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conductive polycarbonate film coated with a mixed solution
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film used as a protective film of a liquid crystal display using
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(PET) substrate used for a transparent electrode of a conven-
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1
TRANSPARENT CONDUCTIVE FILMS
CONTAINING CARBON NANOTUBES AND
TOUCH PANEL

FIELD OF THE INVENTION

The present invention relates to a transparent conductive
polycarbonate film coated with carbon nanotubes and a touch
panel using the same, and, more particularly, to a transparent
conductive polycarbonate film coated with carbon nanotubes,
by which a touch panel having high transmissivity can be
manufactured through simple processes, without using a con-
ventional polyethylene terephthalate (PET) substrate coated
with indium tin oxide (ITO), and a touch panel using the
same.

BACKGROUND OF THE INVENTION

Generally, a transparent conductive film must have high
conductivity (surface resistance of 1x10> €/sq or less) and
high transmissivity in a visible region. Such a transparent
conductive film is used to manufacture plasma display panels
(PDPs), liquid crystal displays (LCDs), light emitting diodes
(LEDs), organic light emitting displays (OLEDs), touch pan-
els, solar cells, and the like.

Particularly, in the present invention, a transparent conduc-
tive film used to manufacture a touch panel will be described.

Generally, a touch panel is an apparatus for recognizing
input signals generated by touching letters or figures dis-
played on a liquid crystal display screen with hands or touch
pens without using additional input devices, such as key-
boards, mousse, and the like.

Such a touch panel, as shown in FIG. 1A, includes: a liquid
crystal display (LCD) screen 10; a protective layer 20 formed
on the liquid crystal display (LCD) screen 10 to protect the
liquid crystal display (LCD) screen 10; a transparent conduc-
tive film formed on the protective layer 20, the transparent
conductive film including a lower transparent electrode 30, an
upper transparent electrode 40, and a spacer 50 interposed
therebetween; and an external protective layer 60 made of
polymethylmethacrylate (PMMA), the external protective
layer being formed by a hard coating method.

The protective layer 20 for protecting the liquid crystal
display screen 10 is generally made of polycarbonate, and the
lower transparent electrode 30 and upper transparent elec-
trode 40, which constitute a transparent conductive film, must
function as electrodes and simultaneously have a transmis-
sivity of 70% or more in a visible region.

Conventionally, an indium tin oxide (hereinafter, referred
to as ‘ITO’) electrode is most widely used to manufacture the
transparent electrode. The ITO is advantageous in that it has
excellent physical properties and has been frequently used in
aprocess of manufacturing a transparent electrode to date, but
is problematic in that, since indium oxide (In,0O;) is obtain-
able from a zinc (Zn) mine just as a by-product, the supply and
demand thereof is unstable. Further, ITO film is problematic
in that since the ITO film does not have flexibility, it cannot be
used for flexible products, and further in that since the ITO
film is manufactured under high temperature and high pres-
sure conditions, the production cost thereof is increased.

Further, when the protective layer formed on the liquid
crystal display is coated with the ITO in order to be used as the
transparent electrode of the touch panel, the most important
problem is the adhesion between the ITO and the polycarbon-
ate constituting the protective layer. Generally, since the
adhesion between the ITO and polycarbonate is not high, a
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polyethylene terephthalate (PET) substrate is coated with
ITO, and then adhered on the protective layer made of poly-
carbonate.

However, this method is problematic in that the transmis-
sivity of the liquid crystal display screen is decreased, and in
that a process of coating a polyethylene terephthalate (PET)
substrate with ITO is additionally conducted, so that costs are
increased, thereby increasing the thickness of the touch panel.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keeping
in mind the above problems occurring in the prior art, and an
object of the present invention is to provide a transparent
conductive polycarbonate film coated on one side or both
sides thereof with a mixed solution of carbon nanotubes and
a binder, by which a touch panel having high transmissivity
can be manufactured by directly forming a transparent con-
ductive layer on a polycarbonate film used as the protective
film of a liquid crystal display using carbon nanotubes, with-
out using a polyethylene terephthalate (PET) substrate used
for a transparent electrode of a conventional touch panel, by
which the production cost of the touch panel can be
decreased, and by which a thin touch panel can be manufac-
tured.

In order to accomplish the above object, the present inven-
tion provides a transparent conductive polycarbonate film
coated with carbon nanotubes, including a transparent con-
ductive layer formed by applying a mixed solution of carbon
nanotubes and a binder on one side or both sides of a trans-
parent polycarbonate film, and a touch panel using the trans-
parent conductive polycarbonate film as a lower electrode.

