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(57) ABSTRACT

A liquid crystal display device including a gate line formed
on a first substrate; first and second adjacent data lines
crossing the gate line to form adjacent pixel regions in an
extended direction of the gate line; only one pixel electrode
line in parallel with the first data line in each of the pixel
regions; a plurality of pixel electrodes formed to be pro-
truded in the extended direction of the gate line from the
pixel electrode line; a plurality of common electrodes alter-
nately formed in parallel with the plurality of pixel elec-
trodes and generating an in-plane electric field therebe-
tween; and an alignment film having a rubbing direction
perpendicular to the first data line.
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IN-PLANE SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 2004-117401 filed in Korea on Dec.
30, 2004, which is hereby incorporated by reference in its
entirety.

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 an in-plane switch-
ing mode liquid crystal display device.

[0004]

[0005] Recently, demand for light, thin, short, and small
flat panel display devices has been increasing for use in
various mobile electronic devices, such as mobile phones,
PDAs, or notebook computers. Thus, research is active in
areas related to flat panel display devices, such as Liquid
Crystal Display (LCD) devices, Plasma Display Panel
(PDP) devices, Field Emission Display (FED) devices,
Vacuum Fluorescent Display (VFD) devices. Among these
flat panel display devices, the LCD has taken the spotlight
because it can be readily mass-produced, requires simple
driving circuits, and provides high picture quality. An LCD
device displays an image by controlling light using an
electric field. The LCD device includes a liquid crystal panel
on which pixels are arranged in a matrix, and a driving
circuit for driving the liquid crystal panel.

[0006] In general, pixels on the liquid crystal panel are
driven by an inversion driving method such as one of a
frame inversion system, a line inversion system and a dot
inversion system. Amongst the inversion driving methods,
the frame inversion system inverts the polarity of a data
signal supplied to pixels on the liquid crystal panel when-
ever a frame is changed. The line inversion system inverts
the polarity of data signals supplied to corresponding pixels
according to each gate line. The dot inversion system
supplies a data signal with an opposite polarity to pixels
adjacent horizontally and vertically, and inverts the polarity
of data signals supplied to each pixel on the liquid crystal
panel at each frame. Among the inversion driving systems,
the dot inversion system provides an image with excellent
picture quality compared with the frame and line inversion
systems.

[0007] FIG. 1 is a plane view of an in-plane switching
(IPS) mode LCD device according to the related art. As
shown in FIG. 1, a gate line 1 and a data line 10 are arranged
on a first substrate of a liquid crystal panel. The gate line 1
and the data line 10 cross each other to define a pixel region
on the first substrate. A gate electrode 9, a semiconductor
layer (not shown), and source/drain electrodes 13 and 15 are
formed at the crossing of the gate line 1 and the data line 10,
forming a switching device, for example, a thin film tran-
sistor (TFT).

[0008] A pixel electrode 3 and a common electrode 5 are
alternately disposed at each pixel region of the liquid crystal
panel to generate an in-plane, for example a horizontal
electric field on the first substrate. The pixel electrode 3
receives a data signal from the source/drain electrodes 13
and 15 of the switching device TFT. The horizontal electric

2. Description of the Background Art
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field is generated between the pixel electrode 3 and the
common electrode 5. The gate electrode 9 and the source/
drain electrodes 13 and 15 are electrically connected with
the gate line 1 and the data line 10, respectively, to turn on
the switching device TFT with a signal inputted through the
gate line 1 and transfer a data signal applied through the data
line 10 to the pixel electrode 3. As a result, the LCD displays
an image by controlling the light transmittance of a liquid
crystal layer with the electric field formed between the pixel
electrode 3 and the common electrode 5 according to the
data signal supplied to each pixel region. A color filter layer
(not shown) is formed on a second substrate, and a liquid
crystal layer is formed at a space between the first and
second substrates.

[0009] In such an IPS mode LCD, because liquid crystal
molecules of the liquid crystal layer are driven by the
horizontal electric field, the viewing angle is increased
compared to the conventional TN (Twisted Nematic) mode
LCD. Specifically, a viewing angle of about 80°-85° in all
directions (up/down and left/right direction) may be
obtained.

[0010] The related art LCD device is generally driven by
a frame frequency of 60Hz. In a system that requires low
power consumption, such as a notebook computer, the frame
frequency may be lowered to about 50-30 Hz. An LCD panel
driving method has been proposed which uses a horizontal
2-dot inversion system and requires low power consump-
tion.

