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An IPS mode liquid crystal display device includes a first set
of pixels of different colors, each of the pixels having a data
line along a side thereof and a gate line along a side thereof,
wherein one of the pixels is a white (W) pixel; a second set
of pixels of different colors, each of the pixels having a data
line along a side thereof and a gate line along a side thereof,
wherein one of the pixels is a white (W) pixel; wherein the
first set of pixels and the second set of pixels is adjacent to
each other. In another embodiment, the IPS LCD includes a
plurality of R (Red), G (Green), B (Blue) and W (White)
pixels defined by a plurality of gate lines and a plurality of
data lines; a driving element in the pixel; and at least one pair
of electrodes disposed in the pixel to form a horizontal
electric field, wherein the R, G, B, and W pixels are arranged
in a zigzag pattern in a data line direction, and each of R, G,
B, and W pixels is arranged to be symmetric with respect to

(51) Int. CL7 e GO2F 1/1343 the gate line to adjacent R, G, B, and W pixels.
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IN PLANE SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE HAVING 4-PIXEL STRUCTURE

[0001] This application claims the benefit of Korean
Patent Application No. 2003-43978, filed on Jun. 30, 2003,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to an in-plane switch-
ing mode liquid crystal display device, particularly to the
in-plane switching mode liquid crystal display device of
4-pixels structure including R (Red), G (Green), B (Blue)
and W (White) pixels having compensated main viewing
angle to improve brightness and viewing angle characteris-
tic.

[0004] 2. Discussion of the Related Art

[0005] A light, thin, small flat panel display device have
been actively studied, because such display devices may be
used in various portable electronic devices such as mobile
phones, PDAs (Personal Digital Assistants) and notebook
computers, which have received great interest recently. An
LCD (Liquid Crystal Display), a PDP (Plasma Display
Panel), an FED (Field Emission Display), a VFD (Vacuum
Fluorescent Display), or the like have been developed as the
flat panel display device. Of these flat panel display devices,
the LCD is used because of the improved mass-production
technique, the simplified driving system and the high picture
quality.

[0006] The LCD device has various display modes accord-
ing to the arrangement of the liquid crystal molecules.
Among these display modes, a TN mode (Twisted Nematic
mode) LCD device is used because of good display char-
acteristic of the white and black colors, fast response time,
and low driving voltage. In the TN mode L.CD device, the
liquid crystal molecules arranged substantially parallel to the
surface of the substrate align in the substantial vertical
direction to the surface of the substrate when voltage is
applied. When the voltage is applied, thus, the viewing angle
is narrow because of the refractive anisotropy of the liquid
crystal molecules.

[0007] To solve the viewing angle problem, LCD devices
of various modes having a wide viewing angle characteristic
are used, and of them, an in-plane switching mode LCD
device is actually used for mass production. The IPS mode
liquid crystal display device has an improved viewing angle
characteristic by forming a horizontal electric field that is
substantially parallel with the surface of the substrate and
thus aligning the liquid crystal molecules in a plane.

[0008] FIGS. 1A and 1B show a related art IPS mode
LCD device.

[0009] As shown in FIG. 1A, in the PS mode LCD device,
a common electrode 5 and a pixel electrode 7 are parallel
disposed on the liquid crystal display panel 1, and a rubbing
direction of an alignment layer (not shown) on the liquid
crystal display panel 1 is formed at a certain angle to the
common electrode 5 and the pixel electrode 7. Accordingly,
when a voltage is not applied to the pixel electrode 7, the
liquid crystal molecules 42 are arranged in the rubbing
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direction to be aligned at a certain angle to the common
electrode 5 and the pixel electrode 7.

[0010] When a voltage is applied to the common electrode
5 and the pixel electrode 7, a horizontal electric field that is
substantially in parallel with the surface of the panel 1 is
generated between the common electrode 5 and the pixel
electrode 7. Accordingly, as shown in FIG. 1B, the liquid
crystal molecules 42 are aligned in a direction substantially
perpendicular to the common electrode 5 and the pixel
electrode 7.

[0011] Namely, when the voltage is applied thereto, the
liquid crystal molecules 42 are rotated in the same plane
along with the horizontal electric field, and as a result a gray
inversion caused by the refractive anisotropy of the liquid
crystal molecules can be effectively prevented.

