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LIQUID CRYSTAL DISPLAY PANEL AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2007-0085341, filed on
Aug. 24, 2007 in the Korean Intellectual Property Office
(KIPO), the contents of which are incorporated herein by
reference in their entirety.

BACKGROUND

This disclosure relates to liquid crystal display (“LCD”)
devices, and more particularly, to a plane-to-line switching
mode touch screen panel LCD.

With the development of the modern information age, LCD
devices have received increased attention for use as display
devices. Although LCD display devices are typically some-
what more expensive than cathode ray tube display devices,
their application range has been greatly extended due to their
recognized advantages of being light in weight, slim in size,
and low in power consumption. An LCD device displays
images by causing liquid crystal cells which are arranged in a
matrix shape in a liquid crystal panel to adjust their light
transmittance in response to a video signal.

An LCD device may be classified into an in-plane switch-
ing (“IPS”) mode LCD device or a plane-to-line switching
(“PLS”) mode LCD device according to the arrangement of
liquid crystal molecules.

In the PLS mode LCD device, a common electrode and a
pixel electrode with an insulating layer disposed therebe-
tween form a fringe electric field in each pixel region and thus
liquid crystal molecules disposed between an upper substrate
and a lower substrate operate in each pixel region. The PLS
mode, however, may be subject to static electricity because
electrodes are formed on only one substrate, generating an
electric field.

An LCD device can include a touch display panel through
which data is input by pressing a display screen by means of
apen or a finger. However, as a result, the touch display panel
can also be easily subject to static electricity.

To suppress the occurrence of static electricity, an antistatic
layer made of indium-tin-oxide (“ITO”) is deposited at the
back side of an opposite substrate of the LCD panel using the
PLS mode and touch screen panel technologies. However,
since the ITO used for the antistatic layer is different in
deposition conditions from the ITO used for the pixel elec-
trode and the common electrode, it is necessary to addition-
ally manufacture the antistatic layer, which thereby increases
costs. Furthermore, because the surface of the ITO used for
the antistatic layer is exposed without a passivation layer,
scratches may occur and thus defects may be increased.

BRIEF SUMMARY

In accordance with the exemplary embodiments disclosed
herein, an LCD panel and methods of manufacturing the same
will save manufacturing costs by means of an antistatic layer
using a conductive nanowire, where the antistatic layer is
protected from scratching by forming an overcoat layerand a
passivation film on the antistatic layer.

In one exemplary embodiment, a liquid crystal display
panel includes: a first substrate; a thin film transistor array
comprising at least one thin film transistor formed on a first
surface of the first substrate; a second substrate having a first
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surface facing the first substrate, the second substrate includ-
ing an antistatic layer on a surface opposite the first surface of
the second substrate; and liquid crystal molecules positioned
between the first surface of the first substrate and the first
surface of the second substrate, wherein the antistatic layer
includes conductive nanowire.

The conductive nanowire may be formed of an electrically
conductive material.

The electrically conductive material may include at least
one of gold (Au), silver (Ag), platinum (Pt), palladium (Pd),
nickel (Ni), copper (Cu), carbon (C), aluminum (Al), tin (Sn),
and titanium (T1), or a combination of two or more of these
materials.

The liquid crystal display panel may further include an
overcoat layer formed on the antistatic layer.

The overcoat layer may be formed with a thickness of
about 1 nm to about 10 um.

The overcoat layer may be formed of a transparent syn-
thetic resin.

The antistatic layer may further include a polymer mate-
rial.

The polymer material may be an aqueous polymer mate-
rial.

The aqueous polymer material may include at least one of
poly(3,4-etylenedioxythiophene), water-dispersive urethane
and water-dispersive polyurethane.

The liquid crystal display panel may further include a
protective film on the antistatic layer.

The liquid crystal display panel may further include an
adhesion layer interposed between the antistatic layer and the
protective film.

The liquid crystal display panel may further include a
touch sensor formed between the first substrate and the sec-
ond substrate.