[0011] However, in the conventional IPS mode LCD,
because the data line 10 and the pixel electrode 3 are
adjacently disposed in parallel, a signal interference is easily
generated between the data line 10 and the pixel electrode 3,
causing crosstalk and light leakage.

[0012] To solve the crosstalk and light leakage problems,
an outermost common electrode §' is disposed near the data
line 10. The outermost common electrode 5' 1s larger than
the other common electrode 5. However, such an electrode
disposition structure degrades the aperture ratio of the LCD
and distorts the electric field because a the signal interfer-
ence from the data line cannot be effectively prevented.

[0013] FIGS. 2A and 2B are enlarged views of a portion
T’ of FIG. 1 illustrating a distortion of the related art liquid
crystal array due to a signal interference according to a
voltage variation on the data line. Referring to FIGS. 2A
and 2B, a rubbing direction for inducing an initial arrange-
ment of liquid crystal molecules has about 45° tilt with
respect to the common electrodes 5 and 5' and the pixel
electrode 3. A horizontal electric field generated when a
voltage is applied to the common electrodes 5 and 5' and the
pixel electrode 3 is perpendicular to the common electrodes
5 and §' and the pixel electrode 3.

[0014] As shown in FIG. 2A, when a voltage of 8V is
applied to the data line 10 and voltages of 5V and 8V are
respectively applied to the common electrodes 5 and 5' and
the pixel electrode 3, a director of liquid crystal molecules
is determined in a first direction 30 by the horizontal electric
field generated due to a voltage difference between the
common electrodes 5 and 5' and the pixel electrode 3. As
shown in FIG. 2B, if the voltage applied to the data line 10
changes from 8V to 10V, the electric field generated on the
actual driving region of the liquid crystal molecules rotates
from the first direction 30 to a second direction 35.
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[0015] The voltage change on the data line distorts the
direction of the electric field in the pixel region, thereby
causing a change in the arrangement of liquid crystal mol-
ecules. As a result, although the same voltage is applied to
the common electrodes and the pixel electrode, the per-
ceived color changes on the display.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention is directed to an
in-plane switching mode liquid crystal display device that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0017] An object of the present invention is to provide an
in-plane switching mode liquid crystal display device
capable of preventing a degradation of picture quality due to
signal interference of a data line.

[0018] Another object of the present invention is to pro-
vide an in-plane switching mode liquid crystal display
device capable of enhancing picture quality of a liquid
crystal panel.

[0019] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, a liquid crystal
display device including a gate line formed on a first
substrate; first and second adjacent data lines crossing the
gate line to form adjacent pixel regions in an extended
direction of the gate line; only one pixel electrode line in
parallel with the first data line in each of the pixel regions;
a plurality of pixel electrodes formed to be protruded in the
extended direction of the gate line from the pixel electrode
line; a plurality of common electrodes alternately formed in
parallel with the plurality of pixel electrodes and generating
an in-plane electric field therebetween; and an alignment
film having a rubbing direction perpendicular to the first data
line.

[0020] 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

[0021] 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.

[0022]

[0023] FIG. 1 is a plane view of an in-plane switching
mode LCD device according to the related art;

[0024] FIGS. 2A and 2B are enlarged views of a portion
‘T’ of FIG. 1 illustrating a distortion of the related art liquid
crystal array due to a signal interference according to a
voltage variation on the data line;

[0025] FIG. 3 shows an exemplary pixel region of an LCD
device in accordance with a first embodiment of the present
invention;

[0026] FIG. 4A is a cross-sectional view taken along line
[I-1I' of FIG. 3;

In the drawings:
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[0027] FIG. 4B is a cross-sectional view taken along line
TI-IT' of FIG. 3;

[0028] FIG. 4C is an enlarged view of a portion IV of
FIG. 3, showing driving characteristics of liquid crystal
molecules when no voltage is applied to the common and
pixel electrodes;

[0029] FIG. 4D is an enlarged view of a portion IV of
FIG. 3, showing driving characteristics of liquid crystal
molecules when a voltage is applied to the common and
pixel electrodes;

[0030] FIG. 5 shows an exemplary pixel region of an LCD
device in accordance with a second embodiment of the
present invention;

[0031] FIGS. 6A and 6B show schematic exemplary
polarity patterns of a data signal supplied to a liquid crystal
panel by a horizontal 2-dot inversion system;

