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TOUCH SENSING TYPE LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] This application is a continuation application of
U.S. Ser. No. 13/051,000, filed Mar. 18, 2011, which claims
priority to Korean Patent Application No. 10-2010-0024914,
filed on Mar. 19, 2010, all of which are hereby incorporated
by reference for all purposes as if fully set forth herein

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to a touch
sensing type liquid crystal display device including an
anti-static layer and a method of fabricating the same.
[0004] 2. Discussion of the Related Art

[0005] Recently, the LCD device has been widely used as
a technology-intensive and value-added device of next gen-
eration due to its low power consumption and portability. In
general, the LCD device uses the optical anisotropy and
polarization properties of liquid crystal molecules to pro-
duce an image. Due to the optical anisotropy of the liquid
crystal molecules, refraction of light incident onto the liquid
crystal molecules depends upon the alignment direction of
the liquid crystal molecules. The liquid crystal molecules
have long thin shapes that can be aligned along specific
directions. The alignment direction of the liquid crystal
molecules can be controlled by applying an electric field.
Accordingly, the alignment of the liquid crystal molecules
changes in accordance with the direction of the applied
electric field and the light is refracted along the alignment
direction of the liquid crystal molecules due to the optical
anisotropy, thereby images displayed.

[0006] Since the LCD device including a thin film tran-
sistor (TFT) as a switching element, referred to as an active
matrix LCD (AM-LCD) device, has excellent characteristics
of high resolution and displaying moving images, the AM-
LCD device has been widely used.

[0007] The AM-LCD device includes an array substrate, a
color filter substrate and a liquid crystal layer interposed
therebetween. The array substrate may include a pixel
electrode and the 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 common electrode to have excellent
properties of transmittance and aperture ratio. However,
since the AM-LCD device uses a vertical electric field, the
AM-LCD device has a bad viewing angle.

[0008] An in-plane switching (IPS) mode LCD device or
a fringe field switching (FFS) mode LCD device may be
used to resolve the above-mentioned limitations. FIG. 1is a
cross-sectional view of an IPS mode LCD device according
to the related art. As shown in FIG. 1, the array substrate and
the color filter substrate are separated and face each other.
The array substrate includes a first substrate 10, a common
electrode 17 and a pixel electrode 30. Though not shown, the
array substrate may include a TFT, a gate line, a data line,
and so on. The color filter substrate includes a second
substrate 9, a color filter layer (not shown), and so on. A
liquid crystal layer 11 is interposed between the first sub-
strate 10 and the second substrate 9. Since the common
electrode 17 and the pixel electrode 30 are formed on the
first substrate 10 on the same level, a horizontal electric field
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“L” is generated between the common and pixel electrodes
17 and 30. The liquid crystal molecules of the liquid crystal
layer 11 are driven by a horizontal electric field such that the
IPS mode LCD device has a wide viewing angle.

[0009] FIGS. 2A and 2B are cross-sectional views show-
ing turned on/off conditions of an IPS mode LCD device
according to the related art. As 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 115 between the common electrode 17 and the
pixel electrode 30 are horizontally arranged due to the
horizontal electric field “L”. Since the liquid crystal mol-
ecules 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 elec-
trodes 17 and 30, the arrangement of liquid crystal mol-
ecules 11 is not changed.

[0010] In the FFS mode LCD device, one of the pixel
electrode and the common electrode has a plate shape in the
pixel region, and the other one of the pixel electrode and the
common electrode has an opening. The pixel and common
electrode are formed on a lower substrate. As a result, liquid
crystal molecules are driven by a fringe field between the
pixel and common electrodes.

[0011] Unfortunately, since there is no the common elec-
trode, which is formed of a conductive material, on an upper
substrate in the IPS mode LCD device or the FFS mode LCD
device, an anti-static layer, which is formed of a transparent
conductive material such as indium-tin-oxide (ITO) and
indium-zinc-oxide (IZ0), is required on an outer side of the
upper substrate to prevent problems resulting from a static
electricity. Generally, the anti-static layer has a thickness of
about 200 angstroms (A) and a sheet resistance of about 500
ohms per square (€/sq). Since the sheet resistance of the
anti-static layer is substantially same as that of a metallic
material, there is no damage on the device from the static
electricity due to the anti-static layer.

[0012] The IPS mode LCD device or the FFS mode LCD
device are used for a television, a projector, a mobile phone,
a PDA, and so on. Recently, mobile devices include a touch
sensor such that the device can be operated by touching.

[0013] Unfortunately, even if a capacitive overlay type
touch sensor is included in the cell of the IPS mode LCD
device or the FFS mode LCD device, a change of capaci-
tance generated by a touch can not be detected because of
the anti-static layer, which is formed of the transparent
conductive material such as indium-tin-oxide (ITO) and
indium-zinc-oxide (IZ0), of the IPS mode LCD device or
the FFS mode LCD device. Namely, the related art IPS mode
LCD device or the FFS mode LCD device can not be
operated by a touch sensor.

[0014] In more detail, when the user touches his finger
onto the IPS mode LCD device or the FFS mode LCD
device, the capacitance is generated between the finger and
the anti-static layer of the IPS mode LCD device or the FFS
mode LCD device. The capacitance is discharged into an
outer space through the anti-static layer such that the touch
of the user can not be detected by the capacitive overlay type
touch sensor. If the anti-static layer is removed for the touch
sensing, there are damages by the static electricity.
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SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to a
touch sensing type LCD device and a method of fabrication
the same that substantially obviates one or more of the
problems due to limitations and disadvantages of the related
art.

