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An in plane switching mode liquid crystal display device
and its fabrication method are disclosed. The in plane
switching mode liquid crystal display device includes: a first
and second substrate; a gate line and a data line respectively
disposed horizontally and vertically on the first substrate; a
first to a fourth sub-pixels defined by the gate line and the
data line and arranged in a 2x2 matrix form; at least one pair
of first and second electrodes disposed in each sub-pixel and
generating an in-plane electric field; a first common line
equally dividing the first and the second sub-pixels and
connected to the first electrode disposed in the first and the
second sub-pixels; a second common line dividing the third
and the fourth sub-pixels to make an area of one of said
sub-pixels larger than the other one and connected to the first
electrode disposed in the third and the fourth sub-pixels; a
switching device formed at a crossing of the gate line and the
data line; and a liquid crystal layer formed between the first
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IN PLANE SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE AND FABRICATION METHOD
THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. 76079/2003 filed on Oct. 29, 2003,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display device, and particularly to an in plane switching
mode liquid crystal display device and its fabrication
method capable of easily controlling areas of red, green,
blue and white sub-pixels arranged in a 2x2 matrix form.

[0004]

[0005] Atwisted nematic (TN) mode liquid crystal display
(LCD) device, which is commonly used as a flat panel
display device achieving high image quality and low power
consumption, has a problem in that its viewing angle is
narrow because of refractive anisotropy of its liquid crystal
molecules. This is because liquid crystal molecules are
aligned parallel to a substrate in the absence of a voltage and
are aligned almost perpendicularly to the substrate when a
voltage is applied.

[0006] To overcome this deficiency, present research
includes active development of an in plane switching (IPS)
mode LCD for solving the viewing angle problem by
aligning liquid crystal molecules almost parallel to a sub-
strate.

[0007] FIG. 1 is a schematic view of a unit pixel of a
general IPS mode LCD device, wherein FIG. 1A is a plan
view, and FIG. 1B is a cross sectional view taken along line
I-I' of FIG. 1A.

[0008] As illustrated in FIGS. 1A and 1B, R, G and B
sub-pixels construct one unit pixel, and each sub-pixel is
defined by a gate line 1 and a data line 3 arranged horizon-
tally and vertically on a transparent first substrate 10. As
used hereinafter, the horizontal direction corresponds to the
orientation of the gate line; and the vertical direction, which
is perpendicular to the horizontal direction, corresponds to
the orientation of the data line. Both the vertical and
horizontal directions are parallel to the surface of the sub-
strate. Although the nxm number of sub-pixels are defined
by the ‘n’ number of gate lines 1 and the ‘m” number of data
lines 3 in an LCD device, only one set of Red, Green and
Blue sub-pixels are illustrated here. As used hereinafter, the
combined R, G and B sub-pixels are defined as a unit pixel.

[0009] A thin film transistor 9 of the related art is disposed
at a crossing of the gate line 1 and the data line 3 defining
the sub-pixel. The thin film transistor 9 includes a gate
electrode 1a, a semiconductor layer 5 and source/drain
electrodes 2a, 2b.

[0010] In the sub-pixel of the related art, a common line 4
is arranged parallel to the gate line 1, and at least one pair
of electrodes, a common electrode 6 and a pixel electrode 7,
are arranged parallel to the data line 3. The electrodes are for
switching the liquid crystal molecules. Here, the common
electrode 6 and the pixel electrode 7 are respectively con-

1. Field of the Invention

2. Description of the Related Art
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nected to the common line 4 and the drain electrode 2b. A
passivation film 11 and a first alignment layer 124 are further
applied on the first substrate 10 having the source electrode
2q and the drain electrode 2b.

[0011] In addition, a pixel electrode line 14, which over-
laps the common line 4 and is connected to the pixel
electrode 7, forms a storage capacitor with the common line
4, wherein the pixel electrode line 14 and the common line
4 have a gate insulation film disposed between them.

[0012] A black matrix 21 for preventing leakage of light,
and R, G and B color filters 23¢-23c respectively corre-
sponding to the sub-pixels, is formed on the second substrate
20. Additionally, a second alignment layer 12b, which along
with the first alignment layer 12a determines an initial
alignment state of the liquid crystal, is applied to the second
substrate 20.

