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ABSTRACT

An IPS mode LCD device includes gate and data lines on a
first substrate and crossing to define pixel regions; a thin film
transistor connected to the gate lines and the data lines; a first
common electrode and a pixel electrode on the first substrate
and alternating with each other in each pixel region, each of
the first common electrode and the pixel electrode including
lower and upper layers; a color filter layer including red,
green and blue color filter patterns and on a second substrate,
the color filter patterns corresponding to each pixel region;
and a liquid crystal layer between the first and second sub-
strates, wherein at least two of the color filter patterns overlap
ataboundary ofthe pixel regions, and wherein the lower layer
is made of MoTi, and the upper layer is made of a transparent
conductive material or copper nitride.

16 Claims, 12 Drawing Sheets
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IN-PLANE SWITCHING MODE LIQUID
CRYSTAL DISPLAY DEVICE AND METHOD
OF FABRICATING THE SAME

The present application claims the priority benefit of
Korean Patent Application No. 10-2011-0076329 filed in
Korea on Jul. 30, 2011, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an in-plane switching (IPS)
mode liquid crystal display (LCD) device, and more particu-
larly, to an IPS mode LCD device having improved ambient
aperture ratio and image quality and being fabricated by
reduced mask processes and a method of fabricating the
same.

2. Discussion of the Related Art

The related art liquid crystal display (LCD) device is
widely used because of advantages in power consumption
and portability and value-added technology. Generally, the
LCD device is driven by using optical anisotropy and polar-
ization properties of liquid crystal molecules. The liquid crys-
tal molecules have a definite alignment direction as a result of
their thin and long shapes. The alignment direction of the
liquid crystal molecules can be controlled by application of
an electric field across the liquid crystal molecules. As the
intensity or direction of the electric field is changed, the
alignment of the liquid crystal molecules also changes. Since
incident light is refracted based on the orientation of the liquid
crystal molecules due to the optical anisotropy of the liquid
crystal molecules, images can be displayed by controlling
light transmissivity.

Since the LCD device including a thin film transistor (TFT)
as a switching element, referred to as an active matrix LCD
(AM-LCD) device, has excellent characteristics such as high
resolution and display of moving images, the AM-LCD
device has been widely used.

The AM-LCD device includes an array substrate, a color
filter substrate and a liquid crystal layer interposed therebe-
tween. The array substrate may include a pixel electrode and
TFT, and the color filter substrate may include a color filter
layer and a common electrode. The AM-LCD device is driven
by an electric field between the pixel electrode and the com-
mon electrode resulting in excellent properties of transmit-
tance and aperture ratio. However, since the AM-LCD device
uses a vertical electric field, the AM-LCD device has a bad
viewing angle.

An in-plane switching (IPS) mode LCD device may be
used to resolve the above-mentioned limitations. The related
art IPS mode LCD device includes a color filter substrate, an
array substrate facing the color filter substrate, and a liquid
crystal layer interposed therebetween. Both common and
pixel electrode for driving the liquid crystal layer are formed
on the array substrate.

FIG. 1is a schematic cross-sectional view of the related art
IPS mode LCD device. Referring to FIG. 1, the IPS mode
LCD device includes first and second substrates 9 and 10
facing each other and a liquid crystal layer 11 therebetween.

On the second substrate 10, both of a common electrode 17
and a pixel electrode 30 are formed. The liquid crystal mol-
ecules of the liquid crystal layer 11 are driven by a horizontal
electric field L. generated between the common and pixel
electrodes 17 and 30.

FIGS.2A and 2B are cross-sectional views showing turned
on/off conditions of the related art IPS mode LCD device. As
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shown in FIG. 2A, when the voltage is applied to the IPS
mode LCD device, liquid crystal molecules 11a above the
common electrode 17 and the pixel electrode 30 are
unchanged. But, liquid crystal molecules 116 between the
common electrode 17 and the pixel electrode 30 are horizon-
tally arranged due to the horizontal electric field “L”. Since
the liquid crystal molecules are arranged by the horizontal
electric field, the IPS mode LCD device has a characteristic of
a wide viewing angle.

FIG. 2B shows a condition when the voltage is not applied
to the IPS mode LCD device. Because an electric field is not
generated between the common and pixel electrodes 17 and
30, the arrangement of liquid crystal molecules 11 is not
changed.

FIG. 3 is a cross-sectional view of a portion of the related
art IPS mode LCD device. In FIG. 3, the IPS mode LCD
device 95 includes a first substrate 40, a second substrate 70
facing the first substrate 40 and a liquid crystal layer 90
therebetween.

On the first substrate 40, a gate line (not shown), a common
line (not shown), a data line 50, a thin film transistor (TFT, not
shown), a common electrode 62, and a pixel electrode 64 are
disposed. The common line is parallel to and spaced apart
from the common line. A gate insulating layer 48 is formed on
the gate line and the common line. The data line 50 1s formed
on the gate insulating layer 48 and crosses the gate line to
define a pixel region P. The TFT is connected to the gate line
and the data line 50 and includes a gate electrode, a semicon-
ductor layer, a source electrode and a drain electrode.

A passivation layer 60 is formed on the TFT and the data
line 50 and includes a drain contact hole (not shown) expos-
ing the drain electrode of the TFT. The pixel electrode 64 is
formed on the passivation layer 60 and connected to the drain
electrode through the drain contact hole. The common elec-
trode 62 is formed on the passivation layer 60 and connected
to the common line. The common and pixel electrodes 62 and
64 have a bar shape and are alternately arranged with each
other. The common and pixel electrodes 62 and 64 have a
single layer of a transparent conductive material or an opaque
metallic material.

