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LIQUID CRYSTAL DISPLAY DEVICE USING
IN-PLANE SWITCHING MODE

CLAIM FOR PRIORITY

[0001] This application claims the benefit of the Korean
Patent Application No. P2004-118365 filed on Dec. 31,2004,
which is hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to an in-plane switch-
ing (IPS) mode liquid crystal display (LCD) device, and more
particularly, to an IPS mode LCD device not having common
electrode forming a horizontal field with adjacent horizontal
electrodes.

DESCRIPTION OF THE RELATED ART

[0003] As many kind of portable electric device such as a
mobile phone, a PDA, and a notebook are in increasing
demand, the demand for a flat panel display device having
light, thin, short, and small characteristics has concurrently
increased.

[0004] Among the flat panel display devices, such as a
liquid crystal display (LCD) device, a plasma display panel
(PDP), a field emission display (FED), a vacuum fluorescent
display (VFD), etc, the LCD device is most ubiquitous due to
the massive production, simple driving method, and high
picture quality.

[0005] The LCD device displays an image by controlling
the optical transmittance of the liquid crystal by using an
electric field. The LCD device is provided with a liquid crys-
tal display panel having pixels arranged in a matrix form, and
a driving circuit for driving the liquid crystal panel.

[0006] FIG. 1 shows a unit pixel of an IPS mode LCD
device in accordance with the related art. As shown in FIG. 1,
gate lines 101 and data lines 102 crossing each other define a
pixel region. A thin film transistor (TFT) as a switching
device is formed at an intersection between the gate lines 101
and the data lines 102. At each pixel of the liquid crystal
display panel, a pixel electrode 103 and a common electrode
105 are alternately arranged. The pixel electrode 103 receives
a data signal from source/drain electrodes 106 and 107 of the
TFT thereby to form a horizontal field with the common
electrode on the first substrate.

[0007] The LCD device displays an image by controlling
optical transmittance of the liquid crystal by an electric field
applied between the pixel electrode 103 and the common
electrode 105 according to data signals supplied to each pixel
electrode.

[0008] Although not shown, a second substrate, a color
filter substrate is formed to face to the first substrate, and a
liquid crystal layer is formed at a gap between the first sub-
strate and the second substrate.

[0009] Liquid crystal molecules of the liquid crystal layer
are driven by a horizontal field formed between the pixel
electrode 103 and the common electrode 105. Accordingly,
the IPS mode LCD device has a wider viewing angle than that
of an LCD device driven by a twisted nematic (ITN) mode
thereby to obtain a viewing angle corresponding to approxi-
mately 80~85° in right and left directions and in up and down
directions.

[0010] FIG.2isacircuit diagram showing a unit pixel of an
IPS mode LCD device. Referring to FIG. 2, a thin film tran-
sistor (TFT), a switching device is formed at an intersection
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between a gate line (Vgate) and a data line (Vdata). The TFT
is connected to a pixel electrode (not shown) for applying an
electric field to liquid crystal. A horizontal field is formed
between the pixel electrode and the common electrode
(Vcom). In addition, the pixel electrode, the common elec-
trode, and the liquid crystal layer form one capacitor (C, ).
The pixel electrode, the common electrode, and an insulating
layer formed between the pixel electrode and the common
electrode further form a storage capacitor (C,), and maintain
a data signal.

[0011] As the LCD device becomes larger, the gate line and
the data line arranged in horizontal and vertical directions on
the substrate become long thereby to increase the linear resis-
tance. Accordingly, TFTs formed on one gate line are not
constantly driven, which is called as a line delay phenom-
enon. That is, even if a scan signal is applied to one gate line,
if the gate line is long, the first TFT and the N TFT receive
different scan signals due to a linear resistance.

[0012] Also, sincea large sized LCD panelis not formed by
a single photo mask process, several photo mask processes
are performed to fabricate a LCD panel. Therefore, TFTs
formed by each photo mask process may have different char-
acteristics, which realize different picture qualities at each
unit pixel and lower the picture quality.

[0013] Also, in the related IPS mode LCD device, a pixel
electrode and a common electrode are provided in parallel
with each other to apply a horizontal field. However, since the
common electrode decreases the aperture ratio, the common
electrode line is adjacent to the gate line in order to maximize
the pixel region. During the process, a short-circuit may be
generated between the gate line and the common electrode
line.

