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(57) ABSTRACT

A liquid crystal display device is disclosed. The disclosed
liquid crystal display device includes gate lines, data lines
formed to intersect with the gate lines, thereby defining sub-
pixel regions, vertical common lines formed in parallel to the
data lines such that at least one vertical common line is
arranged for one pixel region, which is constituted by at least
three sub-pixel regions, thin film transistors each connected
to a corresponding one of the gate lines and a corresponding
one of the data lines, pixel electrodes each connected to a
corresponding one of the thin film transistors, and common
electrodes each connected to a corresponding one of the ver-
tical common lines.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2008-0014843, filed on Feb. 19,
2008, which is hereby incorporated by reference as if fully set
forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly, to a liquid crystal display
device capable of achieving an enhancement in aperture ratio,
and an enhancement in picture quality reliability.

[0004] 2. Discussion of the Related Art

[0005] Generally, there are liquid crystal display (LCD)
devices of various modes according to various alignments of
liquid crystal molecules. For example, LCD devices are clas-
sified into a twisted nematic mode, in which liquid crystal
directors are controlled by a vertical electric field, and an
in-plane switching mode, in which liquid crystal directors are
controlled by a horizontal electric field.

[0006] The in-plane switching mode LCD device includes
a color filter array substrate, a thin film array substrate
arranged to face the color filter array substrate, and a liquid
crystal layer interposed between the color filter array sub-
strate and the thin film array substrate. The color filter array
substrate includes a black matrix for preventing leakage of
light, and color filter layers formed on the black matrix, to
render a desired color. The thin film transistor array substrate
includes gate lines and data lines defining unit pixels, thin
film transistors formed at respective intersections of the gate
lines and data lines, and common electrodes and pixel elec-
trodes formed in parallel, to form a horizontal electric field.

[0007] In order to secure a desired capacitance of each
storage capacitor, the in-plane switching mode LCD device
has a structure in which a common line, which is formed such
that it is connected with the common electrode in each pixel
region, is overlapped with the pixel electrode in the pixel
region under the condition in which an insulating film is
interposed between the common line and the pixel electrode.
In this case, a reduction in aperture ratio occurs due to the
common lines arranged over and beneath each pixel region.
Since the common lines are formed using the same metal
layer as that of the gate lines, there may be a short circuit
between the common electrodes and the gate lines. In order to
prevent a failure caused by a short circuit between the com-
mon electrodes and the gate lines, a sufficient spacing dis-
tance should be secured between the common electrodes and
the gate lines. For this reason, a reduction in aperture ratio
occurs.

[0008] As the LCD device has a larger area, the length of
the common lines also increases. As a result, the resistance of
the common lines, which is proportional to the length of the
common lines, is also increased. In this case. there may be a
phenomenon that the common voltage is distorted or delayed.
When the area of the common lines is increased to solve this
problem, a reduction in aperture ratio occurs. Furthermore, a
parasitic capacitor is formed between the gate line and the
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common line in each sub-pixel. This parasitic capacitor
causes cross-talk, a flicker phenomenon, image sticking, etc.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to a
liquid crystal display device that substantially obviates one or
more problems due to limitations and disadvantages of the
related art.

[0010] An object of the present invention is to provide a
liquid crystal display device capable of achieving an enhance-
ment in aperture ratio, and an enhancement in picture quality
reliability.

[0011] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0012] To achieve theseobjects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a liquid crystal display device
comprises: gate lines; data lines formed to intersect with the
gate lines, thereby defining sub-pixel regions; vertical com-
mon lines formed in parallel to the data lines such that at least
one vertical common line is arranged for one pixel region,
which is constituted by at least three sub-pixel regions; thin
film transistors each connected to a corresponding one of the
gate lines and a corresponding one of the data lines; pixel
electrodes each connected to a corresponding one of the thin
film transistors; and common electrodes each connected to a
corresponding one of the vertical common lines.

[0013] The liquid crystal display device according to the
present invention has the following effects.

[0014] First, the liquid crystal display device according to
the present invention achieves an enhancement in aperture
ratio corresponding to about 10 to 16% by forming the com-
mon lines and storage electrodes in parallel to the data lines,
as compared to the case in which the common lines and
storage electrodes are formed over and beneath each pixel
region.

[0015] Second, the storage electrodes made of the gate
metal material are formed such that the storage electrodes are
parallel with the data lines, namely, the storage electrodes are
formed on a layer different from the layer, on which the data
lines are formed. Accordingly, it is possible to reduce the
spacing distance for reducing the possibility of a failure
caused by short circuit, and thus to achieve an enhancement in
aperture ratio.

[0016] Third, since the common lines are formed to be
parallel to the data lines, the length of the common lines is
reduced, as compared to the case in which the common lines
are formed to be parallel to the gate lines. Accordingly, the
resistance of the common lines is reduced. As a result, it is
possible to prevent the common voltage from being distorted
or delayed, and to reduce a flicker phenomenon caused by the
resistance of the common lines and capacitance.

[0017] Since a common voltage from a driver integrated
circuit (IC) is directly applied to the vertical common lines, 1t
is possible to prevent the common voltage from being dis-
torted.



US 2009/0207365 A1l

[0018] Fourth, since the common lines are formed to be
parallel to the data lines, there is no cross-talk caused by a
parasitic capacitor formed between the gate lines and the
common lines in conventional cases. It is also possible to
eliminate direct current (DC) components from the common
electrodes, and thus to solve an associated problem such as
image sticking.

[0019] Fifth, since an increase in brightness is achieved in
accordance with the enhanced aperture ratio, it is possible to
eliminate the use of a diffusion sheet or a prism sheet. Also, it
is possible to obtain a high aperture ratio, without using an
organic insulating material such as expensive photo acryl.
Thus, a reduction in costs and processes is achieved.