In another exemplary embodiment, a method of manufac-
turing a liquid crystal display panel includes: providing a first
substrate; providing a thin film transistor array comprising at
least one thin film transistor formed on a first surface of the
first substrate; providing a second substrate having a first
surface facing the first substrate; assembling the first sub-
strate and the second substrate and injecting liquid crystal
molecules between the first surface of the first substrate and
the first surface of the second substrate; and forming an anti-
static layer comprising conductive nanowire at a surface
opposite the first surface of the second substrate.

The step of forming the antistatic layer may include form-
ing the antistatic layer by wet-coating solution including the
conductive nanowire.

The conductive nanowire may include an electrically con-
ductive material. The electrically conductive material may
include at least one of gold (Au), silver (Ag), platinum (Pt),
palladium (Pd), nickel (Ni), copper (Cu), carbon (C), alumi-
num (Al), tin (Sn), and titanium (T1), or a combination of two
or more of these materials.

The solution including the conductive nanowire may fur-
ther include a polymer material.

The method of manufacturing the liquid crystal display
may further include forming an overcoat layer on the anti-
static layer.

The step of forming the overcoat layer may include wet-
coating a synthetic resin on the antistatic layer; and hardening
the synthetic resin coated on the antistatic layer.

The method of manufacturing the liquid crystal display
may further include attaching a protective film on the anti-
static layer.



US 8,164,698 B2

3

The method of manufacturing the liquid crystal display
may further include forming a touch sensor between the first
substrate and the second substrate.

A better understanding of the above and many other fea-
tures and advantages of this invention may be obtained from
a consideration of the detailed description thereof below,
particularly if such consideration is made in conjunction with
the several views of the appended drawings, wherein like
elements are referred to by like reference numerals through-
out.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a first exemplary embodi-
ment of an LCD panel according to the present invention;

FIG. 2 is a cross-sectional view of the LCD panel shown in
FIG. 1;

FIG. 3 is an enlarged view of the antistatic layer and the
overcoat layer shown in FIG. 2;

FIG. 4 is a scanning electron microscope (SEM) photo-
graph of the antistatic layer shown in F1G. 3;

FIG. 5 is a cross-sectional view of a second exemplary
embodiment of an LCD panel according to the present inven-
tion,;

FIG. 6 is an enlarged view of the antistatic layer and the
protective film shown in FIG. 5;

FIG. 7 is a cross-sectional view of a third exemplary
embodiment of an LCD panel according to the present inven-
tion;

FIG. 8 1s a cross-sectional view of a fourth exemplary
embodiment of an LCD panel according to the present inven-
tion,;

FIG. 9 is a cross-sectional view of a fifth exemplary
embodiment of an LCD panel according to the present inven-
tion;

FIGS. 10A, 10B, and 10C are cross-sectional views of an
exemplary embodiment of a process of assembling a TFT
substrate and an opposite substrate according to the present
invention;

FIGS. 11A and 11B are cross-sectional views of an exem-
plary embodiment of a process of manufacturing an antistatic
layer and an overcoat layer according to the present invention;

FIG. 12 is a cross-sectional view of another exemplary
embodiment of a process of manufacturing the antistatic layer
according to the present invention; and

FIG. 13 is a cross-sectional view of still another exemplary
embodiment of a process of manufacturing the antistatic layer
according to the present invention.

DETAILED DESCRIPTION

FIG. 1 is a perspective view of a first exemplary embodi-
ment of an LCD panel according to the present invention, and
FIG. 2 is a cross-sectional view of the LCD panel shown in
FIG. 1.

Referring to FIGS. 1 and 2, an LCD panel 300 includes a
thin film transistor (“TFT”) substrate 100, an opposite sub-
strate 150 arranged opposite to the TFT substrate 100, and
liquid crystal molecules 155.

The TFT substrate 100 includes a gate line 20, a data line
30, a gate insulating layer 40, a TFT 50, a common electrode
81, a pixel electrode 83, and a passivation layer 70.