[0016] Additional features and advantages of the inven-
tion 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. The objectives 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.

[0017] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, a touch sensing
type liquid crystal display device includes an array substrate
including a first substrate, a common electrode, a pixel
electrode, and a touch sensing unit; a color filter substrate
including a second substrate and facing the array substrate;
an anti-static layer on an outer side of the second substrate
and including an organic material and a carbon nano-tube;
and a liquid crystal layer between the first substrate and an
inner side of the second substrate.

[0018] In another aspect of the present invention, a
method of fabricating a touch sensing type liquid crystal
display device includes forming a gate line, a data line, a thin
film transistor, a common electrode, a pixel electrode and a
touch sensing unit on a first substrate; forming an anti-static
layer on an outer side of a second substrate, the anti-static
layer including an organic material and a carbon nano-tube;
and attaching the first and second substrates with a liquid
crystal layer interposed between the first and second sub-
strates.

[0019] In another aspect of the present invention, a
method of fabricating a touch sensing type liquid crystal
display device includes forming a gate line, a data line, a thin
film transistor, a common electrode, a pixel electrode and a
touch sensing unit on a first substrate; attaching a second
substrate to the first substrate to form a liquid crystal panel,
wherein the liquid crystal panel has a first thickness; etching
an outer side of each of the first and second substrates such
that the liquid crystal panel has a second thickness smaller
than the first thickness; and forming an anti-static layer on
the outer side of the second substrate, the anti-static layer
including an organic material and a carbon nano-tube.

[0020] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0022] FIG. 1 is a cross-sectional view of an IPS mode
LCD device according to the related art.
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[0023] FIGS. 2A and 2B are cross-sectional views show-
ing turned on/off conditions of an IPS mode LCD device
according to the related art.

[0024] FIG. 3 is a schematic plane-view of an array
substrate for a touch sensing type LCD device according to
the present invention.

[0025] FIG. 4 is a plane-view showing a part of an array
substrate for a touch sensing type LCD device according to
the present invention.

[0026] FIG. 5is a cross-sectional view taken along the line
V-V of FIG. 4.
[0027] FIG. 6is a cross-sectional view taken along the line

VI-VI of FIG. 4.

[0028] FIGS. 7A to 7E are cross-sectional view showing a
fabricating process of a touch sensing type LCD device
according to an embodiment of the present invention.
[0029] FIGS. 8A to 8F are cross-sectional view showing a
fabricating process of a touch sensing type LCD device
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0030] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0031] FIG. 3 is a schematic plane-view of an array
substrate for a touch sensing type LCD device according to
the present invention.

[0032] As shown in FIG. 3, a plurality of touch blocks TB
are defined on an array substrate. In addition, first to third
regions Al, A2 and A3 are defined in each touch block TB.
The second region A2 is disposed between the first and third
regions Al and A3. The touch block TB is a unit region of
touch sensing. A plurality of pixel regions P are defined in
each of the first to third regions A1, A2 and A3.

[0033] A plurality of gate lines 119 extends along a first
direction, i.e., an X direction, and a plurality of data lines
130 extends along a second direction, i.e., a Y direction. The
gate lines 119 and the data lines 130 cross each other to
define the pixel regions P.

[0034] In addition, an X direction sensing line Xsl extends
along the first direction through the first region Al and the
third region A3. The X direction sensing line Xsl is disposed
over the gate line 119. Namely, the X direction sensing line
Xsl overlaps the gate line 119. The X direction sensing lines
Xsl in the first and third regions Al and A3 in one touch
block TB is electrically connected to a connection line 152
in the second region A2. The connection line 152 extends
along the gate line 119 and is spaced apart from the gate line
119 to avoid an electrical short. The connection line 152 may
be formed of the same material and disposed at the same
layer as the gate line 119. One end of the connection line 152
is connected to the X direction sensing line Xsl in the first
region Al through a first connection pattern 162, and the
other end of the connection line 152 is connected to the X
direction sensing line Xsl in the third region A3 through a
second connection pattern 164.

[0035] A'Y direction sensing line Ysl extends along the
second direction through the second region A2. The Y
direction sensing line Ysl is disposed over the data line 130.
Namely, the Y direction sensing line Ysl overlaps the data
line 130. Since the Y direction sensing line Ysl is disposed
at a different layer than the connection line 152, there is no
electrical short.
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[0036] Although not shown, a common electrode having a
plate shape and a pixel electrode having an opening are
formed with an insulating layer therebetween. The pixel
electrode in one pixel region is separated from that in
another pixel region. The common electrode in one touch
block TB is separated from that in another touch block TB.
In addition, the common electrodes the first to third areas
Al, A2 and A3 are separated from one another. An X
direction sensing circuit is disposed at one end of the X
direction sensing line Xsl, and a Y direction sensing circuit
is disposed at one end of the Y direction sensing line Ysl.
The X direction sensing circuit and the Y direction sensing
circuit are positioned at a non-display area at periphery of a
display area including the touch blocks TB.