[0013] According to an IPS pixel structure of the related
art, the liquid crystal layer 13, which is formed between the
first substrate 10 and second substrate 20, transmits light
according to a voltage applied between the common elec-
trode 6 and the pixel electrode 7.

[0014] The related art IPS mode LCD device having such
a structure is advantageous in that a viewing angle can be
improved because a common electrode and a pixel electrode
are disposed on the same plane and thus generate an in-plane
electric field. However, the related art IPS mode LCD device
has problems in that an aperture ratio is decreased, and its
brightness is degraded because the common electrode 6 and
the pixel electrode 7 are disposed in a pixel region where
light would otherwise be transmitted to form an image.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to an
in plane switching mode liquid crystal display device and
fabrication method thereof that substantially obviates one or
more of the problems due to limitations and disadvantages
of the related art.

[0016] An advantage of the present invention is to provide
an IPS mode LCD device capable of improving brightness
of a screen by constructing red (R), green (G), blue (B) and
white (W) sub-pixels as one unit pixel.

[0017] Another advantage of the present invention is to
provide an IPS mode LCD device capable of effectively
improving an aperture ratio by disposing four sub-pixels of
red, green, blue and white in a quad-type (2x2 arrangement).

[0018] Yet another advantage of the present invention is to
provide an IPS mode LCD device capable of easily control-
ling an area of sub-pixels by disposing a common line
between sub-pixels that are disposed vertically, wherein the
two sub-pixels share the common line

[0019] In order to achieve these and other advantages of
the invention, an in plane switching mode liquid crystal
display device comprises a first substrate and a second
substrate; a plurality of gate lines disposed horizontally on
the first substrate; a plurality of data lines disposed vertically
on the first substrate, the plurality of gate lines and the
plurality of data lines defining a first sub-pixel, a second
sub-pixel, a third sub-pixel, and a fourth sub-pixel, wherein
the sub-pixels are arranged in a 2x2 matrix form; at least one
pair of first and second electrodes disposed in each sub-
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pixel; a first common line between the first and the second
sub-pixels according to a first sub-pixel area ratio, the first
common line connected to the first electrode disposed in the
first and second sub-pixels; a second common line between
the third and the fourth sub-pixels according to a second
sub-pixel area ratio, the second sub-pixel area ratio being
different from the first sub-pixel area ratio, and the second
common line connected to the first electrode disposed in the
third and fourth sub-pixels; a switching device formed at a
crossing of the gate line and the data line; and a liquid crystal
layer formed between the first and the second substrates.

[0020] In order to achieve these and other advantages of
the invention, an in plane switching mode liquid crystal
display device comprises a first substrate and a second
substrate; a plurality of gate lines disposed horizontally on
the first substrate; a plurality of data lines disposed vertically
on the first substrate; a Red (R) sub-pixel, a Green (G)
sub-pixel, a Blue (B) sub-pixel, and a White (W) sub-pixel
defined by the gate lines and the data lines, wherein the
sub-pixels are arranged in a 2x2 matrix form; at least one
pair of a common electrode and a pixel electrode disposed
in each sub-pixel; a first common line between the Red (R)
and Green (G) sub-pixels according to a first area ratio, the
first common line connected to the common electrode dis-
posed in the Red (R) and Green (G) sub-pixels; a second
common line between the Blue (B) and White (W) sub-
pixels according to a second area ratio (B/W), the second
area ratio being greater than 1, the second common line
connected to the common electrode disposed in the Blue (B)
and White (W) sub-pixels; a pixel electrode line overlapping
the first and second common lines, forming a storage capaci-
tor together with the first and second common lines, and
electrically connecting the pixel electrode disposed in each
sub-pixel; a switching device formed at a crossing of the
gate line and the data line; and a liquid crystal layer formed
between the first and the second substrates.

