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(57) ABSTRACT

An in-plane switching mode liquid crystal display device
includes first and second substrates, a gate line on the first
substrate, a data line crossing the gate line defining a unit
pixel region, a thin film transistor at the crossing of the gate
line and the data line, a pixel electrode line in parallel with
the data line, a plurality of pixel electrodes formed to be
protruded in an extended direction of the gate line from the
pixel electrode line, a common electrode line adjacent to a
data line of a neighboring pixel in the extended direction of
the gate line and in parallel therewith, a plurality of common
electrodes protruded from the common electrode line and
alternately arranged in parallel with the plurality of pixel
electrodes to generate an in-plane electric field, and a liquid
crystal layer between the first and second substrates.
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IN-PLANE SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE

[0001] The present invention claims the benefit of Korean
Patent Application No. P2004-118352 filed in Korea on Dec.
31, 2004, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to an in-plane
switching (IPS) mode LCD capable of preventing signal
interference of a data line and reducing a vertical line
deficiency.

[0004] 2. Discussion of the Related Art

1. Field of the Invention

[0005] Recently, as various mobile electronic devices
including a mobile phone, a PDA or a notebook computer
are being developed, demands for a light, thin, short and
small flat panel display device which may be applied to the
mobile electronic devices are increasing. Thus, researches
for flat panel display devices such as a liquid crystal display
(LCD), a plasma display panel (PDP), a field emission
display (FED), and a vacuum fluorescent display (VFD) are
actively ongoing. Among these display devices, the LCD is
most spotlighted because it provides easy mass-production,
easiness of a driving unit, and high picture quality.

[0006] Ingeneral, an LCD device implements an image by
controlling light by using an electric field, including a liquid
crystal panel on which pixels are arranged in a matrix form
and a driving circuit for driving the liquid crystal panel.

[0007] FIG. 1 illustrates a unit pixel region of the related
art IPS mode LCD. As shown in FIG. 1, a gate line 1 and
a data line 10 are arranged to cross each other to define pixel
regions on a first substrate of the liquid crystal panel. 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, thereby forming a switching
device of a thin film transistor 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 electric field (i.e., 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 and generates the
in-plane electric field with the common electrode 5 on the
first substrate.

[0009] Inother words, the gate electrode 9 and the source/
drain electrodes 13 and 15 are 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
to 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 liquid crystal mol-
ecules with the in-plane electric field formed between the
pixel electrode 3 and the common electrode 5 according to
the data signal supplied to each pixel region.

[0010] Although not shown in the drawing, a color filter
layer is formed on a second substrate, and a liquid crystal
layer is formed at a space between the first and second
substrates. In such an IPS mode LCD, liquid crystal mol-
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ecules of the liquid crystal layer are driven by the in-plane
electric field formed between the pixel electrode and the
common electrode. As such, a visible range widens com-
pared to the conventional twisted nematic (TN) mode LCD,
namely, obtaining a viewing angle of about 80°~85° in all
directions (i.e., up/down and left/right directions).

[0011] However, in the conventional IPS mode LCD, the
data line 10 and the pixel electrode 3 are adjacently disposed
in parallel. Thus, a signal interference can be easily gener-
ated between the data line 10 and the pixel electrode 3,
thereby causing a cross-talk and a light leakage phenom-
enon.

[0012] Accordingly, in an effort to solve such a problem,
an outermost common electrode 5' is disposed near the data
line 10 and has a width greater than the other common
electrode 5. However, such an electrode disposition struc-
ture degrades an aperture ratio of the LCD and distorts of the
electric field because a signal interference of the data line
cannot be effectively prevented.

[0013] FIGS. 2A and 2B are enlarged views of the region
‘I’ shown in FIG. 1. With reference to FIGS. 2A and 2B, a
distortion of the liquid crystal array due to a signal inter-
ference according to a voltage variation of the data line will
be described in detail.

[0014] A rubbing direction inducing an initial arrangement
of liquid crystal molecules has about 45° tilt to the common
electrodes 5 and 5' and the pixel electrode 3, and an in-plane
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.

[0015] FIG. 2A shows that 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 the liquid crystal mol-
ecules 1s determined as a first direction 30 by the in-plane
electric field generated due to a voltage difference between
the common electrodes 5 and 5' and the pixel electrode 3.