[0032] FIG. 7 is an exemplary circuit diagram corre-
sponding to two horizontally adjacent pixels having the
same polarity;

[0033] FIG. 8 illustrates signal waveforms showing a
variation of a pixel voltage due to parasitic capacitance in a
pixel of FIG. 7,

[0034] FIG. 9A shows data polarity patterns of a horizon-
tal 2-dot inversion system applied to horizontally adjacent
pixels on a liquid crystal panel;

[0035] FIG. 9B shows vertical lines appearing on the
liquid crystal panel due to a capacitance coupling phenom-
enon caused by a parasitic capacitance of the LCD device;

[0036] FIG. 10 shows an exemplary pixel region of an
LCD device in accordance with a third embodiment of the
present invention; and

[0037] FIG. 11 shows an exemplary pixel region of an
LCD device in accordance with a fourth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0038] An LCD device in accordance with the present
invention will now be described with reference to the
accompanying drawings.

[0039] FIG. 3 shows an exemplary pixel region of an LCD
device in accordance with a first embodiment of the present
invention. FIG. 4A is a cross-sectional view taken along line
[I-IT' of FIG. 3. FIG. 4B is a cross-sectional view taken
along line III-I1I" of FIG. 3. Referring to FIGS. 3, 4A and
4B, a liquid crystal panel includes a data line 100 and a gate
line 101 arranged on a first substrate 110 and defining a pixel
region, a switching device, such as a thin film transistor TFT,
disposed at the crossing of the gate line 101 and the data line
100, and at least one pixel electrode 103 and one common
electrode 105 alternately arranged in parallel to each other in
the pixel region to generate a horizontal electric field. An
alignment film (not shown) is formed on the first substrate
110 including the pixel electrode 103 and the common
electrode 105. The alignment film is rubbed in the direction
perpendicular to the data line 100. The pixel electrode 103
and the common electrode 105 are formed to have a tilt
angle within a range of about 0°-45° with respect to a
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direction perpendicular to the data line 100 to correspond to
the rubbing direction of the alignment film.

[0040] The switching device TFT includes a gate electrode
107 formed as a portion of the gate line 101 on the first
substrate 110, a gate insulation film 120 formed on the gate
electrode 107, a semiconductor layer 109, which is a channel
region, formed on the gate insulation film 120, an ohmic
contact layer 111 formed on the semiconductor layer 109,
and a source electrode 113, which extends from the data line
100, and a drain electrode 115, which connects with the pixel
electrode 103, formed on the ohmic contact layer 111. The
source electrode 113 is spaced apart from the drain electrode
115. The gate insulation film 120 can be made of SiNx or
SiOx, for example.

[0041] A passivation film 130 is formed over the entire
switching device TFT. A pixel electrode 103 is formed over
the passivation film 130. The pixel electrode 130 is electri-
cally connected to the drain electrode 115 of the switching
device TFT through a first contact hole 117 formed at the
passivation film 130 to receive a data signal. The passivation
film 130 can be made of SiNx or SiOx, for example. The
pixel electrode 103 is a transparent conductor made of ITO
(Indium Tin Oxide), 170 (Indium Zinc Oxide) or 1TZO
(Indium Tin Zinc), for example.

[0042] In the pixel region, a first pixel electrode line 123
is disposed in parallel with the data line 110. A second pixel
electrode line 123" is disposed in parallel with a data line
100" of an adjacent pixel region in an extended direction of
the gate line 101. A plurality of pixel electrodes 103 is
electrically connected to the first and pixel electrode lines
123 and 123"

[0043] A first common line 125 and a second common line
125" are formed at a lower portion of the first and second
pixel electrode lines 123 and 123'. The plurality of common
electrodes 105 are electrically connected to the first and
second common lines 125 and 125'. The first common line
125 may be parallel with the data line 100. The second
common line 125' may be parallel with the data line 100'.
The first common line 125 overlaps the first pixel electrode
line 123 and portions of the gate insulation film 120 and the
passsivation film 130 interposed therebetween to form a first
storage capacitor Cst1. The second common line 125' over-
laps the second pixel electrode 123" and portions of the gate
insulation film 120 and the passivation film 130 interposed
therebetween to form a second storage capacitor Cst2.

[0044] The LCD device can also include a third common
line 125" for applying a common signal to the first and
second common lines 125 and 125'. In this case, the pixel
electrode 103 and the common electrode 105 are symmetri-
cally disposed with respect to an extended direction of the
third common line 125" to form two domains in the pixel
region.