[0037] When one touch block TB is touched, a change of
capacitance between the pixel and common electrode are
detected by the X direction sensing circuit and the Y
direction sensing circuit through the X direction sending line
Xsl and the Y direction sensing line Ysl, respectively. As a
result, a position of the touched touch block TB is sensed.
[0038] FIG. 4 is a plane-view showing a part of an array
substrate for a touch sensing type LCD device according to
the present invention. FIG. 5 is a cross-sectional view taken
along the line V-V of FIG. 4, and FIG. 6 is a cross-sectional
view taken along the line VI-VI of FIG. 4. FIG. 4 shows first
to third regions each including one pixel region. However,
as shown in FIG. 3, each of the first to third regions may
have at least one pixel region.

[0039] As shown in FIGS. 4 to 6, a gate line 119 and a data
line 130 are formed on a first substrate 101. The gate and
data lines 119 and 130 cross each other to define first to third
pixel regions P1, P2 and P3. The first to third pixel regions
P1, P2, P3 are respectively included to the first to third
regions Al, A2 and A3.

[0040] In each pixel region P, a thin film transistor (TFT)
Tr including a semiconductor layer 113, a gate electrode
120, a source electrode 133 and a drain electrode 136 is
formed. The gate electrode 120 and the source electrode 133
respectively extend from the gate line 119 and the data line
130 such that the TFT Tr is electrically connected to the gate
line 119 and the data line 130.

[0041] The semiconductor layer 113 is formed of poly-
crystalline silicon. A first semiconductor region 113« of a
center of the semiconductor layer 113, which is formed of
intrinsic polycrystalline silicon, serves as a channel, and
second semiconductor regions 1135 at both sides of the first
semiconductor region 1134 are doped by high-concentration
impurities. A gate insulating layer 116 is formed on the
semiconductor layer 113.

[0042] The gate electrode 120 is formed on the gate
insulating layer 116 and corresponding to the first semicon-
ductor region 113a. The gate line 119 is formed on the gate
insulating layer 116 and connected to the gate electrode 120.
A connection line 152 is also formed on the gate insulating
layer 116 and parallel to the gate line 119. The connection
line 152 is spaced apart from the gate line. The connection
line 152 is disposed in the second pixel region P2 of the
second region A2, and both ends of the connection line 152
are respectively disposed in the first pixel region P1 of the
first region Al and the third pixel region P3 of the third
region A3.

[0043] An interlayer insulating layer 123 is formed on the
gate line 119, the gate electrode 120 and the connection line
152. For example, the interlayer insulating layer 123 may be

Jan. 26,2017

formed of an inorganic insulating material, for example,
silicon oxide or silicon nitride. The interlayer insulating
layer 123 and the gate insulating layer 116 are patterned to
form semiconductor contact holes 125 exposing the second
semiconductor regions 1135 of the semiconductor layer 113.
[0044] On the interlayer insulating layer 123, the data line
130 is formed to cross the gate line 119. In addition, the
source electrode 133 and the drain electrode 136 are formed
on the interlayer insulating layer 123. The source and drain
electrodes 133 and 136 respectively contact the second
semiconductor regions 1134 through the semiconductor con-
tact holes 125.

[0045] As mentioned above, the semiconductor layer 113,
the gate insulating layer 116, the gate electrode 120, the
interlayer insulating layer 123, the source electrode 133 and
the drain electrode 136 constitute the TFT Tr. This may be
referred to as a top gate type TFT. Alternatively, a bottom
gate type TFT, where a semiconductor layer is positioned
between a gate electrode as a lower layer of the TFT and
source and drain electrodes as a upper layer of the TFT, may
be used.

[0046] A first passivation layer 140, which is formed of an
inorganic insulating material, for example, silicon oxide or
silicon nitride, and a second passivation layer 145, which is
formed of an organic insulating material, for example,
photo-acryl or benzocyclobutene (BCB), are stacked on the
data line 130, the source electrode 133 and the drain
electrode 136. The second passivation layer 145 may have a
thickness about 2 to 4 micrometers to provide a flat top
surface. Since an adhesive strength between a metallic
material of the data line 130 and the organic insulating
material of the second passivation layer 145 is smaller than
an adhesive strength between a metallic material of the data
line 130 and the inorganic insulating material of the first
passivation layer 140 and between the inorganic insulating
material of the first passivation layer 140 and the organic
insulating material of the second passivation layer 145, an
adhesive property between the metallic material of the data
line 130 and the organic insulating material of the second
passivation layer 145 is improved due to the first passivation
layer 140. The first passivation layer 140 may be omitted.
[0047] A common electrode 150, which has an island
shape in each of the first to third regions A1, A2 and A3, is
formed on the second passivation layer 145. Namely, the
common electrode 150 in the second region A2 is separated
from that in each of the first and third regions Al and A3.
The common electrode 150 has a plate shape. The common
electrode 150 is formed of a transparent conductive material,
for example, indium-tin-oxide (ITO) or indium-zinc-oxide
(1Z0).

[0048] An X direction sensing line Xsl and a Y direction
sensing line Ysl are formed on the common electrode 150.
The X direction sensing line Xsl overlaps the gate line 119
in the first and third regions Al and A3, and the Y direction
sensing line Ysl overlaps the data line 130 in the second
region A2. The Y direction sensing line Ysl extends along
the data line 130 such that the second regions A2 arranged
along the data line 130 are electrically connected by the Y
direction sensing line Ysl. The X direction sensing lines Xsl
in the first and third regions Al and A2 of each touch block
TB (of FIG. 3) are electrically connected to each other
through the connection line 152.