SUMMARY OF THE INVENTION

[0014] An in-plane switching (IPS) mode L.CD device is
provided that prevents lowering of the picture quality dueto a
line delay or different characteristics between TFTs by form-
ing a horizontal field between electrodes formed at adjacent
pixels without constructing a common electrode. A method of
fabricating the IPS mode LCD device contains simple pro-
cesses in which problems are avoided such as short between
gate lines and common lines generated when forming the gate
lines.

[0015] By way of introduction only an IPS mode com-
prises: a pixel defined by a plurality of gate lines and a
plurality of data lines crossing each other; a pair of switching
devices formed at an intersection between the gate line and
the data line and formed at the pixel, one of the pair of
switching devices connected to one of the data lines and the
other of the pair of switching devices connected to another of
the data lines; and a first electrode and a second electrode
respectively connected to the pair of switching devices.
[0016] According to another aspect of the present inven-
tion, an [PS mode L.CD device is provided that comprises: a
pixel defined by a plurality of gate lines and a plurality of data
lines crossing each other; a switching device formed at the
pixel; and a first and second electrode formed at the pixel. The
first electrode is connected to the switching device and the
second electrode extends from the first electrode formed at an
adjacent pixel.

[0017] According to another aspect of the present inven-
tion, an in-plane switching (IPS) mode display device com-
prises: a pixel defined by a plurality of gate lines and a
plurality of data lines crossing each other; a switching device
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formed at the pixel; and a first electrode and a second elec-
trode disposed at the pixel. The first electrode is connected
with one of the data lines through the switching device and the
second electrode is connected with another of the data lines.
[0018] The foregoing features, aspects and advantages of
the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] 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 invention.
[0020] In the drawings:

[0021] FIG. 1 is a plane view showing an IPS mode LCD
device in accordance with the related art;

[0022] FIG. 2 is a circuit diagram showing a unit pixel of
the IPS mode LCD device in accordance with the related art;
[0023] FIG. 3 is a circuit diagram of a unit pixel according
to a first embodiment of the present invention;

[0024] FIG. 4A is a plane view showing the unit pixel
according to the first embodiment of the present invention;
[0025] FIG. 4B is a sectional view showing the unit pixel
according to the first embodiment of the present invention;
[0026] FIGS.5A and 5B are respectively a plane view and
a sectional view showing another construction of the first
embodiment of the present invention;

[0027] FIG. 6 is a circuit diagram showing a unit pixel
according to a second embodiment of the present invention;
and

[0028] FIG.7is aplane view showing the unit pixel accord-
ing to the second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] 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.

[0030] An IPS mode LCD device according to a first
embodiment of the present invention is provided with a pair of
switching devices formed at each unit pixel, and a horizontal
electrode respectively connected to the switching devices.
Also, inthe IPS mode LCD device, a common electrodeis not
formed, and a horizontal field is formed between horizontal
electrodes respectively applied to adjacent data lines. That is,
a horizontal field is formed by a first horizontal electrode that
receives a data voltage through a first switching device con-
nected to a first data line and by a second horizontal electrode
that receives a data voltage through a second switching device
connected to a second data line. A first data voltage through
the first data line is applied to the first horizontal electrode
through the first switching device and a second data voltage
through the second data line is applied to the second horizon-
tal electrode through the second switching device so that a
voltage difference between the first data voltage and the sec-
ond voltage may be image information.

[0031] Inan IPS mode LCD device according to a second
embodiment of the present invention, one switching device is
formed at each unit pixel and a horizontal electrode is con-
nected to the unit pixel. The horizontal electrode includes a
first horizontal electrode formed at the N unit pixel and a
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second horizontal electrode formed at the N=-1% unit pixel.

The first horizontal electrode and the second horizontal elec-
trode are formed as aunit. Also, ahorizontal field is formed by
an N* data voltage applied to the first horizontal electrode
from the N data line and by an N+1? data voltage applied to
the second horizontal electrode from the N+1# data line, and
the voltage difference between the N” data voltage and the
N+17 data voltage realizes an image information of unit
pixel.