[0021] In order to achieve these and other advantages of
the invention, a method of fabricating an in plane switching
mode liquid crystal display device comprises providing a
first substrate and a second substrate; forming a plurality of
gate lines, a common electrode, and a common line on the
first substrate, wherein the common line includes first and
second common lines, the first common line disposed sub-
stantially at a center between the gate lines, the second
common line disposed off-center between the gate lines,
wherein the first and second common lines are electrically
connected; forming a plurality of data lines disposed sub-
stantially perpendicularly to the gate lines and defining four
sub-pixels together with the gate line and the first and the
second common lines; a pixel electrode line overlapping the
first and second common lines and forming a storage capaci-
tor; and a pixel electrode substantially parallel to the com-
mon line and electrically connected to the pixel electrode
line; and forming a liquid crystal layer between the first and
second substrates.

[0022] In order to achieve these and other advantages of
the invention, an in plane switching mode liquid crystal
display device comprises a first substrate and a second
substrate; a plurality of gate lines disposed horizontally on
the first substrate; a plurality of data lines disposed vertically
on the first substrate, the plurality of gate lines and the
plurality of data lines defining a Red (R) sub-pixel, a Green
(G) sub-pixel, a Blue (B) sub-pixel, and a White (W)

May 5, 2005

sub-pixel, wherein the sub-pixels are arranged in a row; and
at least one pair of first and second electrodes disposed in
each sub-pixel.

[0023] 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

[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] FIGS. 1A and 1B are views illustrating a structure
of a related art IPS mode LCD device.

[0026] FIG. 2 is a view illustrating an IPS mode LCD
device according to a first embodiment of the present
invention.

[0027] FIG. 3 illustrates an IPS mode LCD device accord-
ing to a second embodiment of the present invention.

[0028] FIG. 4 illustrates an IPS mode LCD device accord-
ing to a third embodiment of the present invention.

[0029] FIGS. 5A and 5B are of an IPS mode LCD device
according to a fourth embodiment of the present invention.

[0030] FIGS. 6A and 6B are of a fabrication method of an
IPS mode LCD device according to the present invention.

[0031] FIG. 7 illustrates an IPS mode LCD device accord-
ing to the present invention that includes electrodes having
a zigzag structure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0032] Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

[0033] FIG. 2 illustrates a first embodiment of the present
invention: an in plane switching (IPS) mode liquid crystal
display (LCD) device having a four transmissive regions
within each sub-pixel. This embodiment of the IPS mode
LCD device has a white(W) sub-pixel 1004 in addition to the
Red(R), Green(G) and Blue(B) sub-pixels (1002-100c).
Here, the W sub-pixel 100d may be accommodated by
reducing the width of each sub-pixel and maintaining the
transmissive area of each sub-pixel.

[0034] The sub-pixels 100a, 1005, 100c and 100d are
defined by a gate line 101 and a data line 103 arranged
horizontally and vertically. In each sub-pixel 100z, 1000,
100c, 1004, a pixel electrode 107 substantially perpendicu-
larly connects to a pixel electrode line 114, and a common
electrode 106 perpendicularly connects to a common line
104. The pixel electrode 107 and the common electrode 106,
which are alternately disposed, generate an in-plane electric
field in the pixel when a voltage is applied between them. In
addition, the common line 104 and the pixel electrode line
114 may overlap each other and form a storage capacitor
(Cst) with a gate insulation film (not shown) between them.
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[0035] Also, as a switching device, a thin film transistor
109 may be disposed at the crossing of the gate line 101 and
data line 103. The thin film transistor 109 generally includes
a semiconductor layer 105 formed on the gate electrode
1014; a source electrode 1024 formed on the semiconductor
layer 105; and a drain electrode 102b facing the source
electrode 1024 and electrically connected to the pixel elec-
trode line 114. Also, although not shown in the drawing, a
gate insulation film may be applied on an entire surface of
the substrate on which the gate line 101 has been formed.
The gate insulation film electrically insulates the common
electrode 106 and the pixel electrode 107 from each other.

