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(57) ABSTRACT

Provided is an electromagnetic wave shielding sheet includ-
ing: a substrate that is formed in a nano-web form by spinning
apolymer material into fiber strands by a spinning method; a
conductive metal layer that is formed on one surface of the
substrate for shielding electromagnetic waves; and an adhe-
sive layer formed on the other surface of the substrate, to
thereby make a thickness of the electromagnetic wave shield-
ing sheet thin, and improve electromagnetic wave shielding
performance.
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ELECTROMAGNETIC WAVE SHIELDING
SHEET, MANUFACTURING METHOD
THEREOF, AND BUILT-IN ANTENNA
HAVING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of Inter-
national Application No. PCT/KR2013/004652 filed on May
28, 2013, which claims priority to and the benefit of Korean
Application No. 10-2012-0059901 filed on Jun. 4, 2012, in
the Korean Patent Office, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to an electromagnetic
wave shielding sheet in which a conductive metal layer is
formed on a surface of a substrate made in a nano-web form
by using a spinning method, to thereby make a thickness of
the electromagnetic wave shielding sheet thin, and improve
electromagnetic wave shielding performance, a method of
manufacturing the same, and a built-in antenna having the
same.

BACKGROUND ART

[0003] Recently, portable electronic devices and electronic
devices for displays tend to be light, thin, short, and compact,
speedily, signal transfer speeds between components in the
electronic devices become high, and circuit boards are in
progress with high-integration microcircuits, to thereby have
a tendency of increasing damage of EMI (Electromagnetic
Interference) of signals due to electromagnetic noise gener-
ated between the adjacent circuits.

[0004] In addition, if electromagnetic waves generated
from electronic devices are exposed to the human body for a
long time, the human body may suffer from disorder such as
glaucoma, and lowering of fertility.

[0005] Accordingly, in order to block electromagnetic
waves, the portable electronic devices and electronic devices
for displays, mainly use a type of shielding electromagnetic
waves by attaching electromagnetic wave shielding sheets
onto the inner surface of a case, circuit components that
directly generate electromagnetic waves, or the surface of a
built-in antenna.

[0006] As disclosed in Korean Patent Application Publica-
tion No. 10-2009-0078620, on Jul. 20, 2009, a conventional
electromagnetic wave shielding sheet includes: a substrate
sheet formed of a synthetic resin film; and a metal deposition
layer that is sputtered on the surface of the substrate sheet,
wherein the metal deposition layer is made of at least one
selected from the group consisting of copper (Cu), nickel
(Ni), zinc (Zn), aluminum (Al) and manganese (Mn).
[0007] However, the conventional electromagnetic wave
shielding sheet becomes thick since the substrate sheet is
formed of a synthetic resin film, and thus the overall thickness
of a portable electronic device using the conventional elec-
tromagnetic wave shielding sheet is increased.

[0008] Further, when depositing a conductive metal on the
surface of the synthetic resin film, the conductive metal layer
may cause peeling to thereby cause a problem of degrading
electromagnetic wave shielding performance.
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SUMMARY OF THE INVENTION

[0009] To solve the above problems or defects, it is an
object of the present invention to provide an electromagnetic
wave shielding sheet that is formed by making a substrate in
a nano-web form by using a spinning method, to thereby
make a thickness of the electromagnetic wave shielding sheet
thin, and a method of manufacturing the same.

[0010] It is another object of the present invention to pro-
vide an electromagnetic wave shielding sheet in which a
conductive metal layer is formed on a surface of a substrate or
non-porous spinning film made by using a spinning method,
to thereby prevent the conductive metal layer from being
peeled off and improve electromagnetic wave shielding per-
formance, and a method of manufacturing the same.

[0011] It is still another object of the present invention to
provide a built-in antenna that is formed integrally with an
electromagnetic wave shielding sheet, to thereby make a
thickness of the electromagnetic wave shielding sheet thin,
and improve electromagnetic wave shielding performance.
[0012] The technical problems to be solved in the present
invention are not limited to the above-mentioned technical
problems, and the other technical problems that are not men-
tioned in the present invention may be apparently understood
by one of ordinary skill in the art to which the present inven-
tion belongs.

[0013] To accomplish the above and other objects of the
present invention, according to an aspect of the present inven-
tion, there is provided an electromagnetic wave shielding
sheet comprising: a substrate that is formed in a nano-web
form by spinning a polymer material into fiber strands by a
spinning method; a conductive metal layer that is formed on
one surface of the substrate for shielding electromagnetic
waves; and an adhesive layer formed on the other surface of
the substrate.

[0014] According to another aspect of the present inven-
tion, there is provided an electromagnetic wave shielding
sheet comprising: a substrate that is formed in a nano-web
form by spinning a polymer material into fiber strands by a
spinning method; a conductive metal layer that is formed on
one surface of the substrate for shielding electromagnetic
waves; a non-porous film layer formed on the other surface of
the substrate; and an adhesive layer formed on the non-porous
film layer.