[0016] In FIG. 2B, a voltage of 8V is applied to the data
line 10 and voltages of 5V and 8V are applied respectively
to the common electrodes 5 and 5' and the pixel electrode 3.
If the 8V applied to the data line 10 is changed to 10V, a
direction of the electric field generated on the actual driving
region of the liquid crystal molecules is changed. As a result,
a second direction 35 is rotated more than the first direction
30 shown in FIG. 2A.

[0017] A voltage change of 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. Therefore, even if the same voltage is applied to the
common electrodes and the pixel electrode, color sense can
be changed on a display screen.

SUMMARY OF THE INVENTION

[0018] 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.

[0019] An object of the present invention is to provide an
in-plane switching mode liquid crystal display device that
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can prevent degradation of picture quality due to a signal
interference of a data line by forming a rubbing direction
perpendicular to the data line and disposing a common
electrode and a pixel electrode according to the rubbing
direction.

[0020] Another object of the present invention is to pro-
vide an in-plane switching mode liquid crystal display
device that can prevent a vertical line phenomenon on a
display screen, especially in driving a horizontal 2-dot
inversion system by separately disposing a pixel electrode
line and a pixel electrode from a data line of an adjacent
pixel, to thereby minimize parasitic capacitance generated
by a data signal of the data line.

[0021] Additional features and advantages of the inven-
tion will 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 descrip-
tion and claims hereof as well as the appended drawings.

[0022] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, An in-plane switch-
ing mode liquid crystal display device includes first and
second substrates, a gate line on the first substrate, a data line
crossing the gate line defining a unit pixel region, a thin film
transistor at the crossing of the gate line and the data line, a
pixel electrode line in parallel with the data line, a plurality
of pixel electrodes formed to be protruded in an extended
direction of the gate line from the pixel electrode line, a
common electrode line adjacent to a data line of a neigh-
boring pixel in the extended direction of the gate line and in
parallel therewith, a plurality of common electrodes pro-
truded from the common electrode line and alternately
arranged in parallel with the plurality of pixel electrodes to
generate an in-plane electric field, and a liquid crystal layer
between the first and second substrates.

[0023] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] 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.

[0025]

[0026] FIG. 1 is a plan view showing a unit pixel of a
related art LCD device;

[0027] FIGS. 2A and 2B are enlarged views of the region
1 shown in FIG. 1;

[0028] FIG. 3 is a plan view showing a unit pixel of a
liquid crystal display device in accordance with a first
embodiment of the present invention;

[0029] FIGS. 4A and 4B are cross-sectional views taken
along lines II-II' and II-IIT' of FIG. 3, respectively;

In the drawings:
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[0030] FIGS. 4C and 4D are enlarged views of the region
1V shown in FIG. 3;

[0031] FIG. 5 is a plan view showing a unit pixel of a
liquid crystal display device in accordance with a second
embodiment of the present invention;

[0032] FIGS. 6A and 6B illustrate polarity patterns of a
data signal of a horizontal 2-dot inversion system applied to
a liquid crystal panel in accordance with an embodiment of
the present invention;

[0033] FIG. 7 is a schematic circuit diagram of two pixels,
which are horizontally adjacent to each other and have the
same polarity in accordance with an embodiment of the
present invention;

[0034] FIG. 8 illustrates signal waveforms showing a
variation of a pixel voltage due to parasitic capacitance in
the pixels shown in FIG. 7,

[0035] FIG. 9 illustrates vertical lines appearing on the
liquid crystal panel due to a capacitance coupling phenom-
enon due to the parasitic capacitance of the liquid crystal
display device in accordance with an embodiment of the
present invention; and

[0036] FIG. 10 is a plan view showing a unit pixel of a
liquid crystal display device in accordance with a third
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0037] 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.

[0038] FIG. 3 is a plan view showing a unit pixel of a
liquid crystal display (LCD) device in accordance with a
first embodiment of the present invention, while FIGS. 4A
and 4B are cross-sectional views taken along lines 11-I1T" and
[I-1IT of FIG. 3.