[0049] A third passivation layer 155 is formed on the X
direction sensing line Xsl and the Y direction sensing line
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Ysl. The third passivation layer 155 may be formed of an
inorganic insulating material, for example, silicon oxide or
silicon nitride.

[0050] The first to third passivation layers 140, 145 and
155 are patterned to form a drain contact hole 157 exposing
the drain electrode 136. In addition, the third passivation
layer 155 is patterned to form first and second contact holes
158a and 159a respectively exposing the X sensing lines Xsl
in the first and third regions Al and A3. Furthermore, the
first to third passivation layer 140, 145 and 155 and the
interlayer insulating layer 123 are patterned to form third
and fourth contact holes 1585 and 1595 respectively expos-
ing ends of the connection line 152.

[0051] A pixel electrode 160 is formed on the third pas-
sivation layer 155. The pixel electrode 160 is disposed in
each pixel region P and contacts the drain electrode 136
through the drain contact hole 157. The pixel electrode 160
is formed of a transparent conductive material, for example,
ITO or IZO. The pixel electrode 160 has at least one opening
op, which corresponds to the common electrode 150, such
that a fringe field is generated between the pixel and
common electrodes 160 and 150. The third passivation layer
155 is interposed between the pixel and common electrodes
160 and 150 such that a storage capacitor is formed.
[0052] In addition, first and second connection patterns
162 and 164 are formed on the third passivation layer 155.
One end of the first connection pattern 162 contacts the X
direction sensing line Xsl in the first region Al through the
first contact hole 158a, and the other end of the first
connection pattern 162 contacts the connection line 152
through the third contact hole 1585. One end of the second
connection pattern 164 contacts the X direction sensing line
Xsl in the third region A3 through the second contact hole
159a, and the other end of the second connection pattern 164
contacts the connection line 152 through the fourth contact
hole 1595. As aresult, the X direction sensing line Xslin the
first region Al is electrically connected to the X direction
sensing line Xsl in the third region A3.

[0053] A second substrate 171 faces the first substrate 101.
A black matrix 173 is formed on an inner side of the second
substrate 171. The black matrix 173 corresponds to bound-
aries of the pixel region P and has a lattice shape. The black
matrix 173 may further correspond to the TFT Tr. A color
filter 175 is formed on the inner side of the second substrate
171 and corresponds to the pixel region P. The color filter
175 may include red, green and blue color filters.

[0054] In addition, an anti-static layer 180 is formed on an
outer side of the second substrate 171. The anti-static layer
180 includes a base layer 181 of an organic material and a
carbon nano-tube 183 in the base layer 181. The carbon
nano-tube 183 has a conductive property. The anti-static
layer 180 has a sheet resistance of about 10° to 10° ohms per
square (€2/sq). For example, the organic material for the base
layer 181 may include polymethyl methacrylate (PMMA) or
polyethylene terephthalate (PET) such that a sheet resistance
of the base layer 181 has a range within about 10** to 10*°
ohms per square (€/sq). When only the base layer 181 is
formed on the outer side of the second substrate 171, the
base layer 181 can not serves as an anti-static layer because
the sheet resistance of the base layer 181 is too high.
Accordingly, there are strong damages on the device by a
static electricity.

[0055] However, since the carbon nano-tube 183 is formed
with the base layer 181 on the outer side of the second
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substrate 171, the layer 180 has an anti-static property.
Namely, since the anti-static layer 180 has a sheet resistance
of about 10° to 10° ohms per square (€/sq), there is no
damage on the device from a static electricity.

[0056] By providing a liquid crystal layer 190 between the
first and second substrates 101 and 171 and a seal pattern
(not shown) at edges of one of the first and second substrates
101 and 171, the touch sensing type FFS mode LCD device
is obtained. An FFS mode LCD device, which includes the
common electrode having a plate shape and the pixel
electrode having an opening, is show by FIGS. 3 to 6.
Alternatively, an IPS mode LCD device, which includes the
common and pixel electrodes being alternately arranged
with each other, is also available.

[0057] As mentioned above, the touch sensing type LCD
device includes the anti-static layer 180, which includes the
base layer 181 and the carbon nano-tube to have a sheet
resistance of about 10° to 10° ohms per square (€/sq), at an
outer side of the second substrate 171. The anti-static layer
180 serves as a path for a static electricity and does not serve
as an obstructer for touch sensing. Namely, the anti-static
layer 180 serves as a dielectric layer between a finger and the
common electrode 150 when the device is touched such that
a capacitor is formed between the finger and the common
electrode 150. As a result, a touch is detected by a change of
capacitance between the finger and the common electrode
150.

[0058] In more detail, when one touch block TB (of FIG.
3) is touched, the anti-static layer 180, which has a sheet
resistance of about 10° to 10° ohms per square (€/sq), serves
as a dielectric layer such that a capacitor is generated by the
finger, the common electrode 150, the liquid crystal layer
190, the color filter layer 175, the second substrate 171, the
anti-static layer 180, and so on. A change of capacitance of
the capacitor is detected by the X direction sensing circuit
(not shown) and the Y direction sensing circuit (not shown)
through the X direction sensing line Xsl and the Y direction
sensing line Ysl, which are respectively connected to the
common electrode 150, such that a position of the touched
touch block TB is sensed.