[0012] In the IPS mode LCD device, however, there is
disadvantage in that color is shifted according to the direc-
tion of the viewing angle. Not shown in Figure, the common
electrode 5 and the pixel electrode 7 are formed on a first
substrate (i.e., the TFT substrate on which a thin film
transistor is formed) of the liquid crystal display device.
When a voltage is applied thereto, therefore, the liquid
crystal molecules 42a near the first substrate are aligned to
be perpendicular to the common electrode 5 and the pixel
electrode 7 by the horizontal electric field, while the liquid
crystal molecules 42b near a second substrate (i.e., the color
filter substrate on which a color filter is formed) are aligned
at a certain angle to the common electrode 5 and the pixel
electrode 7. That is, the liquid crystal molecules 42a, 42b are
twisted from the first substrate to the second substrate. At
this time, since the liquid crystal molecules 42 are twisted in
a specific direction, a color shift occurs in directions of
viewing angles of X, Y as illustrated in FIG. 1(b), thereby
causing deterioration of image quality.

[0013] To solve this problem, an improved IPS mode
liquid crystal display device has been introduced. As illus-
trated in FIGS. 2A and 2B, in the IPS mode liquid crystal
display device, a data line 3 is arranged at the certain angle
to the gate line 2, that is, not arranged in perpendicular with
the gate line 2. Further, the common electrode 5 and the
pixel electrode 7 disposed in the pixel region defined by the
gate line 2 and the data line 3 are disposed at a certain angle
to the gate line 2, that is, the common electrode 5 and pixel
electrode 7 are parallel the data line 3. In the pixel, region
a common line 8 and a pixel electrode line 9, which are
respectively connected to the common electrode 5 and the
pixel electrode 7, are overlapped to generate the storage
capacitance.

[0014] A thin film transistor 15 including a gate electrode
16, a semiconductor layer 17, a source electrode 18 and a
drain electrode 19 is disposed near the crossing of the gate
line 2 and the data line 3. A signal from the outside is applied
through this film transistor 15 to the pixel electrode 7 to
generate the horizontal electric field in the liquid crystal
layer. Because the liquid crystal molecules are rotated in the
same plane along with the horizontal electric field, the gray
inversion caused by the refractive anisotropy can be pre-
vented.

[0015] The related IPS mode LCD device having the
above structure will be described in more detail accompa-
nying with FIG. 2B.
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[0016] As shown in FIG. 2B, a gate electrode 16 is formed
on a first substrate 20, and a gate insulating layer 22 is
deposited over the first substrate 20. A semiconductor layer
17 is formed on the gate insulating layer 22, and the source
electrode 18 and the drain electrode 19 are formed on the
semiconductor layer 17. Further, a passivation layer 24 is
formed over the first substrate 20.

[0017] In addition, a plurality of common electrodes 5 is
formed on the first substrate 20, and the pixel electrode 7 and
the data line 3 are formed on the gate insulating layer 22, so
that the horizontal electric field may be applied between the
common electrode 5 and the pixel electrode 7.

[0018] On the second substrate 30, a black matrix 32 and
a color filter layer 34 are formed. The black matrix 32 is for
shielding the light transmitting the area where the liquid
crystal molecules are not operated. The black matrix 32 is
mainly formed on the thin film transistor 10 and on the area
between pixels (that is, gate line area and a data line area),
as illustrated in FIG. 2B. The color filter layer 23 includes
R (Red), B (Blue), G (Green) colors for implementing actual
colors.

[0019] Aliquid crystal layer 40 is formed between the first
substrate 20 and the second substrate 30.

[0020] In the related art IPS mode liquid crystal display
device, the data line 3, the common electrode 5 and the pixel
electrode 7 are disposed at the predetermined angle to the
gate line 2. At this time, in the pixels adjacent to the
corresponding pixel, especially, the pixels positioned at the
upper and lower area of the corresponding pixel, the data
line 3, the common electrode 5, the pixel electrode 7 are
disposed at a certain angle with the gate line 2. However,
these adjacent pixels are symmetric with the corresponding
pixel. Accordingly, as shown in FIG. 3, the pixels are
disposed in a zigzag shape in a longitudinal direction of the
data line 3. In FIG. 3, we will omit the detailed structure of
the IPS mode liquid crystal display device and shows only
the R (Red), G (Green) and B (Blue) pixels defined by the
gate line and the data line are, because each pixel has the
same structure as the pixel illustrated in FIGS. 2A and 2B.

[0021] As illustrated in FIG. 3, because the R, G, B pixels
are respectively formed in a zigzag shape, (i.e., the gate line
and the data line are formed in a zigzag shape), a horizontal
electric field is formed at each R, G, B pixels in a direction
different from that of adjacent R, G, B pixels (in a symmetric
direction centering around the gate line respectively).
Accordingly, the liquid crystal molecules of the correspond-
ing pixels are twisted in the opposite direction with those of
the adjacent pixels from the first substrate 20 to the second
substrate 30. As a result, the direction of main viewing angle
becomes different in each adjacent R, G, B pixels (i.e., the
viewing angles in the adjacent R, G, B pixels are symmetric
centering around the gate line) to compensate the viewing
angle, and thus the color shift can be prevented.