[0036] The following is a comparison between the first
embodiment of the present invention and the related art. As
illustrated in FIG. 1A, a separation distance between the
pixel electrode 7 and the common electrode 6 is defined as
dl. As illustrated in FIG. 2, the first embodiment of the
present invention has a separation distance, d2, between the
pixel electrode 107 and the common electrode 106. Because
of such an addition of the W sub-pixel 1004 in this embodi-
ment, d2 is approximately equal to 0.5 d1. That is, if the W
sub-pixel 100d is added, brightness can be improved to a
certain extent, but the light transmission region (transmis-
sive area of the pixel region not blocked by the pixel
electrode or the common electrode) is decreased. This is
because a unit pixel of this embodiment has four sub-pixels:
R, G, B and W, and substantially the same area as the unit
pixel of the related art. The additional electrode structure of
the W sub-pixel decreases the transmissive area of the unit
pixel, which may reduce the increased brightness resulting
from the addition of the W sub-pixel.

[0037] FIG. 3 illustrates a second embodiment of the
present invention. In the second embodiment, sub-pixels R,
G, B and W are arranged in a 2x2 matrix form, and each
sub-pixel has six transmissive regions between electrodes
206 and 207, wherein each transmissive region that has a
width, D1, that is substantially the same as the correspond-
ing width of the related art structure. The sub-pixel arrange-
ment, and the width of the transmission region, D1, improve
brightness and aperture ratio relative to the related art.

[0038] As illustrated in FIG. 3, the IPS mode LCD device
according to the second embodiment has R, G, B and W
sub-pixels 200a-200d, cach having six transmissive regions,
wherein the sub-pixels are arranged in the 2x2 matrix to
form a unit pixel (P). The sub-pixels 200a-200d are defined
by gate lines 201 and data lines 203, respectively, and are
arranged horizontally and vertically. In each sub-pixel 200a-
200d is at least one pair of electrodes, a pair including a pixel
electrode 207 connected to the pixel electrode line 214, and
a common electrode 206 connected to the common line 204.
The pixel electrodes 207 may be substantially perpendicu-
larly oriented relative to the pixel electrode line 214, and the
common electrode 206 may be substantially perpendicularly
oriented relative to the common line 204. The pixel elec-
trodes 207 and the common electrodes 206 may be alter-
nately disposed and generate an in-plane electric field in the
pixel on the application of a voltage. Further, the pixel
electrode line 214 may overlap the common line 204 to form
a storage capacitor (Cst).

[0039] Athin film transistor 209 is disposed as a switching
device on the gate line 201. The thin film transistor 209
includes a semiconductor layer 205 formed on the gate line
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201; a source electrode 202a formed on the semiconductor
layer 205; and a drain electrode 202b facing the source
electrode 2024 and electrically connected to the pixel elec-
trode line 214. In addition, although not shown in the
drawing, a gate insulation film (not shown) may be depos-
ited on an entire surface of a substrate on which the gate line
201 has been formed. The gate insulation film insulates the
pixel electrode 207 and the common electrode 206 from
each other.

[0040] In the IPS mode LCD device of this embodiment,
a separation distance D1 between the pixel electrode 207
and the common electrode 206 may be the same as d1, the
separation distance of the related four-block LCD device
shown in FIG. 1A. With the sub-pixels 2004a-200d arranged
in a 2x2 matrix form according to this embodiment, a gate
line and a common line are added between the sub-pixels
that are disposed vertically, which may result in a in a
vertical direction ‘H’ that is smaller than ‘h’, a vertical
length shown in FIG. 1A, by about 15%. However, because
two sub-pixels are disposed in a horizontal direction, the
light transmission region may be increased by increasing D1
or by further adding a common electrode and a pixel
electrode. By increasing D1, the width of the transmissive
region of the sub-pixel may be increased in a proportion
greater than the reduction of height ‘H’ such that the area of
the transmissive region D1*H is increased, thereby improv-
ing brightness and aperture ratio.

[0041] According to a third embodiment of the present
invention, the aperture ratio may be improved by making
sub-pixels, which are disposed vertically, share a common
line. FIG. 4 illustrates the third embodiment of the present
invention, in which an IPS mode LCD device has sub-pixels
vertically arranged that share a common line.

[0042] The third embodiment is substantially similar to
the second embodiment (FIG. 3), with a distinction in the
disposition of a common line. This distinction is described
below.