[0059] Since the static electricity has a voltage of several
thousands to several hundreds of thousands, the anti-static
layer 180, which has a sheet resistance of about 10° to 10°
ohms per square (£2/sq), serves as a conductive path for the
static electricity. However, since an electric current of the
finger has a range within several nanoc-amperes to several
micro-amperes, the anti-static layer 180, which has a sheet
resistance of about 109 to 10° ohms per square (€/sq), serves
as an insulating layer for the touch. Accordingly, the anti-
static layer 180 serves as a dielectric layer of the capacitor
for the touch. As a result, the device according to the present
invention including a touch sensing part, i.e., the X direction
sensing line Xsl and the Y direction sensing line Ysl, and the
anti-static layer 180 can be operated by a touch sensing, and
there is no damage from a static electricity.

[0060] FIGS. 7A to 7E are cross-sectional view showing a
fabricating process of a touch sensing type LCD device
according to an embodiment of the present invention.
[0061] As shown in FIG. 7A, an array substrate is formed
by following processes. An intrinsic amorphous silicon layer
(not shown) is formed on the first substrate 101 by depos-
iting intrinsic amorphous silicon. The amorphous silicon
layer is crystallized by irradiating a laser beam or heating to
form a polycrystalline silicon layer (not shown). The poly-
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crystalline silicon layer is patterned by a mask process to
form the semiconductor layer 113 in each pixel regions P1,
P2 and P3. FIGS. 7A to 7E show the second pixel region P2
of the second region A2 (of FIG. 3) in one touch block TB.

[0062] Next, the gate insulating layer 116 is formed on the
semiconductor layer 113 by depositing an inorganic insu-
lating material such as silicon oxide and silicon nitride.

[0063] Next, a first metal layer (not shown) is formed on
the gate insulating layer 116 by depositing one of aluminum
(Al), Al alloy (AINd), copper (Cu), Cu alloy and chromium
(Cr). The first metal layer is patterned to form the gate
electrode 120, the gate line 119 (of FIG. 4) and the connec-
tion line 152 (of FIG. 4). The gate electrode 120 corresponds
to a center of the semiconductor layer 113 and extends from
the gate line 119. The connection line 152 is spaced apart
from and parallel to the gate line 119. The connection line
152 is disposed in the second region A2, and both ends of the
connection line 152 protrude to the first and third regions Al
and A3 (of FIG. 3 or FIG. 4).

[0064] Next, impurities are doped into the semiconductor
layer 113 using the gate electrode 120 as a blocking such that
the impurities are doped into both sides of the semiconduc-
tor layer 113. As a result, a first semiconductor region 113a
of a center of the semiconductor layer 113, which is formed
of intrinsic polycrystalline silicon, serves as a channel, and
second semiconductor regions 1135 at both sides of the first
semiconductor region 113a are doped by high-concentration
impurities.

[0065] Next, the interlayer insulating layer 123 is formed
on the gate line 119, the gate electrode 120 and the connec-
tion line 152 by depositing an inorganic insulating material,
for example, silicon oxide or silicon nitride. The interlayer
insulating layer 123 and the gate insulating layer 116 are
patterned to form the semiconductor contact holes 125
exposing the second semiconductor regions 11354 of the
semiconductor layer 113.

[0066] Next, a second metal layer (not shown) is formed
on the interlayer insulating layer 123 by depositing one of
aluminum (Al), Al alloy (AINd), copper (Cu), Cu alloy,
chromium (Cr), and molybdenum (Mo). The second metal
layer is patterned to form the data line 130, the source
electrode 133 and the drain electrode 136. The source and
drain electrodes 133 and 136 respectively contact the second
semiconductor regions 1134 through the semiconductor con-
tact holes 125. The drain electrode 136 is spaced apart from
the source electrode 133. The data line 130 extends from the
source electrode 133 and crosses the gate line 119 to define
the pixel regions P1, P2 and P3.

[0067] The semiconductor layer 113, the gate insulating
layer 116, the gate electrode 120, the interlayer insulating
layer 123, the source electrode 133 and the drain electrode
136 constitute the TFT Tr. This may be referred to as a top
gate type TFT. Alternatively, a bottom gate type TFT, where
a semiconductor layer is positioned between a gate electrode
as a lower layer of the TFT and source and drain electrodes
as a upper layer of the TFT, may be used. To form the bottom
gate type TFT, a step of forming the gate electrode, the gate
line and the connection line, a step of forming the gate
insulating layer, a step of forming a semiconductor layer,
which includes an active layer of intrinsic amorphous silicon
and an ohmic contact layer of impurity-doped amorphous
silicon, and a step of forming the data line, the source
electrode and the drain electrode are sequentially processed.
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[0068] Next, a first passivation layer 140 and a second
passivation layer 145 are sequentially formed on the TFT Tr
and the data line 130 by depositing an inorganic insulating
material and coating an organic insulating material. The
second passivation layer 145 has a flat top surface. The first
passivation layer 140 for enhancing an adhesive property
between a metallic material of the data line and the organic
insulating material of the second passivation layer 145 may
be omitted.

[0069] Next, a first transparent conductive material layer
(not shown) is formed on the second passivation layer 145
by depositing a transparent conductive material, for
example, [TO or 1ZO. The first transparent conductive
material layer is patterned to form the common electrode
150. As mentioned above, the common electrode 150 has an
island shape in each of the first to third regions A1, A2 and
A3. Namely, the common electrode 150 in the second region
A2 is separated from that in each of the first and third regions
Al and A3.