[0022] However, the related IPS mode liquid crystal dis-
play device of such a structure has following problems.

[0023] Asillustrated in FIG. 3, in the related art IPS mode
liquid crystal display device, the R, B pixels (R, G, B may
form one pixel) are repeatedly formed over the entire liquid
crystal display device (in other words, the pixel having R, G,
B sub-pixels are repeatedly formed over the entire liquid
crystal display device). In the R, G, B color filter layers 34
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made of the color resist are respectively formed at the R, G,
B pixels. Accordingly, because the light having the wave
length except for the wave length of the corresponding color
is absorbed in each R, G, B pixel, the intensity of light
transmitting the color filter layer 34 is weakened, so that the
brightness of the liquid crystal display device may be
deteriorated.

SUMMARY OF THE INVENTION

[0024] Accordingly, the present invention is directed to an
in-plane switching mode liquid crystal display device having
a four pixel structure that substantially obviates one or more
of the problems due to limitations and disadvantages of the
related art.

[0025] Therefore, an advantage of the present invention is
to provide an in-plane switching mode liquid crystal display
device capable of improving brightness by being formed in
a 4-pixel structure having R, G, B, W pixels.

[0026] Another advantage of the present invention is to
provide an in-plane switching mode liquid crystal display
device capable of improving a viewing angle characteristic
by compensating a main viewing angle by arranging pixels
in a zigzag form and symmetrically forming common elec-
trodes and pixel electrodes formed in adjacent pixels having
the same color.

[0027] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provided a
first set of pixels of different colors, each of the pixels having
a data line along a side thereof and a gate line along a side
thereof, wherein one of the pixels is a white (W) pixel; a
second set of pixels of different colors, each of the pixels
having a data line along a side thereof and a gate line along
a side thereof, wherein one of the pixels is a white (W) pixel;
wherein the first set of pixels and the second set of pixels is
adjacent to each other.

[0028] In another aspect of the present invention, an
in-plane switching mode liquid crystal display device
includes a plurality of R (Red), G (Green), B (Blue) and W
(White) pixels defined by a plurality of gate lines and a
plurality of data lines; a driving element in the pixel; and at
least one pair of electrodes disposed in the pixel to form a
horizontal electric field, wherein the R, G, B, and W pixels
are arranged in a zigzag pattern in a data line direction, and
each of R, G, B, and W pixels is arranged to be symmetric
with respect to the gate line to adjacent R, G, B, and W
pixels.

[0029] In another aspect of the present invention, an
in-plane switching mode liquid crystal display device
includes a first set of pixels of different colors, each of the
pixels having a data line along a side thereof and a gate line
along a side thereof, wherein one of the pixels is a white (W)
pixel; a second set of pixels of different colors, each of the
pixels having a data line along a side thereof and a gate line
along a side thereof, wherein one of the pixels is a white (W)
pixel; a third set of pixels of different colors, each of the
pixels having a data line along a side thereof and a gate line
along a side thereof, wherein one of the pixels is a white (W)
pixel; and a fourth set of pixels of different colors, each of
the pixels having a data line along a side thereof and a gate
line along a side thereof, wherein one of the pixels is a white



US 2004/0263748 Al

(W) pixel; wherein the first set of pixels and the second set
of pixels are adjacent to each other and the third set of pixels
and the fourth set of pixels are adjacent to each other and
wherein the white pixels are not adjacent to each other.

[0030] In the present invention, the data line may be
formed in a zigzag shape, and thus a common electrode and
a pixel electrode substantially parallel to the data line may
also be formed in a zigzag shape.

[0031] The foregoing advantages and other 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. 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

[0032] 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.

[0033] In the drawings:
[0034] FIGS. 1A and 1B illustrate a related art in-plane

switching mode liquid crystal display device;

[0035] FIG. 2A is a plan view illustrating a structure of
the related art in-plane switching mode liquid crystal display
device;

[0036] FIG. 2B is a sectional view taken along line II-II'
of FIG. 2A;

[0037] FIG. 3 is a schematic view illustrating the arrange-
ment of pixels of the related art in-plane switching mode
liquid crystal display device;

[0038] FIG. 4 is a schematic view illustrating the arrange-
ment of pixels of an in-plane switching mode liquid crystal
display device having a 4-pixel structure in accordance with
the present invention;

[0039] FIGS. 5A and 5B are schematic views illustrating
different arrangements of pixels of an in-plane switching
mode liquid crystal display device having a 4-pixel structure
in accordance with the present invention;

[0040] FIG. 6 is a schematic view illustrating another
arrangement of pixels of an in-plane switching mode liquid
crystal display device having a 4-pixel structure in accor-
dance with the present invention; and

[0041] FIG. 7 illustrates a structure of an in-plane switch-
ing mode liquid crystal display device having a 4-pixel
structure in accordance with the present invention.