[0039] As shown in FIG. 3, a liquid crystal panel includes
a data line 100 and a gate line 101 arranged on a first
substrate 110 (shown in FIGS. 4A and 4B) and defining a
unit pixel region, a thin film transistor TFT as a switching
device disposed at each crossing of the data line 100 and the
gate line 101, and at least one pixel electrode 103 and a
common electrode 105 alternately arranged in parallel to
each other in the pixel region and generating an in-plane
electric field.

[0040] In this case, though not shown, an alignment film
rubbed in a direction perpendicular to the data line 100 is
formed on the first substrate 110, and the pixel electrode 103
and the common electrode 105 are formed with a tilt angle
within a range of about 0°~45° in a direction perpendicular
to the data line 100 to correspond to the rubbing direction of
the alignment film.

[0041] 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 made of SiNX or
SiOx formed on the gate electrode 107, a semiconductor
layer 109 (i.e., channel region), an ohmic contact layer 111
formed on the semiconductor layer 109, a source electrode
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113 formed as an extended portion of the data line 100, and
a drain electrode 115 formed spaced apart from the source
electrode 113.

[0042] A passivation film 130 made of SiNx or SiOx is
formed over the entire surface of the first substrate 110
including the switching device TFT. The pixel electrode 103
as a transparent conductor made of one of indium tin oxide
(ITO), indium zinc oxide (IZ0) and indium tin zinc (ITZO)
is formed on the passivation film 130. The pixel electrode
103 is connected with the drain electrode 115 of the switch-
ing device TFT through a first contact hole 117 formed at the
passivation film 130 to receive a data signal.

[0043] Further, in the unit pixel shown in FIG. 3, a first
pixel electrode line 123 disposed in parallel with the data
line 110, and a second pixel electrode line 123' disposed in
parallel with a data line 100" of the pixel adjacent in an
extended direction of the gate line 101, thereby electrically
connecting with a plurality of pixel electrodes 103. Also, 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, thereby electrically connecting
with a plurality of common electrodes 105.

[0044] Herein, the first common line 125 and the first pixel
electrode line 123 and the second common line 125" and the
second pixel electrode 123" vertically overlap with the gate
insulation film 120 and the passivation film 130 interposed
therebetween, thereby forming first and second storage
capacitors Cstl and Cst2.

[0045] The LCD device of an embodiment of the present
invention may further include a third common line 125"
(shown in FIG. 3) for applying a common signal to the first
and second common lines 125 and 125'. In such a case, the
pixel electrode 103 and the common electrode 105 formed
with a certain tilt angle with respect to the data line 110 are
symmetrically disposed based on an extended direction of
the third common line 125", thereby to form two domains in
the pixel region.

[0046] The gate line 101 can be formed to be parallel to
the adjacent pixel electrode 103 or common electrode 105
and can extend in a zig-zag form over the entire region of the
liquid crystal panel, and two pixel regions adjacent at the
boundary of the gate line 101 can be symmetrically formed.
Also, the pixel region of the LCD device can be symmetri-
cally formed with an adjacent pixel region at the boundary
of the data line 100'. In addition, a light blocking layer (i.e.,
black matrix), a color filter layer formed of R, G, B color
filters and an overcoat layer can be sequentially formed on
a second substrate (not shown) for preventing leakage of
light.

[0047] FIGS. 4C and 4D are enlarged views of the region
1V shown in FIG. 3, illustrating driving characteristics of
liquid crystal molecules when a voltage is applied to the
common and pixel electrodes 105 and 103 and when a
voltage is not applied thereto.

[0048] Although not shown in the drawings, an alignment
film rubbed in the direction perpendicular to the data line
100, namely, in the same direction as a first electric field 142
formed between the data line 100 and the first pixel electrode
line 123, is formed on the first substrate 110 including the
pixel electrode 103 and the common electrode 105. In other
words, in the first embodiment of the present invention,
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rubbing is performed in the direction that can induce an
initial arrangement of liquid crystal molecules. Thus, the
rubbing direction is the same as the direction of the first
electric field 142 between the data line 100 and the first pixel
electrode line 123 when a voltage applied thereto.

[0049] In the related art, the rubbing is performed in the
45°-ilt direction with respect to the direction of the data line
100. On the other hand, the rubbing is performed in the
direction perpendicular to the data line 100 in an embodi-
ment of the present invention, so that when no voltage is
applied, 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,
thereby not being distorted by a residual voltage.