Further, it is preferred that the carbon nanotubes be
selected from among single-wall carbon nanotubes, double-
wall carbon nanotubes, multi-wall carbon nanotubes, and
mixtures thereof.

Further, it preferred that the transparent conductive poly-
carbonate film have a surface resistance of 1x10° €/sq or less
and a transmissivity of 70% or more in a wavelength of
540~560 nm.

Further, it preferred that, in the coating of the mixed solu-
tion of carbon nanotubes and a binder, the transparent con-
ductive polycarbonate film be provided on one side or both
sides thereof with a mono-layered transparent conductive
layer having a predetermined amount of a binder or a multi-
layered transparent conductive layer having different
amounts of a binder.

Further, it is preferred that the multi-layered transparent
conductive layer include a conductive layer; and a protective
layer formed on the conductive layer or an adhesive layer
beneath the conductive layer.

Further, it is preferred that the conductive layer have a
lower binder content than that of the adhesive layer or the
protective layer.

Further, it is preferred that the multi-layered transparent
conductive layer include an adhesive layer formed on the
polycarbonate film; a conductive layer formed on the adhe-
sive layer; and a protective layer formed on the conductive
layer. Further, it is preferred that the amount of a binder
included in the adhesive layer be 20~99.9 parts by weight
based on 100 parts by weight of a mixture of carbon nano-
tubes and a binder, that the amount of a binder included in the
conductive layer be 0.1~50 parts by weight based on 100 parts
by weight of a mixture of carbon nanotubes and a binder, and
that the amount of a binder included in the protective layer be
20~99.9 parts by weight based on 100 parts by weight of a
mixture of carbon nanotubes and a binder.
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Further, it is preferred that the multi-layered transparent
conductive layer include an adhesive layer formed on the
polycarbonate film; and a conduction-protection mixed layer,
serving as both a conductive layer and a protective layer,
formed on the adhesive layer. Further, it is preferred that the
amount of a binder included in the adhesive layer be 20~99.9
parts by weight based on 100 parts by weight of'a mixture of
carbon nanotubes and a binder, and the amount of a binder
included in the conduction-protection mixed layer be 0.1~70
parts by weight based on 100 parts by weight of'a mixture of
carbon nanotubes and a binder.

Further, it is preferred that the multi-layered transparent
conductive layer include a conduction-adhesion mixed layer,
serving as both a conductive layer and an adhesive layer,
formed on the polycarbonate film, and a protective layer
formed on the conduction-adhesion mixed layer. Further, it is
preferred that the amount of a binder included in the conduc-
tion-adhesion mixed layer be 0.1~70 parts by weight based on
100 parts by weight of a mixture of carbon nanotubes and a
binder, and the amount of a binder included in the protective
layer be 20~99.9 parts by weight based on 100 parts by weight
of a mixture of carbon nanotubes and a binder.

Here, it is preferred that the binder be selected from among
thermoplastic resins, thermosetting resins, photo-curable res-
ins, silane compounds, titanium compounds, copolymers,
self-assembled resins, conductive polymers, and combina-
tions thereof.

Further, it is preferred that the carbon nanotube have an
outer diameter of 0.5~15 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be more clearly understood from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1A is a schematic sectional view showing a conven-
tional touch panel;

FIG. 1B is a schematic sectional view showing a touch
panel according to an embodiment of the present invention;

FIG. 2A is a photograph showing a transparent conductive
polycarbonate film including a transparent conductive layer
composed of carbon nanotubes, having a thickness of 1 mm,
according to an embodiment of the present invention; and

FIG. 2B is a scanning electron microscope photograph
showing a transparent conductive polycarbonate film accord-
ing to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the attached
drawings.

The present invention provides a transparent conductive
polycarbonate film provided thereon with a transparent con-
ductive layer by coating a transparent polycarbonate with a
one-component mixed solution of carbon nanotubes and a
binder on one side or both sides thereof.

The transparent conductive polycarbonate film musthave a
surface resistance of 10° €/sq or less and a transmissivity of
70% or more in a wavelength of 540~560 nm, and can be used
as an electrode of various transparent displays.

Particularly, since the transparent conductive polycarbon-
ate film is prepared by directly forming a transparent conduc-
tive layer composed of nanotubes on a polycarbonate film
used as a protective film of a liquid crystal display in a
conventional touch panel, a touch panel having higher trans-
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missivity than a conventional touch panel can be manufac-
tured, a thin touch panel can be manufactured, and the pro-
duction cost of the touch panel can be decreased without
using a polyethylene terephthalate (PET) substrate coated
with ITO used in order to improve the adhesion between the
ITO and the conventional polycarbonate film.