[0042] FIG. 8 illustrates an embodiment of the present
invention having sixteen pixels arranged according to the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS
[0043] Reference will now be made in detail to an embodi-
ment of the present invention, example of which is illus-
trated in the accompanying drawings.
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[0044] The present invention provides the IPS mode liquid
crystal display device having the improved viewing angle
characteristic and the increased brightness. The viewing
angle characteristic is improved by forming symmetrically
common electrodes and pixel electrodes in adjacent pixels at
a certain angle to a gate line (i.e., forming the common and
pixel electrodes in a zigzag form) and thus compensating a
color shift. The brightness is improved by the arrangement
of a new pixel. That is, the low brightness in the liquid
crystal display device is mainly originated in optical absorp-
tion in the R, G, B subpixels. Therefore, the present inven-
tion provides the liquid crystal display device having the
improved brightness by improving a structure of the pixel
having these R, G, B subpixels.

[0045] The reason of low brightness of the LCD device
having R, G, B subpixels is because most of light is absorbed
into the R, G, B color filter layers. By changing a pixel
structure to decrease an optical absorption ratio, accordingly,
the brightness may be improved. In the present invention,
the brightness of the LCD device is improved by including
the pixel having a W (White) color filter layer. The W color
filter layer may transmit most of the light from a backlight
of the LCD device, so that the brightness of the LCD device
may be improved. When the W color filter layer is formed,
the transmittance is improved by about 55%, and thus the
brightness of the LCD device is improved by about 40%. At
this time, the R, G, B color filter layers implement colors
without any problems because of the W color filter layer.
This structure of the LCD device is called a 4-pixel structure
or a 4-color filter structure. On the assumption that the pixel
has a plurality of sub-pixels (i.e., R, G, B subpixels) for
implementing colors, further, the structure may be called the
4-subpixel structure. In other words, the pixel to be
explained hereafter means the subpixel and one group of
four pixels means one pixel having four subpixels.

[0046] FIG. 4 is a schematic view showing a basic struc-
ture of the IPS mode LCD device having the 4-pixel
structure. As illustrated in FIG. 4, in the IPS mode LCD
device four pixels of R, G, B, W are disposed in a stripe
structure along the gate line. Each of R, G, B, W pixels is
formed in a zigzag shape along the data line, and the liquid
crystal molecules thereof are twisted in an opposite direction
to the liquid crystal molecules of the adjacent R, G, B, W
pixels so that the main viewing angles thereof become
different. Accordingly, the main viewing angle is compen-
sated at each R, G, B, W pixel. However, in this IPS mode
LCD device, the W pixel whose brightness is more than two
times as strong as that of other pixels are disposed in a row
in the longitudinal direction, thereby generating a vertical
line on a screen.

[0047] Inorder to prevent the vertical line from occurring,
it is important to arrange the pixels so that the W pixels are
not arranged in a row. FIG. 5A illustrates the IPS mode LCD
device having the structure that the W pixels are not dis-
posed in a row. As illustrated in FIG. 5A, in this IPS mode
LCD device, the W pixels are not disposed in a specific
direction, so that a specific line such as a vertical line is not
generated on the screen. However, in this IPS mode LCD
device, the pixels having the same color filter layers are not
adjacently arranged at their upper and lower sides. Namely,
a series of R, G, B, W pixels is not formed in zigzag, and the
common electrodes and the pixel electrodes (not shown) of
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the adjacent pixels having the same color are arranged in the
same directions. As a result, the viewing angle characteristic
cannot be improved.

[0048] In order to improve the viewing angle characteris-
tic, as illustrated in FIG. 5B, the direction of the series of R,
G, B, W pixels (or the pixel having R, G, B, W subpixels)
and that of the other series of the R, G, B, W pixels (i.e., the
extension directions of the common electrode and the pixel
electrode, or the twist directions of the liquid crystal mol-
ecules) are oppositely formed, thereby providing the IPS
mode LCD device of a 4-pixel structure, in which the main
viewing angle has been compensated at each pixel (since the
main viewing angles are opposite to each other). However,
as illustrated in FIG. 5B, a dead area where the pixel is not
formed is generated in the IPS mode L.CD device. This dead
area is an area where the common electrode or the pixel
electrode is not formed and thus the horizontal electric field
is not formed. Further, in the dead area, the color filter layer
is not formed either. After all, an image is not displayed at
the dead region, so that an aperture ratio of the liquid crystal
display device is reduced.