[0020] Sixth, since the black matrix is formed such that the
ratio of the minimum line width to the maximum line width is
0.7 or less, it is possible to solve a visibility problem caused
by a line width difference in the black matrix. Also, the
sub-pixel regions have the same aperture width. Accordingly,
it is possible to reduce a color deviation and color mixing
among the sub-pixel regions.

[0021] Itistobeunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and along with the
description serve to explain the principle of the invention. In
the drawings:

[0023] FIG.1isaplanview illustrating a thin film transistor
substrate of an in-plane switching (IPS) liquid crystal display
(LCD) device according to a first embodiment of the present
invention;

[0024] FIG.2isacross-sectional view taken along the lines
11-11" to I3-13' of FIG. 1, illustrating the thin film transistor
substrate shown in FIG. 1;

[0025] FIGS. 3A to 3D are sectional views illustrating a
method for fabricating the thin film transistor substrate shown
in FIG. 2;

[0026] FIG.4isaplanviewillustrating a thin film transistor
substrate of an TIPS LCD device according to a second
embodiment of the present invention;

[0027] FIG.5isacross-sectional view taken along the lines
111-I11" to 113-113' of FIG. 4, illustrating the thin film transistor
substrate shown in FIG. 4;

[0028] FIGS. 6 to 9 are views illustrating a thin film tran-
sistor substrate of an IPS LCD device according to a third
embodiment of the present invention;

[0029] FIGS. 10 and 11 are views illustrating a thin film
transistor substrate of an IPS LCD device according to a
fourth embodiment of the present invention; and

[0030] FIG. 12 is a plan view illustrating a thin film tran-
sistor substrate of an IPS LCD device according to a fifth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Reference will now be made in detail to the pre-
ferred embodiments of the present invention associated with
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a liquid crystal display device, examples of which are illus-
trated in the accompanying drawings.

[0032] FIG. 1isaplanview illustrating a thin film transistor
substrate of an in-plane switching (IPS) liquid crystal display
(LCD) device according to a first embodiment of the present
invention. FIG. 2 is a cross-sectional view taken along the
lines 11-I1' to 13-I3' of FIG. 1, illustrating the thin film tran-
sistor substrate.

[0033] The IPS LCD device shown in FIGS. 1 and 2
includes a thin film transistor substrate 100 defined with a
plurality of pixel regions each having red (R), green (G), and
blue (B) sub-pixel regions. The IPS LCD device also includes
a plurality of gate lines 104 formed on the substrate 100, and
a plurality of data lines 113 formed on the substrate 100 to
intersect with the gate lines 104 under the condition in which
a gate insulating film 106 is interposed between the gate lines
104 and the data lines 113, and thus to define the sub-pixel
regions. The [PS LCD device further includes thin film tran-
sistors TFT formed at respective intersections of the gate lines
104 and data lines 113, pixel electrodes 145 respectively
connected to the thin film transistors TFT, common elec-
trodes 140 each adapted to form a horizontal electric field in
the corresponding sub-pixel region, together with the corre-
sponding pixel electrode 145, and horizontal common lines
144 formed in parallel to the gate lines 104. Each horizontal
common line 144 is connected with the common electrodes
140 in the corresponding sub-pixel regions. The IPS LCD
device further includes vertical common lines 130 forming a
mesh structure, together with the horizontal common lines
144, and storage electrodes 147 formed in parallel with each
data line 113 at one side of the data line 113 such that the
storage electrodes 147 overlap with the corresponding com-
mon electrodes 140. The horizontal common lines 144 are
made of the same material as the pixel electrodes 145.
[0034] Since the horizontal common lines 144 and vertical
common lines 130 form a mesh structure, it is possible to
achieve a reduction in load, and thus to minimize the load.
[0035] Each pixel electrode 145 is connected to a drain
electrode 1105 of the corresponding thin film transistor TFT
via a drain contact hole 120 penetrating through a passivation
film 125. The pixel electrode 145 has a horizontal portion
145a connected to the corresponding storage electrode 147
via a storage contact hole 123 penetrating through the gate
insulating film 106 and passivation film 125, and a finger
portion 1455 forming a horizontal electric field, together with
the corresponding common electrode 140.

[0036] The vertical common lines 130 are formed on the
same layer as the layer, on which the data lines 113 are
formed, using a source/drain material, to cross regions most
insensible to brightness, namely, the B sub-pixel regions.
Fach vertical common line 130 is connected to the corre-
sponding horizontal common lines 144 via common line con-
tact holes 132 extending through the passivation film 125. A
common voltage from a driver integrated circuit (IC) is
directly applied to each vertical common line 130. Accord-
ingly, itis possible to prevent the common voltage from being
distorted.

[0037] Each storage electrode 147 is made of a gate metal
material. Each storage electrode 147 is overlapped with the
corresponding common electrode 140 via the gate insulating
film 106 and passivation film 125, to form a storage capacitor.
[0038] Each thin film transistor TFT includes a gate elec-
trode 102 branched from the corresponding gate line 104. The
gate insulating film 106 is also included in the thin film
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transistor TFT. The gate insulating film 106 is formed over the
entire upper surface of the substrate 100 formed with the gate
electrode 102. The thin film transistor TFT also includes a
semiconductor layer 108 formed on the gate insulating film
106 to overlap with the gate electrode 102. The semiconduc-
tor layer 108 includes an ohmic contact layer 1084 and an
active layer 1085. The thin film transistor TFT further
includes a source electrode 110a formed on the semiconduc-
tor layer 108 such that the source electrode 110a is branched
from the corresponding data line 113. The drain electrode
1105, which is also included in the thin film transistor TET, is
formed on the semiconductor layer 108 to face the source
electrode 110a.

[0039] Since the vertical common lines 130 are formed in
the B sub-pixel regions, using the source/drain material, such
that the vertical common lines 130 extend in parallel to the
data lines 113, it is possible to reduce the length of the com-
mon lines, as compared to the case in which the common lines
are formed to be parallel with the gate lines 104. As a result,
the resistance of the common lines themselves is also
reduced. Thus, it is possible to prevent the common voltage
from being distorted or delayed, and to reduce a flicker phe-
nomenon caused by the resistance of the common lines and
capacitance.

