES US11/790618 % A 2007-04-26

FRIEFB(ERPA(R) FTEERERLTF
i (E R AGR) LG.PHILIPS LCD CO. , LTD.
LFERE(ERD)AGE) LG DISPLAY CO., LTD.

[FRIRBAA CHOI SANG HO
PARK JONG JIN

KBEAN CHOI, SANG HO
PARK, JONG-JIN
IPCH & G02F1/1343
CPCo %= GO02F1/134363 G09G2310/06 G09G3/3659 G02F2201/122
i 51X 1020060038297 2006-04-27 KR
H AN FF 32k US8681302
SNEBEEE Espacenet USPTO
BE(F) o P G
RE—FEIIERTEANNRENRREREBEN S L. RIFHEHH | R l
BN ERDEGEXFHNERBIGRKIGFN LB, NAHBR "

FOTEEBREEXFEPNE - LRASGRENLHBRIERER
X BBl , F-BIREE—BRFT.

GL1 TN

6510

652 0—



https://share-analytics.zhihuiya.com/view/172487f2-7ec2-4256-9dd5-f6db2c7a22f4
https://worldwide.espacenet.com/patent/search/family/038647941/publication/US2007252938A1?q=US2007252938A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070252938%22.PGNR.&OS=DN/20070252938&RS=DN/20070252938