[0032] FIG. 3 is a circuit diagram of a unit pixel according
to a first embodiment of the present invention. As shown, a
unit pixel is defined by a plurality of gate lines G1, G2, G3 .
.. and aplurality of data lines D1, D2, D3 ... crossing to each
other.

[0033] A pair of TFTs (T1 and T2) are respectively pro-
vided at each unit pixel as a switching device, and the TFTs
are connected to horizontal electrodes. The horizontal elec-
trodes are in parallel with each other, and a capacitor is
formed between the horizontal electrodes and a liquid crystal
layer therebetween. Between the horizontal electrodes, a
horizontal field is formed by voltages applied from the data
lines, and a capacitor is formed.

[0034] FIGS. 4A and 4B show the unit pixel according to
the first embodiment of the present invention.

[0035] Referring to FIG. 4, a plurality of gate lines 401 are
formed to cross a plurality of data lines 402a and 4024
thereby to define a unit pixel 430. The unit pixel 430 is
provided with a pair of TFTs 410 and 420, switching devices.
The pair of TFTs are a first TFT 410 and a second TFT 420.
[0036] The first TFT 410 is formed at an intersection
between the gate line 401 and the first data line 4024, and the
second TFT 420 is formed at an intersection between the gate
line 401 and the second data line 402.

[0037] The first TFT 410 is connected to a first horizontal
electrode 404 through a drain electrode 403 thereof, and the
second TFT 420 is connected to a second horizontal electrode
405 through a drain electrode thereof. The first horizontal
electrode 404 and the second horizontal electrode 405 may be
respectively provided with one or at least two sub electrodes
in parallel with each other. The first horizontal electrode 404
and the second horizontal electrode 405 are in parallel with
each other, and form a horizontal field by voltages applied
from the first data line 402q and the second data line 4025.
Liquid crystal is driven by the horizontal field.

[0038] The first horizontal electrode 404 and the second
horizontal electrode 405 may be formed of a transparent
material on the same layer. Also, as shown in FIG. 5A, one
may be formed of a transparent material and another may be
formed of a opaque material such as a gate electrode forming
material.

[0039] The LCD devices shown in FIGS. 4A and 5A have
the same function even if they are different from each other
according to a process step of a horizontal electrode.

[0040] As shown in FIG. 4A, the first horizontal electrode
404 and the second horizontal electrode 405 are formed of a
transparent material to increase an aperture ratio.

[0041] As aforementioned, in the LCD device according to
the first embodiment of the present invention, the first TEFT
and the second TFT are provided at each unit pixel. and the
first horizontal electrode and the second horizontal electrode
are respectively connected to the first TFT and the second
TFT to form a horizontal field. Accordingly, the structure is
simpler than the related IPS mode LCD device for generating
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a horizontal field using a common electrode and a pixel elec-
trode, and the aperture ratio is increased.

[0042] In the related IPS mode L.CD device, a common
electrode line and a gate line are simultaneously formed, and
the common electrode line and the gate line are formed to be
adjacent to each other as much as possible in order to increase
an aperture ratio of unit pixel region. However, during the
process, a short-circuit between the gate line and the common
electrode line may be generated, and a rework process for
repairing the shorted gate line is required.

[0043] On the contrary, in the present invention, a common
electrode line is not formed. This accordingly does not cause
a short-circuit between the common electrode line and a gate
line and thereby a rework process for repairing a short-cir-
cuited gate line may be avoided.

[0044] In the related IPS mode LCD device, a horizontal
field is formed by a common electrode to which a common
voltage is applied and a pixel electrode to which a data voltage
is applied from a data line thereby to realize image informa-
tion. However, the present invention is not provided with a
common electrode thereby to realize image information in a
different way from the related art. That is, in the present
invention, image information is realized by a voltage differ-
ence between the first data voltage and the second voltage
simultaneously applied to the unit pixel.

[0045] Hereinafter, an operation for realizing image infor-
mation will be explained in more detail.

[0046] When a scan signal is applied to gate lines one by
one from a gate driving circuit, channels of the first TFT 410
and the second TFT 420 of each unit pixel connected to the
gate lines are turned on. Then, data signals are applied to each
TFT as much as an amount corresponding to one gate line
through data lines.