[0070] Next, a third metal layer (not shown) is formed on
the common electrode 150 by depositing one of aluminum
(Al), Al alloy (AINd), copper (Cu) and Cu alloy. The third
metal layer is patterned to form the X direction sensing line
Xsl (of FIG. 4) and the Y direction sensing line Ysl. The X
direction sensing line Xsl overlaps the gate line 119 in the
first and third regions A1 and A3, and the Y direction sensing
line Ysl overlaps the data line 130 in the second region A2.
The Y direction sensing line Ysl extends along the data line
130 such that the second regions A2 arranged along the data
line 130 are electrically connected by the Y direction sensing
line Ysl. The X direction sensing lines Xsl in the first and
third regions Al and A2 of each touch block TB (of FIG. 3)
are electrically connected to each other through the connec-
tion line 152.

[0071] Next, a third passivation layer 155 is formed on the
X direction sensing line Xsl and the Y direction sensing line
by depositing an inorganic insulating material, for example,
silicon oxide or silicon nitride. The third passivation layer
155 is patterned to form first and second contact holes 158a
and 159q respectively exposing the X sensing lines Xsl in
the first and third regions Al and A3. The first to third
passivation layers 140, 145 and 155 are patterned to form a
drain contact hole 157 exposing the drain electrode 136. The
first to third passivation layer 140, 145 and 155 and the
interlayer insulating layer 123 are patterned to form third
and fourth contact holes 1585 and 1595 respectively expos-
ing ends of the connection line 152.

[0072] Next, a second transparent conductive material
layer (not shown) is formed on the third passivation layer
145 by depositing a transparent conductive material, for
example, ITO or IZO. The second transparent conductive
material layer is patterned to form the pixel electrode 160,
and the first and second connection patterns 162 and 164.
The pixel electrode 160 is disposed in each pixel region P
and contacts the drain electrode 136 through the drain
contact hole 157. The pixel electrode 160 has at least one
opening op, which corresponds to the common electrode
150, such that a fringe field is generated between the pixel
and common electrodes 160 and 150. One end of the first
connection pattern 162 contacts the X direction sensing line
Xslin the first region A1 through the first contact hole 1584,
and the other end of the first connection pattern 162 contacts
the connection line 152 through the third contact hole 1584.
One end of the second connection pattern 164 contacts the
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X direction sensing line Xsl in the third region A3 through
the second contact hole 159a, and the other end of the
second connection pattern 164 contacts the connection line
152 through the fourth contact hole 1595. As a result, the X
direction sensing line Xsl in the first region A1 is electrically
connected to the X direction sensing line Xsl in the third
region A3.

[0073] Next, as shown in FIG. 7B, a liquid phase organic
mixture including a solution, which includes an organic
material such as PMMA and PET with an organic solvent,
and a carbon nano-tube is coated on an outer side of the
second substrate 171 under a room temperature by a spin
coating apparatus (not shown) or a slit coating apparatus
(not shown) to form an organic solution layer 182. The
organic material is inserted into the organic solvent to form
the solution, and the power-type carbon nano-tube is
inserted into the solution. The resulting solution is mixed to
form liquid phase organic mixture.

[0074] Next, as shown in FIG. 7C, the organic solution
layer 182 (of FIG. 7C) including the carbon nano-tube is
dried by heating in a furnace or oven 197 to volatilize and
remove the organic solvent. As a result, the anti-static layer
180 including the base layer 181 of the organic material and
the carbon nano-tube 183 is formed on the outer side of the
second substrate 171. As mentioned above, the anti-static
layer 180 has a sheet resistance of about 10° to 10° ohms per
square (Q/sq). For example, the anti-static layer 180 has a
thickness of about 300 to 1000 angstroms. The sheet resis-
tance of the anti-static layer 180 is controlled depending on
a relative weight % of the carbon nano-tube with respect to
the organic material.

[0075] Next, as shown in FIG. 7D, a light blocking mate-
rial, for example, a black resin, is coated on an inner side of
the second substrate 171 and patterned by a mask process to
form the black matrix 173. Next, the color filter 175 includ-
ing the red, green and blue color filters is formed on the inner
side of the second substrate 171. As a result, a color filter
substrate is obtained. Although not shown, an overcoat layer
for providing a flat top surface may be formed.

[0076] Next, as shown in FIG. 7E, the array substrate and
the color filter substrate are disposed such that the color filter
layer 175 faces the pixel electrode 160, and a seal pattern
(not shown) is formed along edges of one of the array
substrate and the color filter substrate. Next, the liquid
crystal layer 190 is disposed between the array substrate and
the color filter substrate, and the array substrate and the color
filter substrate are attached to form a liquid crystal panel.
[0077] Although not shown, the X direction sensing cir-
cuit and the Y direction sensing circuit, which are respec-
tively connected to the X direction sensing line and the Y
direction sensing line, and a driving circuit connected to the
gate line 119 and the data line 130 are formed on the liquid
crystal panel to obtain the device 100.

[0078] FIGS. 8A to 8F are cross-sectional view showing a
fabricating process of a touch sensing type LCD device
according to an embodiment of the present invention.
[0079] The process shown by FIGS. 8A to 8F has differ-
ence in a step of forming the anti-static layer and a step of
etching the first and second substrates. Accordingly, below
explanation is focused on the differences.