On the second substrate 70, a black matrix 73, a color filter
layer 76 and an overcoat layer 78 are formed. The black
matrix 73 has a lattice shape to expose the pixel region P. The
color filter layer 76 includes red, green and blue color filter
patterns 76a, 765 and 76¢ corresponding to the pixel region P.
The overcoat layer 78 covers the color filter layer 76.
Although not shown, a spacer for maintaining a cell gap may
be formed on the overcoat layer 78.

When the related art IPS mode LCD device 95 is exposed
to ambient light, the common and pixel electrodes 62 and 64
have a reflectance above 60% such that there are rainbow
stains and ambient contrast ratio is decreased. As a result, a
displaying image quality is degraded.

In addition, the black matrix 73 has a relatively large area
considering an align margin of the first and second substrates
40 and 70, an aperture ration is reduced.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an IPS
mode LCD device and a method of fabricating the same that
substantially obviate one or more of the problems due to
limitations and disadvantages of the related art.

An object of the present invention is to provide an IPS
mode LCD device having lowered reflectance of ambient
light and improved ambient contrast ratio.
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Another objection of the present invention is to provide an
IPS mode LCD device being capable of reducing fabricating
processes.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. These and other advantages of the invention
will be realized and attained by the structure particularly
pointed out in the written description and claims hereof as
well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, an in-plane switching mode liquid
crystal display device includes a first substrate including a
plurality of pixel regions; a plurality of gate lines on the first
substrate; a plurality of data lines on the first substrate and
crossing the gate lines to define the plurality of pixel regions;
athin film transistor in each pixel region and connected to one
of the plurality of gate lines and one of the plurality of data
lines; a first common electrode and a pixel electrode on the
first substrate and alternating with each other in each pixel
region, each of the first common electrode and the pixel
electrode including a lower layer and an upper layer; a second
substrate facing the first substrate; a color filter layer includ-
ing red, green and blue color filter patterns and on the second
substrate, the red, green and blue color filter patterns corre-
sponding to each pixel region; and a liquid crystal layer
between the first and second substrates, wherein at least two
of the red, green and blue color filter patterns overlap each
other at aboundary of the pixel regions, and wherein the lower
layer is made of molybdenum-titanium alloy (MoTi), and the
upper layer is made of a transparent conductive material or
copper nitride.

In another aspect of the present invention, a method of
fabricating an in-plane switching mode liquid crystal display
device includes forming a plurality of gate lines, a plurality of
data lines, a thin film transistor, a first common electrode and
a pixel electrode on a first substrate including a plurality of
pixel regions, the gate and data lines crossing each other to
define the plurality of pixel regions, the a thin film transistor
disposed in each pixel region and connected to one of the
plurality of gate lines and one of the plurality of data lines, the
first common electrode and the pixel electrode alternating
with each other in each pixel region, and each of the first
common electrode and the pixel electrode including a lower
layer and an upper layer; forming a color filter layer including
red, green and blue color filter patterns on a second substrate,
the red, green and blue color filter patterns corresponding to
each pixel region; and attaching the first and second substrate
with a liquid crystal layer between the first and second sub-
strates, wherein at least two of the red, green and blue color
filter patterns overlap each other at a boundary of the pixel
regions, and wherein the lower layer is made of molybdenum-
titanium alloy, and the upper layer is made of a transparent
conductive material or copper nitride.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.
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In the drawings:

FIG. 11s a schematic cross-sectional view of the related art
IPS mode LCD device.

FIGS. 2A and 2B are cross-sectional views showing turned
on/off conditions of an IPS mode LCD device according to
the related art.

FIG. 3 is a cross-sectional view of a portion of the related
art IPS mode LCD device.

FIG. 4 is a plane view of a portion of an IPS mode LCD
device according to the present invention.

FIG. 5 is a cross-sectional view taken along the line V-V in
FIG. 4.

FIG. 6 is a cross-sectional view taken along the line V-V in
FIG. 4.

FIGS. 7A to 7F are cross-section views illustrating a fab-
ricating process of an array substrate portion taken the line
V-V in FIG. 4.

FIGS. 8A to 8F are cross-section views illustrating a fab-
ricating process of an array substrate portion taken the line
VI-VIin FIG. 5.

FIGS. 9A to 9F are cross-section views illustrating a fab-
ricating process of a color filter substrate portion taken the
line V-V in FIG. 4.

FIGS. 10A to 10F are cross-section views illustrating a
fabricating process of a color filter substrate portion taken the
line VI-VIin FIG. 5.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments, examples of which are illustrated in the
accompanying drawings.

FIG. 4 is a plane view of a portion of an IPS mode LCD
device according to the present invention. FIG. 4 shows a
pixel region including a switching element in an array sub-
strate.

As shown in FIG. 4, an IPS mode LCD device 101 includes
a first substrate (not shown), a second substrate (not shown)
facing the first substrate and a liquid crystal layer (not shown)
therebetween.

On the first substrate as a transparent insulating substrate of
glass or plastic, a gate line 103 and a data line 130 are formed.
The gate and data lines 103 and 130 cross each other with a
gate insulating layer (not shown) therebetween to define a
pixel region P. A common line 109, which is parallel to and
spaced apart from the gate line 103, is formed on the first
substrate. The common line 109 is formed of the same mate-
rial and on the same layer as the gate line 103.

In the pixel region P, a thin film transistor (TFT) Tr as a
switching element is disposed at a crossing portion of the gate
and data lines 103 and 130. The TFT Tr is connected to the
gate and data lines 103 and 130 and includes a gate electrode
105, the gate insulating layer, a semiconductor layer (not
shown), a source electrode 133 and a drain electrode 136.