[0043] As illustrated in FIG. 4, in the IPS mode LCD
device according to the third embodiment, a unit pixel is
divided into sub-pixels by a common line 304 passing
substantially through a center of the pixel (P) parallel to a
gate line 301, and R, G, B and W sub-pixels 300a-300d are
arranged in a 2x2 matrix form. The region above the
common line 304 may be referred to as a first region, and the
region below the common line 304 may be referred to as a
second region. As illustrated in FIG. 4, the G and B
sub-pixels 3005 and 300c are disposed in the first region,
and R and W sub-pixels 300z and 300d are disposed in the
second region. It will be apparent that this exemplary
embodiment may have the R, G, B, and W sub-pixels
arranged in other configurations than that shown in FIG. 4.

[0044] The common line 304 is electrically connected to at
least one common electrode 306 disposed in each sub-pixel,
and forms a storage capacitor (Cst) together with a pixel
electrode line 314 overlapping the common line 304. As
illustrated in FIG. 4, the pixel electrode line 314 overlap-
ping the common line 304 includes a first pixel electrode line
314a electrically connected to a pixel electrode 307 formed
in the first region; and a second pixel electrode line 314bH
electrically connected to a pixel electrode 307 formed in the
second region.

[0045] The IPS mode LCD device having such a structure
can improve the aperture ratio because the sub-pixels dis-
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posed at upper and lower portions of the pixel share one
common line. The common line is disposed at a boundary
line between the first and second regions, and sub-pixels
disposed vertically share the common line, thereby reducing
a line-formed area.

[0046] As described above regarding the other embodi-
ments, the addition of the W sub-pixel, and disposing the R,
G, B and W sub-pixels in a 2x2 matrix form, improve
brightness and aperture ratio. According to the third embodi-
ment, the aperture ratio may be further improved by having
two sub-pixels, which are disposed vertically, share the
common line.

[0047] In general, the brightness of the W sub-pixel is
higher than the sum of brightness of the R, G and B
sub-pixels. However, when a driving algorithm is theoreti-
cally calculated, the sum of brightness of the R, G and B
sub-pixels is considered to be substantially the same as the
brightness of the W sub-pixel. Therefore, a pixel may be
designed such that the sum of the brightness of the actual R,
G and B sub-pixels becomes substantially the same as the
brightness of the W-sub-pixel.

[0048] Accordingly, the fourth embodiment of the present
invention provides an IPS mode LCD device in which
sub-pixels may each have a different area. An IPS mode
LCD device of this embodiment may have sub-pixels
arranged in a 2x2 matrix form.

[0049] The fourth embodiment of the present invention is
illustrated in FIGS. 5A and 5B, illustrating an IPS mode
LCD device in which sub-pixels are constructed to be
different in area. FIG. SA is a plan view, and FIG. 5B is a
cross-sectional view taken along line II-II' of FIG. 5A. The
present embodiment may have substantially similar compo-
nents as the third embodiment (FIG. 4), but with first and
second common lines dividing sub-pixels into a first region
and a second region.

[0050] The first region contains G and B sub-pixels 4005
and 400c, and the second region contains R and W sub-
pixels 400c and 400d. The G sub-pixel 4000 of the first
region and the R sub-pixel 400a of the second region are
divided by a first common line 404a. Given the placement
of the common line 4044, the R sub-pixel 400z and the G
sub-pixel 4000 may have substantially the same area, and
thereby may have a sub-pixel area ratio (R/G) approximately
equal to one. The B sub-pixel 400c of the first region and the
W sub-pixel 4004 of the second region are divided by a
second common line 404b disposed between the two sub-
pixel areas, and these two pixels are different in area. That
is, the area of the B sub-pixel 400c is larger than the W
sub-pixel 400, thereby having a sub-pixel area ratio (B/W)
greater than 1. Such a difference in area can be obtained
since the second common line 404) is disposed further
toward the second region. In other words, the second com-
mon line 404b is shifted to a lower position than the first
common line 404¢. Here, the first common line 404 and the
second common line 404H should be electrically connected.