[0050] As shown in FIG. 4D, when a voltage is applied to
the common electrode 105 and the pixel electrode 103, the
liquid crystal molecules 140 are arranged in the direction
corresponding to the direction of a second in-plane electric
field 144 generated between the common electrode 105 and
the pixel electrode 103. In this case, since the first electric
field 142 is formed in the direction perpendicular to the data
line 100 between the data line 100 and the first pixel
electrode line 123, the liquid crystal molecules 140 posi-
tioned at this area make no movement. Thus, the second
in-plane electric field 144 may be formed between the
common electrode 105 and the pixel electrode 103, and the
liquid crystal molecules 140 position at this area are driven
in the direction of the second electric field 144.

[0051] As a result, the rubbing direction of the alignment
film is made perpendicular to the data line, and the common
and pixel electrodes are disposed corresponding to the
rubbing direction (preferably, the tilt angle of about 45° with
the data line). Accordingly, distortion of the electric field due
to the residual voltage of the data line can be minimized and
a twisting phenomenon of the liquid crystal molecules can
be prevented. Thus, light leakage at a corresponding region
can be prevented even at a white/black mode.

[0052] However, the LCD device has such shortcomings
that a vertical dim phenomenon occurs due to parasitic
capacitances generated among the pixel electrode, the pixel
electrode line and the data line. Therefore, a second embodi-
ment of the present invention is directed to an IPS mode
LCD capable of enhancing picture quality of the liquid
crystal panel especially by removing the vertical line phe-
nomenon.

[0053] The construction of the second embodiment is
similar to that of the first embodiment, so only a different
part and its effect will be described.

[0054] As illustrated, a liquid crystal panel includes a data
line 200 and a gate line 201 arranged on a first substrate and
defining a unit pixel region, a switching device TFT dis-
posed 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 in-plane electric field.

[0055] Although not shown in the drawing, an alignment
film rubbed in a direction perpendicular to the data line 200
is coated on the first substrate, and the pixel electrodes 203
and the common electrodes 205 are formed at a tilt angle
within a range of about 0°~45° to a direction perpendicular
to the data line 200, to correspond to the rubbing direction
of the alignment film.
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[0056] The switching device TFT includes a gate electrode
207 formed as a portion of the gate line 201, a semicon-
ductor layer (i.e., a channel region), a source electrode 213
formed by extending a portion of the data line 200, and a
drain electrode 215 formed spaced apart with a certain
distance from the source electrode 213. The pixel electrodes
203 receive a data signal from the switching device TFT
through a first contact hole 227 formed at an upper portion
of the drain electrode 215.

[0057] In the unit pixel region, a pixel electrode line 223
connecting the plurality of pixel electrodes 203 is disposed
to be adjacent and in parallel with the data line 200 of the
corresponding pixel, and a common electrode line 225
connecting the plurality of common electrodes 205 are
disposed to be adjacent and in parallel with the data line 200’
of the neighboring pixel in the extended direction of the gate
line 201. Namely, the pixel electrode line 223 and the
common electrode line 225 face each other with the pixel
electrodes 203 and the common electrodes 205 interposed
therebetween.

[0058] The pixel electrode line 223, the common line 225,
the pixel electrodes 203 and the common electrodes 205 are
formed of a transparent conductor, such as indium tin oxide
(ITO), indium zinc oxide (IZO) or indium tin zinc (I1TZ), to
thereby increase luminance of the LCD device.

[0059] The unit pixel region additionally includes a com-
mon line 225' of a metal layer for transmitting a common
signal at a central portion of the pixel. The common elec-
trode 205 receives the common signal through a second
contact hole 227' formed at an upper portion of the common
line 225', and a pixel electrode 223" protruded from the pixel
electrode line 223 overlaps the common line 225, thereby
forming a storage capacitor. The pixel electrode 203 and the
common electrode 205 are disposed symmetrically with
respect to the common line 225', thereby forming two
domains in the unit pixel region.

[0060] The gate line 201 can be formed parallel to the
adjacent pixel electrode 203 or common electrode 205 and
can extend in a zig-zag form over the entire area of the liquid
crystal panel, and two pixel regions adjacent at the boundary
of the gate line 201 can be symmetrically formed. The unit
pixel region of the LCD device can be symmetrically formed
with an adjacent pixel region at the boundary of the data line
200'.