The gate line 20 receives a scan signal from a gate driver
(not shown). The gate line 20 is formed on a first substrate 10
and formed in a single layer structure including molybdenum
(Mo), chrome (Cr), silver (Ag) or tungsten (W) or in a mul-
tilayer structure using theses metals.
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The data line 30 receives a pixel voltage signal from a data
driver (not shown). The data line 30 crosses the gate line 20
with the gate insulating layer 40 disposed therebetween.

The gate insulating layer 40 is formed between the gate line
20 and the data line 30 and insulates a gate metal pattern
including the gate line 20 from a data metal pattern including
the data line 30.

The TFT 50 causes the pixel voltage signal of the data line
30 to be charged in the pixel electrode 83 in response to the
scan signal of the gate line 20. The TFT 50 includes a gate
electrode connected to the gate line 20, a source electrode 53
connected to the data line 30, and a drain electrode 55 con-
nected to the pixel electrode 83.

The TET 50 includes a semiconductor pattern 60 forming a
channel between the source electrode 53 and the drain elec-
trode 55. The semiconductor pattern 60 includes an active
layer 61 and an ohmic contact layer 63. The active layer 61
overlaps the gate electrode 51 with the gate insulating layer
40 disposed therebetween. The ohmic contact layer 63 is
formed on the active layer 61 and forms an ohmic contact
between the data line 30 and the source electrode 53, and
between the data line 30 and the drain electrode 55.

The common electrode 81 supplies a reference voltage for
driving the liquid crystal molecules 155, 1.e., a common volt-
age to the liquid crystal molecules 155. The common elec-
trode 81 may be formed of a transparent electrode on the first
substrate 10.

The pixel electrode 83 is connected to the drain electrode
55 of the TFT 50 and overlaps the common electrode 81 with
the gate insulating layer 40 and the passivation layer 70 dis-
posed therebetween. A plurality of slits is formed on the pixel
electrode 83 to form the fringe electric field with the common
electrode 81. The pixel electrode 83 forms the fringe electric
field with the common electrode 81 upon receipt of the pixel
voltage signal through the TFT 50, thereby twisting the liquid
crystal molecules 155 arranged in a horizontal direction by
dielectric anisotropy.

The passivation layer 70 is formed on the data line 30 and
the TFT 50 to protect the data line 30 and the TFT 50. The
passivation layer 70 includes a contact hole 85 through which
the pixel electrode 83 is connected to the drain electrode 55.

The opposite substrate 150 includes a black matrix 120, a
color filter 130, an antistatic layer 160, and an overcoat layer
170. The black matrix 120 is formed on a second substrate
110 in a matrix shape to divide a region where the color filter
130 is to be formed. The black matrix 120 overlaps the gate
line 20, the data line 30, and the TFT 50 of the TFT substrate
100.

The color filter 130 is formed in a region divided by the
black matrix 120. The color filter 130 includes red (R), green
(G), and blue (B) color filters to express video images. The
color filter 130 is formed in a stripe shape in which R, G and
B color filters are arranged in a row.

The antistatic layer 160 is formed at a back side 115 of the
second substrate 110, the second substrate 110 facing the TFT
substrate 100. In an exemplary embodiment, the antistatic
layer 160 is formed of a transparent conductive layer.

The overcoat layer 170 is formed on the antistatic layer
160.

The liquid crystal molecules 155 are formed of materials
having dielectric anisotropy and refractive anisotropy. The
liquid crystal molecules 155 are arranged in a horizontal
direction by a horizontal electric field between the common
electrode 81 and the pixel electrode 83 of the TFT substrate
100.

Hereinafter, the antistatic layer 160 and the overcoat layer
170 are described in detail with reference to FIGS. 3 and 4.
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FIG. 3 is an enlarged diagram of the antistatic layer and the
overcoat layer shown in FIG. 2, and FIG. 4 is a scanning
electron microscope (SEM) photograph of the antistatic layer
shown in FIG. 3.