In the pixel region P, first and second common electrodes
1164 and 1165 extends from the common line 109 to be
parallel to the data line 130. The first and second common
electrodes 1164 and 1165 are disposed at opposite sides of the
pixel region P and formed of the same material and on the
same layer as the common line 109.

An auxiliary common line 172 is formed to be parallel to
the common line 109 and connected to the first common
electrode 162a through a common contact hole 146. In FIG.
4, the common contact hole 146 is formed to expose the first
common electrode 162a. Alternatively, the common contact
hole may correspond to and expose the second common elec-
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trode 1625. In this instance, the auxiliary common line 172 is
connected to the second common electrode 1625 through the
common contact hole. At least one third common electrode
173 extends from the auxiliary common line 172 toward the
common line 109. The third common electrode 173 is posi-
tioned between the first and second common electrodes 162a
and 1624 in a plane view.

A conductive pattern 175 is positioned over the data line
130 and the first and second common electrodes 116a and
1165 respectively intwo adjacent pixel regions P. Namely, the
conductive pattern 175 shields the data line 130, the first and
second common electrodes 1164 and 1165 and a space ther-
ebetween. The conductive pattern 175 extends from the aux-
iliary common line 172 toward the common line 109.

In FIG. 4, the auxiliary common line 172 runs across the
adjacent pixel regions P along the gate line 103. The auxiliary
common line 172 overlaps the data line 130 and the first and
second common electrodes 1624 and 162b. As a result, the
auxiliary common line 172 serves as a black matrix for pre-
venting light leakage. Alternatively, the auxiliary common
line may have an island shape in each pixel region P.

An auxiliary pixel pattern 169, which is connected to the
drain electrode 136 of the TFT Tr through a drain contact hole
143, is formed in the pixel region P. The auxiliary pixel
pattern 169 overlaps the common line 109. At least one pixel
electrode 170 extends from the auxiliary pixel pattern 169.
The pixel electrode 170 is positioned between the first and
second common electrodes 162a and 1625 and alternately
arranged with the third common electrode 173.

The pixel electrode 170 and the common electrodes, which
includes the first, second and third common electrodes 116a,
1165 and 173, have a bent shape with respect to a virtual
center line parallel to the gate line 103 such that the pixel
region P has a double-domain structure. As a result, a color
shift problem depending on a viewing angle is prevented. In
addition, the data line 130 has a bent shape similar to the pixel
electrode 170. Since the data line 130 extends along the pixel
regions P in a column, the data line 130 has a zigzag shape.
Alternatively, the data line 130, the pixel electrode 170 and
the common electrodes 1164, 1165 and 173 may have other
shape such as a straight linear shape.

On the other hand, the drain electrode 136 extends to over-
lap the common line 109 with the gate insulating layer ther-
ebetween. The overlapped portion of the common line 109
serves as a first storage electrode 110, and the overlapped
portion of the drain electrode 136 serves as a second storage
electrode 138. The first and second storage electrodes 110 and
138 and the gate insulating layer constitute a storage capacitor
StgC.

In the IPS mode LCD device according to the present
invention, to reduce reflectance of ambient light by the pixel
electrode 170 and the third common electrode 173, the pixel
electrode 170 and the third common electrode 173 include a
double-layered structure.

In the double-layered structure of the pixel electrode 170
and the third common electrode 173, a lower layer includes
molybdenum-titanium alloy (MoTi), and an upper layer
includes a transparent conductive material, e.g., indium-tin-
oxide (ITO), indium-zinc-oxide (IZ0) and aluminum-doped
zinc-oxide (AZ0), or an opaque metallic material, e.g., cop-
per nitride (CuNx).

On the second substrate, a color filter layer 185 (of FIG. 6)
including red, green and blue color filter patterns 185a, 1855
and 185¢ is formed without a black matrix. At least two of the
red, green and blue color filter patterns 185q. 1856 and 185¢
overlaps at a boundary of the pixel region P such that the
overlapped portion of the color filter layer 185 serves as a

10

15

20

25

30

35

40

45

50

55

60

65

6

black matrix with the conductive pattern 175 on the first
substrate. Namely, the overlapped portion of the color filter
layer 185 corresponds to the conductive pattern 175 on the
first substrate.

The embodiment of the present invention is further
explained with reference to cross-sectional views. FIG. Sisa
cross-sectional view taken along the line V-V in FIG. 4, and
FIG. 6 is a cross-sectional view taken along the line V-V in
FIG. 4. Forthe sake of explanation, a switching region, where
the TFT 1s formed, and a storage region, where the storage
capacitor is formed, are defined.

Referring to FIGS. 5 and 6, the IPS mode LCD device 100
includes a first substrate 102, on which the pixel electrode 170
and the third common electrode 173 are formed, a second
substrate 181, on which the color filter layer 185 is formed, a
liquid crystal layer 195 therebetween.

On the first substrate 102, the gate line 103 (of FIG. 4) and
the common line 109 (of FIG. 4) are formed. The common
line 109 is parallel to and spaced apart from the gate line 103.
A portion of the gate line 103 in the switching region TrA
serves as the gate electrode 105. Alternatively, the gate line
103 may protrude into the switching region TrA such that the
protruding portion of the gate line 103 serves as the gate
electrode 105. A portion of the common line 109 in the
storage region StgA serves as the first storage electrode 110.
The first and second common electrodes 116a and 1165
extends from the common line 109 toward the pixel region P.