[0061] As mentioned above, the second embodiment of
the present invention features that the pixel electrode line
223 and the common electrode line 225 are disposed to face
each other with the plurality of pixel electrodes 203 and the
common electrodes 205 interposed therebetween. In this
structure, the common electrode line 205 prevents a data
signal of the data line 200" of a neighboring pixel from the
pixel electrode 203 and the pixel electrode line 223, so that
influence of a parasitic capacitance that can be generated due
to the data line 200" of the neighboring pixel can be
minimized.

[0062] With such a structure, the problem of luminance
non-uniformity of each pixel resulting from a difference of
the parasitic capacitance among pixels in the horizontal
2-dot inversion driving, in which horizontally adjacent two
pixels are driven centering on one pixel so as to have the
opposite polarity, can be solved. This features will now be
described with reference to FIGS. 6A to 9.
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[0063] 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. Among them, the frame inversion system
inverts a polarity of a data signal supplied to pixels on the
liquid crystal panel whenever 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 up and down and left and right,
and inverts the polarity of data signals supplied to every
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.

[0064] The related art LCD device is generally driven by
a frame frequency of about 60 Hz, and a system such as a
notebook computer requires low power consumption, so that
the frame frequency needs to be lowered to about 50 to 30
Hz. In order to meet such demands, an LCD panel driving
method of a horizontal 2-dot inversion system which
requires low power consumption has been proposed.

[0065] FIGS. 6A and 6B illustrate data polarity patterns
supplied to pixels of the liquid crystal panel according to the
driving method of a 2,1-dot inversion system, among the
horizontal 2-dot inversion systems, with respect to an odd
number frame and an even number frame.

[0066] In the horizontal 2,1-dot inversion driving method,
in the odd number frame as shown in FIG. 6A and the even
number frame as shown in FIG. 6B, a data polarity pattern
is changed by units of 2 pixels, namely, by units of 2 dots,
in a horizontal direction and changed by units of 1 dot in a
vertical direction. Meanwhile, although not shown in the
drawing, in a horizontal 2,2-dot inversion driving system,
the data polarity pattern is changed by units of 2 dots in
horizontally and vertically adjacent pixels.

[0067] When the horizontal 2-dot inversion system is
employed, a period at which sequentially aligned R, G and
B pixels and a polarity pattern of a data signal meet is
horizontally 12 dots, so that a DC voltage is no more applied
to the data line in the almost general screen, thereby reduc-
ing a flicker phenomenon.

[0068] However, in case of using the horizontal 2-dot
inversion system, luminance difference occurs among pixels
corresponding to odd number data lines and even number
data lines in a middle gray scale screen, causing the vertical
line phenomenon. Namely, the vertical line phenomenon is
caused by non-uniformity of parasitic capacitance between
the data line and the pixel electrode. This will now be
described in detail as follows.

[0069] FIG. 7 is a schematic circuit diagram of two pixels
which are horizontally adjacent to each other and receive
data signals with the same polarity, and FIG. 8 illustrates
signal waveforms showing a variation of a pixel voltage due
to parasitic capacitance in the pixels shown in FIG. 7. As
shown in FIG. 7, a unit 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 connected with the switching device
TFT.

[0070] More specifically, the switching device TFT
includes a gate electrode connected with the gate line G, a
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source electrode connected with the data line D, and a drain
electrode connected with the pixel electrode. When the
switching device TFT receives a scan signal, such as a gate
high voltage (VGH), from the gate line G, it is turned on and
transfers a data signal transmitted from the data line D to a
pixel.

[0071] 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 the next data signal is
charged in the pixel electrode, a storage capacitor Cst is
provided in the pixel. In general, the storage capacitor Cst is
formed between a pixel electrode and the front stage gate
line G".

[0072] Parasitic capacitance is generated between the data
lines D, D' and D" and the pixel electrode in the pixel region.
The parasitic capacitance exists as a first parasitic capaci-
tance Cdp between the left data line D and the pixel
electrode, and as a second parasitic capacitance Cpd
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 variation of a
voltage of the data line and capacitance coupling, thereby
changing the voltage of the pixel.