[0040] As the storage electrodes 147 made ofthe gate metal
material are formed such that the storage electrodes 147 are
parallel with the datalines 113, namely, the storage electrodes
147 are formed on a layer different from the layer, on which
the data lines 113 are formed, it is possible to reduce the
spacing distance for reducing the possibility of a failure
caused by short circuit, and thus to achieve an enhancement in
aperture ratio.

[0041] In the LCD device, in which the vertical common
lines 130 cross the B sub-pixel regions, the average aperture
ratio of each pixel region is about 58 to 60% with respect to a
42-inch high-definition (HD) model.

[0042] Although not shown, the thin film transistor sub-
strate 100 is assembled with a color filter substrate under the
condition in whicha liquid crystal layer is interposed between
the thin film transistor substrate 100 and the color filter sub-
strate. The color filter substrate includes a black matrix layer
for shielding light in a region except for the sub-pixel regions,
and color filter layers for rendering a desired color.

[0043] FIGS. 3A to 3D are sectional views illustrating a
method for fabricating the thin film transistor substrate shown
in FIG. 2.

[0044] Referring to FIG. 3A, the gate electrodes 102 and
storage electrodes 147 are formed on the substrate 100.

[0045] In detail, a gate metal layer is formed over the sub-
strate 100 in accordance with a deposition method such as a
sputtering method. The gate metal layer is patterned in accor-
dance with a photolithography process using a mask and
etching process, to form the gate electrodes 102 and storage
electrodes 147.

[0046] The gate metal layer is formed to have a single-layer
structure or a multilayer, using a metal selected from molyb-
denum (Mo), aluminum (Al), aluminum-neodymium
(AINd), copper (Cu), chromium (Cr), titanium (Ti), and an
alloy thereof.

[0047] Referring to FIG. 3B, the gate insulating film 106,
semiconductor layer 108, and a source/drain pattern are
sequentially formed on the substrate 100 including the gate
electrodes 102 and storage electrodes 147.

Aug. 20, 2009

[0048] Indetail, the gate insulating film 106, an amorphous
silicon (a-Si) layer, and an impurity (n*)-doped amorphous
silicon layer are sequentially formed over the entire upper
surface of the substrate 100 including the gate electrodes 102
and storage electrodes 147, in accordance with a deposition
method such as a plasma enhanced chemical vapor deposition
(PECVD) method. Thereafter, a source/drain metal layer is
formed in accordance with a deposition method such as a
sputtering method. The source/drain metal layer is patterned
in accordance with a photolithography process using a mask
and etching process, to form the semiconductor layer 108,
which includes the ohmic contact layer 108 and active layer
1085, the data lines 113, the vertical common lines 130, and
the source/drain pattern, which includes the source electrodes
110a and drain electrodes 1105. A diffraction exposure mask
or a half-tone mask is used, in order to expose a channel
portion between the source electrodes 110a and drain elec-
trodes 1104.

[0049] The gate insulating film 106 is made of an inorganic
insulating material such as a silicon oxide (S10,) or a silicon
nitride (SiN, ). The source/drain metal layer is formed to have
asingle-layer structure ora multilayer structure, using a metal
selected from molybdenum (Mo), aluminum (Al), alumi-
num-neodymium (AINd), copper (Cu), chromium (Cr), tita-
nium (Ti), molybdenum-titanium alloy (MoTi), molybde-
num-niobium alloy (MoNb), titanium-niobium alloy (TiNb),
and an alloy thereof.

[0050] Referring to FIG. 3C, the passivation film 125,
which includes the drain, storage, and common line contact
holes 120, 123, and 132, are formed on the source/drain
pattern.

[0051] In detail, the passivation film 125 is formed on the
source/drain pattern, which includes the data lines 113, ver-
tical common lines 130, source electrodes 110a, and drain
electrodes 1104, Thereafter, the passivation film 125 is pat-
terned in accordance with a photolithography process using a
mask and etching process, to form the drain contact holes 120,
through which respective drain electrodes 1104 are exposed,
the storage contact holes 123, through which respective stor-
age electrodes 147 are exposed, and the common line contact
holes 132, through which respective vertical common lines
130 are exposed.

[0052] The formation of the passivation film 125 is
achieved by depositing an inorganic insulating material,
which may be the same material as that of the gate insulating
film 106, in accordance with a deposition method such as a
PECVD method, or coating an organic insulating material
such as an acryl-based organic compound, benzocyclobuten
(BCB) or perfluorocyclobutane (PFCB) having a low dielec-
tric constant in accordance with a coating method such as a
spin coating method or a spinless coating method.

[0053] Referring to FIG. 3D, the pixel electrodes 145, com-
mon electrodes 140, and horizontal common lines 144 are
formed on the passivation film 125.

[0054] Indetail, atransparent conductive material is depos-
ited over the passivation film 125. The deposited transparent
conductive material is then patterned in accordance with a
photolithography and etching process, to form the horizontal
portion 145a of each pixel electrode 145 electrically con-
nected to the corresponding drain electrode 1105 via the
corresponding drain contact hole 120 while being electrically
connected to the corresponding storage electrode 147 via the
corresponding storage contact hole 123, and the finger por-
tion 1455 of each pixel electrode 145 branched from the
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horizontal portion 145a of the pixel electrode 145. Also, each
horizontal common line 144, which is electrically connected
to the corresponding vertical common line 130 via the corre-
sponding common line contact hole 132, and each common
electrode 140, which is branched from the corresponding
horizontal common line 144 such that the common electrode
140 is parallel to the finger portion 1455 of the corresponding
pixel electrode 145, are formed.