The gate insulating layer 118 is formed on the gate line 103,
the gate electrode 105, the common line 109 and the first and
second common electrodes 116a and 1165. For example, the
gate insulating layer 118 may be formed of an inorganic
insulating material such as silicon oxide and silicon nitride.

The semiconductor layer 120 including an active layer
120q and an ohmic contact layer 1205 is formed on the gate
insulating layer 118 and in the switching region TrA. The
active layer 120a is formed of intrinsic amorphous silicon,
and the ohmic contact layer 1205 is formed of impurity-
doped amorphous silicon.

The data line 130 crosses the gate line 103 to define the
pixel region P. In FIG. 6, a semiconductor pattern 121 includ-
ing first and second patterns 121a and 1215, which respec-
tively extend from the active layer 120a and the ohmic contact
layer 1205, is disposed under the data line 130 and on the gate
insulating layer 118. These configuration results from a fab-
ricating process. When the data line and the semiconductor
layer are formed by different mask processes, the semicon-
ductor pattern does not exist under the data line.

The source electrode 133 extends from the data line 130 to
position on the semiconductor layer 120. The drain electrode
136 is also positioned on the semiconductor layer 120 and
spaced apart from the source electrode 133.

The gate electrode 105, the gate insulating layer 118, the
semiconductor layer 120, the source electrode 133 and the
drain electrode 136 constitute the TFT Tr. The TFT Tr is
electrically connected to the gate and data lines 103 and 130.

The drain electrode 136 extends into the storage region
StgA to overlap the first storage electrode 110 with the gate
insulating layer 118 therebetween. The overlapped portion of
the drain electrode 136 serves as a second storage electrode
138. The first and second storage electrodes 110 and 138 and
the gate insulating layer constitute a storage capacitor StgC.

On the data line 130, the TFT Tr and the storage capacitor
StgC, the passivation layer 140 is formed of an organic insu-
lating material having relatively low dielectric constant. For
example, the passivation layer 140 may be formed of photo-
acryl.
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To reduce a parasitic capacitance between the conductive
pattern 175, which will be formed over the data line 130 and
the first and second common electrodes 116a and 1165, and
each of the data line 130 and the first and second common
electrodes 116a and 1165, the passivation layer 140 is formed
a relatively low dielectric constant material. [n addition, due
to the above passivation layer 140, a undesired electric field
between the data line 130 and each of the first and second
common electrodes 116a and 1165 is minimized.

The passivation layer 140 includes the common contact
hole 146 (of FIG. 4) exposing a portion of the first common
electrode 116¢ and the drain contact hole 143 exposing a
portion of the second storage electrode 138. Since the second
storage electrode 138 is a portion of the drain electrode 136,
the drain contact hole 143 may expose the drain electrode
136.

On the passivation layer 140, the auxiliary common line
172 (of FIG. 4) and the auxiliary pixel pattern 169 are formed
to be substantially parallel to the gate line 103. The auxiliary
common line 172 and the auxiliary pixel pattern 169 are
positioned at opposite sides of the pixel region P. The auxil-
iary pixel pattern 169 and the auxiliary common line 172 have
a double-layered structure. The auxiliary pixel pattern 169
includes a lower layer 169a, which is formed of MoTi, and an
upper layer 1695, which is formed of the transparent conduc-
tive material or the opaque metallic material, and is connected
to the second storage electrode 138 through the drain contact
hole 143. Although not shown, the auxiliary commonline 172
also includes a lower layer of MoTi and an upper layer of the
transparent conductive material or the opaque metallic mate-
rial, and is connected to the first common electrode 116a
through the common contact hole 146.

In addition, the conductive pattern 175 and the third com-
mon electrode 173 are formed on the passivation layer 140.
The conductive pattern 175 and the third common electrode
173 respectively extend from the auxiliary common line 172
toward the common line 109. The conductive pattern 175
overlaps the data line 130 and the first and second common
electrodes 1164 and 1165 to serves as a black matrix. The
third common electrode 173 is positioned between the first
and second common electrodes 116a and 1164,

Moreover, the pixel electrode 170 is formed on the passi-
vation layer 140. The pixel electrode 170 extends from the
auxiliary pixel pattern 169 toward the auxiliary common line
172. The pixel electrode 170 is positioned between the first
and second common electrodes 116¢ and 1165 and alter-
nately arranged with the third common electrode 173. As
mentioned above, the pixel electrode 170 and the third com-
mon electrode 173 have a bent shape or a straight linear shape.

The conductive pattern 175, the third common electrode
173 and the pixel electrode 170 also have a double-layered
structure. The conductive pattern 175 includes a lower layer
175a and an upper layer 1755, and the third common elec-
trode 173 includes a lower layer 175a and an upper layer
175b. The pixel electrode 170 includes a lower layer 170a and
an upper layer 170b. Each of the lower layers 1704, 173a and
175a is formed of MoTi, and each of the upper layers 1705,
1730 and 17556 is formed of the transparent conductive mate-
rial, e.g., ITO, IZO and AZQ, or the opaque metallic material,
e.g., copper nitride.

Each ofthe lower layer 170 of the pixel electrode 170 and
the upper layer 173a of the common electrode 173 has a
thickness of about 50 to 250 angstroms, and each of the upper
layer 1705 of the pixel electrode 170 and the upperlayer 1735
of the common electrode 173 has a thickness of about 250 to
600 angstroms. When the pixel electrode 170 and the com-
mon electrode 173 has the double-layered structure of the
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above-mentioned materials and the above-mentioned thick-
nesses, the IPS mode LCD device 100 has an ambient light
reflectance less than about 39%. The related art IPS mode
LCD device, which includes the pixel electrode and the com-
mon electrode having a single-layered structure of molybde-
num and a thickness of about 300 angstroms, has an ambient
light reflectance above about 66% such that there is a rainbow
stain problem.