[0073] When pixels are driven by the horizontal 2-dot
inversion system, in two pixels, namely, in the left pixel (L)
and the right pixel (R) where the same polarity of voltage is
distributed in the horizontal direction, an influence of an
average variation value (AVp-dp) of a pixel voltage (A)
according to the capacitance coupling of the first parasitic
capacitance Cdp and an influence of an average variation
value (AVp-pd) of a pixel voltage (B) according to the
capacitance coupling of the second parasitic capacitance
Cpd can be different from each other.

[0074] The average variation value (AVp-dp) of a pixel
voltage (A) according to the capacitance coupling of the first
parasitic capacitance Cdp and the average variation value
(AVp-pd) of a pixel voltage (B) according to the capacitance
coupling of the second parasitic capacitance Cpd can be
expressed by equation (1) shown below:

AVp={Cdpx V(DLm-1)+Cpdx V(DLm)}/Ctotal €Y}

wherein Ctotal is an overall capacitance of the pixel elec-
trode.

[0075] That is, likewise in the horizontal 1-dot inversion
driving system, the right pixel (R) has a data signal with the
opposite polarity to that of the rightwardly adjacent pixel, so
that a value of the first parasitic capacitance Cdp and a value
of the second parasitic capacitance Cpd affect each other
such that they are mutually offset. Comparatively, in case of
the left pixel (L), The average variation value (AVp-dp) of
a pixel voltage (A) according to the capacitance coupling of
the first parasitic capacitance Cdp and the average variation
value (AVp-pd) of a pixel voltage (B) according to the
capacitance coupling of the second parasitic capacitance
Cpd are not mutually offset but added (C) to make a different
influence from that of the right pixel (R).

[0076] In other words, at the left pixel (L), if the value of
the first parasitic capacitance Cdp and the value of the
second parasitic capacitance Cpd are the same, an effective
value of the pixel voltage as much as double the value

Jul. 6, 2006

AVp-dp is changed compared with the right pixel (R). As
shown in FIG. 9, the right pixel (R) becomes brighter than
the left pixel (L). As a result, in the LCD device driven
according to the horizontal 2-dot inversion driving method,
the vertical lines 150 appear due to the luminance difference
among adjacent pixels.

[0077] Therefore, in the second embodiment of the LCD
in accordance with the present invention, in order to mini-
mize the influence of the second parasitic capacitance in the
unit pixel, 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. Thus, the vertical line phe-
nomenon is prevented.

[0078] Consequently, as shown in FIG. 5, since the pixel
electrode line 223 and the pixel electrodes 203 are disposed
to be separated from the data line 200" of the neighboring
pixel, the influence of the parasitic capacitance (Cpd) result-
ing from the data signal of the neighboring data line 200 can
be minimized. Therefore, the influence of capacitance cou-
pling at the left pixel (L) and the right pixel (R) having the
horizontally same polarity can be compensated and devia-
tion of the pixel voltage of the left and right pixels can be
offset. As such, in an embodiment of the present invention,
the vertical lines resulting from the difference of parasitic
capacitance between the data line of each pixel and the pixel
electrode do not appear.

[0079] FIG. 10 is a plan view showing a unit pixel of an
LCD device in accordance with a third embodiment of the
present invention. The construction of the third embodiment
is similar to that of the second embodiment, so only its
difference and effect will be described in detail.

[0080] As shown in FIG. 10, a liquid crystal panel in
accordance with the third embodiment of the present inven-
tion includes a data line 300 and a gate line 301 arranged on
a first substrate and defining a unit pixel region, a switching
device TFT disposed at a crossing of the data line 300 and
the gate line 301, and a plurality of pixel electrodes 303 and
common electrodes 305 alternately arranged in parallel to
each other in the pixel region and generating an in-plane
electric field.

[0081] Although not shown in the drawing, an alignment
film rubbed in a direction perpendicular to the data line 300
is coated on the first substrate, and the pixel electrodes 303
and the common electrodes 305 are formed to have a tilt
angle in a range of 0°~45° with respect to a direction
perpendicular to the data line 300, thereby to correspond to
the rubbing direction of the alignment film.

[0082] The switching device TFT includes a gate electrode
307 formed as a portion of the gate line 301, a semicon-
ductor layer (not shown), a source electrode 313 and a drain
electrode 315. The pixel electrode 303 receives a data signal
from the switching device TFT through a first contact hole
327 formed on the drain electrode 315.