[0047] Accordingly, a first data signal is applied to the first
horizontal electrode 404 through the first data line 4024 and
the first TFT 410, and a second data signal is applied to the
second horizontal electrode 405 through the second data line
402b and the second TFT 420. By data voltages applied to the
first horizontal electrode and the second horizontal electrode,
a horizontal field is generated between the first horizontal
electrode and the second horizontal electrode thereby to drive
liquid crystal.

[0048] Since liquid crystal has to be driven by the data
voltages applied to the first horizontal electrode and the sec-
ond horizontal electrode, a voltage difference between the
two data voltages is equal to a voltage difference between the
related common voltage and the pixel electrode.

[0049] Therefore, the first data voltage and the second data
voltage are different from those of the related art. Also, the
first and second data voltages are adjusted so that a voltage
difference between the first data voltage and the second data
voltage may be equal to a voltage difference between the
common voltage and the pixel electrode of related art. That is,
two data voltages are applied to each unit pixel by an adjust-
ment so that a voltage difference between the two data volt-
ages may be realized as image information.

[0050] The first and second data voltages are adjusted by a
timing controller. First, external data signals are adjusted by
the timing controller thereby to generate adjusted data sig-
nals. Then, the data signals are applied to the data lines
thereby to realize image information.

[0051] At the time of applying data signals to horizontal
electrodes, a capacitor is formed between the horizontal elec-
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trodes to serve as a storage capacitor for maintaining image
information of the unit pixel for a certain time.

[0052] FIG. 4B is a sectional view taken along line I-I in
FIG. 4A showing the first embodiment of the present inven-
tion.

[0053] Referring to FIG. 4B, two TFTs 410 and 420 are
formed at each unit pixel, and horizontal electrodes 404 and
405 are connected to the TFTs.

[0054] More specifically, a gate electrode 450 is formed on
a substrate 400, and the gate electrode 450 is insulated by a
gate insulating layer 451. On the gate insulating layer 451, an
active layer 460 containing a semiconductor is formed. The
active layer 460 is insulated by an interlayer 452.

[0055] On the interlayer 452, a source electrode 470 and a
drain electrode 403 respectively connected to the active layer
460 are formed. A passivation layer 453 is formed on the
source/drain electrodes.

[0056] Horizontal electrodes 404 and 405 connected to the
drain electrode 403 are formed on the passivation layer 453.
The horizontal electrodes are composed of a first horizontal
electrode 404 and a second horizontal electrode 405 respec-
tively connected to the pair of TFTs 410 and 420. The firstand
second horizontal electrodes 404 and 405 are formed of a
transparent material to increase an aperture ratio.

[0057] Inthe LCD device according to the first embodiment
of the present invention, the horizontal electrode may be
formed of a same metal of a gate line.

[0058] FIG. 5A shows that one horizontal electrode
between horizontal electrodes facing each other is formed of
a same material of gate line.

[0059] The construction of FIG. 5A is the same as that of
FIG. 4A except that a second horizontal electrode is formed of
the same material as a gate line and is formed on the same
layer as the gate line.

[0060] As shown in FIG. SA, the second horizontal elec-
trode 406 may be formed of a metal layer such as Al, Mo, etc.,
and may be simultaneously patterned in a process for forming
a gate line.

[0061] FIG. 5B is a sectional view taken along line II-IT in
FIG. 5A, which shows the second horizontal electrode 406 is
formed on the same layer as a gate line 450 and is connected
to a drain electrode 403 of a second TFT 420.

[0062] According to the first embodiment of the present
invention, a pair of switching devices are formed at each umt
pixel, and horizontal electrodes are connected to the switch-
ing devices. Accordingly, even if a linear resistance is greatly
generated due to a long gate line, almost the same gate voltage
is applied to a pair of TFTs formed at each unit pixel. Also,
since image information is realized by a voltage difference
between adjacent data voltages, a line delay may be removed.

[0063] Since the unit pixel is driven by the TFT inside the
unit pixel and data voltages applied from adjacent data lines
for defining each unit pixel, the TFT serves as a switching
device having almost no deviation in the unit pixel even if the
TFT serves as a switching device having different character-
istics according to a position on the substrate. Accordingly, a
picture quality lowering due to the deviation of the TFT may
be prevented.