Referring to FIG. 3, the antistatic layer 160 is formed by
coating an aqueous solution including a conductive nanowire
165. The conductive nanowire 165 may be formed of an
electrically conductive material. For example, the electrically
conductive material may be one of gold (Au), silver (Ag),
platinum (Pt), palladium (Pd), nickel (Ni), copper (Cu), car-
bon (C), aluminum (Al), tin (Sn), and titanium (Ti), or a
combination of theses metals. In an exemplary embodiment,
the electrically conductive material is formed of Ag. The
conductive nanowire 165 may be formed to a diameter thick-
ness_ofabout 20 nm to about 40 nm and with a length ofabout
5 um to about 10 pm as shown in FIG. 4.

In an exemplary embodiment, the surface resistivity of the
antistatic layer 160 may be 500 Q/sq or less. Because the
surface resistivity of the antistatic layer 160 becomes less
than the surface resistivity, 1 k€/sq, of an indium tin oxide
(ITO) layer which has been conventionally used as an anti-
static layer, the antistatic effect of the antistatic layer 160 is
improved.

The overcoat layer 170 is formed on the antistatic layer
160. The overcoat layer 170 serves as a protective layer and
planarizes the antistatic layer 160 having a rugged surface and
also protects the antistatic layer 160 from scratching.

The overcoat layer 170 may be formed of a transparent
synthetic resin. More specifically, the overcoat layer 170 may
be formed of at least one of polymethylmethacrylate
(PMMA), polyamide (PA), polyurethane resin (PUR), and
epoxy resin.

In an exemplary embodiment, the overcoat layer 170 has a
thickness d1 of about 1 nm to about 10 pm. When the thick-
ness d1 of the overcoat layer 170 is less than about 1 nm, the
overcoat layer 170 may not sufficiently cover the antistatic
layer 160. When the thickness d1 of the overcoat layer 170 is
greater than about 10 um, the overcoat layer 170 covers the
antistatic layer 160 but may cause the deformation of the
second substrate 110 during thermal processing due to the
very thick overcoat layer.

FIG. 5 is a cross-sectional view of a second exemplary
embodiment of an LCD panel according to the present inven-
tion.

Referring to FIG. 5, an LCD panel 400 includes a TFT
substrate 100, an opposite substrate 150 arranged opposite to
the TFT substrate 100, and liquid crystal molecules (not
shown).

The opposite substrate 150 includes a second substrate
110, a black matrix 120, a color filter 130, an antistatic layer
160, and a protective film 175.

The antistatic layer 160 is formed at the back of the second
substrate 110 facing the TFT substrate 100 and the protective
film 175 is arranged on the antistatic layer 160.

The black matrix 120 is formed on the second substrate 110
in a matrix shape to divide a region where the color filter 130
is to be formed.

The color filter 130 is formed in a region divided by the
black matrix 120. The color filter 130 includes red (R), green
(G), and blue (B) color filters to achieve video images.

The liquid crystal molecules 155 are arranged in a horizon-
tal direction by a horizontal electric field between a common
electrode 81 and a pixel electrode 83 of the TFT substrate 100.

The TFT substrate 100 includes a gate line 20 formed on a
first substrate 10, a data line 30 crossing the gate line 20 with
the gate insulating layer 40 disposed therebetween, and a TFT
50 connected to the gate line 20 and the data line 30. The TFT
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substrate 100 also includes a pixel electrode 83, and a com-
mon electrode 81 overlapping the pixel electrode 83 with the
gate insulating layer 40 and the passivation layer 70 disposed
therebetween.

Hereinafter, the antistatic layer 160 and the protective film
175 are described in detail with reference to FIG. 6.

FIG. 6 isan enlarged diagram of the antistatic layer 160 and
the protective film 175, as shown in FIG. 5.

Referring to FIG. 6, the antistatic layer 160 is formed of a
conductive nanowire 165. The conductive nanowire 165 may
be formed of an electrically conductive material. In an exem-
plary embodiment, the electrically conductive material is
formed of Ag. The surface resistivity of the antistatic layer
160 may be 500 Q/sq or less.