[0045] Inanembodiment of the present invention, the gate
line 101 can be formed parallel to the adjacent pixel elec-
trode 103 or common electrode 105, and can extend to form
a zig-zag pattern on the entire liquid crystal panel. In another
embodiment of the present invention, an adjacent pixel
region can formed to be symmetrical to the pixel region
shown in FIG. 3 with respect to the gate line 101. In still
another embodiment of the present invention, an adjacent
pixel region can also be formed to be symmetrical to the
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pixel region shown in FIG. 3 with respect to the data line
100 or the data line 100". On a second substrate (not shown)
corresponding to the first substrate 110, a light blocking
layer, for example, a black matrix, for preventing leakage of
light, a color filter layer consisting of color filters such as R,
G and B, and an overcoat layer are sequentially formed.

[0046] FIG. 4C is an enlarged view of a portion IV of
FIG. 3, showing driving characteristics of liquid crystal
molecules when no voltage is applied to the common and
pixel electrodes. In the related art LCD device, a rubbing is
performed in a 45°-tilt direction with respect to the direction
of the data line. In contrast, in an embodiment of the present
invention, an alignment film (not shown) is formed on the
first substrate 110 including the pixel electrode 103 and the
common electrode 105. The alignment film is rubbed in the
direction perpendicular to the data line 100. Thus, in an
embodiment of the present invention, when no voltage is
applied between the data line 100 and the first pixel elec-
trode line 123, liquid crystal molecules 140 positioned
between the data line 100 and the first pixel electrode line
123 are arranged in the direction perpendicular to the data
line 100 and thus are not distorted by a residual voltage.

[0047] FIG. 4D is an enlarged view of a portion IV of
FIG. 3, showing driving characteristics of liquid crystal
molecules when a voltage is applied to the common and
pixel electrodes. As shown in FIG. 4D, in an embodiment of
the present invention, when a voltage is applied between the
data line 100 and the pixel electrode line 123, the rubbing
direction inducing the initial arrangement of liquid crystal
molecules is the same as the direction of a first electric field
142 between the data line 100 and the pixel electrode line
123. Specifically, when a voltage is applied between the
common electrode 105 and the pixel electrode 103, the
liquid crystal molecules 140 between the common electrode
105 and the pixel electrode 103 are arranged in the direction
corresponding to the direction of a second horizontal electric
field 144. In this case, because the first electric field 142
between the data line 100 and the first pixel electrode line
123 is formed in the direction perpendicular to the data line
100, the liquid crystal molecules 140 positioned between the
data line 100 and the first pixel electrode line 123 do not
move. In addition, the liquid crystal molecules 140 located
between the common electrode 105 and the pixel electrode
103 are driven in the direction of the second electric field
144.

[0048] Accordingly, the rubbing direction of the-align-
ment film is made perpendicular to the data line 100, and the
common and pixel electrodes 105 and 103, respectively, are
disposed in accordance with the rubbing direction. In an
embodiment of the present invention, the common and pixel
electrodes 105 and 103 are tilted by an angle of about 45°
with respect to the data line 100. Thus, distortion of the
electric field due to the residual voltage of the data line 100
can be minimized and a twisting phenomenon of the liquid
crystal molecules can be prevented. Moreover, light leakage
at a corresponding region can be prevented even in a
black-and-white mode.

[0049] However, a vertical dim phenomenon may occur in
the LCD device due to a parasitic capacitance between the
data line 100 and the pixel electrode 103. A second embodi-
ment of the present invention is directed to an IPS mode
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LCD capable of enhancing picture quality of the liquid
crystal panel, especially by removing the vertical line phe-
nomenon.

[0050] FIG. 5 shows an exemplary pixel region of an LCD
device in accordance with a second embodiment of the
present invention. The structure of the second embodiment
of the present invention is similar to that of the first
embodiment, so only different portions of the second
embodiment will be described in further details. The same
reference numerals in FIG. 5 refer to the same or like
elements of the LCD device of FIG. 3. In the second
embodiment of the present invention, the second pixel
electrode line 123' (shown in FIG. 3) has been removed.