[0055] Each storage electrode 147 and each common elec-
trode 140, which correspond to each other, form a storage
capacitor under the condition in which the gate insulating film
106 and passivation film 125 are interposed between the
storage electrode 147 and the common electrode 140.

[0056] Since the vertical common lines 130 are formed in
the B sub-pixel regions such that the vertical common lines
130 extend in parallel to the data lines 113, it is possible to
reduce the length of the common lines, as compared to the
case in which the common lines are formed to be parallel with
the gate lines 104. As a result, the resistance of the common
lines themselves is also reduced. Thus, it is possible to prevent
the common voltage from being distorted or delayed.

[0057] Also, each storage electrode 147, which forms a
storage capacitor, is formed at one side of the corresponding
data line 113 to extend in parallel to the data line 1 13, without
being formed over or beneath the corresponding pixel region.
Accordingly, an enhancement in aperture ratio is achieved.
Since the storage electrode 147 is formed, using a gate metal
material, on a layer different from the layer, on which the data
lines 113 are formed, it is possible to reduce the spacing
distance for reducing the possibility of a failure caused by
short circuit, and thus to achieve an enhancement in aperture
ratio.

[0058] FIG.4isaplan view illustrating a thin film transistor
substrate of an IPS LCD device according to a second
embodiment of the present invention. FIG. 5 is a cross-sec-
tional view taken along the lines 111-1I1" to I13-113' of FIG. 4,
illustrating the thin film transistor substrate.

[0059] No description will be given of the constituent ele-
ments of the IPS LCD device shown in FIG. 4, which are
identical to those of the thin film transistor substrate in the [PS
LCD device shown in FIG. 1.

[0060] Referring to FIGS. 4 and 5, the data lines 113
respectively formed in the R and G sub-pixel regions of each
pixel region are arranged adjacent to each other. Also, the thin
film transistors TFT respectively formed in the R and G
sub-pixel regions of each pixel region are arranged adjacent to
each other.

[0061] Each common electrode 140 has a horizontal por-
tion 1404 formed to be parallel to the corresponding gate line
104, a finger portion 1405 connected to the horizontal portion
140q, to form a horizontal electric field, together with the
finger portion 1455 of the corresponding pixel electrode 145,
and an overlapping portion 140¢ formed to overlap with the
finger portion 1405 at one side of the data line 113 in the B
sub-pixel region of the corresponding pixel region. A vertical
common line 133 is formed to be shared by the G and B
sub-pixel regions of each pixel region. The vertical common
line 133 is overlapped with the finger portion 1405 of one
common electrode 140 in the pixel region. The overlapping
portion 140¢ of each common electrode 140 may be con-
nected to the horizontal portion 140a of the common elec-
trode 140 via a plurality of common electrode contact holes
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150, in order to achieve an enhancement in the contactability
between the overlapping portion 140c and the horizontal por-
tion 1404.

[0062] A common voltage from the driver IC is directly
applied to each vertical common line 133. Accordingly, it is
possible to prevent the common voltage from being distorted.
[0063] In the LCD device, in which one vertical common
line 133 is formed in each pixel region such that the vertical
common line 133 is shared by the G and B sub-pixel regions
of the pixel region, the average aperture ratio of each pixel
region is about 60 to 62% with respect to a 42-inch high-
definition (HD) model.

[0064] Since the vertical common lines 133 are formed in
the B sub-pixel regions such that the vertical common lines
133 extend in parallel to the data lines 113, it is possible to
reduce the common lines, as compared to the case in which
the common lines are formed to be parallel with the gate lines
104. As a result, the resistance of the common lines them-
selves is also reduced. Thus, it is possible to prevent the
common voltage from being distorted or delayed.

[0065] Also, each storage electrode 147, which forms a
storage capacitor, is formed at one side of the corresponding
dataline 113 to extend in parallel to the data line 1 13, without
being formed over or beneath the corresponding pixel region.
Accordingly, an enhancement in aperture ratio is achieved.
Since the storage electrode 147 is formed, using a gate metal
material, on alayer different from the layer, on which the data
lines 113 are formed, it is possible to reduce the spacing
distance for reducing the possibility of a failure caused by
short circuit, and thus to achieve an enhancement in aperture
ratio.

[0066] Although one vertical common line is formed in
each pixel region in the above-described embodiment, a plu-
rality of vertical common lines may be formed in each pixel
region, as shown in FIGS. 6 t0 9.

[0067] FIGS. 6 to 9 are views illustrating a thin film tran-
sistor substrate of an IPS LCD device according to a third
embodiment of the present invention.

[0068] No description will be given of the constituent ele-
ments of the IPS LCD device shown in FIGS. 6 to 9, which are
identical to those of the first and second embodiments.
[0069] Referring to FIG. 6, the data lines 113 respectively
formed in the R and G sub-pixel regions of each pixel region
are arranged adjacent to each other. Also, the thin film tran-
sistors TFT respectively formed in the R and G sub-pixel
regions of each pixel region are arranged adjacent to each
other. The data line 113 formed in the B sub-pixel region of
each pixel region is arranged at the right side of the B sub-
pixel region. In each pixel region, the corresponding vertical
common line includes a first vertical common line 134a
formed at the left side of the R sub-pixel region, and a second
vertical common line 134b formed to be shared by the G and
B sub-pixel regions. The first and second vertical common
lines 134a and 1345 are connected to the horizontal portions
140q of the corresponding common electrodes 140 via com-
mon line contact holes 132, respectively.

[0070] Since a common voltage from the driver IC is
directly applied to the first and second vertical common lines
134a and 1345, it is possible to prevent the common voltage
from being distorted.