The protective film 175 is formed on the antistatic layer
160. The protective film 175 may be formed of a resin such as
polyethylene terephthalate (PET), polyethylene naphthalate
(PEN), polycarbonate (PC) or polyether sulfone (PES). The
protective film 175 protects the antistatic layer 160 from
scratching, thereby reducing a defect rate of the LCD panel
300.

An adhesion layer 173 may be formed under the protective
film 175. The adhesion layer 173 planarizes the antistatic
layer 160 having a rugged surface due to the conductive
nanowire 165. In an exemplary embodiment, the adhesion
layer 173 has a thickness d2 of 15 um or more. When the
thickness d2 of the overcoat layer 170 is less than 15 um, the
adhesion layer 173 may not planarize the antistatic layer 160
having a rugged surface.

FIG. 7 is a cross-sectional view of a third exemplary
embodiment of an LCD panel according to the present inven-
tion.

Referring to FIG. 7, an LCD panel 500 includes a TFT
substrate 100, an opposite substrate 150 arranged opposite to
the TFT substrate 100, and liquid crystal molecules (not
shown).

The opposite substrate 150 includes a second substrate
110, a black matrix 120, a color filter 130, an antistatic layer
160, and a protective film 175.

The antistatic layer 160 is formed at the back of the second
substrate 110 facing the TFT substrate 100 and the protective
film 175 is arranged on the antistatic layer 160.

The antistatic layer 160 is formed ofa conductive nanowire
165 and a polymer material. More specifically, the antistatic
layer 160 is formed by adding an aqueous polymer material to
an aqueous solution including a conductive nanowire 165.
The aqueous polymer material may be at least one of poly(3,
4-etylenedioxythiophene) and water-dispersive emulsion.
The water-dispersive emulsion includes water-dispersive ure-
thane, water-dispersive polyurethane, and the like.

Because the antistatic layer 160 includes a polymer mate-
rial that increases an adhesion force with the second substrate
110, the surface resistivity is lowered, thereby improving the
antistatic processing effect of the antistatic layer 160. In an
exemplary embodiment, the conductive nanowire 165 is
formed of an electrically conductive material, for example,
Ag.

The protective film 175 is formed on the antistatic layer
160 to protect the antistatic layer 160 from scratching. Since
the protective film 175 has been explained with reference to
the second exemplary embodiment of the present invention, a
detailed description thereof will not be repeated. Instead of
the protective film 175, the overcoat layer 170 described with
reference to the first exemplary embodiment of the present
invention may be formed on the antistatic layer 160.

The black matrix 120 is formed on a second substrate 110
to divide a region where the color filter 130 is to be formed.
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The color filter 130 includes red (R), green (G) and blue (B)
color filters to represent video images.

The liquid crystal molecules are arranged in a horizontal
direction by a horizontal electric field between a common
electrode 81 and a pixel electrode 83 of the TFT substrate 100.

The TFT substrate 100 includes a first substrate 10, a gate
line 20, a gate insulating layer 40, a data line 30, a TFT 50, the
common electrode 81, the pixel electrode 83, and a passiva-
tion layer 70. The TFT substrate 100 has the same configu-
ration as that of FIGS. 1 and 2 and thus a detailed description
thereof will be omitted.

FIG. 8 1s a cross-sectional view of a fourth exemplary
embodiment of an LCD panel according to the present inven-
tion.

Referring to FIG. 8, an LCD panel 600 includes a TFT
substrate 100, an opposite substrate 150 arranged opposite to
the TFT substrate 100, liquid crystal molecules (not shown),
a column spacer 190, and a touch sensor 200. The touch
sensor 200 includes a touch spacer 193 and a sensor 195.

The opposite substrate 150 includes a second substrate
110, an antistatic layer 160, an overcoat layer 170, a touch
spacer 193, a black matrix 120, a color filter 130, and a
common electrode 81.

The antistatic layer 160 is formed at the back side of the
second substrate 110 and formed of a conductive nanowire
165. The conductive nanowire 165 may be formed of an
electrically conductive material. The overcoat layer 170 is
formed on the antistatic layer 160 to protect the antistatic
layer 160 from scratching.