FIG. 1A is a schematic sectional view showing a conven-
tional touch panel, and FIG. 1B is a schematic sectional view
showing a touch panel according to an embodiment of the
present invention. As shown in FIG. 1A, the conventional
touch panel includes a protective layer 20 for protecting a
liquid crystal display screen 10; a transparent conductive film
formed on the protective layer 20, the transparent conductive
film including a lower transparent electrode 30, an upper
transparent electrode 40, and a spacer 50 interposed therebe-
tween; and an external protective layer 60.

In the conventional touch panel, a polyethylene terephtha-
late (PET) film coated with ITO, which is formed on a poly-
carbonate film 20, is used as the lower transparent electrode
30. In contrast, according to the touch panel of the present
invention, as shown in FIG. 1B, a transparent conductive
layer 200 composed of carbon nanotubes, which is formed on
a polycarbonate film 100, is used as the lower transparent
electrode 30. Here, the upper transparent electrode 40 of the
conventional touch panel may be directly used in the touch
panel of the present invention. FIG. 2A is a photograph show-
ing a transparent conductive polycarbonate film including a
transparent conductive layer composed of carbon nanotubes
according to an embodiment of the present invention, and
FIG. 2B is a scanning electron microscope photograph show-
ing a transparent conductive polycarbonate film according to
an embodiment of the present invention.

In the present invention, a transparent conductive polycar-
bonate film on which a mono-layered transparent conductive
layer having a predetermined amount of a binder is formed
may be manufactured, or a transparent conductive polycar-
bonate film on which a multi-layered transparent conductive
layer is formed may be manufactured by sequentially coating
a polycarbonate film with a plurality of mixed solutions of
carbon nanotubes and a binder depending on the function and
use of the conductive polycarbonate film.

The mono-layered transparent conductive layer may
simultaneously serve as a conductive layer, a protective layer
and an adhesive layer. In this case, it is preferred that the
amount of a binder included in the mono-layered transparent
conductive layer be 10~99.9 parts by weight based on 100
parts by weight of a mixture of carbon nanotubes and a binder.

The multi-layered transparent conductive layer must
include a conductive layer in order to ensure conductivity, and
a protective layer or an adhesive layer must be formed on or
beneath the conductive layer. These conductive, protective
and adhesive layers are formed by preparing a mixed solution
of nanotubes and a binder depending on the amount of the
binder and then applying the mixed solution onto a polycar-
bonate film.

The protective layer formed on the conductive layer serves
to prevent the scattering of nanoparticles including nanotubes
constituting the conductive layer and to improve the chemical
resistance, moisture resistance and scratch resistance of a
transparent conductive polycarbonate film.

The adhesive layer which is formed beneath the conductive
layer, that is, on the polycarbonate film, serves to maintain the
adhesion between the conductive layer and polycarbonate
film and thus to improve the durability of the transparent
conductive polycarbonate film, that is, the durability thereof
against a touch pen at the time of use of a touch panel.
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These conductive, protective and adhesive layers, if neces-
sary, may be formed into two layers including a conductive
layer and a protective layer or a conductive layer and an
adhesive layer, or may be formed into three layers including
a conductive layer, a protective layer and an adhesive layer. If
necessary, these layers may be repeatedly formed regularly or
irregularly.

Considering that the conductivity of these conductive lay-
ers, protective layers and adhesive layers generally decreases
with the increase in the amount of a binder, the amount of the
binder in the conductive layer is lower than the amount of the
binder in the protective layer or adhesive layer.

When the transparent conductive layer formed on the poly-
carbonate film includes three layers, that is, when an adhesive
layer, conductive layer and a protective layer are formed on
the polycarbonate film, it is preferred that the amount of a
binder included in the adhesive layer be 20~99.9 parts by
weight based on 100 parts by weight of a mixture of carbon
nanotubes and a binder, the amount of a binder included in the
conductive layer be 0.1~50 parts by weight based on 100 parts
by weight of a mixture of carbon nanotubes and a binder, and
the amount of a binder included in the protective layer be
20~99.9 parts by weight based on 100 parts by weight of a
mixture of carbon nanotubes and a binder.