[0051] Referring to FIG. 5, a liquid crystal panel includes
a data line 200 and a gate line 201 arranged on a first
substrate (not shown) and defining a pixel region, a switch-
ing device TFT disposed at the crossing of the gate line 201
and the data line 200, and a plurality of pixel electrodes 203
and common electrodes 205 alternately arranged in parallel
to each other in the pixel region and generating a horizontal
electric field. An alignment film (not shown) is formed on
the first substrate including the pixel electrodes 203 and the
common electrodes 205. The alignment film is rubbed in the
direction perpendicular to the data line 200. The pixel
electrodes 203 and the common electrodes 205 are tilted by
an angle within a range of about 0°-45° with respect to a
direction perpendicular to the data line 200 to correspond to
the rubbing direction of the alignment film.

[0052] The switching device TFT includes a gate electrode
207 formed as a portion of the gate line 201, a semicon-
ductor layer (not shown), and a source electrode 213 and a
drain electrode 215. The pixel electrodes 203 receive a data
signal from the drain electrode 215 of the switching device
TFT through a first contact hole 217 formed at an upper
portion of the drain electrode 215.

[0053] In the pixel region, a pixel electrode line 223 from
which the plurality of pixel electrodes 203 are protruded is
disposed to be adjacent and in parallel to the data line 200
of the corresponding pixel. In contrast to the first embodi-
ment of the present invention, in the second embodiment,
the pixel electrode line 203 is formed only near the data line
200 defining the corresponding pixel, to separate the pixel
electrodes 203 and the pixel electrode line 223 from the data
line 200" of a neighbor pixel by a specific interval.

[0054] At both sides of the pixel region, the common
electrodes 225 and 225' are disposed in parallel with the
adjacent data lines 200 and 200' to connect the plurality of
common electrodes 205. In this case, the common electrode
line 225 adjacent to the data line 200 of the corresponding
pixel overlaps the pixel electrode line 223 to form a storage
capacitor. The common electrode line 225" adjacent to the
data line 200' of an adjacent pixel shields a data signal of the
adjacent pixel from the pixel electrode line 223 and the pixel
electrodes 203. The pixel electrode line 223, the common
line 225, the pixel electrodes 203 and the common elec-
trodes 205 are made of a transparent conductor material, for
example one of ITO (Indium Tin Oxide), [ZO (Indium Zinc
Oxide) and ITZO (Indium Tin Zinc), to increase the lumi-
nance of the LCD device.

[0055] Inanembodiment of the present invention, the gate
line 201 can be formed parallel to the adjacent pixel elec-
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trode 203 or common electrode 205, and can extend to form
azig-zag pattern on the entire liquid crystal panel. In another
embodiment of the present invention, an adjacent pixel
region can formed to be symmetrical to the pixel region
shown in FIG. 3 with respect to the gate line 201. In still
another embodiment of the present invention, adjacent pixel
region can also be formed to be symmetrical to the pixel
region shown in FIG. 3 with respect to the data line 200 or
the data line 200".

[0056] In accordance with the second embodiment of the
present invention, the pixel electrode line 223 and the
plurality of pixel electrodes 203 are isolated from the data
line 200" of an adjacent pixel. A data signal on the adjacent
data line 200" is shielded through the common electrode line
205. Accordingly, an influence of a parasitic capacitance
according to the data line 200" is minimized. With such a
structure, a luminance non-uniformity at each pixel resulting
from a difference of the parasitic capacitance between adja-
cent pixels in the horizontal 2-dot driving method can be
avoided.

[0057] FIGS. 6A and 6B show exemplary polarity pat-
terns of a data signal supplied to a liquid crystal panel by a
horizontal 2-dot inversion system. Referring to FIGS. 6A
and 6B data polarity patterns are supplied to pixels of the
liquid crystal panel according to a (2,1)-dot inversion sys-
tem, with respect to an odd-numbered frame and an even-
numbered frame, respectively. In the horizontal (2,1)-dot
inversion driving method, as shown in FIG. 6A with regard
to the odd-numbered frame, and as shown in FIG. 6B with
regard to the even numbered frame, a data polarity pattern
is changed after every two pixels or two dots, in the
horizontal direction. The data polarity pattern is changed
from one pixel to the next in the vertical direction. In another
embodiment, in a horizontal (2,2)-dot inversion driving
system (not shown), the data polarity pattern is changed after
every two pixels or two dots, in the horizontal and vertical
directions.