[0083] In the unit pixel region, a pixel electrode line 323
connecting the plurality of pixel electrodes 303 is disposed
to be adjacent and in parallel to the data line 300 of the
corresponding pixel, and the common electrode line 325
connecting the plurality of common electrodes 205 are
disposed to be adjacent and in parallel with the data line 300’
of the neighboring pixel in the extended direction of the gate
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line 301. Namely, the pixel electrode line 323 and the
common electrode line 325 face each other with the pixel
electrodes 303 and the common electrodes 305 interposed
therebetween.

[0084] The pixel electrode line 323, the common line 325,
the pixel electrodes 303 and the common electrodes 305 are
formed of a transparent conductor such as indium tin oxide
(ITO), indium zinc oxide (IZO) or indium tin zinc (ITZ), to
thereby increase luminance of the LCD device.

[0085] The unit pixel region in accordance with the third
embodiment of the present invention additionally includes a
common line 325' of a metal layer for transmitting a
common signal at a central portion of the pixel. The common
electrode 305 receives the common signal through a second
contact hole 327' formed at an upper portion of the common
line 325'. The pixel electrodes 303 and the common elec-
trodes 305 are disposed symmetrically with respect to the
common line 325, thereby forming two domains in the unit
pixel region.

[0086] A metal layer 325" is formed as an extended
portion of the common line 325" at a lower portion of the
pixel electrode line 323 and the common electrode line 325.
The metal layer 325" prevents a data signal of the adjacent
data lines 300 and 300'. Especially, the metal layer 325"
positioned at the lower portion of the pixel electrode line 323
overlaps the pixel electrode line 323 to form a storage
capacitor.

[0087] The gate line 301 can be formed parallel to the
adjacent pixel electrode 303 or common electrode 305 and
can extend in a zig-zag form over the entire area of the liquid
crystal panel, and two pixel regions adjacent at the boundary
of the gate line 301 can be symmetrically formed.

[0088] As mentioned above, the third embodiment of the
present invention features that the pixel electrode line 323
and the common electrode line 325 are disposed to face each
other with the plurality of pixel electrodes 303 and the
common electrodes 305 interposed therebetween. In this
structure, the common electrode line 325 and the metal layer
325" positioned at the lower portion of the common elec-
trode line 325 prevent a data signal of the neighboring data
line 300" from the pixel electrode 303 and the pixel electrode
line 323, so that influence of a parasitic capacitance that can
be generated due to the data line 300" can be minimized.

[0089] With such structure, the problem of luminance
non-uniformity of each pixel resulting from a difference of
the parasitic capacitance among pixels in the horizontal
2-dot inversion driving, in which horizontally adjacent two
pixels are driven centering on one pixel so as to have the
opposite polarity, can be solved.

[0090] As so far described, the IPS mode L.CD device in
accordance with an embodiment of the present invention has
various advantages as follows.

[0091] That is, 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 regardless of
whether a voltage is applied thereto. Thus, distortion of
liquid crystal due to a residual voltage of the data line in a
voltage-OFF state and leakage of light can be prevented. In
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addition, picture quality can be enhanced by preventing a
change of the color sense due to signal distortion of the data
line.

[0092] Moreover, since the pixel electrode and the pixel
electrode line are disposed to be separated from the data line
of a neighboring pixel, influence of parasitic capacitance
according to a data signal of the neighboring data line can be
minimized in the horizontal 2-dot inversion driving. Accord-
ingly, the vertical lines do not appear on the display screen
and the picture quality of the liquid crystal panel can be
enhanced.

[0093] 1t will be apparent to those skilled in the art that
various modifications and variation can be made in the
in-plane switching mode liquid crystal display device of the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. An in-plane switching mode liquid crystal display
device, comprising:

first and second substrates;
a gate line on the first substrate;

a data line crossing the gate line defining a unit pixel
region;

a thin film transistor at the crossing of the gate line and the
data line;

a pixel electrode line in parallel with the data line;

a plurality of pixel electrodes formed to be protruded in an
extended direction of the gate line from the pixel
electrode line;

a common electrode line adjacent to a data line of a
neighboring pixel in the extended direction of the gate
line and in parallel therewith;

a plurality of common electrodes protruded from the
common electrode line and alternately arranged in
parallel with the plurality of pixel electrodes to gener-
ate an in-plane electric field; and

a liquid crystal layer between the first and second sub-

strates.