When the amount of the adhesive layer or protective layer
is higher that that of the conductive layer, durability against a
touch pen as well as electrical conductivity must be ensured.
As described above, when the transparent conductive layer
includes three layers, the transparent conductive layer is con-
figured such that the maximum amount of'a binder included in
the conductive layer is 50 parts by weight based on 100 parts
by weight of a mixture of carbon nanotubes and a binder, and
thus conductivity is relatively increased.

That is, basically, in the adhesive layer, conductive layer
and protective layer formed on a polycarbonate film, each of
them exhibit conductivity, the adhesivity of the portion
thereof to which the polycarbonate film is adhered is
improved, and the surface of the conductive layer is treated
such that the protective function for preventing the scattering
of nanoparticles is improved, thereby entirely making up for
the function of the conductive layer.

Meanwhile, when the transparent conductive layer formed
on the polycarbonate film includes two layers, the transparent
conductive layer includes an adhesive layer formed on the
polycarbonate film and a conduction-protection mixed layer
for simultaneously performing functions of a conductive
layer and a protective layer formed on the adhesive layer, or
includes a conduction-adhesion mixed layer formed on the
polycarbonate film and a protective layer formed on the con-
duction-adhesion mixed layer.

When the transparent conductive layer includes the adhe-
sive layer and conduction-protection mixed layer, it is pre-
ferred that the amount of a binder included in the adhesive
layer be 20~99.9 parts by weight based on 100 parts by weight
of amixture of carbon nanotubes and a binder, and the amount
of'a binder included in the conduction-protection mixed layer
be 0.1~70 parts by weight based on 100 parts by weight of a
mixture of carbon nanotubes and a binder.

Even when the transparent conductive layer includes the
adhesive layer and conduction-protection mixed layer, the
transparent conductive layer basically has conductivity. In
this case, the transparent conductive layer is configured such
that the maximum amount of a binder included in the adhe-
sive layer is 99.9 parts by weight based on 100 parts by weight
of a mixture of carbon nanotubes and a binder, so that the
adhesion between the conductive layer and polycarbonate
film is improved, thereby a transparent conductive polycar-
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6

bonate film including the transparent conductive layer can be
used in the fields of requiring durability.

When the transparent conductive layer includes the con-
duction-adhesion mixed layer and protective layer, it is pre-
ferred that the amount of a binder included in the conduction-
adhesion mixed layer be 0.1~70 parts by weight based on 100
parts by weight of a mixture of carbon nanotubes and a binder,
and the amount of a binder included in the protective layer be
20~99.9 parts by weight based on 100 parts by weight of a
mixture of carbon nanotubes and a binder.

Even when the transparent conductive layer includes the
conduction-adhesion mixed layer and protective layer, the
transparent conductive layer basically has conductivity. In
this case, the transparent conductive layer is configured such
that the maximum amount of a binder included in the con-
duction-adhesion mixed layer is 70 parts by weight based on
100 parts by weight of a mixture of carbon nanotubes and a
binder and the minimum amount of a binder included in the
protective layer is 20 parts by weight based on 100 parts by
weight of a mixture of carbon nanotubes and a binder, so that
the hybrid function between the conductive layer and adhe-
sive layer can be performed and the protective layer having a
high binder content prevent the scattering of nanoparticles,
thereby a transparent conductive polycarbonate film includ-
ing the transparent conductive layer can be used in the fields
of requiring chemical resistance, moisture resistance and
scratch resistance.

As described above, since the multi-layered transparent
conductive layer is formed depending on the amount of
binder, the function of the protective layer can be improved
and the function of the adhesive layer can be more improved
while the function of the conductive layer being basically
maintained, depending on the use of a transparent conductive
polycarbonate film.

Here, carbon nanotubes may be selected from among
single-wall carbon nanotubes, double-wall carbon nanotubes
and multi-wall carbon nanotubes.

As the carbon nanotubes, relatively cheap carbon nano-
tubes having an outer diameter of less than 15 nm may be
used. In conventional technologies, only the carbon nano-
tubes having an outer diameter of less 3 nm are used. How-
ever, the present invention makes it possible to use carbon
nanotubes having a larger outer diameter than the outer diam-
eter of the carbon nanotubes used in the conventional tech-
nologies through the improvement of dispersibility. In the
case of multi-wall nanotubes, since their refractive indices are
changed due to the increase in thickness of multi-walls and
their transmissivity is deteriorated due to Rayleigh scattering,
multi-wall nanotubes having a particle size of less than wave-
length (A)/20 must be used in consideration of the dispersion
of particles, etc. Considering the transparency of film and the
dispersibility of carbon nanotubes, carbon nanotubes having
an outer diameter of less than 15 nm (d<A/20—d<~15 nm)
can be used in the visible region. The reason for this is that the
dispersibility of carbon nanotubes is improved by the solvent
and binder according to the present invention.