[0049] FIG. 6 illustrates a basic structure of the IPS mode
LCD device having the 4-pixel structure in which the
aperture ratio is not reduced and simultaneously the viewing
angle characteristic is improved.

[0050] As illustrated FIG. 6, in this IPS mode LCD
device, a basic structure of a pixel, such as the arrangement
of the gate line and the data line and the arrangement of the
common electrode and the pixel electrode, is the same as
that of the IPS mode LCD device illustrated in FIG. 5A.
Accordingly, unlike the IPS mode LCD device illustrated in
FIG. 5B, the aperture ratio is not reduced in the IPS mode
LCD device of FIG. 6.

[0051] The structural difference between the IPS mode
LCD device of FIG. 6 and the IPS mode LCD device of
FIG. 5A is the arrangement of the pixels. In the IPS mode
LCD device of FIG. 5A, a group (or a series) of the R, G,
B, W pixels (or the pixel having the R, G, B, W subpixels)
has the same pixel arrangement form as the adjacent group
of the R, G, B, W pixels (the pixel having the R, G, B, W
subpixels). Accordingly, the data lines and the common
electrodes and the pixels electrodes in the two pixels having
the same color filter layers are arranged in the same direc-
tions, and thus the directions of the main viewing angles
become the same in those pixels, thereby causing deterio-
ration of the viewing angle characteristic.

[0052] On the contrary, in the IPS mode LCD device of the
structure of FIG. 6, a group (or a series) of the R, G, B, W
pixels (or the pixel having the R, G, B, W subpixels) for
implementing the colors has the pixel arrangement different
from that of the adjacent group of the R, G, B, W pixels (the
pixels having the R, G, B, W subpixels). Particularly, each
of R, G, B, W pixels is arranged so that the data lines and
the common electrodes and the pixels electrodes in two
pixels having the same color filter layers are arranged in the
different directions from each other (in symmetrically
inclined directions along a gate direction). Accordingly, the
main viewing angle is compensated thereby improving the
viewing angle characteristic. Hereinafter, the above struc-
ture of the IPS mode LCD device having the 4-pixel
structure will now be described in more detail.
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[0053] FIG. 7 is a plan view illustrating a structure of the
IPS mode LCD device having the 4-pixel structure in
accordance with one embodiment of the present invention.

[0054] As illustrated in FIG. 7, the IPS mode LCD device
in accordance with the present invention includes a plurality
of pixels 151a-151d and 1524-1152d defined by a plurality
of the gate lines 102 and a plurality of the data lines 103
symmetrically arranged centering around the gate lines 102.
Common lines 108 may be substantially parallel to the gate
lines 102. Thin film transistors 115 are disposed at a region
where the gate line 102 and the data line 103 in each pixel
cross each other. Each thin film transistor 115 includes a gate
electrode 116 connected to a gate line 102 and to which an
external scan signal is applied, a semiconductor layer 117 on
the gate electrode 116, which may be activated as the scan
signal is applied thereto, and a source electrode 118 and a
drain electrode 119 on the semiconductor layer and to which
an external image signal is inputted through the data line
103.

[0055] In each pixel the common electrode 105 and the
pixel electrode 107 are disposed to be substantially parallel
to the data line 103 and to generate the horizontal electric
field. In the drawing, three common electrodes 105 and two
pixel electrodes 107 are arranged in each pixel, but the
number of the common electrodes and the pixel electrodes
are not limited. However, generally, the number of the
common electrodes 105 is larger than the number of the
pixel electrodes 107 by one to prevent the horizontal electric
field from being distorted by the electric field generated
between the data line and the pixel electrode 107 and to
shield the electric field generated by the data line by dis-
posing the common electrode 105 adjacent to the data line
103.

[0056] In addition, by overlapping the common line 108
connected with the common electrode 105 and a pixel
electrode line 109 connected with the pixel electrodes 107
within a respective pixel, storage capacity is generated.

[0057] The structure of the pixel is substantially the same
as that of FIG. 2B. Namely, the gate line and the data line,
the thin film transistor, the common electrode and the pixel
electrode or the like are formed on the first substrate and the
color filter layer and the black matrix are formed at each
pixel of the second substrate.