2. The device according to claim 1, wherein the common
electrode line prevents a data signal of the data line of the
neighboring pixel.

3. The device according to claim 1, wherein the device is
driven by a horizontal 2-dot inversion system.

4. The device according to claim 1, further comprising an
alignment film having a rubbing direction perpendicular to
the data line.

5. The device according to 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 data line.
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6. The device according to claim 1, wherein the thin film
transistor includes a gate electrode, a semiconductor layer, a
source electrode, a drain electrode, and a passivation layer.

7. The device according to claim 6, wherein the passiva-
tion layer has a first contact hole for electrically connecting
the drain electrode and the pixel electrodes.

8. The device according to claim 1, wherein the pixel
electrode line, the pixel electrodes, the common electrodes
and the common electrode line are formed of a transparent
conductor.

9. The device according to claim 8, wherein the transpar-
ent conductor includes one of indium tin oxide, indium zinc
oxide, and indium tin zinc.

10. The device according to claim 1, further comprising a
common line traversing a central portion of the unit pixel
region in the extended direction of the gate line and sup-
plying a common signal to the common electrodes.

11. The device according to claim 10, wherein the com-
mon line is formed of a metal layer.

12. The device according to claim 10, wherein the com-
mon line has a second contact hole for electrically connect-
ing the common line and the common electrodes.

13. The device according to claim 10, wherein the pixel
electrodes and the common electrodes are formed to be
symmetrical with respect to the common line, thereby form-
ing two domains in the unit pixel region.
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14. The device according to claim 10, wherein the com-
mon line overlaps a portion protruded from the pixel elec-
trode line, thereby forming a storage capacitor.

15. The device according to claim 10, further comprising
ametal layer formed as an extending portion of the common
line at a lower portion of the pixel electrode line and the
common electrode line.

16. The device according to claim 15, wherein the metal
layer prevents a data signal of the data line.

17. The device according to claim 15, wherein the metal
layer positioned at the lower portion of the pixel electrode
line overlaps the pixel electrode line, thereby forming a
storage capacitor.

18. The device according to claim 1, wherein the gate line
is formed in parallel with the adjacent common electrode or
pixel electrode and extends in a zig-zag form.

19. The device according to claim 1, wherein the pixel
region is formed to be symmetrical with an adjacent pixel
region at a boundary of the gate line.

20. The device according to claim 1, wherein the unit
pixel region is formed symmetrically with the neighboring
adjacent pixel at a boundary of the data line.



patsnap

LT RBFROF) ERRERNREE REE
[F(RE)E US20060145990A1 K (nE)A 2006-07-06
HiES US11/159299 HiEA 2005-06-23

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

[FRIRBAA KIM DO SUNG
LEE DO YOUNG

KA KIM, DO SUNG
LEE, DO YOUNG

IPCH %S G09G3/36 GO2F1/1343

CPCH %S GO02F1/133784 G02F1/134363 G02F1/136213 G02F1/136227 G09G3/3614 G09G3/3648 G09G2300
/0434 G09G2320/0209

R 54 1020040118352 2004-12-31 KR
H 0 FF 32k US8102348

SAEBEE Espacenet USPTO

BWEGF)

EAMEXNRRERNEESEE —NE-ER , F—ER LR
4% , BRERVEARXENMHRAIXNHEL | FMRERXLNE
RBAENBIEL , SBEELFTNERERRE  BFRAIMNGRBRE
BIRE LR EREN S NMEERR , SHBEENBELESH
NHEJEEMRENERSE LHEEPTH , 2MEBRMAH
BREREHABESNMBEBRI B HEUFEENERT , AEBER
EZRAEEBERERE. F—MEZER.

\MALTRLARALELITVEANUANKYAVARRANNNIAAY

"\

FINN I W

T =



https://share-analytics.zhihuiya.com/view/27aa814a-7e87-484c-b991-38389371820f
https://worldwide.espacenet.com/patent/search/family/036639810/publication/US2006145990A1?q=US2006145990A1
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=%2220060145990%22.PGNR.&OS=DN/20060145990&RS=DN/20060145990