[0015] According to another aspect of the present inven-
tion, there is provided an electromagnetic wave shielding
sheet comprising: a first substrate that is formed in a nano-
web form by spinning a polymer material into fiber strands by
a spinning method; a conductive metal layer that is formed on
one surface of the first substrate for shielding electromagnetic
waves; a non-porous film layer formed on the other surface of
the first substrate; a second substrate formed on the non-
porous film layer; and an adhesive layer formed on the second
substrate.

[0016] According to another aspect of the present inven-
tion, there is provided an electromagnetic wave shielding
sheet comprising: a first substrate that is formed in a nano-
web form by spinning a polymer material into fiber strands by
a spinning method; a conductive metal layer that is formed on
one surface of the first substrate for shielding electromagnetic
waves; a non-porous film layer formed on the other surface of
the first substrate; and a double-sided tape attached on the
non-porous film layer, wherein the double-sided tape is lami-
nated on one surface of the non-porous film layer by a press-
ing roller.
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[0017] According to another aspect of the present inven-
tion, there is provided an method of manufacturing an elec-
tromagnetic wave shielding sheet comprising the steps of:
forming an adhesive layer by spinning an adhesive material
on a release film; forming a substrate in a nano-web form by
spinning a polymer material on the adhesive layer; and form-
ing a conductive metal layer on one surface of the substrate.
[0018] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an electro-
magnetic wave shielding sheet comprising the steps of: form-
ing an adhesive layer by spinning an adhesive material on a
release film; forming a non-porous film layer by spinning a
polymer material containing PU (polyurethane) or TPU (ther-
moplastic polyurethane) on the adhesive layer; forming a
substrate in a nano-web form by spinning the polymer mate-
rial on the non-porous film layer; and forming a conductive
metal layer on the substrate.

[0019] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an electro-
magnetic wave shielding sheet comprising the steps of: form-
ing an adhesive layer by spinning an adhesive material on a
release film; forming a first substrate in a nano-web form by
spinning a polymer material on the surface of the adhesive
layer; forming a non-porous film layer by spinning a polymer
material containing PU (polyurethane) or TPU (thermoplas-
tic polyurethane) on the first substrate; forming a second
substrate in a nano-web form by spinning the polymer mate-
rial on the surface of the non-porous film layer; and forming
a conductive metal layer on the second substrate.

[0020] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an electro-
magnetic wave shielding sheet comprising the steps of: pre-
paring a base film; forming a substrate in a nano-web form by
spinning a polymer material on one surface of the base film;
forming an adhesive layer by spinning an adhesive material
onthe other surface of the base film; and forming a conductive
metal layer on the substrate.

[0021] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an electro-
magnetic wave shielding sheet comprising the steps of: form-
ing a non-porous film layer by spinning a polymer material
containing PU (polyurethane) or TPU (thermoplastic poly-
urethane); forming a first substrate in a nano-web form by
spinning a polymer material on one surface of the non-porous
film layer; forming a conductive metal layer on the first sub-
strate; and laminating a double-sided tape on the other surface
of the non-porous film layer.

According to another aspect of the present invention, there is
provided a built-in antenna comprising: a FPCB (flexible
printed circuit board) in which an antenna pattern formed; a
ferrite sheet that is stacked on the FPCB; and an electromag-
netic wave shielding sheet that is laminated on the ferrite
sheet, wherein the electromagnetic wave shielding sheet
adopts any one of claims 1 to 14.

[0022] As described above, the electromagnetic wave
shielding sheet according to the present invention is manu-
factured by forming a substrate in a nano-web form having a
plurality of pores by using a spinning method, to thereby
make a thickness of the electromagnetic wave shielding sheet
thin.

[0023] In addition, the electromagnetic shielding sheet
according to the present invention is manufactured by form-
ing a conductive metal layer on the surface of a substrate or
non-porous spinning film, to thereby prevent a phenomenon
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that the conductive metal layer is peeled off and improve
electromagnetic wave shielding performance.

[0024] In addition, the built-in antenna according to the
present invention can be integrally formed with the electro-
magnetic wave shielding sheet that can be made thinly and
improve electromagnetic wave shielding performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a first embodiment of
the present invention.

[0026] FIG. 2 is an enlarged view of a substrate according
to the first embodiment of the present invention.

[0027] FIG. 3 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a second embodiment
of the present invention.

[0028] FIG. 4 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a third embodiment of
the present invention.

[0029] FIG. 5 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a fourth embodiment
of the present invention.

[0030] FIG. 6 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a fifth embodiment of
the present invention.

[0031] FIG. 7 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a sixth embodiment
of the present invention.

[0032] FIG. 8 is a cross-sectional view of a built-in antenna
according to the present invention.

[0033] FIG.9 is a schematic diagram of an electrospinning
apparatus for manufacturing an electromagnetic wave shield-
ing sheet according to the first embodiment of the present
invention.

[0034] FIG. 10 is a schematic diagram of an electrospin-
ning apparatus for manufacturing an electromagnetic wave
shielding sheet according to the second embodiment of the
present invention.