[0058] As illustrated in FIG. 7, in the IPS mode LCD
device in accordance with the present invention, a group (or
a series) of the R, G, B, W pixels (the R, G, B, W subpixels
forming one pixel) 151a-151d has a different arrangement
from the adjacent group of the R, G, B, W pixels (the R, G,
B, W subpixels forming one pixel) 152a-152d. At this time,
the R, G, B, W pixels means that the R, G, B, W color filter
layers are respectively formed on the second substrate

[0059] As illustrated in FIG. 7, the R pixel 151a and the
G pixel 1515 are disposed at the upper part of the first group
of pixels 151a-151d, and the B pixel 151c and the W pixel
151d are disposed at its lower part. On the contrary, the B
pixel 152¢ and the W pixel 1524 are disposed at the upper
part of the second group of the pixels 152a-152d, and the R
pixel 152a and the G pixel 152b are disposed at its lower
part. That is, the pixels having the same color filter layers are
respectively formed at different positions. By such disposi-
tion, the common electrodes 105 and the pixel electrodes
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107 are formed inclined at a certain angle symmetrically
centering around the gate line at each of the R pixels 151a,
1524, G pixels 151b, 152b, B pixels 151c, 152¢ and W pixels
151d, 152d. Accordingly, the twist directions of the liquid
crystal molecules of the two pixels having the same color
filter layers become opposite. In the result, the viewing angle
characteristic is improved by compensating the main view-
ing angle directions.

[0060] FIG. 8 illustrates an embodiment of the present
invention having sixteen pixels arranged according to the
present invention. As illustrated in FIG. 8, in a first set of
four pixels formed as the two by two matrix 251 in the upper
left of the four by four matrix illustrated, the R pixel 251a
and the G pixel 2515 are disposed at the upper part of the
first group of pixels 251a-2514d, and the B pixel 251c¢ and the
W pixel 251d are disposed at its lower part. On the contrary,
in a second set of four pixels formed by the two by two
matrix 252 in the upper right of the four by four matrix
illustrated, the B pixel 252¢ and the W pixel 252d are
disposed at the upper part of the second group of the pixels
252a-252d, and the R pixel 252a and the G pixel 252b are
disposed at its lower part. That is, the pixels having the same
color filter layers are respectively formed at different posi-
tions. By such disposition, the common electrodes 105 and
the pixel electrodes 107 are formed inclined at a certain
angle symmetrically centering around the gate line at each of
the R pixels 251a, 252a, G pixels 251b, 252b, B pixels 251c,
252¢ and W pixels 251d, 252d. Accordingly, the twist
directions of the liquid crystal molecules of the two pixels
having the same color filter layers become opposite.

[0061] In addition, a third set of four pixels formed as the
two by two matrix 253 in the lower left of the four by four
matrix illustrated, the G pixel 253b and the R pixel 251a are
disposed at the upper part of the third group of pixels
253a-253d, and the B pixel 253¢ and the W pixel 2534 are
disposed at its lower part. On the contrary, in a fourth set of
four pixels formed by the two by two matrix 254 in the lower
right of the four by four matrix illustrated, the B pixel 253¢
and the W pixel 2534 are disposed at the upper part of the
second group of the pixels 253a-253d, and the R pixel 253a
and the G pixel 253b are disposed at its lower part.

[0062] In one embodiment of this invention, the configu-
ration of the pixels of upper part of the first set 251 is
opposite to the configuration of the pixels of the upper part
of the third set 253. For example, as illustrated in FIG. 8, the
R pixel 251a is to the left of the G pixel 2515 in the first set
of pixels 251; however, the R pixel 2534 is to the right of the
G pixel 253b in the third set of pixels 253. Similarly, the
configuration of the pixels of the lower part of the first set
251 may be opposite to the configuration of the pixels of the
lower part of the third set 253. For example, as illustrated in
FIG. 8, the W pixel 251d is to the left of the B pixel 251c¢
in the first set of pixels 251; however, the W pixel 253d is
to the right of the B pixel 253c¢ in the third set of pixels 253.

[0063] The second and fourth sets of pixels 252 and 254
may be similarly configured, as illustrated in FIG. 8. For
example, as illustrated in FIG. 8, the W pixel 2524 is to the
left of the B pixel 252¢ in the second set of pixels 252;
however, the W pixel 2544 is to the right of the B pixel 2544
in the fourth set of pixels 254. Similarly, the configuration of
the pixels of the lower part of the second set 252 may be
opposite to the configuration of the pixels of the lower part
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of the fourth set 254. For example, as illustrated in FIG. 8,
the R pixel 2524 is to the left of the G pixel 252b in the
second set of pixels 252; however, the R pixel 2544 is to the
right of the G pixel 254b in the fourth set of pixels 254.

[0064] As a result, the viewing angle characteristic is
improved by compensating the main viewing angle direc-
tions because additional brightness is provided by the addi-
tion of white pixels, but white lines formed on the screen
may be prevented by not placing the white pixels adjacent to
each other.

[0065] As so far described, since the IPS mode LCD
device has the 4-pixel structure of the R, G, B, W subpixels
in the present invention, the brightness may be improved. In
addition, by arranging pixels in a zigzag along the data line
and symmetrically forming the common electrode and the
pixel electrode formed in the adjacent pixels of the same
color, the main viewing angle is compensated and thus the
viewing angle characteristic may be improved.