[0064] According to the present invention, it is also pos-
sible to construct one TFT at the unit pixel and to provide one
horizontal electrode formed at two adjacent pixels to be con-
nected to the drain electrode of the TFT.
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[0065] Hereinafter, the LCD device according to the second
embodiment of the present invention will be explained with
reference to FIGS. 6 and 7.

[0066] FIG. 6 is a circuit diagram showing a unit pixel
according to a second embodiment of the present invention.
Referring to FIG. 6, one TFT is provided at a unit pixel, and
one horizontal electrode formed at two adjacent pixels is
connected to the TFT.

[0067] The second embodiment of the present invention is
different from the first embodiment in that one switching
device is provided at each unit pixel, one integrated horizontal
electrode is formed at two adjacent pixels, and the horizontal
electrode is controlled by the switching device.

[0068] FIG.7isaplane view showing the unit pixel accord-
ing to the second embodiment of the present invention.
[0069] A structure and an operation of the LCD device
according to the second embodiment of the present invention
will be explained with reference to FIG. 7.

[0070] The LCD device according to the second embodi-
ment of the present invention comprises: unit pixels 640 and
650 defined by a plurality of gate lines 601 and a plurality of
data lines 602a and 6025 crossing to each other; one TFT 610
formed at each unit pixel; and a horizontal electrode inte-
grally formed at adjacent unit pixels to be connected to the
switching device.

[0071] The horizontal electrode includes a first horizontal
electrode 620 and a second horizontal electrode 630 inte-
grally formed at adjacent unit pixels.

[0072] The first horizontal electrode 620 is formed at the
N unit pixel and the second horizontal electrode 630 is
formed at the N-17 unit pixel positioned at the left side of the
N unit pixel in FIG. 7, so that one horizontal electrode is
formed at two adjacent unit pixels.

[0073] The first horizontal electrode 620 and the second
horizontal electrode 630 may be further provided with a plu-
rality of sub parallel horizontal electrodes in parallel, and are
in parallel with horizontal electrodes formed at an adjacent
unit pixel. That is, since the first horizontal electrode and the
second horizontal electrode are integrally connected to each
other at each unit pixel, the first and second horizontal elec-
trodes 620 and 630 are together formed at an arbitrary unit
pixel and the two horizontal electrodes are in parallel with
each other. Also, the first and second horizontal electrodes
620 and 630 formed at one unit pixel are driven by a different
TFT formed at an adjacent unit pixel thereby to form a hori-
zontal field.

[0074] The LCD device according to the second embodi-
ment of the present invention comprises one TFT formed at
each unit pixel, the first horizontal electrode 620 formed at the
N unit pixel, and the second horizontal electrode 630
extended from the N+1? unit pixel adjacent to the N unit
pixel. The first and second horizontal electrodes are in parallel
with each other.

[0075] Hereinafter, an operation of the second embodiment
of the present invention will be explained as follows.

[0076] Thesecondembodiment is equal to the first embodi-
ment in that a horizontal field is formed by data voltages
provided through adjacent data lines and liquid crystal is
driven by the horizontal field. However, the second embodi-
ment is different from the first embodiment in that the data
voltages are controlled by one TFT formed at each unit pixel.
[0077] Referring to FIG. 7, when a scan signal is applied to
gate lines one by one froma gate driver (not shown), the plural
TFTs 610 formed at the gate lines are turned on.
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[0078] Then, data voltages applied from a data driver (not
shown) are applied to each horizontal electrode through each
TFT connected to each data line.

[0079] Referring to the unit pixel 640 of FIG. 7, the TFTs
are turned on by gate signals, and then first and second data
voltages are respectively applied to the TFTs through the first
data lines 602a and the second data lines 602b.

[0080] The first data voltage inputted through the first data
lines 602q is applied to the first horizontal electrode 620, and
the second data voltage inputted through the second data lines
6025 is controlled by the TFT connected to the data lines 6025
to be applied to the second horizontal electrode 630. There-
fore, a horizontal electrode is formed by the first horizontal
electrode 620 to which the first data voltage is applied and the
second horizontal electrode 630 to which the second data
voltage is applied, and liquid crystal is driven by the horizon-
tal electrode.

[0081] Since a voltage difference between the first data
voltage and the second data voltage is realized as image
information for driving the unit pixel, data voltages are
applied to horizontal electrodes in a different way from the
conventional IPS mode LCD device for realizing image infor-
mation by applying data voltages to a common electrode and
a pixel electrode.