However, since the IPS mode LCD device according to an
embodiment of the present invention includes the pixel elec-
trode 170 and the common electrode 173, each of which has
the double-layered structure including the lower layers 170a
and 173 of MoTi and a thickness of 50 to 250 angstroms and
the upper layers 1705 and 1735 of ITO, IZO, AZO or copper
nitride and a thickness of 250 to 600 angstroms, the IPS mode
LCD device has the ambient light reflectance less than about
39%. As a result, there is no rainbow stain problem and a
displaying image quality is improved.

When two layers formed of different material and respec-
tively having a pre-determined thickness, there is a difference
in a refractive index such that destructive interference is
occurred between lights reflected on a surface of each layers
duet the differences in the refractive index and the thickness.
Namely, there is an anti-reflection coating effect such that the
reflectance is lowered.

On the other hand, when each of the upper layers 1705 and
1735 1s formed of copper nitride, there is no anti-reflection
coating effect. However, the copper nitride layer has a low
reflection property such the IPS mode LCD device including
the copper nitride upper layers 170a and 173a also has that the
ambient light reflectance less than about 39%. In addition,
when each of the upper layers 1705 and 1735 is formed of
copper nitride, the lower layers 170¢ and 173a of MoTi is
required because an adhesive property between copper nitride
and a material of the passivation layer 140 is very bad.

On the second substrate 181, the color filter layer 185
including the red, green and blue color filter patterns 185a,
18556 and 185¢ is formed without a black matrix. The red,
green and blue color filter patterns 185a, 1856 and 185¢
respectively correspond to the pixel regions P.

At least two of the red, green and blue color filter patterns
185a, 1856 and 185¢ overlaps at a boundary of the pixel
region P such that the overlapped portion of the color filter
layer 185 serves as a black matrix with the conductive pattern
175 on the first substrate 102. For example, the red and green
color filter patterns 185 and 1855 overlap each other at a
boundary of one pixel region P, the red and blue color filter
patterns 1854 and 185¢ overlap each other at a boundary of
another pixel region P, and the green and blue color filter
patterns 1855 and 185¢ overlap each other at a boundary of
the other pixel region P. The overlapped portion of the color
filter layer 185 overlaps the conductive pattern 175. An over-
coat layer 187 having a flat top surface is formed on the color
filter layer 185. A first column spacer 188 for maintaining a
cell gap and a second column spacer 189 for preventing
damages by an outer impact are formed on the overcoat layer
187. The first column spacer 188 has a first height lager than
a second height of the second column spacer 189.

The liquid crystal layer 195 is positioned between the first
and second substrates 102 and 181, and the first and second
substrates 102 and 181 are attached such that the first column
spacer 188 contacts an uppermost layer over the first substrate
102.

In the above-mentioned IPS mode LCD device, since each
of the pixel electrode and the third common electrode
includes the double-layered structure including a lower layer
of MoTi and an upper layer of ITO, 170, AZO or copper
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nitride, an ambient light reflectance is lowered less than about
39%. Asaresult, arainbow stain probleni in the related art IPS
mode LCD device is prevented, and an ambient contrast ratio
is improved.

In addition, since there is no black matrix, a fabricating
process is simplified and production costs are reduced. More-
over, since each of the pixel electrode and the common elec-
trode has a bent shape, there is a double-domain structure
such that a color shift problem is prevented.

A fabricating method of an IPS mode LCD device is
explained with reference to FIGS. 7A to 7F, 8A to 8F, 9A to
9F and 10A to 10F.

FIGS. 7A to 7F are cross-section views illustrating a fab-
ricating process of an array substrate portion taken the line
V-V in FIG. 4, and FIGS. 8A to 8F are cross-section views
illustrating a fabricating process of an array substrate portion
taken the line VI-VI in FIG. 5. FIGS. 9A to 9F are cross-
section views illustrating a fabricating process of a color filter
substrate portion taken the line V-V in FIG. 4, and FIGS. 10A
to 10F are cross-section views illustrating a fabricating pro-
cess of a color filter substrate portion taken the line VI-VI in
FIG. 5. For the sake of explanation, a switching region, where
the TFT is formed, and a storage region, where the storage
capacitor is formed, are defined.

As shown in FIGS. 7A and 8A, a first metal layer (not
shown) is formed on the first substrate 102 by depositing at
least one of aluminum (Al), Al alloy, copper (Cu), Cu alloy
and chromium (Cr). The first metal layer is patterned to form
the gate line (not shown), the common line (not shown), the
gate electrode 105 and the first and second common elec-
trodes 116a and 1165. The gate electrode 105 is connected to
the gate line, and the first and second common electrodes
116a and 1165 are respectively connected to the common
line.

Next, an inorganic insulating material such as silicon oxide
and silicon nitride is deposited on the gate line, the common
line, the gate electrode 105 and the first and second common
electrodes 1164 and 1165 to form the gate insulating layer
118.

Next, as shown in FIGS. 7B and 8B, an intrinsic amorphous
silicon layer (not shown), an impurity-doped amorphous sili-
con layer (not shown) and a second metal layer (not shown)
are sequentially formed on the gate insulating layer 118. The
intrinsic amorphous silicon layer, the impurity-doped amor-
phous silicon layer and the second metal layer are patterned
by a refractive exposing mask process or a half-tone mask
process to form the semiconductor layer 120 including the
active layer 120a, the ohmic contact layer 1206, the data line
130, the source electrode 133 and the drain electrode 136. The
semiconductor layer 120 on the gate insulating layer 118
corresponds to the gate electrode 105. As mentioned above,
the data line 130 crosses the gate line to define the pixel region
P.