Although the antistatic layer 160 including the conductive
nanowire 165, along with the overcoat layer 170 have been
described, the protective film 175 along with adhesion layer
173 described with reference to the second and third exem-
plary embodiments of the present invention may be formed
on the antistatic layer 160 rather than on the overcoat layer
170.

The touch spacer 193 may be formed on the black matrix
120.

The black matrix 120 is formed on a second substrate 110
to divide a region where the color filter 130 is to be formed.
The color filter 130 includes red (R), green (G), and blue (B)
color filters to achieve video images.

The common electrode 81 is formed to cover the color filter
130 and the touch spacer 193. When pressure is applied from
the exterior, the common electrode 81 covering the touch
spacer 193 contacts the sensor 195 formed on the TFT sub-
strate 100 so that external inputs can be detected.

The TFT substrate 100 includes a gate line 20 formed on a
first substrate 10, a data line 30 overlapping the gate line 20
with a gate insulating layer 40 disposed therebetween, and a
TFT 50 overlapping the gate line 20 and the data line 30. The
TFT substrate 100 also includes a pixel electrode 83 con-
nected to the TFT 50.

The TFT substrate 100 overlaps the TFT 50 and includes
the sensor 195 formed on a passivation layer 70. The sensor
195 faces the touch spacer 193 of the opposite substrate 150
and is spaced apart from the touch spacer 193 until pressure is
applied.

The liquid crystal molecules are formed of materials hav-
ing dielectric anisotropy and refractive anisotropy. The liquid
crystal molecules are formed between the opposite substrate
150 and the TFT substrate 100.

The column spacer 190 is formed between the TFT sub-
strate 100 and the opposite substrate 150. The column spacer
190 separates the TFT substrate 100 from the opposite sub-
strate 150 until pressure is applied from the exterior.

10

15

20

25

30

40

45

60

65

8

FIG. 9 is a cross-sectional view of a fifth exemplary
embodiment of an LCD panel according to the present inven-
tion.

Referring to FIG. 9, an LCD panel 700 includes a TFT
substrate 100, an opposite substrate 150 arranged opposite to
the TFT substrate 100, and liquid crystal molecules (not
shown).

The opposite substrate 150 includes a second substrate
110, an auxiliary substrate 113, an antistatic layer 160, an
overcoat layer 170, a black matrix 120, a color filter 130, a
common electrode 81, and a touch sensor 200.

The antistatic layer 160 is formed at the back side of the
second substrate 110 facing the TFT substrate 100. The anti-
static layer 160 is formed of a conductive nanowire 165.

The overcoat layer 170 is formed on the antistatic layer
160. The overcoat layer 170 planarizes the antistatic layer 160
having a rugged surface.

The antistatic layer 160 and the overcoat layer 170 have the
same configuration as the antistatic layer 160 and the overcoat
layer 170 described in the first exemplary embodiment of the
present invention and thus a detailed description thereof will
be omitted.

Although the antistatic layer 160 including the conductive
nanowire 165 and the overcoat layer 170 have been described,
the protective film 175 along with the adhesion layer 173
described in the second and third exemplary embodiments of
the present invention may be formed on the antistatic layer
160.

The touch sensor 200 includes a touch spacer 220, a first
sensor electrode 210, and a second sensor electrode 230.

The firstand second sensor electrodes 210 and 230 face the
auxiliary substrate 113 and the second substrate 110, respec-
tively. When pressure is applied from the exterior, the first and
second sensor electrodes 210 and 230 contact each other so
that external inputs can be sensed.

The touch spacer 220 is formed on the first sensor electrode
210. Alternatively, the touch sensor 220 may be formed on the
second sensor electrode 230. The touch spacer 220 maintains
a prescribed distance between the first and second sensor
electrodes 210 and 230 when pressure is applied from the
exterior.