In order to primarily disperse carbon nanotubes, the carbon
nanotubes are dissolved in a solvent. Here, the solvent may be
apolar solvent or a nonpolar solvent, and may be one or more
selected from the group consisting of acetone, methylethyl
ketone, methyl alcohol, ethyl alcohol, isopropyl alcohol,
butyl alcohol, ethylene glycol, polyethylene glycol, tetrahy-
drofuran, dimethylformamide, dimethylacetamide, N-me-
thyl-2-pyrrolidone, hexane, cyclohexanone, toluene, chloro-
form, distilled water, dichlorobenzene, dimethylbenzene,
trimethylbenzene, pyridine, methylnaphthalene,
nitromethane, acrylonitrile, octadecylamine, aniline, dimeth-
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ylsulfoxide. The selected one or more solvents are prepared
into a carbon nanotube-dispersed solution.

Further, in order to disperse carbon nanotubes in the sol-
vent, an ultrasonic dispersion method or a ball milling method
is used. That is, carbon nanotubes are uniformly dispersed in
the solvent by applying them in an ultrasonic dispersion appa-
ratus having a frequency of 20~50 kHz and a power of
50~700 W for 1~60 hours.

Further, when carbon nanotubes are dispersed in the sol-
vent, a dispersion stabilizer is added thereto, so that the dis-
persity of the carbon nanotubes into the solvent is further
improved, with the result that the finally produced transparent
conductive polycarbonate film can be maintained in a stable
state without changing the physical properties thereof,
thereby providing a transparent conductive polycarbonate
film having uniform properties.

Here, before the carbon nanotube-dispersed solution is
prepared, in order to ensure the dispersibility and dispersion
stability of carbon nanotubes into a solvent and a binder,
surface functionalization through acid treatment may be per-
formed. In the acid treatment, the acid may be selected from
among nitric acid, chloric acid, sulfuric acid and a mixture
thereof, and thus carboxylic groups are introduced into the
end and surface of the carbon nanotubes. That is, carbon
nanotubes are washed with distilled water and simulta-
neously residual acid is removed therefrom, and then the
carbon nanotubes are filtered and dried, thereby obtaining
refined carbon nanotubes substituted with carboxylic groups.
These refined carbon nanotubes are dispersed in the solvent to
prepare a carbon nanotube-dispersed solution, and then a
binder is added to the carbon nanotube-dispersed solution.

A mixed solution of carbon nanotubes and a binder may be
prepared by mixing a binder with the carbon nanotube-dis-
persed solution at the time of preparing the carbon nanotube-
dispersed solution or by additionally preparing a binder solu-
tion in which a binder is mixed with a polar or nonpolar
solvent and then mixing the binder solution with the carbon
nanotube-dispersed solution. Here, the amount of a binder is
suitably determined in the above range in consideration of the
use, transparency and electrical conductivity of a transparent
conductive polycarbonate film, and a plurality of mixed solu-
tions of carbon nanotubes and a binder is prepared.

Generally, the amount of a binder is an important factor for
determining the adhesivity to polycarbonate film, electrical
conductivity, transmissivity, dispersibility, chemical stability,
durability and scratch resistance. When the amount of a
binder is increased, the adhesivity to polycarbonate film,
dispersibility, chemical stability, durability and scratch resis-
tance are increased, but the electrical conductivity and trans-
missivity are decreased. Considering this, the mixed solution
of carbon nanotubes and a binder is prepared by selecting the
optimal amount of a binder.

Here, the binder may be selected from among thermoplas-
tic resins, thermosetting resins, photo-curable resins, silane
compounds, titanium compounds, copolymers, self-as-
sembled resins, conductive polymers, and combinations
thereof. The binder serves to improve the dispersibility of
carbon nanotubes, improve the adhesivity to a polycarbonate
film, and improve chemical stability, durability and scratch
resistance.

Here, a method of coating a polycarbonate film with the
mixed solution of carbon nanotubes and a binder may be
performed by any one method selected from among spraying,
dip coating, spin coating, screen coating, ink-jet printing, pad
printing, knife coating, kiss coating, and gravure coating. In
addition, before the coating process, the viscosity of the
mixed solution of carbon nanotubes and a binder is controlled
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through the addition of a solvent or reduced-pressure distil-
lation depending on each of the coating methods, and then the
viscosity-controlled mixed solution of carbon nanotubes and
a binder may be applied on the polycarbonate film.