The gate electrode 105, the gate insulating layer 118, the
semiconductor layer 120, the source electrode 133 and the
drain electrode 136 constitute the TFT Tr in the switching
region TrA.

In this instance, the drain electrode 136 extends into the
storage region StgA to overlap the common line with the gate
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the common line serves as a first storage electrode 110, and
the overlapped portion of the drain electrode 136 serves as a
second storage electrode 138. The first and second storage
electrodes 110 and 138 and the gate insulating layer consti-
tute a storage capacitor StgC.

Since the semiconductor layer 120, the data line 130, the
source electrode 133 and the drain electrode 136 are formed
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by one mask process, the semiconductor pattern 121 includ-
ing the first and second patterns 121a and 1215, which respec-
tively extend from the activelayer 1204 and the ohmic contact
layer 1205, is disposed under the data line 130 and on the gate
insulating layer 118.

Alternatively, the intrinsic amorphous silicon layer and the
impurity-doped amorphous silicon layer may be patterned to
form the active layer and the ohmic contact layer by one mask
process, and the second metal layer may be patterned by
another mask process to form the data line, the source elec-
trode and the drain electrode. In this instance, the semicon-
ductor pattern may not exist under the data line

Next, as shown in FIGS. 7C and 8C, the passivation layer
140 is formed by coating an organic insulating material such
as photo-acryl on the data line 130, the TFT Tr and the storage
capacitor StgC. Then, the passivation layer 140 is patterned
by a mask process to form the drain contacthole 143 exposing
the second storage electrode 138 and the common contact
hole (not shown) exposing the first common electrode 116a.
Alternatively, the drain contact hole may expose the drain
electrode, and the common contact hole may expose the sec-
ond common electrode.

Next, as shown in FIGS. 7D and 8D, a third metal layer
168a having a thickness of about 50 to 250 angstroms is
formed on the passivation layer 140 by depositing MoTi, and
a fourth metal layer 1685 having a thickness of about 250 to
600 angstroms is sequentially formed on the first metal layer
168a by depositing one of ITO, IZ0, AZO and copper nitride.

Next, a photoresist (PR) layer (not shown) is formed on the
fourth metal layer 1685 and patterned to form a PR pattern
191 by exposing and developing the PR layer. The PR pattern
191 corresponds to the third common electrode 173 (of FIG.
7F), the pixel electrode 170 (of FIG. 7F), the auxiliary com-
mon line 172 (of FIG. 4), the conductive pattern 175 (of FIG.
8F) and the auxiliary pixel pattern 169 (of FIG. 7F).

Next, as shown in FIGS. 7E and 8FE, the fourth metal layer
1685 (of F1G. 7D) and the third metal layer 168a (of FIG. 7D)
are etched using the PR pattern 191 as an etching mask to
form the pixel electrode 170, the third common electrode 173,
the auxiliary pixel pattern 169, the auxiliary common line 172
(ofFIG. 4) and the conductive pattern 175 all having a double-
layered structure. As mentioned above, the pixel electrode
170 is connected to the auxiliary pixel pattern 169, and the
auxiliary pixel pattern 169 is electrically connected to the
drain electrode 136 through the drain contact hole 143. The
third common electrode 13 and the conductive pattern 175 are
respectively connected to the auxiliary common line 172.

Next, as shown in FIGS. 7F and 8F, by removing the PR
pattern 191 on the third common electrode 173, the pixel
electrode 170, the auxiliary pixel pattern 169, the auxiliary
common line 172 and the conductive pattern 175, the array
substrate is obtained.

On the other hand, as shown in FIGS. 9A and 10A, a red
resist layer (not shown) is formed on the second substrate 181
by coating red resist. The red resist layer is patterned by a
mask process to form the red color filter pattern 185q in one
pixel region P. In this instance, the red color filter pattern 1854
extends into a boundary of adjacent pixel region P.

Next, as shown in FIGS. 9B and 10B, a green resist layer
(not shown) is formed on the red color filter pattern 185q and
the second substrate 181 by coating green resist. The green
resist layer is patterned to form the green color filter pattern
18556 in another pixel region P. In this instance, the green color
filter pattern 1855 extends into a boundary of adjacent pixel
region P. As a result, the green color filter pattern 1855 over-
laps the red color filter pattern 185a at the boundary of the
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pixel regions P where the red and green color filter patterns
1854 and 1855 are respectively formed.

Next, as shown in FIGS. 9C and 10C, a blue resist layer
(not shown) is formed on the red and green color filter pat-
terns 1854 and 1855 and the second substrate 181 by coating
blue resist. The blue resist layer is patterned to form the blue
color filter pattern 185¢ in the other pixel region P. In this
instance, the blue color filter pattern 185¢ extends into a
boundary of adjacent pixel region P. As a result, the blue color
filter pattern 185¢ overlaps the red color filter pattern 185a at
the boundary of the pixel regions P, where the red and blue
color filter patterns 1854 and 185¢ are respectively formed,
and the green color filter pattern 1855 at the boundary of the
pixel regions P where the green and blue color filter patterns
1856 and 185¢ are respectively formed.