[0071] A storage electrode 147 is formed at one side of the
data line 113 in each sub-pixel region such that the storage
electrode 147 is parallel to the data line 113. Where storage
electrodes 147 are formed at opposite sides of the data line
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113 such that the storage electrodes 147 correspond to respec-
tive sub-pixel regions, an electric field distortion may be
generated between the data line 113 and the storage elec-
trodes 147. In this case, liquid crystal molecules may be
disorderly arranged. As a result, a light leakage phenomenon
occurs when the viewer laterally views a region between each
storage electrode 147 and the data line 113. In this case, the
width of the black matrix should be increased to avoid the
light leakage phenomenon. In this case, however, there is a
problem of a reduction in aperture ratio. To this end, the
storage electrodes are formed such that one storage electrode
is arranged at one side of the data line 113 in each sub-pixel
region, in order to achieve a viewing angle control (VAC). In
this case, it is possible to minimize a voltage variation
between the data line 113 and the storage electrode 147 at the
other side of the data line 113 where no storage electrode is
arranged.

[0072] In the LCD device, in which the vertical common
line in each pixel region includes the first vertical common
line 1344 formed at the left side of the R sub-pixel region, and
the second vertical common line 1345 formed to be shared by
the G and B sub-pixel regions, the average aperture ratio of
each pixel region is about 60 to 62% with respect to a 42-inch
high-definition (HD) model.

[0073] Referring to FIG. 7A, the data lines 113 respectively
formed in the R and G sub-pixel regions of each pixel region
are arranged adjacent to each other. Also, the thin film tran-
sistors TFT respectively formed in the R and G sub-pixel
regions of each pixel region are arranged adjacent to each
other. The data line 113 formed in the B sub-pixel region of
each pixel region is arranged at the left side of the B sub-pixel
region, namely, between the G and B sub-pixel regions. In
each pixel region, the corresponding vertical common line
includes a first vertical common line 1364 formed at the left
side of the R sub-pixel region, a second vertical common line
1364 formed at the right side of the G sub-pixel region such
that the second vertical common line 13654 is arranged adja-
cent to the B sub-pixel region, and a third vertical common
line 136¢ formed at the right side of the B sub-pixel region
such that the third vertical common line 136¢ is arranged
adjacent to the R sub-pixel region.

[0074] Since a common voltage from the driver IC is
directly applied to the first, second, and third second vertical
common lines 1364, 1365, and 136¢, it is possible to prevent
the common voltage from being distorted.

[0075] The storage electrode formed in each pixel region
includes a first storage electrode 147 formed at one side of the
data line 113 in each sub-pixel region such that the storage
electrode 147 is parallel to the data line 113, and second
storage electrodes 148 each formed at one side of the corre-
sponding one of the first and second vertical common lines
136a and 1364. The first vertical common line 1364 and the
second storage electrode 148 corresponding thereto are
formed to overlap with the finger portion 1405 of the common
electrode 140 in the R sub-pixel region. The second vertical
common line 1365 and the second storage electrode 148
corresponding thereto are formed to overlap with the finger
portion 1405 of the common electrode 140 in the G sub-pixel
region. The second storage electrodes 148 are connected to
the horizontal portion 1454 of the corresponding pixel elec-
trode 145 via second storage contact holes 160, respectively.
[0076] The first and second storage electrodes 147 and 148
overlap with the finger portion 1404 of the corresponding
common electrode 140 under the condition in which the gate
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insulating film (“106” in FIG. 5) and the passivation film
(“125” in FIG. 5) are interposed between the first and second
storage electrodes 147 and 148. Thus, first and second storage
capacitors are formed.

[0077] In the LCD device, in which each pixel region
includes a pair of data lines 113 arranged adjacent to each
other, a first storage electrode 147 formed at one side of each
data line 113, a vertical common line formed in each sub-
pixel region, and a second storage electrode 148 formed at
one side of the vertical common line, the average aperture
ratio of each pixel region is about 57 to 59% with respect to a
42-inch high-definition (HD) model.

[0078] Referring to FIG. 7B, the black matrix (not shown)
of the color filter substrate between the R and B sub-pixel
regions (III1-I111") has a line width larger than that of the
black matrix between the G and B sub-pixel regions (II12-
2.

[0079] In other words, in the region between the R and G
sub-pixel regions, the data lines 113 are formed such that the
data lines 113 are arranged adjacent to each other, and one
first storage electrode 147 is formed at one side of each data
line 113. Inthis region, the black matrix (not shown) has a line
width of 50 to 62 pm. In the region between the G and B
sub-pixel regions, the data lines 113, first storage electrodes
147, second vertical common line 1364, and second storage
electrodes 148 are formed. In this region, the black matrix
(not shown) has a line width of 30 to 45 pm. In this case, the
black matrix (not shown) is formed such that the ratio of the
minimum line width to the maximum line widthis 0.7 or less.
[0080] Since the black matrix (not shown) is formed such
that the ratio of the minimum line width to the maximum line
width is 0.7 or less, as described above, it is possible to solve
a visibility problem caused by a line width difference in the
black matrix. Also, the sub-pixel regions have the same aper-
ture width. Accordingly, it is possible to reduce a color devia-
tion and color mixing among the sub-pixel regions.

[0081] Referring to FIG. 8A, the data line 113 and thin film
transistor TFT formed in each R sub-pixel region are arranged
at the left side of the R sub-pixel region. On the other hand, the
data line 113 and thin film transistor TFT formed in each B
sub-pixel region are arranged at the right side of the B sub-
pixel region. That is, the data lines formed in the R and B
sub-pixel regions are arranged adjacent to each other. Also,
the thin film transistors TFT formed in the R and B sub-pixel
regions are arranged adjacent to each other.

[0082] Each G sub-pixel region includes two thin film tran-
sistors TFT sharing one data line 113, pixel electrodes 145
respectively connected to the thin film transistors TFT, com-
mon electrodes 140 respectively having finger portions 1405
forming a horizontal electric field, together with the finger
portions 1455 of the pixel electrodes 145, and storage elec-
trodes 147 respectively formed at opposite sides of the data
line 113.