Through this coating method, the polycarbonate film is
coated thereon with the mixed solution of carbon nanotubes
and a binder such that the thickness thereof is several tens to
several hundreds of nanometers. Subsequently, a solvent dry-
ing process and a process of curing a binder are performed,
thus completing a transparent conductive film of the present
invention.

Further, the solvent drying process and the process of cur-
ing the binder may be formed during the formation of a
multi-layered transparent conductive layer, or may be formed
after the completion of the entire multi-layered transparent
conductive layer.

As described above, the present invention provides a trans-
parent conductive polycarbonate film coated with a mixed
solution of carbon nanotubes and a binder, by which a touch
panel having high transmissivity can be manufactured by
directly forming a transparent conductive layer on a polycar-
bonate film used as a protective film of a liquid crystal display
using carbon nanotubes, without using a polyethylene tereph-
thalate (PET) substrate used for a transparent electrode of a
conventional touch panel, by which the production cost of the
touch panel can be decreased, and by which a thin touch panel
can be manufactured.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

The invention claimed is:

1. A transparent conductive polycarbonate film, compris-
ing a multi-layered transparent conductive layer formed on at
least one side of a transparent polycarbonate film, wherein the
multi-layered transparent conductive layer comprises an
adhesive layer disposed on one surface of the transparent
polycarbonate film, a protective layer, and a primary conduc-
tive layer interposed between the adhesive layer and the pro-
tective layer, wherein the primary conductive layer, the adhe-
sive layer and the protective layer each each comprise double-
wall or multi-wall carbon nanotubes with carboxylic groups
introduced at the end and surface of the carbon nanotubes and
a binder, and wherein the primary conductive layer, the adhe-
sive layer and the protective layer have different amount of
binder mixed therein.

2. The transparent conductive polycarbonate film of claim
1, wherein the transparent conductive polycarbonate film has
a surface resistance of 1x10° Q/sq or less and a transmissivity
ot 70% or more in a wavelength of 540~560 nm.

3. The transparent conductive polycarbonate film of claim
2, wherein an amount of the binder included in the adhesive
layer is 20~99.9 parts by weight based on 100 parts by weight
of a mixture of the carbon nanotubes and binder, an amount of
the binder included in the primary conductive layer is 0.1~50
parts by weight based on 100 parts by weight of the mixture
of the carbon nanotubes and binder, and an amount of the
binder included in the protective layer is 20~99.9 parts by
weight based on 100 parts by weight of the mixture of the
carbon nanotubes and binder, and wherein the binder is
selected from the group consisting of photo-curable resins,
silane compounds, titanium compounds, copolymers, self-
assembled resins, and combinations thereof.
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4. A touch panel, comprising:

a transparent polycarbonate substrate for protecting a
directly adjacent liquid crystal display screen;

a lower transparent electrode formed on the transparent
polycarbonate substrate;

an upper transparent electrode; and

a spacer interposed between the lower transparent elec-
trode and the upper transparent electrode, wherein the
lower transparent electrode is a multi-layered transpar-
ent conductive layer including an adhesive layer, a pro-
tective layer and a primary conductive layer interposed
between the adhesive layer and the protective layer, in
which each of the adhesive layer, the protective layer and
the primary conductive layer comprises carbon nano-
tubes with carboxylic groups introduced at the end and
surface of the carbon nanotubes and different amount of
a binder from each other mixed therein.
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5. The touch panel of claim 4, wherein an amount of the
binder included in the adhesive layer is 20~99.9 parts by
weight based on 100 parts by weight of a mixture of the
carbon nanotubes and binder, an amount of the binder
included in the primary conductive layer is 0.1~50 parts by
weight based on 100 parts by weight of the mixture of the
carbon nanotubes and binder, and an amount of the binder
included in the protective layer is 20~99.9 parts by weight
based on 100 parts by weight of the mixture of the carbon
nanotubes and binder, and wherein the binder is selected from
the group consisting of photo-curable resins, silane com-
pounds, titanium compounds, copolymers, self-assembled
resins, and combinations thereof.

6. The touch panel of claim 5, wherein the lower transpar-
ent electrode has a surface resistance of 1x10° Q/sq or less
and a transmissivity of 70% or more in a wavelength of
540~560 nm.