[0051] The B sub-pixel 400c and the W sub-pixel 4004 are
made to be different in area so that the sum of the bright-
nesses of the R, G and B sub-pixels 4004-400c becomes
substantially the same as the brightness of the W sub-pixel
400d. To achieve this, the area of the W sub-pixel 4004 is
reduced.
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[0052] Also, as the arca of the W sub-pixel 400d
decreases, the area of the B sub-pixel 400c¢ increases pro-
portionately. Such an increase little affects the sum of
brightness of the R, G and B sub-pixels (4002-400c).
Namely, extent of contribution of the R, G and B sub-pixels
4002-400C in relation to overall brightness are approxi-
mately 35%, 55% and 10%, respectively. As such, the
contribution of the B sub-pixel in relation to the overall
brightness is very small. Accordingly, despite the increased
area of the B sub-pixel 400c, the sum of the brightnesses of
the R, G and B sub-pixels is little changed, and the bright-
ness of the W-sub-pixel 4004 is decreased. Hence, the
difference between the sum of the brightnesses of the R, G
and B sub-pixels 4002-400c and the brightness of the W
sub-pixel may be minimized.

[0053] According to the fourth embodiment of the present
invention, the B sub-pixel and the W sub-pixel are divided
by common line 404b so as to be disposed vertically because
the B sub-pixels has the smallest contribution rate in relation
to the overall brightness. This is because a vertical displace-
ment of the second common line determines the areas of the
B and W sub-pixels. However, any type of disposition of the
R, G and B sub-pixels may be used provided that the area of
the W sub-pixel 4004 is formed to be smaller than the areas
of other sub-pixels. Other sub-pixel configurations may be
possible in order to increase the area of the B sub-pixel 4004
and decrease the area of the W sub-pixel 400d, and are
within the scope of the present invention.

[0054] The pixel structure, as illustrated in FIG. 5B, may
be formed as follows. A common electrode 406 may be
formed on a transparent first substrate 410, and a gate
insulation film 408 may be deposited thereon. A pixel
electrode 407, which generates an in-plane electric field
together with the common electrode 406, may be formed on
the gate insulation film 408. A passivation film 411 and first
alignment layer 412¢ may be deposited thereon.

[0055] Also, a black matrix 421 for preventing leakage of
light and R, G, B and W color filters 423 may be formed on
a transparent second substrate 420, and a second alignment
layer 421b may be applied thereon. In addition, a liquid
crystal layer 413, which is driven by the lateral electric field
generated between the pixel electrode 407 and the common
electrode 406, may be formed between the first and second
substrates 410 and 420.

[0056] In the fourth embodiment of the present invention,
the sub-pixels may be constructed to be different in area by
making sub-pixels, which are disposed vertically, share a
common line, wherein the common line is shifted at a
prescribed interval. Especially, by displacing the common
line shared by the B sub-pixel and the W sub-pixel, the
brightness of the W sub-pixel may be made approximately
the same as the total brightness of the R, G and B sub-pixels,
so that the color of the unit pixel can be implemented almost
the same as a result of a theoretical calculation.

[0057] The present invention does not limit the positions
of the common electrode and pixel electrode, and the
common electrode and the pixel electrode may be formed on
the same plane, such as on a passivation film. When the
common electrode and the pixel electrode are formed on the
same plane as above, the electric field between the two
electrodes becomes stronger, and liquid crystal molecules in
aliquid crystal layer may be switched at a faster speed by the
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stronger electric field. In addition, the two electrodes may be
made of a transparent conductive material such as ITO or
1Z0, thereby improving an aperture ratio. Also, as illustrated
in FIG. 7, the common electrode and the pixel electrode may
have zigzag-shaped structures in order to form a multi
domain and thus further improve color characteristics.

[0058] An exemplary fabrication process of an IPS mode
LCD device described in the fourth embodiment (FIGS. 5A
and 5B) will now be briefly described.

[0059] FIGS. 6A and 6B are plan views for a fabrication
method of the LCD device described in the fourth embodi-
ment. First, as illustrated in FIG. 6A, a transparent insula-
tion substrate 410 such as glass is prepared. Metal such as
Cu, Ti, Cr, Al, Mo, Ta, or Al alloy is deposited on the
substrate 410 through a sputtering method, and patterning is
performed thereon, forming a gate line 401, a common
electrode 406 and first and second common lines 4044,
404b. Here, the first common line 404a is formed to pass
substantially through the center between the gate lines 401,
and the second common line 404b is formed at an upper or
lower position relative to the first common line 404a. The
two common lines 404a and 404b are electrically connected
to each other.