The black matrix 120 is formed on the auxiliary substrate
113 and divides a region where the color filter 130 is to be
formed. The color filter 130 represents a video image. The
common electrode 81 is formed to cover the black matrix 120
and the color filter 130.

The TFT substrate 100 includes a gate line 20 formed on a
first substrate 10, a data line 30 overlapping the gate line 20
with a gate insulating layer 40 disposed therebetween, and a
TFT 50 overlapping the gate line 20 and the data line 30. The
TFT substrate 100 also includes a pixel electrode 83 con-
nected to the TFT 50 with a passivation layer 70 disposed
therebetween.

The liquid crystal molecules are formed between the oppo-
site substrate 150 and the TFT substrate 100.

In the first to fifth exemplary embodiments of the present
invention, the color filter has been described as being formed
on the opposite substrate but the color filter may be formed on
the TFT substrate.

A process of manufacturing an LCD panel will be
described hereinafter with reference to FIGS. 10A to 13.

FIGS. 10A, 10B, and 10C are cross-sectional views of an
exemplary embodiment of a process of assembling a TFT
substrate and an opposite substrate in the process of manu-
facturing the LCD panel according to the present invention.

Referring to FIG. 10A, a TFT substrate 100 including a
TFT array formed on a first substrate 10 is prepared. A gate
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metal pattern including a gate line 20 and the gate electrode
51 is formed on the first substrate 10 and a common electrode
81 is formed on the first substrate 10. A gate insulating layer
40 is formed on the gate metal pattern and the common
electrode 81, and a data metal pattern is formed including a
data line 30, a source electrode 53, and a drain electrode 55.
Next, passivation layer 70 including a contact hole 85 is
formed on the data metal pattern and a pixel electrode 83 is
formed on the passivation layer 70. Although not shownin the
drawing, a touch sensor may be formed on the TFT substrate
100.

Referring to FIG. 10B, an opposite substrate 150 is pre-
pared including a color filter array formed on a second sub-
strate 110. A black matrix 120 is formed on the second sub-
strate 110. A color filter 130 is formed in a region divided by
the black matrix 120.

Although not shown in the drawing, a touch sensor may be
formed at the back side of the second substrate 110 on which
the color filter array is formed.

Referring to FIG. 10C, the TFT substrate 100 and the
opposite substrate 150 are assembled together and liquid
crystal molecules 155 are injected between the TFT substrate
100 and the opposite substrate 150.

FIGS. 11A and 11B are cross-sectional views of an exem-
plary embodiment of a process of manufacturing an antistatic
layer and an overcoat layer according to the present invention.

Referring to FIG. 11A, an antistatic layer 160 is formed at
the back side of a second substrate 110. More specifically, an
aqueous solution including a conductive nanowire 165 is
coated by wet coating such as spin coating, bar coating or slit
coating on the back side of the second substrate 110 facing the
TFT substrate 100.

Referring to FIG. 11B, the overcoat layer 170 is formed on
the antistatic layer 160. More specifically, a synthetic resin is
coated by wet coating such as spin coating, bar coating or slit
coating on the antistatic layer 160. Thereafter, the synthetic
resin is hardened by using heat or ultraviolet rays. Then the
antistatic layer 160 and the overcoat layer 170 are formed at
the back side of the second substrate 110. Since an identical
wet coating device is used for the antistatic layer 160 and the
overcoat layer 170, manufacturing costs can be saved.

FIG. 12 is a cross-sectional view of another exemplary
embodiment of a process of manufacturing an antistatic layer
according to the present invention.

Referring to FIG. 12, an antistatic layer 160 and a protec-
tive film 175 are formed at the back side of the second sub-
strate 110. The antistatic layer 160 is formed by coating an
aqueous solution including a conductive nanowire 165 by wet
coating at the back side of the second substrate 110. There-
after, the protective film 175 including an adhesion layer is
attached to the antistatic layer 160.

FIG. 13 is a cross-sectional view of another exemplary
embodiment of a process of manufacturing an antistatic layer
according to the present invention.