Two of the red, green and blue color filter patterns 185a,
1856 and 185¢ overlaps at the boundary of the pixel regions P,
a light leakage in the boundary is shield by the overlapped
portion of the color filter patterns 1854, 1855 and 185c¢. In
addition, since the conductive pattern 175 (of FIG. 8F) is
formed at the boundary of the pixel regions P and on the first
substrate 102 (of FIG. 8F), a light leakage problem is pre-
vented without a black matrix.

Next, as shown in FIGS. 9D and 10D, a transparent organic
insulating material is coated on the color filter layer 185 to
form the overcoat layer 187 having a flat top surface.

Next, as shown in FIGS. 9E and 10E, an organic material
layer 186 is formed on the overcoat layer 187 by coating a
photosensitive organic material. An exposed portion of the
photosensitive organic material remains by developing.
Namely, the organic material has a negative type photosensi-
tive property.

Next, an exposing mask 199 including a transmitting
region TA, a block region BA and a half-transmitting region
HTA is disposed over the organic material layer 186. The
half-transmitting region HTA has a transmittance smaller
than the transmitting region TA and larger than the blocking
region BA. The organic material layer 186 is exposed through
the exposing mask 199.

Next, as shown in FIGS. 9F and 10F, the exposed organic
material layer 186 (of FIGS. 9E and 10E) is developed to form
the first column spacer 188 and the second column spacer 189
such that the color filter substrate is obtained. The first column
spacer 188 corresponds to the transmitting region TA of the
exposing mask (of FIG. 9E) and has a first height. The second
column spacer 189 corresponds to the half-transmitting
region HTA of the exposing mask (of FIG. 9E) and has a
second height smaller than the first height. As mentioned
above, the first column spacer 188 is formed for maintaining
a cell gap, and the second column spacer 189 is formed to
prevent damages by an outer impact.

The red, green and blue color filter patterns 1854, 1855 and
185¢ are sequentially formed as shown in FIGS. 9A to 9C and
10A to 10C. Alternatively, a forming order of the red, green
and blue color filter patterns 185a, 1856 and 185¢ is not
limited. In addition, all of the red, green and blue color filter
patterns 1854, 1856 and 185¢ may overlaps at the boundary of
the pixel regions P.

Referring back to FIGS. 5 and 6, a seal pattern (not shown)
is formed on edges of one of the array substrate and the color
filter substrate. Next, the liquid crystal layer 195 is disposed
in a space surrounding the seal pattern, and the array substrate
and the color filter substrate are attached for the first column
spacer 188 contact a top element of the array substrate.

Table 1 shows measurement of reflectance for ambient
light according to variation of thickness of a molybdenum-
titanium (MoTi) lower layer of the LCD device of the
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embodiment using double-layered pixel and common elec-
trodes each including MoTi lower layer and ITO upper layer.
Table 1 also shows reflectance for ambient light of the com-
parative LCD device using MoTi single-layered pixel and
common electrodes.

TABLE 1
Thickness (A) Reflectance (%)
Lower layer ~ Upper layer Ambient light
(MoTi) (ITO) (wavelength: 380-780 nm)

Embodiment 300 300 39
200 300 37
100 300 32
Comparative 300 — 68

As shown in Table 1, in the instance of the LCD device of
the embodiment of the invention, when the thickness of the
ITOupper layeris kept at 300 A and the thickness of the MoTi
lower layer is varied from 100 A to 300 A, average reflec-
tances are all 39% or less. Further, the reflectance is less as the
thickness of the lower layer is thinner.

However, when the thickness of the lower layer is below 50
A, an ambient contrast ratio is reduced. Accordingly, it is
preferred, but not required, that the thickness of the lower
layer is 50 A or more.

In the instance of the comparative LCD device, the reflec-
tance is 68%. In this instance, rainbow spot occurs, and dis-
play quality is thus degraded.

Table 2 shows measurement of reflectance for ambient
light according to variation of thickness of an aluminum-
doped zinc-oxide (AZO) upper layer of the LCD device of the
embodiment using double-layered pixel and common elec-
trodes each including MoTi lower layer and AZO upper layer.

TABLE 2
Thickness (A) Reflectance (%)
Lower layer ~ Upper layer Ambient light
(MoTi) (AZO) (wavelength: 380-780 nm)

Embodiment 300 300 35
300 400 31
300 500 21
300 600 22

As shown in Table 2, in the instance of the LCD device of
the embodiment, when the thickness of the MoTi lower layer
is kept 300 A and the thickness of the AZO upper layer is
varied from 300 A to 600 A, average reflectances are all 35%
or less. Further, the reflectance is less as the thickness of the
lower layer is thicker, and the reflectance is substantially
minimized at thicknesses of 500 A to 600 A.

In the TIPS mode LCD device, the conductive pattern 175
and the overlapped portion of the color filter layer 185 shield
the light leakage without a black matrix. As a result, there is
an advantage in the production costs. In addition, since each
ofthe pixel electrode 170 and the third common electrode 173
includes the double-layered structure including a lower layer
of MoTi and an upper layer of ITO, 170, AZO or copper
nitride, an ambient light reflectance is lowered and an ambi-
ent contrast ratio is improved.