[0066] 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.

What is claimed is:
1. An in-plane switching mode liquid crystal display
device, comprising;:

a plurality of R (Red), G (Green), B (Blue) and W (White)
pixels defined by a plurality of gate lines and a plurality
of data lines;

a driving element in the pixel; and

at least one pair of electrodes disposed in the pixel to form
a horizontal electric field,

wherein the R, G, B, and W pixels are arranged in a zigzag
pattern in a data line direction, and each of R, G, B, and
W pixels is arranged to be symmetric with respect to
the gate line to adjacent R, G, B, and W pixels.
2. The device of claim 1, wherein the data line has at least
one bent portion.
3. The device of claim 1, wherein the electrodes include:

a common electrode; and

a pixel electrode arranged to be substantially parallel with
the common electrode.
4. The device of claim 3, wherein the common electrode
and the pixel electrode have at least one bent portion.
5. The device of claim 1, further comprising:

a common line connected with a common electrode; and

a pixel electrode line connected with a pixel electrode in
the pixel, the pixel electrode line overlapping a portion
of the common line to form a storage capacitor.

6. The device of claim 1, wherein the driving element is

a thin film transistor.

7. The device of claim 1, wherein the R, G, B, and W

pixels are substantially parallelograms.

8. An in-plane switching mode liquid crystal display

device, comprising;:



US 2004/0263748 Al

a plurality of pixels defined by a plurality of gate lines and
a plurality of data lines, the pixel including R (Red), G
(Green), B (Blue), and W (White) subpixels;

a driving element disposed in each subpixel; and

at least one pair of electrodes disposed in each subpixel to
form a horizontal electric field, wherein the R, G, B,
and W subpixels are arranged in a zigzag pattern in a
data line direction, the subpixels of adjacent pixels
being arranged in a different direction to compensate a
main viewing angle of each of R, G, B, W subpixels.
9. The device of claim 8, wherein direction of the elec-
trodes in each of R, G, B, and W subpixels is symmetric to
that of the electrodes in adjacent R, G, B, and W subpixels
with respect to the gate line.
10. An in-plane switching mode liquid crystal display
device, comprising:

a first set of pixels of different colors, each of the pixels
having a data line along a side thereof and a gate line
along a side thereof, wherein one of the pixels is a white

(W) pixel; and

a second set of pixels of different colors, each of the pixels
having a data line along a side thereof and a gate line
along a side thereof, wherein one of the pixels is a white

(W) pixel;

wherein the first set of pixels and the second set of pixels

are adjacent to each other.

11. The in-plane switching mode liquid crystal display
device 10, wherein the white pixel of the first set and the
white pixel of the second set are not adjacent to each other.

12. The in-plane switching mode liquid crystal display
device of claim 10, wherein the first set of pixels includes
four pixels and the second set of pixels includes four pixels.

13. The in-plane switching mode liquid crystal display
device of claim 12, wherein the first set of four pixels and
the second set of four pixels are each arranged in a two by
two matrix.

14. The in-plane switching mode liquid crystal display
device 13, wherein the white pixel of the first set and the
white pixel of the second set are not adjacent to each other.

15. The in-plane switching mode liquid crystal display
device of claim 10, wherein the first set of pixels and the
second set of pixels are each arranged in a row.

16. The in-plane switching mode liquid crystal display
device of claim 12, wherein the first set of four pixels and
the second set of four pixels are each arranged in a row.

17. The in-plane switching mode liquid crystal display
device of claim 16, wherein the white pixel of the first set
and the white pixel of the second set are not adjacent to each
other.

18. The in-plane switching liquid crystal display device of
claim 12, wherein the arrangement of the four pixels in the
first set is the same as the arrangement of the four pixels in
the second set.

19. The in-plane switching liquid crystal display device of
claim 10, wherein the data lines of the first set and the data
lines of the second set have a bent portion.

20. The in-plane switching liquid crystal display device of
claim 19, wherein the bent portion of the data lines of the
first set and the bent portion of the data lines of the second
set are symmetric with respect to an axis perpendicular to the
gate line.
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21. The in-plane switching liquid crystal display device of
claim 20, wherein a dead space is formed between the first
set and the second set.

22. The in-plane switching liquid crystal display device of
claim 19, wherein the bent portion of the data lines of the
first set and the bent portion of the data lines of the second
set are the same direction.

23. The in-plane switching liquid crystal display device of
claim 10, wherein the different colors include red, green,
blue and white.