[0083] The storage electrodes 147 are overlapped with the
finger portions 1405 of the common electrodes 140 at oppo-
site sides of the data line 113, and connected with the hori-
zontal portions 1454 of the pixel electrodes 145 via storage
contact holes 123, respectively.

[0084] In each pixel region, the corresponding vertical
common line includes a first vertical common line 138a
formed between the R and G sub-pixel regions, and a second
vertical common line 1385 formed between the G and B
sub-pixel regions. The first and second vertical common lines
138a and 1385 are formed such that they are overlapped with
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the finger portions 1405 of the common electrodes 140, and
connected to the horizontal portions 140a of the common
electrodes 140, respectively. Since a common voltage from
the driver IC is directly applied to the first and second vertical
common lines 1384 and 1385, it is possible to prevent the
common voltage from being distorted.

[0085] In this case, the black matrix (not shown) between
the R and B sub-pixel regions has a line width larger than that
of the black matrix in the G sub-pixel region. In other words,
the black matrix has a line width of 45 to 55 pm in a region
corresponding to the data line 113 crossing the G sub-pixel
region and in regions corresponding to the storage electrodes
147 formed at opposite sides of the data line 113. The data
lines 113 formed in the B and R sub-pixel regions are
arranged to each other between the B and R sub-pixel regions.
One storage electrode 147 is formed at one side of each of the
data lines 113 formed in the B and R sub-pixel regions. The
black matrix has a line width of 50 to 62 pm in regions
corresponding to the data lines 113 and storage electrodes
147 formed in the B and R sub-pixel regions. In this case, the
black matrix is formed such that the ratio of the minimum line
width to the maximum line width is 0.7 or less.

[0086] Since the black matrix (not shown) is formed such
that the ratio of the minimum line width to the maximum line
widthis 0.7 or less, as described above, it is possible to solve
a visibility problem caused by a line width difference in the
black matrix. Also, the sub-pixel regions have the same aper-
ture width. Accordingly, it is possible to reduce a color devia-
tion and color mixing among the sub-pixel regions.

[0087] In the LCD device, in which each pixel region
includes two thin film transistors TFT arranged in the G
sub-pixel region, a first vertical common line 138a formed
between the R and G sub-pixel regions, and a second vertical
common line 1386 formed between the G and B sub-pixel
regions, the average aperture ratio of each pixel region is
about 56 to 58% with respect to a 42-inch high-definition
(HD) model.

[0088] Since the G sub-pixel region is driven by two thin
film transistors TFT in this case, there is a problem of a
reduction in aperture ratio, even through a reduction in load
can be reduced. To this end, for an enhancement in aspect
ratio, the G sub-pixel region may be driven by one thin film
transistor TFT, as shown in FIG. 8B, if necessary.

[0089] Referring to FIG. 9, one data line 113 and one thin
film transistor TFT are formed at the left side of each sub-
pixel region.

[0090] A first vertical common line 1394 is formed at the
right side of each B sub-pixel region. A second vertical com-
mon line 1395 is formed between the R and G sub-pixel
regions of each pixel region such that the second vertical
common line 1395 is arranged adjacent to the data line 113 in
the G sub-pixel region. A third vertical common line 139¢ is
formed between the G and B sub-pixel regions of each pixel
region such that the third vertical common line 139¢ is
arranged adjacent to the data line 113 in the B sub-pixel
region. In other words, the data lines 113 formed in respective
sub-pixel regions and the vertical common lines 139a, 1395,
and 139¢ formed in respective sub-pixel regions are arranged
such that they are symmetrical to each other.

[0091] Since a common voltage from the driver IC is
directly applied to the first, second, and third vertical common
lines 1394, 1395, and 139c, it is possible to prevent the com-
mon voltage from being distorted.
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[0092] The storage electrode formed in each pixel region
includes a first storage electrode 147 formed at one side of the
data line 113 in each sub-pixel region such that the storage
electrode 147 is parallel to the data line 113, and second
storage electrodes 148 each formed at one side of the corre-
sponding one of the first, second, and third vertical common
lines 139a, 1395, and 139c¢.

[0093] Each ofthe first to third vertical common lines 139«
to 139¢ and the storage electrode 148 formed at one side of the
first to third vertical common lines 1394 to 139¢ are over-
lapped with the corresponding common electrode 140. The
first and second vertical common lines 138« and 1385 are
connected to the corresponding horizontal common line 144
via common line contact holes 132, respectively. The hori-
zontal common line 144 is made of the same material as the
pixel electrodes 145.

[0094] In the LCD device, in which each pixel region
includes three vertical common lines, the average aperture
ratio of each pixel region is about 58 to 60% with respect to a
42-inch high-definition (HD) model.

[0095] FIGS. 10 and 11 are views illustrating a thin film
transistor substrate of an IPS LCD device according to a
fourth embodiment of the present invention.

[0096] No description will be given of the constituent ele-
ments of the IPS LCD device shown in FIGS. 10 and 11,
which are identical to those of the previous embodiments.

[0097] Referring to FIG. 10, in the region between the R
and G sub-pixel regions, the data lines 113 are formed such
that they are arranged adjacent to each other. In the region
between the R and G sub-pixel regions, the thin film transis-
tors TFT are also formed such that they are arranged adjacent
to each other. The data line 113 formed in each B sub-pixel
region is arranged between the G and B sub-pixel regions.
Horizontal common lines 168 are formed in parallel with the
gate lines 104 such that each horizontal common line 168 is
shared by two pixel regions vertically arranged adjacent to
each other. The horizontal common lines 168 are made of a
gate metal material. The horizontal portion 140a of each
common electrode 140 in each sub-pixel region is connected
with the corresponding horizontal common line 168 via a first
commor contact hole 129.