[0080] As shown in FIG. 8A, the array substrate is
obtained by forming the TFT Tr, the gate line 119, the data
line 130, the X direction sensing line Xsl, the Y direction
sensing line Ysl, the common electrode 150, the pixel
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electrode 160, the connection line 152, the connection
patterns 162 and 164, and so on.

[0081] Next, as shown in FIG. 8B, the black matrix 173
and the color filter layer 175 are formed on an inner side of
the second substrate 171.

[0082] Next, as shown in FIG. 8C, the first substrate 101
and the second substrate 171 are disposed such that the color
filter layer 175 faces the pixel electrode 160, and a seal
pattern (not shown) is formed along edges of one of the first
substrate 101 and the second substrate 171. Next, the liquid
crystal layer 190 is disposed between the first substrate 101
and the second substrate 171, and first substrate 101 and the
second substrate 171 are attached to form a liquid crystal
panel.

[0083] Next, as shown in FIG. 8D, the liquid crystal panel
is exposed to an etchant, which is capable of etching glass
of the first and second substrates 101 and 171, to reduce a
thickness of each of the first and second substrates 101 and
171. Namely, a thickness of liquid crystal panel is reduced.
For example, the etchant may include hydrofluoric acid
(HF). A dipping process or a spray process may be used. As
a result, light weight and thin profile LCD device can be
obtained.

[0084] When the thickness of the first and second sub-
strates 101 and 171 are reduced before forming elements, for
example, the TFT Tr or the color filter layer 175, there may
be crack or brokenness. Accordingly, as mentioned above,
after forming the elements on the first and second substrates
101 and 171, the etching process is performed to reduce the
thickness of the first and second substrates 101 and 171. For
example, the first and second substrates 101 and 171 may
have a thickness of about 0.2 to 0.3 mm after the etching
process.

[0085] Next, as shown in FIG. 8E, a liquid phase organic
mixture including a solution, which includes an organic
material such as PMMA and PET with an organic solvent
and a carbon nano-tube is coated on an outer side of the
second substrate 171, which having a reduced thickness,
under a room temperature by a spin coating apparatus (not
shown) or a slit coating apparatus (not shown) to form an
organic solution layer 182. The organic material is inserted
into the organic solvent to form the solution, and the
powet-type carbon nano-tube is inserted into the solution.
The resulting solution is mixed to form liquid phase organic
mixture.

[0086] Next, as shown in FIG. 8F, the organic solution
layer 182 (of FIG. 8E) including the carbon nano-tube is
dried by heating in a furnace or oven (not shown) to
volatilize the organic solvent. As a result, the anti-static layer
180 including the base layer 181 of the organic material and
the carbon nano-tube 183 is formed on the outer side of the
second substrate 171. As mentioned above, the anti-static
layer 180 has a sheet resistance of about 10° to 10° ochms per
square (Q/sq). For example, the anti-static layer 180 has a
thickness of 300 to 1000 angstroms. The drying process may
be performed under a temperature of 100° C., beneficially a
temperature between about 50 to 80° C., to prevent a damage
to the seal pattern by expansion of the liquid crystal layer
190 and a change of phase of the liquid crystal layer 190.

[0087] Although not shown, the X direction sensing cir-
cuit and the Y direction sensing circuit, which are respec-
tively connected to the X direction sensing line and the Y
direction sensing line, and a driving circuit connected to the
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gate line 119 and the data line 130 are formed on the liquid
crystal panel to obtain the device 100.

[0088] 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 inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A touch sensing type liquid crystal display device,
comprising:

first and second substrates facing each other;

a liquid crystal layer between the first and second sub-

strates; and

an anti-static layer on an outer side of the second substrate

and including a base material and a conductive mate-
rial,

wherein the first substrate includes:

a plurality of first signal lines;

a plurality of second signal lines crossing the plurality of

first signal lines;

a plurality of pixel electrodes;

a plurality of first common electrodes in a region; and

a sensing line electrically connected to the plurality of

first common electrodes in the region and extending
along at least one of the plurality of first signal lines;
and

a sensing circuit electrically connected to the sensing line,

wherein the liquid crystal layer is driven by a fringe field

between the plurality of pixel electrodes and the plu-
rality of first common electrodes for displaying an
image,

wherein the sensing circuit detects a change of capaci-

tance between an object and the plurality of first
common electrodes through the sensing line for sensing
a touched position.

2. The touch sensing type liquid crystal display device
according to claim 1, wherein the plurality of first common
electrodes group into a first touch block defining a first umt
region for touch sensing, and the first touch block overlaps
with the sensing line.

3. The touch sensing type liquid crystal display device
according to claim 2, further comprising a plurality of
second common electrodes grouping into a second touch
block defining a second unit region for the touch sensing.

4. The touch sensing type liquid crystal display device
according to claim 3, wherein the first touch block is
separated from the second touch block.

5. The touch sensing type liquid crystal display device
according to claim 3, wherein the plurality of first common
electrodes are separated from the plurality of second com-
mon electrodes.

6. The touch sensing type liquid crystal display device
according to claim 1, wherein the anti-static layer serves as
a conductive path for static electricity and serves as an
insulating layer for sensing the touch position.

7. The touch sensing type liquid crystal display device
according to claim 2, wherein the first touch block includes
a plurality of pixel regions.