[0058] When the horizontal 2-dot inversion system is
employed, a period of sequentially aligned R, G and B pixels
corresponding to the polarity patterns of a data signal is 12
dots, horizontally. Thus, a DC voltage does not influence the
data line on almost the entire screen, and thus, a flicker
phenomenon can be reduced. However, when using the
horizontal 2-dot inversion system, luminance difference
occurs among pixels corresponding to odd number data line
lines and even number data lines in a middle grey scale
screen, causing the vertical line phenomenon. Specifically,
the vertical line phenomenon is caused by a non-uniformity
parasitic capacitance between the data line and the pixel
electrode. This will now be described in detail as follows.

[0059] FIG. 7 is an exemplary schematic circuit diagram
corresponding to two horizontally adjacent pixels having the
same polarity. A pixel region of the LCD device includes a
data line D, a gate line G, a switching device TFT formed at
the crossing of the data line D and the gate line G, and a pixel
electrode electrically connected with the switching device
TFT. The switching device TFT includes a gate electrode
electrically connected with the gate line G, a source elec-
trode electrically connected with the data line D, and a drain
electrode electrically connected with the pixel electrode.

[0060] When the switching device TFT receives a scan
signal, for example, a gate high voltage (VGH), from the
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gate line G, the switching device TFT is turned on and
transfers a data signal transmitted from the data line D to a
pixel. When a gate low voltage (VGL) is supplied from the
gate line G', the switching device TFT is turned off and
maintains the data signal charged in the pixel. In order to
stably maintain the data signal until a next data signal is
charged in the pixel electrode, a storage capacitor (Cst) is
provided at the pixel region. In general, the storage capacitor
Cst is formed between a pixel electrode and the front stage
gate line G'.

[0061] Referring to FIG. 7, parasitic capacitances are
generated between the data lines D, D' and D" and the pixel
electrode in the pixel region. A first parasitic capacitance
Cdp is generated between the left data line D and the pixel
electrode. A second parasitic capacitance Cpd is generated
between the pixel electrode and the right data line D'. After
the data signal is charged in each pixel, the first and second
parasitic capacitances Cdp and Cpd generate a variation of
a voltage on the data line and change the voltage of the pixel
due to capacitive coupling.

[0062] FIG. 8 illustrates signal waveforms showing a
variation of a pixel voltage due to parasitic capacitance in a
pixel of FIG. 7. Referring to FIGS. 7 and 8, two horizon-
tally adjacent pixels L. and R are driven by the horizontal
2-dot inversion system, so that the left pixel L and the right
pixel R receive data signals having the same polarity of
voltage from the data lines D and D', respectively. Then, the
influence of an average variation value (AVp-dp) of a pixel
voltage (A) due to the capacitance coupling of the first
parasitic capacitance Cdp differs from the influence of an
average variation value (AVp-pd) of a pixel voltage (B) due
to the capacitance coupling of the second parasitic capaci-
tance Cpd. The average variation value (AVp-dp) of the
pixel voltage (A) caused by the capacitance coupling of the
first parasitic capacitance Cdp and the average variation
value (AVp-pd) of the pixel voltage (B) caused by the
capacitance coupling of the second parasitic capacitance
Cpd can be expressed by Equation 1 shown below:

AVp={CdpxAV(DLm-1)+CpdxAV(DLm)}+Ctotal (Equation 1)

where Ctotal is an overall capacitance of the pixel electrode
line.

[0063] Similarly, in the horizontal 1-dot inversion driving
system, because the right pixel R has a data signal having an
opposite polarity to that of the right adjacent pixel, a value
of the first parasitic capacitance Cdp and a value of the
second parasitic capacitance Cpd affect each other so that
they are mutually offset. Comparatively, in case of the left
pixel L, The average variation value (AVp-dp) of the pixel
voltage (A) caused by the capacitance coupling of the first
parasitic capacitance Cdp and the average variation value
(AVp-pd) of the pixel voltage (B) caused by the capacitance
coupling of the second parasitic capacitance Cpd are not
mutually offset but added as shown in waveform (C) to
cause a different influence from that of the right pixel R.

[0064] FIG. 9A shows data polarity patterns of a horizon-
tal 2-dot inversion system applied to horizontally adjacent
pixels on a liquid crystal panel. FIG. 9B shows vertical lines
appearing on the liquid crystal panel due to a capacitance
coupling phenomenon caused by a parasitic capacitance of
the LCD device. At the left pixel L, if the value of the first
parasitic capacitance Cdp and the value of the second
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parasitic capacitance Cpd are the same, an effective value of
the pixel voltage is changed by twice the value AVp-dp in
comparison with the right pixel R. Thus, as shown in FIG.
9A, the right pixel R becomes brighter than the left pixel L.
As a result, as shown in FIG. 9B, in the LCD device driven
according to the horizontal 2-dot inversion driving method,
the luminance difference among adjacent pixels I and R
causes the appearance of vertical lines 150. Accordingly, in
the second embodiment of the LCD in accordance with the
present invention, in order to minimize the influence of the
second parasitic capacitance in the pixel region, the first and
second parasitic capacitances Cdp and Cpd are formed to be
different in size, to thereby compensate for the luminance
difference generated due to the non-uniform capacitance and
thus prevent generation of the vertical line phenomenon.