24. The in-plane switching liquid crystal display device of
claim 23, wherein the first set of pixels includes four pixels
and wherein the second set of pixels includes four pixels,
and wherein the first set of four pixels and the second set of
four pixels are each arranged in a two by two matrix.

25. The in-plane switching liquid crystal display device of
claim 24, wherein the two by two matrices of the first set and
the second set include an upper row and a lower row,
respectively, and wherein the two colors in the upper row of
the first set are the same as the two colors in the lower row
of the second set.

26. The in-plane switching liquid crystal display device of
claim 25, wherein the two colors in the upper row of the first
set are arranged the same as the two colors in the lower row
of the second set.

27. The in-plane switching liquid crystal display device of
claim 13, wherein the two by two matrices of the first set and
the second set include an upper row and a lower row,
respectively, and wherein the two colors in the lower row of
the first set are the same as the two colors in the upper row
of the second set.

28. The in-plane switching liquid crystal display device of
claim 27, wherein the two colors in the lower row of the first
set are arranged in the same pattern as the two colors in the
upper row of the second set.

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

a first set of pixels of different colors, each of the pixels
having a data line along a side thereof and a gate line
along a side thereof, wherein one of the pixels is a white
(W) pixel;

a second set of pixels of different colors, each of the pixels
having a data line along a side thereof and a gate line
along a side thereof, wherein one of the pixels is a white
(W) pixel;

a third set of pixels of different colors, each of the pixels
having a data line along a side thereof and a gate line
along a side thereof, wherein one of the pixels is a white
(W) pixel; and

a fourth set of pixels of different colors, each of the pixels
having a data line along a side thereof and a gate line
along a side thereof, wherein one of the pixels is a white
(W) pixel;

wherein the first set of pixels and the second set of pixels
are adjacent to each other and the third set of pixels and

the fourth set of pixels are adjacent to each other and
wherein the white pixels are not adjacent to each other.

30. The in-plane switching liquid crystal display device of
claim 29, wherein the first set of pixels includes four pixels,
the second set of pixels includes four pixels, the third set of
pixels includes four pixels, and the fourth set of pixels
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includes four pixels and wherein the first to fourth sets of
four pixels are each arranged in a two by two matrix.

31. The in-plane switching liquid crystal display device of
claim 30, wherein the two by two matrices of the first set and
the second set include an upper row and a lower row,
respectively, and wherein the two colors in the upper row of
the first set are the same as the two colors in the lower row
of the second set.

32. The in-plane switching liquid crystal display device of
claim 31, wherein the two colors in the upper row of the first
set are arranged the same as the two colors in the lower row
of the second set.

33. The in-plane switching liquid crystal display device of
claim 30, wherein the two by two matrices of the first set and
the second set include an upper row and a lower row,
respectively, and wherein the two colors in the lower row of
the first set are the same as the two colors in the upper row
of the second set.

34. The in-plane switching liquid crystal display device of
claim 33, wherein the two colors in the lower row of the first
set are arranged the same as the two colors in the upper row
of the second set.

35. The in-plane switching liquid crystal display device of
claim 30, wherein the two by two matrices of the first set and
the third set include an upper row and a lower row, respec-
tively, and wherein the two colors in the upper row of the
first set are the same as the two colors in the upper row of
the third set.

36. The in-plane switching liquid crystal display device of
claim 35, wherein the two colors in the upper row of the first
set are arranged to be opposite the arrangement of the two
colors in the upper row of the third set.
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37. The in-plane switching liquid crystal display device of
claim 30, wherein the two by two matrices of the first set and
the third set include an upper row and a lower row, respec-
tively, and wherein the two colors in the lower row of the
first set are the same as the two colors in the lower row of
the third set.

38. The in-plane switching liquid crystal display device of
claim 37, wherein the two colors in the lower row of the first
set are arranged to be opposite the arrangement of the two
colors in the lower row of the third set.

39. The in-plane switching liquid crystal display device of
claim 30, wherein the two by two matrices of the second set
and the fourth set include an upper row and a lower row,
respectively, and wherein the two colors in the upper row of
the second set are the same as the two colors in the upper
row of the fourth set.

40. The in-plane switching liquid crystal display device of
claim 39, wherein the two colors in the upper row of the
second set are arranged to be opposite the arrangement of the
two colors in the upper row of the fourth set.

41. The in-plane switching liquid crystal display device of
claim 30, wherein the two by two matrices of the second set
and the fourth set include an upper row and a lower row,
respectively, and wherein the two colors in the lower row of
the second set are the same as the two colors in the lower
row of the fourth set.

42. The in-plane switching liquid crystal display device of
claim 41, wherein the two colors in the lower row of the
second set are arranged to be opposite the arrangement of the
two colors in the lower row of the fourth set.
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