[0098] Vertical common lines are formed in parallel with
the data lines 113 such that each vertical common line is
shared by two pixel regions vertically arranged adjacent to
each other. The vertical common lines form a mesh structure,
together with the horizontal common lines 168. Each vertical
common line includes a first vertical common line 1664
formed at the left side of the corresponding R sub-pixel region
such that the first vertical common line 166a is shared by two
pixel regions vertically arranged adjacent to each other, and a
second vertical common line 1665 formed at the right side of
the corresponding B sub-pixel region such that the second
vertical common line 1665 is shared by the two pixel regions
vertically arranged adjacent to each other. The first and sec-
ond vertical common lines 1664 and 1665 are connected to
the corresponding horizontal common line 169 via second
common contact holes 149, respectively. A common voltage
from a driver IC is directly applied to the first and second
vertical common lines 166a and 1665. Accordingly, it is
possible to prevent the common voltage from being distorted.
[0099] The pixel regions vertically arranged adjacent to
each other are formed to be symmetrical to each other with
respect to the corresponding horizontal common line 168.
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[0100] In this case, the black matrix (not shown) of the
color filter substrate between the R and B sub-pixel regions
has a line width larger than that of the black matrix between
the G and B sub-pixel region. In other words, between the R
and G sub-pixel regions, data lines 113 are formed such that
they are arranged adjacent to each other, and one first storage
electrode 147 is formed at one side of each data line 113. In
this region, the black matrix (not shown) has aline width of 50
to 62 um. In the region between the G and B sub-pixel regions,
the data lines 113, and the first and second storage electrodes
147 and 148 arranged at opposite sides of each data line 113
are formed. In this region, the black matrix (not shown) has a
line width of 40 to 50 um. In this case, the black matrix (not
shown) is formed such that the ratio of the minimum line
width to the maximum line width is 0.7 or less.

[0101] Since the black matrix (not shown) is formed such
that the ratio of the minimum line width to the maximum line
widthis 0.7 or less, as described above, it is possible to solve
a visibility problem caused by a line width difference in the
black matrix. Also, the sub-pixel regions have the same aper-
ture width. Accordingly, it is possible to reduce a color devia-
tion and color mixing among the sub-pixel regions.

[0102] Inthe LCD device, which includes first and second
vertical common lines 166a and 1664 formed such that they
are shared by two pixel regions vertically arranged adjacent to
each other, and a horizontal common line 168 forming a mesh
structure, together with the first and second vertical common
lines 166a and 1664, the average aperture ratio of each pixel
region is about 55 to 57% with respect to a 42-inch high-
definition (HD) model.

[0103] Since the horizontal common lines 168 connected to
the horizontal portions 140a of the corresponding common
electrodes 140 form a mesh structure, together with the first
and second vertical common lines 166a and 1665, it is pos-
sible to achieve a reduction in load, and thus to minimize the
load.

[0104] Referring to FIG. 11, the gate lines 104 and thin film
transistors TFT are formed such that they are shared by two
pixel regions vertically arranged adjacent to each other. That
is, the vertically-arranged sub-pixel regions of the two pixel
regions are simultaneously driven by one thin film transistor
TFT. Common electrodes 140 are formed in respective sub-
pixel regions of the corresponding pixel region such that each
common electrode 140 includes a horizontal portion 140a
and a finger portion 1405. Horizontal common lines 110 are
also formed over and beneath the vertically-adjacent pixel
regions such that they are parallel to the gate lines 104. The
horizontal portion 140a of each common electrode 140 and
each horizontal common line 110 are connected to the sub-
pixel regions of the corresponding pixel region via first com-
mon contact holes 129.

[0105] The horizontal common lines 110 are connected to
the first and second vertical common lines 169a and 16956 in
the corresponding vertically-adjacent pixel regions via sec-
ond common contact holes 149, thereby forming a mesh
structure. Each first vertical common line 1694 is formed in
parallel to the data lines such that it connects the vertically-
adjacent pixel regions at the left side of the corresponding
sub-pixel regions of the vertically-adjacent pixel regions.
Each second vertical common line 1695 is formed such that it
connects the vertically-adjacent pixel regions at the right side
of the B sub-pixel regions of the vertically-adjacent pixel
regions. A common voltage from a driver IC is directly
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applied to the first and second vertical common lines 1692
and 1695. Accordingly, it is possible to prevent the common
voltage from being distorted.

[0106] The vertically-adjacent pixel regions are formed to
be symmetrical to each other with respect to the correspond-
ing gate line 104.

[0107] In this case, the line width of the black matrix (not
shown) of the color filter substrate between the R and B
sub-pixel regions and the line width of the black matrix
between the G and B sub-pixel region are identical to those of
FIG. 10.

[0108] Inthe LCD device, which includes first and second
vertical common lines 166a and 1665 formed to be shared by
the vertically-adjacent pixel regions, and horizontal common
lines 110 forming a mesh structure, together with the first and
second vertical common lines 166a and 1665, the average
aperture ratio of each pixel region is about 55 to 57% with
respect to a 42-inch high-definition (HD) model.

[0109] Since the horizontal common lines 110 connected to
the horizontal portions 140a of the corresponding common
electrodes 140 form a mesh structure, together with the first
and second vertical common lines 1694 and 1695, it is pos-
sible to achieve a reduction in load, and thus to minimize the
load.

[0110] FIG. 12 is a plan view illustrating a thin film tran-
sistor substrate of an IPS LCD device according to a fifth
embodiment of the present invention.

[0111] Referring to FIG. 12, vertical common lines 180 are
formed such that each vertical common line 180 is shared by
two pixel regions laterally adjacent to each other. Horizontal
common lines 144 are formed using the same material as the
pixel electrodes 145. Each horizontal common line 144 is
connected with the sub-pixel regions of the pixel regions. A
common voltage from a driver IC is directly applied to the
first and second vertical common lines 166a and 1664.
Accordingly, it is possible to prevent the common voltage
from being distorted. The vertical common lines 180 are
connected with the horizontal common lines 144 via common
line contact holes 132, thereby forming a mesh structure. The
laterally-adjacent pixel regions are formed to be symmetrical
to each other with respect to the corresponding vertical com-
mon line 180.