[0065] As shown in FIG. 5, since the pixel electrode line
223 and the pixel electrodes 203 are separated from the data
line 200" of the adjacent pixel region, the influence of the
parasitic capacitance Cpd resulting from the data signal of
the adjacent data line 200" can be minimized. Thus, the
influence of capacitance coupling at the left pixel L and the
right pixel R having the horizontally same polarity can be
compensated and deviation of the pixel voltage of the left
and right pixels can be offset. Thus, in the present invention,
the vertical lines resulting from the difference in parasitic
capacitance between the data line of each pixel and the pixel
electrode do not appear.

[0066] FIG. 10 shows an exemplary pixel region of an
LCD device in accordance with a third embodiment of the
present invention. The structure of the third embodiment of
the present invention is similar to that of the second embodi-
ment, so only different portions of the third embodiment will
be described in further details. The same reference numerals
in FIG. 10 refer to the same or like elements of the LCD
device of FIG. 5.

[0067] Referring to FIG. 10, a first common line 325 and
a second common line 325" are disposed at left and right
sides of a pixel region to overlap adjacent data lines 300 and
300" within a range of about 1 um or adjacently disposed to
the data lines 300 and 300' with an isolation distance of up
to about 30 um. An interference by a data signal can be
prevented by the first and second common lines 325 and 325'
and non-uniformity of the parasitic capacitance (Cdp and
Cpd) can be minimized. Thus, the vertical line phenomenon
due to the non-uniformity of the parasitic capacitance (Cdp
and Cpd) between the data line and the pixel line can be
prevented. With such a structure, a block matrix process
margin can be increased near the data lines 300 and 300'.

[0068] FIG. 11 shows an exemplary pixel region of an
LCD device in accordance with a fourth embodiment of the
present invention. The structure of the fourth embodiment of
the present invention is similar to that of the second embodi-
ment, so only different portions of the fourth embodiment
will be described in further details. The same reference
numerals in FIG. 11 refer to the same or like elements of the
LCD device of FIG. 5.

[0069] Referring to FIG. 11, an auxiliary pixel electrode
portion 403' is formed at both ends of the pixel electrode
403. An auxiliary common electrode portion 405" is formed
at both ends the common electrode 405. The formation of
auxiliary pixel electrode portions and auxiliary common
electrode portions prevent generation of the disclination
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phenomenon due to distortion of electric field generated at
a region where the same electrodes are electrically con-
nected at an acute angle. As shown in FIG. 11, the auxiliary
pixel electrode portion 403' is shaped as parallelogram.

[0070] In the fourth embodiment of the present invention,
a parallelogrammic auxiliary pixel electrode portion 403" is
formed on a region where the first and second common lines
425 and 425' are electrically connected with the common
electrode 405 at an acute angle, and a triangular or paral-
lelogrammic auxiliary common electrode portion 405" is
additionally formed on a region where the pixel electrode
line 423 is electrically connected with the pixel electrode
403 at an acute angle. With the parallelogrammic auxiliary
pixel electrode portion 403' or the parallelogrammic auxil-
iary common electrode portion 405', an aperture ratio of the
LCD device can be improved, compared with the triangular
auxiliary pixel electrode portion 103', 203", and 303" as in the
first to third embodiments of the present invention as
described above. That is, since the area of the opening
allowing liquid crystal molecules to be driven is substan-
tially increased compared to the triangular electrode portion,
the aperture ratio can be enhanced.