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 spirit or scope of the
invention. Thus, it is intended that the present invention cover



US 8,953,133 B2

13

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 including a plurality of pixel regions;

aplurality of gate lines on the first substrate;

a plurality of data lines on the first substrate and crossing

the gate lines to define the plurality of pixel regions;
acommon line on the first substrate and parallel to the gate
line;

a thin film transistor in each pixel region and connected to
one of the plurality of gate lines and one of the plurality
of data lines;

a first common electrode and a pixel electrode on the first
substrate and alternating with each other in each pixel
region, each of the first common electrode and the pixel
electrode including a lower layer and an upper layer;

second and third common electrodes respectively extend-
ing from the common line along the data line;

a conductive pattern on the first substrate and overlapping
the data line and the second and third common elec-
trodes, wherein the conductive pattern is formed of the
same material as the first common electrode;

a second substrate facing the first substrate;

a color filter layer including red, green and blue color filter
patterns and on the second substrate, the red, green and
blue color filter patterns corresponding to each pixel
region; and

a liquid crystal layer between the first and second sub-
strates,

wherein at least two of the red, green and blue color filter
patterns overlap each other at a boundary of the pixel
regions, wherein the lower layer is made of molybde-
num-titanium alloy (MoTi), and the upper layer is made
of a transparent conductive material or copper nitride,
and wherein the pixel electrode and the first common
electrode are located between the second and third com-
mon electrodes.

2. The device of claim 1, further comprising a passivation
layer on the data line, wherein the first common electrode, the
pixel electrode and the conductive pattern is disposed on the
passivation layer.

3. The device of claim 2, further comprising:

an auxiliary common line connected to the first common
electrode and the conductive pattern and disposed on the
passivation layer; and

an auxiliary pixel pattern connected to the pixel electrode
and disposed on the passivation layer,

wherein the auxiliary common line and the auxiliary pixel
pattern are parallel with the gate line and are opposite to
each other in the pixel region.

4. The device of claim 3, wherein each of the auxiliary
common line and the auxiliary pixel electrode has a lower
layer and an upper layer respectively formed of the same
material as the lower layer and the upper layer of the first
common electrode.

5. The device of claim 1, further comprising;

an overcoat layer on the color filter layer;

a first column spacer on the overcoat layer having a first
height; and

a second column spacer on the overcoat layer having a
second height smaller than the first height.

6. The device of claim 1, wherein the transparent conduc-

tive material includes one of indium-tin-oxide, indium-zinc-
oxide and aluminum-doped zinc-oxide.
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7. The device of claim 1, wherein the lower layer has a first
thickness of about 50 to 250 angstroms, and the upper layer
has a second thickness of about 250 to 600 angstroms.

8. The device according to claim 1, wherein the data line,
the pixel electrode, and the first to third common electrodes
are bent with respect to a center of the pixel region to form
dual domains in the pixel region.

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

forming a plurality of gate lines, a plurality of data lines, a

thin film transistor, a first common electrode and a pixel
electrode on a first substrate including a plurality of pixel
regions, the gate and data lines crossing each other to
define the plurality of pixel regions, the thin film tran-
sistor disposed in each pixel region and connected to one
of the plurality of gate lines and one of the plurality of
data lines, the first common electrode and the pixel elec-
trode alternating with each other in each pixel region,
and each of the first common electrode and the pixel
electrode including a lower layer and an upper layer,
wherein the step of forming the plurality of gate lines,
the plurality of data lines, the thin film transistor, the first
common electrode and the pixel electrode on the first
substrate includes: forming a common line parallel to
the gate line; forming second and third common elec-
trodes respectively extending from the common line
along the data line; and forming a conductive pattern
overlapping the data line and the second and third com-
mon electrodes, and wherein the conductive pattern is
formed of the same material as the first common elec-
trode;

forming a color filter layer including red, green and blue

color filter patterns on a second substrate, the red, green
and blue color filter patterns corresponding to each pixel
region; and

attaching the first and second substrate with a liquid crystal

layer between the first and second substrates,

wherein at least two of the red, green and blue color filter

patterns overlap each other at a boundary of the pixel
regions, wherein the lower layer is made of molybde-
num-titanium alloy, and the upper layer is made of a
transparent conductive material or copper nitride, and
wherein the pixel electrode and the first common elec-
trode are located between the second and third common
electrodes.

10. The method of claim 9, wherein the step of forming the
plurality of gate lines, the plurality of data lines, the thin film
transistor, the first common electrode and the pixel electrode
on the first substrate further includes:

forming a passivation layer on the data line, wherein the

first common electrode, the pixel electrode and the con-
ductive pattern is disposed on the passivation layer.

11. The method of claim 10, wherein the step of forming
the plurality of gate lines, the plurality of data lines, the thin
film transistor, the first common electrode and the pixel elec-
trode on the first substrate further includes:

forming an auxiliary common line connected to the first

common electrode and the conductive pattern and dis-
posed on the passivation layer; and
forming an auxiliary pixel pattern connected to the pixel
electrode and disposed on the passivation layer,

wherein the auxiliary common line and the auxiliary pixel
pattern are parallel with the gate line and are opposite to
each other in the pixel region.

12. The method of claim 11, wherein each of the auxiliary
common line and the auxiliary pixel electrode has a lower
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layer and an upper layer respectively formed of the same
material as the lower layer and the upper layer of the first
common electrode.

13. The method of claim 9, wherein the step of forming the
color filter layer on the second substrate includes:

forming an overcoat layer on the color filter layer;

forming a first column spacer on the overcoat layer having

a first height; and

forming a second column spacer on the overcoat layer

having a second height smaller than the first height.

14. The method of claim 9, wherein the transparent con-
ductive material includes one of indium-tin-oxide, indium-
zinc-oxide and aluminum-doped zinc-oxide.

15. The method of claim 9, wherein the lower layer has a
first thickness of about 50 to 250 angstroms, and the upper
layer has a second thickness of about 250 to 600 angstroms.

16. The method according to claim 9, wherein the data line,
the pixel electrode, and the first to third common electrodes
are bent with respect to a center of the pixel region to form
dual domains in the pixel region.
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