[0060] Thereafter, SiNx, SiOx or the like is deposited on
an entire surface of the substrate 410 including the gate line
401 and the common line 404 by a plasma CVD method,
thereby forming a gate insulation film (not shown).

[0061] After the gate insulation film is formed, amorphous
silicon and n+amorphous silicon are stacked on the gate
insulation film (not shown), and patterning is performed,
thereby forming a semiconductor layer 405 on the gate line
401, as illustrated in FIG. 6B. Then, metal such as Cu, Mo,
Ta, Al, Cr, Ti, or Al alloy is deposited on the semiconductor
layer 405 and the gate insulation film (not shown) through
a sputtering method. The metal is patterned to form a data
line 403 disposed substantially perpendicularly to the gate
line 401, which defines four sub-pixels together with the
gate line 401 and the first and second common lines 404a
and 404b. The patterning of the metal also forms the
source/drain electrodes 3022/302b formed on the semicon-
ductor layer 405 at a predetermined interval; a pixel elec-
trode line 414 overlapping the first and second common
lines 404a and 404b and forming a storage capacitor (Cst);
and a pixel electrode 407 electrically connected to the pixel
electrode line 414 and parallel to the common line 406.

[0062] Then, an inorganic material such as SiNx or SiOx
or an organic material such as benzocyclobutene or acryl is
applied on the substrate on which a thin film transistor 409
has been formed, thereby forming a passivation film (not
shown). Next, the first substrate fabricated according to the
exemplary process is attached to a second substrate that
includes a color filter, thereby completing a panel of an LCD
device.

[0063] The common electrode and the pixel electrode may
be formed on the passivation film, and the two electrodes
may be made of a transparent conductive material such as
ITO or 1ZO.

[0064] As described above, the present invention provides
an IPS mode LCD device having a high aperture ratio and
high brightness, in which sub-pixels may be constructed to
be different in area. Particularly, the sum of brightness of R,
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G and B sub-pixels becomes substantially the same as the
brightness of a W sub-pixels by making sub-pixels, which
are disposed vertically, share a common line, decreasing an
area of the W sub-pixel and increasing an area of the B
sub-pixel. As so far described, in an LCD device according
to the present invention, brightness is improved by disposing
R, G, B and W sub-pixels in a 2x2 matrix form. In addition,
in the present invention, an aperture ratio is further improved
by making sub-pixels, which are disposed vertically, share
one common line. Also, in the present invention, sub-pixels
may be constructed to be different in area by vertically
shifting a common line shared by the sub-pixels which are
disposed up and down, so that the sum of brightness of the
R, G and B sub-pixels becomes the same as the brightness
of the W sub-pixel.

[0065] 1t 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 first substrate and a second substrate;

a plurality of gate lines disposed horizontally on the first
substrate;

a plurality of data lines disposed vertically on the first
substrate, the plurality of gate lines and the plurality of
data lines defining a first sub-pixel, a second sub-pixel,
a third sub-pixel, and a fourth sub-pixel, wherein the
sub-pixels are arranged in a 2x2 matrix form;

at least one pair of first and second electrodes disposed in
each sub-pixel;

a first common line between the first and the second
sub-pixels according to a first sub-pixel area ratio, the
first common line connected to the first electrode
disposed in the first and second sub-pixels;

a second common line between the third and the fourth
sub-pixels according to a second sub-pixel area ratio,
the second sub-pixel area ratio being different from the
first sub-pixel area ratio, and the second common line
connected to the first electrode disposed in the third and
fourth sub-pixels;

a switching device formed at a crossing of the gate line
and the data line; and

a liquid crystal layer formed between the first and the

second substrates.

2. The device of claim 1, wherein the first to fourth
sub-pixels are Red (R), Green (G), Blue (B) and White (W)
sub-pixels, respectively.