8. The touch sensing type liquid crystal display device
according to claim 1, wherein a touch on the anti-static layer
is detected by a capacitor, and the capacitor includes:
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the object touching the anti-static layer as a first electrode;

a dielectric layer including the anti-static layer, the second
substrate, and the liquid crystal layer; and

the first common electrode as a second electrode.

9. The touch sensing type liquid crystal display device
according to claim 1, wherein the sensing line overlaps the
plurality of second signal lines and is parallel to one of the
first signal lines.

10. The touch sensing type liquid crystal display device
according to claim 1, wherein the plurality of first common
electrodes in the region extending along the at least one of
the plurality of first signal lines are electrically connected by
the sensing line.

11. A touch sensing type liquid crystal display device,
comprising:

first and second substrates facing each other;

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

an anti-static layer on an outer side of the second sub-
strate, the anti-static layer including a conductive mate-
rial,

wherein the first substrate includes:

a plurality of first signal lines;

a plurality of second signal lines crossing the plurality of
first signal lines;

a plurality of pixel electrodes;

a plurality of first common electrodes in a region;

a sensing line electrically connected to the plurality of
first common electrodes in the region and extending
along at least one of the plurality of first signal lines;
and

a sensing circuit electrically connected to the sensing line,

wherein the liquid crystal layer is driven by a fringe field
between the plurality of pixel electrodes and the plu-
rality of first common electrodes for displaying an
image, and

wherein the sensing circuit detects a change of capaci-
tance between an object and the plurality of first
common electrodes through the sensing line for sensing
a touched position.

12. The touch sensing type liquid crystal display device
according to claim 11, wherein the plurality of first common
electrodes group into a first touch block defining a first unit
region for touch sensing, and the first touch block overlaps
with the sensing line.

13. The touch sensing type liquid crystal display device
according to claim 12, further comprising a plurality of
second common electrodes grouping into a second touch
block defining a second unit region for the touch sensing.

14. The touch sensing type liquid crystal display device
according to claim 13, wherein the first touch block is
separated from the second touch block.

15. The touch sensing type liquid crystal display device
according to claim 13, wherein the plurality of first common
electrodes are separated from the plurality of second com-
mon electrodes.

16. The touch sensing type liquid crystal display device
according to claim 11, wherein the anti-static layer serves as
a conductive path for a static electricity and serves as an
insulating layer for sensing the touch position.

17. The touch sensing type liquid crystal display device
according to claim 12, wherein the first touch block include
a plurality of pixel regions.
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18. The touch sensing type liquid crystal display device
according to claim 11, wherein a touch on the anti-static
layer is detected by a capacitor, and the capacitor includes:

the object touching the anti-static layer as a first electrode;

a dielectric layer including the anti-static layer, the second
substrate, and the liquid crystal layer; and

the first common electrode as a second electrode.

19. The touch sensing type liquid crystal display device
according to claim 11, wherein the sensing line overlaps the
plurality of second signal lines and is parallel to one of the
first signal lines.

20. The touch sensing type liquid crystal display device
according to claim 12, wherein the plurality of first common
electrodes in the region extending along the at least one of
the plurality of first signal lines are electrically connected by
the sensing line.

21. A touch sensing type liquid crystal display device,
comptrising:

first and second substrates facing each other;

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

an anti-static layer on an outer side of the second sub-
strate,

wherein the first substrate includes:

a plurality of first signal lines;

a plurality of second signal lines crossing the plurality of
first signal lines;

a plurality of pixel electrodes;

a plurality of first common electrodes in a region;

a sensing line electrically connected to the plurality of
first common electrodes in the region and extending
along at least one of the plurality of first signal lines;
and

a sensing circuit electrically connected to the sensing line;

wherein the liquid crystal layer is driven by a fringe field
between the plurality of pixel electrodes and the plu-
rality of first common electrodes for displaying an
image,

wherein the sensing circuit detects a change of capaci-
tance between an object and the plurality of first
common electrodes through the sensing line for sensing
a touched position, and
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wherein the anti-static layer serves as a conductive path
for static electricity and serves as an insulating layer for
sensing the touch position.

22. The touch sensing type liquid crystal display device
according to claim 21, wherein the plurality of first common
electrodes group into a first touch block defining a first unit
region for touch sensing, and the first touch block overlaps
with the sensing line.

23. The touch sensing type liquid crystal display device
according to claim 22, further comprising a plurality of
second common electrodes grouping into a second touch
block defining a second unit region for the touch sensing.

24. The touch sensing type liquid crystal display device
according to claim 23, wherein the first touch block is
separated from the second touch block.

25. The touch sensing type liquid crystal display device
according to claim 23, wherein the plurality of first common
electrodes are separated from the plurality of second com-
mon electrodes.

26. The touch sensing type liquid crystal display device
according to claim 22, wherein the first touch block include
a plurality of pixel regions.

27. The touch sensing type liquid crystal display device
according to claim 21, wherein a touch on the anti-static
layer is detected by a capacitor, and the capacitor includes:

the object touching the anti-static layer as a first electrode;

a dielectric layer including the anti-static layer, the second
substrate, and the liquid crystal layer; and

the first common electrode as a second electrode.

28. The touch sensing type liquid crystal display device
according to claim 21, wherein the sensing line overlaps the
plurality of second signal lines and is parallel to one of the
first signal lines.

29. The touch sensing type liquid crystal display device
according to claim 21, wherein the plurality of first common
electrodes in the region extending along the at least one of
the plurality of first signal lines are electrically connected by
the sensing line.
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