Referring to FIG. 13, an antistatic layer 160 and a protec-
tive film 175 are formed at the back side of a second substrate
110. The antistatic layer 160 is formed by coating an aqueous
solution including a conductive nanowire 165 and a polymer
material at the back side of the second substrate 110 by wet
coating. Next, a protective film 175 is attached to an antistatic
layer 160 to protect the antistatic layer 160 from external
shock or scratching. As a result, the antistatic layer 160 and
the protective film 175 are formed at the back of the second
substrate 110.

Although the antistatic layer 160 has been described as
being formed after the TFT substrate 100 and the opposite
substrate 150 have been assembled, the present invention is
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not limited thereto and the antistatic layer 160 may be formed
before the TFT substrate 100 and the opposite substrate 150
are assembled.

As described above, an LCD panel and a method of manu-
facturing the LCD panel according to the present invention
can save manufacturing costs by forming the antistatic layer
using a conductive nanowire. Further, an LCD panel and a
method of manufacturing the LCD panel according to the
present invention can protect the antistatic layer from scratch-
ing by forming an overcoat layer or a protective film on the
antistatic layer, thereby reducing a defect rate of the LCD
panel.

As will by now be evident to persons of skill in this art,
many modifications, substitutions and variations can be made
in and to the materials, components, configurations and meth-
ods of implementation of the LCD panels and methods for
manufacturing them of the present invention without depart-
ing from its spirit and scope. Accordingly, the scope of the
present invention should not be limited to the particular
embodiments illustrated and described herein, as they are
merely exemplary in nature, but rather, should be fully com-
mensurate with that of the claims appended hereafter and
their functional equivalents.

What is claimed is:

1. A liquid crystal display panel, comprising:

a first substrate;

a thin film transistor array comprising at least one thin film

transistor formed on a first surface of the first substrate;

a second substrate comprising a first surface facing the first

substrate, the second substrate comprising an antistatic
layer on a surface opposite the first surface of the second
substrate;

liquid crystal molecules positioned between the first sur-

face of the first substrate and the first surface of the
second substrate; and

an overcoat layer formed on the antistatic layer,

wherein the antistatic layer comprises conductive nanow-

ire.

2. The liquid crystal display panel of claim 1, wherein the
conductive nanowire is comprised of an electrically conduc-
tive material.

3. The liquid crystal display panel of claim 2, the electri-
cally conductive material comprising at least one of gold
(Au), silver (Ag), platinum (Pt), palladium (Pd), nickel (Ni),
copper (Cu), carbon (C), aluminum (Al), tin (Sn), and tita-
nium (Ti), or a combination of two or more of these materials.

4. The liquid crystal display panel of claim 1, wherein the
overcoat layer is formed with a thickness of about 1 nm to
about 10 um.

5. The liquid crystal display panel of claim 1, wherein the
overcoat layer is formed of a transparent synthetic resin.

6. The liquid crystal display panel of claim 1, wherein the
antistatic layer further comprises a polymer material.

7. The liquid crystal display panel of claim 6, wherein the
polymer material is an aqueous polymer material.

8. The liquid crystal display panel of claim 7, the aqueous
polymer material comprising at least one of poly(3,4-etylene-
dioxythiophene), water-dispersive urethane and water-dis-
persive polyurethane.

9. The liquid crystal display panel of claim 1, further com-
prising a touch sensor formed between the first substrate and
the second substrate.

10. A liquid crystal display panel, comprising:

a first substrate;

a thin film transistor array comprising at least one thin film

transistor formed on a first surface of the first substrate;
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asecond substrate comprising a first surface facing the first wherein the antistatic layer comprises conductive nanow-
substrate, the second substrate comprising an antistatic ire.
layer on a surface opposite the first surface of the second 11. The liquid crystal display panel of claim 10, further
substrate; comprising an adhesion layer interposed between the anti-

liquid crystal molecules positioned between the first sur- 5 gtatic layer and the protective film.
face of the first substrate and the first surface of the
second substrate; and

a protective film on the antistatic layer, ook ok ok ®
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