3. The device of claim 2, wherein the first sub-pixel area
ratio and the second sub-pixel area ratio substantially con-
form to a relation whereby a sum of the brightnesses of the
R, G, and B sub-pixels substantially equals a brightness of
the W sub-pixel.
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4. The device of claim 1, wherein the first electrode is a
common electrode, and the second electrode is a pixel
electrode.

5. The device of claim 1, wherein the first common line
and the second common line are electrically connected.

6. The device of claim 1, wherein the thin film transistor
comprises:

a gate electrode;

a gate insulation film formed on an entire surface of a
substrate including the gate electrode;

a semiconductor layer formed on the gate insulation film;
and

a source and a drain electrodes on the semiconductor

layer.

7. The device of claim 1, further comprising a pixel
electrode line overlapping the first and the second common
lines and connected to the second electrode disposed in each
sub-pixel.

8. The device of claim 1, wherein the first common line
is shared by the first and the second sub-pixels.

9. The device of claim 1, wherein the second common line
is shared by the third and the fourth sub-pixels.

10. The device of claim 1, wherein the first and second
electrodes have zigzag structures.

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

a first substrate and a second substrate;

a plurality of gate lines disposed horizontally on the first
substrate;

a plurality of data lines disposed vertically on the first
substrate;

a Red (R) sub-pixel, a Green (G) sub-pixel, a Blue (B)
sub-pixel, and a White (W) sub-pixel defined by the
gate lines and the data lines, wherein the sub-pixels are
arranged in a 2x2 matrix form;

at least one pair of a common electrode and a pixel
electrode disposed in each sub-pixel;

a first common line between the Red (R) and Green (G)
sub-pixels according to a first area ratio (R/G), the first
common line connected to the common electrode dis-
posed in the Red (R) and Green (G) sub-pixels;

a second common line between the Blue (B) and White
(W) sub-pixels according to a second area ratio (B/W),
the second area ratio being greater than 1, the second
common line connected to the common electrode dis-
posed in the Blue (B) and White (W) sub-pixels;

a pixel electrode line overlapping the first and second
common lines, forming a storage capacitor together
with the first and second common lines, and electrically
connecting the pixel electrode disposed in each sub-
pixel;

a switching device formed at a crossing of the gate line
and the data line; and
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a liquid crystal layer formed between the first and the

second substrates.

12. The device of claim 11, wherein the first area ratio and
the second area ratio substantially satisfy a relation whereby
a sum of the brightnesses of the R, G, and B pixels
substantially equal a brightness of the W pixel.

13. A method of fabricating an in plane switching mode
liquid crystal display device, comprising:

providing a first substrate and a second substrate;

forming a plurality of gate lines, a common electrode, and
a common line on the first substrate, wherein the
common line includes first and second common lines,
the first common line disposed substantially at a center
between the gate lines, the second common line dis-
posed off-center between the gate lines, wherein the
first and second common lines are electrically con-
nected;

forming a plurality of data lines disposed substantially
perpendicularly to the gate lines and defining four
sub-pixels together with the gate line and the first and
the second common lines; a pixel electrode line over-
lapping the first and second common lines and forming
a storage capacitor; and a pixel electrode substantially
parallel to the common line and electrically connected
to the pixel electrode line; and

forming a liquid crystal layer between the first and second
substrates.
14. The method of claim of claim 13, further comprising
preparing the second substrate including:

forming a black matrix on the second substrate; and

forming a color filter on the second substrate.

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

a first substrate and a second substrate;

a plurality of gate lines disposed horizontally on the first
substrate;

a plurality of data lines disposed vertically on the first
substrate, the plurality of gate lines and the plurality of
data lines defining a Red (R) sub-pixel, a Green (G)
sub-pixel, a Blue (B) subpixel, and a White (W) sub-
pixel, wherein the sub-pixels are arranged in a row; and

at least one pair of first and second electrodes disposed in
each sub-pixel.

16. The device of claim 15, wherein the R sub-pixel has
a first area, the G sub-pixel has a second area, the B
sub-pixel has a third area, and the W sub-pixel has a fourth
area, and wherein the first area, the second area, the third
area, and the fourth area conform to a relation whereby a
sum of the brightnesses of the R, G, and B sub-pixel is
substantially equal to a brightness of the W sub-pixel.
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