[0112] Inthe LCD device, which includes vertical common
lines 180 each formed to be shared by the corresponding
laterally-adjacent pixel regions, the average aperture ratio of
each pixel region is about 56 to 58% with respect to a 42-inch
high-definition (HD) model.

[0113] Since the vertical common lines 180 and horizontal
common lines 144 form a mesh structure, it is possible to
achieve a reduction in load, and thus to minimize the load.
[0114] Meanwhile, among the embodiments of the LCD
device according to the present invention, the embodiment, in
which the aperture ratio is 60 to 62%, as shown in FIGS. 4 to
6, provides a most ideal structure.

[0115] As apparent from the above description, the LCD
device according to the present invention achieves an
enhancement in aperture ratio corresponding to about 10 to
16% by forming common lines and storage electrodes in
parallel to data lines, as compared to the case in which com-
mon lines and storage electrodes are formed over and beneath
each pixel region. Since an increase in brightness is achieved
in accordance with the enhanced aperture ratio, it is possible
to eliminate the use of a diffusion sheet or a prism sheet. Also,
it is possible to obtain a high aperture ratio, without using an
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organic insulating material such as expensive photo acryl.
Thus, a reduction in costs and processes is achieved.
[0116] Inaccordance with the present invention, the length
of the common lines is reduced, as compared to the case in
which the common lines are formed to be parallel to the gate
lines. Accordingly, the resistance of the common lines is
reduced. As a result, it is possible to prevent the common
voltage from being distorted or delayed, and to reduce a
flicker phenomenon caused by the resistance of the common
lines and capacitance.
[0117] Since the common lines are formed to be parallel to
the data lines, there is no cross-talk caused by a parasitic
capacitor formed between the gate lines and the common
lines in conventional cases. It is also possible to eliminate
direct current (DC) components from the common elec-
trodes, and thus to solve an associated problem such as image
sticking.
[0118] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.
What is claimed is:
1. A liquid crystal display device comprising:
gate lines;
data lines formed to intersect with the gate lines, thereby
defining sub-pixel regions;
vertical common lines formed in parallel to the data lines
such that at least one vertical common line is arranged
forone pixel region, which is constituted by at least three
sub-pixel regions;
thin film transistors each connected to a corresponding one
of the gate lines and a corresponding one of the data
lines;
pixel electrodes each connected to a corresponding one of
the thin film transistors; and
common electrodes each connected to a corresponding one
of the vertical common lines.
2. The liquid crystal display device according to claim 1,
further comprising:
storage electrodes each formed in parallel with the data
lines at at least one side of a corresponding one of the
data lines and a corresponding one of the vertical com-
mon lines.

Aug. 20, 2009

3. The liquid crystal display device according to claim 2,
wherein the storage electrodes are made of the same material
as the gate lines.

4. The liquid crystal display device according to claim 1,
wherein each of the data lines is formed to cross at least one
of the sub-pixel regions.

5. The liquid crystal display device according to claim 4,
wherein the thin film transistors are connected to each of the
data lines while being arranged at left and right sides of the
data line.

6. The liquid crystal display device according to claim 1,
wherein the vertical common lines are made of the same
material as the data lines.

7. The liquid crystal display device according to claim 1,
wherein each of the vertical common lines is formed to cross
at least one of the sub-pixel regions.

8. The liquid crystal display device according to claim 1,
wherein each of the vertical common lines is formed to be
shared by sub-pixel regions horizontally arranged adjacent to
each other at opposite sides of the vertical common line.

9. The liquid crystal display device according to claim 1,
wherein each of the gate lines is formed to be shared by pixel
regions vertically arranged adjacent to each other at opposite
sides of the gate line.

10. The liquid crystal display device according to claim 1,
further comprising:
horizontal common lines each formed in parallel to the gate
lines and connected to the vertical common lines.

11. The liquid crystal display device according to claim 10,
wherein the horizontal common lines are made of the same
material as the pixel electrodes or made of the same material
as the gate lines.

12. The liquid crystal display device according to claim 10,
wherein each of the horizontal common lines is formed to be
shared by pixel regions vertically arranged adjacent to each
other at opposite sides of the horizontal common line.

13. The liquid crystal display device according to claim 1,
wherein black matrixes respectively formed in a region
between the first and second sub-pixel regions of the at least
three sub-pixel regions and in a region between the second
and third sub-pixel regions of the at least three sub-pixel
regions have a line width ratio of 0.7 or less.

* ok ok k¥



L REBH(E) WEEREE
NIF(2E)E US20090207365A1
HiES US12/318567

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

[FRIRBAA LEE JAE KYUN
OH JAE YOUNG

RAAN LEE, JAE KYUN
OH, JAE YOUNG

IPCH =S G02F1/1343

CPCH¥%(= G02F1/136286 G02F1/134363
Lt 1020080014843 2008-02-19 KR
H AN FF 32k US7978294

SNEBEEE Espacenet USPTO

MWE(F)

NFT—HERETRRE, AATFHREEREESEMRL , KR
SREXXNEKEL , NTIRE FREXE , SHELFTEANE
BEARL  FEN - IMEEREEL —KREELHLBEL=AFERE
X A X8, 8N E R RIH — SRt AR 4 B0 SE R & 44 & M AR RI Y
—REEL S BERBRERIMNN —NMEEREEE , AHBRA
NHBRD FEZIERN —FEELHL,

2009-08-20

2008-12-31

patsnap

110a



https://share-analytics.zhihuiya.com/view/832a9c1a-4a5e-4ef1-8239-11662b96711b
https://worldwide.espacenet.com/patent/search/family/040954812/publication/US2009207365A1?q=US2009207365A1
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=%2220090207365%22.PGNR.&OS=DN/20090207365&RS=DN/20090207365