[0082] That is, since image information is determined at
each unit pixel by a voltage difference between two data
voltages applied from two adjacent data lines, data voltages
are adjusted by a timing controller before providing data
signals to a data driver so that a voltage difference between
the N unit pixel and the N+1” unit pixel may be realized as
image information.

[0083] Since a horizontal field may be formed at the unit
pixel by individually provided data voltages, a line delay
phenomenon is not caused even if a linear resistance is gen-
erated due to a long gate line.

[0084] That is, in the related art, a voltage of a pixel elec-
trode is determined by a gate voltage and a data voltage, and
image information is realized by the pixel voltage and a
common voltage. However, in the present invention, image
information is determined by a voltage difference between
adjacent data voltages, so that problems due to aline delay are
not generated if adjacent TFTs formed at the unit pixels have
almost the same characteristic. Also, lowering of the picture
quality can be mitigated if adjacent TFTs have similar char-
acteristics even if the TFTs have different characteristics
according to a position on a substrate.

[0085] As aforementioned, in the present invention, a line
delay resulting from a long gate line and a linear resistance is
increased as an LCD device becomes large can be reduced by
generating a horizontal field at each unit pixel by data volt-
ages applied from adjacent data lines. Also, since there is no
deviation between adjacent TFTs even if the TFTs have dif-
ferent characteristics according to a position on a large sub-
strate, lowering of the picture quality can be prevented. Addi-
tionally, since the present invention is not provided with a
common electrode, the decrease of the aperture ratio due to
the common electrode is prevented and the processes for
forming gate lines are simplified, thereby simplifying the
entire processes.

[0086] Asthe present invention may be embodied in several
forms without departing from the spirit or essential charac-
teristics thereof, it should also be understood that the above-
described embodiments are not limited by any of the details of
the foregoing description, unless otherwise specified, but
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rather should be construed broadly within its spirit and scope
as defined in the appended claims, and therefore all changes
and modifications that fall within the metes and bounds of the
claims, or equivalence of such metes and bounds are therefore
intended to be embraced by the appended claims.

What is claimed is:

1. An in-plane switching (TPS) mode display device com-
prising:

apixel defined by a plurality of gate lines and a plurality of

data lines crossing each other;

a switching device formed at the pixel; and

a first electrode and second electrode formed at the pixel,

the first electrode connected to the switching device and
the second electrode extending from the first electrode
formed at an adjacent pixel.

2. The display device of claim 7, wherein the first electrode
and the second electrode are formed as a unit.

3. The display device of claim 7, wherein the first electrode
and the second electrode are disposed parallel with each
other.

4. The display device of claim 9, wherein the first electrode
at an N pixel is connected to an N* data line and the second
electrode at the N” pixel is connected to an N+17 data line to
respectively receive a data signal.

5. The display device of claim 10, wherein a voltage dif-
ference between the first electrode and the second electrode is
realized as image information.

6. The display device of claim 7, wherein only a single
switching device is formed at the pixel.

7. An in-plane switching (IPS) mode display device com-
prising:
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a pixel defined by a plurality of gate lines and a plurality of

data lines crossing each other;

a switching device formed at the pixel; and

a first electrode and a second electrode disposed at the

pixel, the first electrode connected with one of the data
lines through the switching device and the second elec-
trode connected with another of the data lines.

8. The display device of claim 13, wherein the second
electrode extends from a first electrode formed at another
pixel.

9. The display device of claim 14, wherein the other pixel
is adjacent to the pixel.

10. The display device of claim 15, further comprising a
substrate on which the first and second electrodes and gate
and data lines are disposed, the second electrode disposed
farther from than the substrate than the data lines when the
second electrode crosses the other data line.

11. The display device of claim 13, wherein the second
electrode is connected with the other of the data lines through
another switching device at the pixel.

12. The display device of claim 17, wherein the first and
second electrodes do not overlap each other.

13. The display device of claim 17, wherein the first and
second electrodes do not overlap the gate or data lines.

14. The display device of claim 13, wherein only a single
switching device is formed at the pixel.

15. The display device of claim 13, wherein the pixel is
devoid of a common electrode.
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