[0071] In accordance with the above-described embodi-
ments of the present invention, the IPS mode LCD device
provides many advantages. For example, since the rubbing
direction is made perpendicular to the data line and the pixel
electrode line, liquid crystal molecules positioned near the
data line can maintain their initial alignment direction no
matter whether a voltage is applied thereto. Thus, the liquid
crystals are not twisted by a residual voltage on the data line
in a voltage-OFF state, and light leakage can be prevented.
In addition, picture quality can be enhanced by preventing a
change of the perceived color due to signal distortion of the
data line. Moreover, since the pixel electrode and the pixel
electrode line are separated from the data line of an adjacent
pixel region, the influence of a parasitic capacitance accord-
ing to a data signal of the adjacent data line can be
minimized in the horizontal 2-dot inversion driving method.
Accordingly, no vertical lines appear on the display screen
and the picture quality of the liquid crystal panel can be
enhanced.

[0072] It 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.

1. A liquid crystal display device, comprising: a gate line
formed on a first substrate;

first and second adjacent data lines crossing the gate line
to form adjacent pixel regions in an extended direction
of the gate line;

a pixel electrode line in parallel with the first data line in
each of the pixel regions;

a plurality of pixel electrodes formed to be protruded in
the extended direction of the gate line from the pixel
electrode line;
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a plurality of common electrodes alternately formed in
parallel with the plurality of pixel electrodes and gen-
erating an in-plane electric field therebetween; and

an alignment film having a rubbing direction perpendicu-

lar to the first data line.

2. The liquid crystal display device of claim 1, wherein
the adjacent pixel regions are driven by a horizontal two-dot
inversion system.

3. The liquid crystal display device of claim 1, wherein
the pixel electrodes and the common electrodes are formed
with a tilt angle within a range of about 0°-45° with respect
to a direction perpendicular to the first data line.

4. The liquid crystal display device of claim 1, further
comprising:

a common line disposed in parallel with the first and
second adjacent data lines, preventing cutting off a data
signal, and connecting the plurality of common elec-
trodes.

5. The liquid crystal display device of claim 4, wherein
the common line overlaps the first data line within a range
of about 1 pm.

6. The liquid crystal display device of claim 4, wherein
the common line overlaps a lower portion of the pixel
electrode line, thereby forming a storage capacitor.

7. The liquid crystal display device of claim 4, wherein
the common line transfers an externally provided common
signal to the common electrodes.

8. The liquid crystal display device of claim 4, wherein
the common line is formed with an isolation distance of up
to about 30 pm from the first data line.

9. The liquid crystal display device of claim 4, further
comprising:

an auxiliary pixel electrode portion formed at an upper
portion of a region where one of the common elec-
trodes and the common electrode line are connected at
an acute angle.
10. The liquid crystal display device of claim 9, wherein
the auxiliary pixel electrode portion has a triangular shape.
11. The liquid crystal display device of claim 9, wherein
the auxiliary pixel electrode portion has a parallelogrammic
shape.
12. The liquid crystal display device of claim 4, further
comprising:

an auxiliary common electrode portion formed to be
protruded along an extended direction of the common
line at a region where one of the common electrodes
and the common line are connected.

13. The liquid crystal display device of claim 12, wherein
the auxiliary common electrode portion is formed at a lower
portion of a region where the pixel electrode and the pixel
electrode line are connected at an acute angle.

14. The liquid crystal display device of claim 12, wherein
the auxiliary common electrode portion has a triangular
shape.

15. The liquid crystal display device of claim 12, wherein
the auxiliary common electrode portion has a parallelogram-
mic shape.

16. The liquid crystal display device of claim 4, wherein
the common electrodes and the pixel electrodes are sym-
metrical with respect to the common line, thereby forming
two domains in the corresponding pixel region.
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17. The liquid crystal display device of claim 1, wherein
the gate line is formed in parallel with an adjacent common
electrode or pixel electrode and extends in a zig-zag pattern.

18. The liquid crystal display device of claim 1, wherein
the adjacent pixel regions are symmetrical with respect to
the gate line.

19. The liquid crystal display device of claim 1, wherein
the adjacent pixel regions are symmetrical with respect to
the second data line.

20. The liquid crystal display device of claim 1, wherein
the pixel electrodes are formed as a transparent conductor
including of one of ITO (Indium Tin Oxide), IZO (Indium
Zinc Oxide), and ITZO (Indium Tin Zinc).
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21. The liquid crystal display device of claim 1, further
comprising a thin film transistor formed at the crossing of
the gate line and the first data line, wherein the thin film
transistor includes a gate electrode, a semiconductor layer, a
source electrode, a drain electrode, and a passivation layer.

22. The liquid crystal display device of claim 21, further
comprising a first contact hole in the passivation layer for
electrically connecting the drain electrode and the pixel
electrodes.
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