[0035] FIG. 11 is a schematic diagram of an electrospin-
ning apparatus for manufacturing an electromagnetic wave
shielding sheet according to the fourth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Embodiments of the present invention will be
described below in detail with reference to the accompanying
drawings. Here, the size or shape of the components illus-
trated in the drawings may be shown to be exaggerated for
convenience and clarity of illustration. In addition, specifi-
cally defined terms may be changed according to the intention
or practices of users or operators in consideration of the
construction and operation of the present invention. The defi-
nition of the terms should be made based on contents through-
out the present specification.

[0037] FIG. 1 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a first embodiment of
the present invention, and FIG. 2 is an enlarged view of a
substrate according to the first embodiment of the present
invention.

[0038] The electromagnetic wave shielding sheet accord-
ing to the first embodiment includes: a substrate 10 that is
formed in a nano-web form by electrospinning a polymer
material into ultra-fine fiber strands and accumulating the
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ultrafine fiber strands; an adhesive layer 20 that is formed on
one surface of the substrate 10; and a conductive metal layer
30 formed on the other surface of the substrate 10.

[0039] The substrate 10 is manufactured in a nano-web
form having a plurality of pores 12 by making the polymer
material into ultra-fine fiber strands 14 by a spinning method,
and accumulating the ultrafine fiber strands 14.

[0040] Here, the diameter of each of the fiber strands 14 is
preferably in the range of 0.1 um to 3.0 pm.

[0041] The spinning method that is applied for the present
invention may employ any one of electrospinning, air-elec-
trospinning (AES), electrospray, electrobrown spinning, cen-
trifugal electrospinning, and flash-electrospinning

[0042] Thatis, any of spinning methods of making ultrafine
fiber strands in an accumulated form can be also applied to the
substrate 10 and the adhesive layer 20 according to the
present invention.

[0043] For example, the polymer materials used to make
the substrate 10 in the present invention may be: polyvi-
nylidene fluoride (PVdF), poly(vinylidene fluoride-co-
hexafluoropropylene), a perfluoropolymer, polyvinyl chlo-
ride, polyvinylidene chloride, or a copolymer thereof; a
polyethylene glycol derivative containing polyethylene gly-
col dialkylether and polyethylene glycol dialkylester; poly
(oxymethylene-oligo-oxyethylene); polyoxide containing
polyethylene oxide and polypropylene oxide; polyvinyl
acetate, poly(vinyl pyrrolidone-vinyl acetate), polystyrene,
and a polystyrene acrylonitrile copolymer; a polyacrylonitrile
copolymer containing polyacrylonitrile (PAN) and a poly-
acrylonitrile methyl methacrylate copolymer; or polymethyl
methacrylate, a poly methyl methacrylate copolymer, or a
mixture thereof.

[0044] Since the substrate 10 is produced by a spinning
method, the thickness of the substrate 10 is determined
according to the dose of the electrospun polymer material.
Thus, it is advantageously easy to make the thickness of the
substrate 10 into a desired thickness. That is, if the dose of the
electro spun polymer material is made less, the thickness of
the substrate 10 may be made thin, and since the dose of the
electrospun polymer material is increased, the thickness of
the substrate 10 may be made thick.

[0045] In this way, since the substrate 10 is manufactured
by a spinning method, thickness of the substrate 10 may be
freely adjusted according to the dose of the spun polymer
material, and thickness of the electromagnetic wave shielding
sheet may be remarkably made thin in comparison with a case
where a conventional synthetic resin film or nonwoven fabric
is used.

[0046] The adhesive layer 20 is manufactured by the same
spinning method as that of making the substrate 10. That is,
the adhesive layer 20 is created by mixing an adhesive and a
solvent to thus make an adhesive material of a viscosity
suitable for electrospinning and spinning the adhesive mate-
rial on a surface of the substrate 10 by the spinning method.
[0047] Here, the thickness of the adhesive layer 20 is deter-
mined according to the dose of the spun adhesive material.
Therefore, the thickness of the adhesive layer 20 can be freely
made.

[0048] Then, the adhesive layer 20 is spun in the form of
ultra-fine fiber strands, and is laminated on the surface of the
substrate 10, in which the adhesive material is introduced into
the pores 12 of the substrate 10, thereby increasing the adhe-
sion strength between the substrate 10 and the adhesive layer
20.
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[0049] Further, as the adhesive layer 20 is introduced into
the pores of the substrate 10, the amount of the adhesive can
be increased. Thus, the adhesive layer 20 may increase the
adhesive strength even if the adhesive layer 20 is formed into
an identical thickness.

[0050] A release film 40 is attached on the surface of the
adhesive layer 20 to protect the adhesive layer 20.

[0051] The conductive metal layer 30 can be formed on the
surface of the substrate 10, for example, by a vapor deposition
process such as a sputtering method. The method of forming
the conductive metal layer 30 on the surface of the substrate
10 appropriately may employ a chemical vapor deposition
method in addition to the sputtering method, or any of various
methods of forming the conductive metal layer. Further, there
are no particular limitations to metal materials having elec-
trical conductivity such as copper (Cu) and aluminum (Al)
that may be used as the metal constituting the conductive
metal layer 30.

[0052] Thus, since the conductive metal layer 30 is formed
on the substrate 10 in the nano-web form as described above,
the metal material is introduced into a plurality of the pores 12
contained in the substrate 10, to thus enable a solid bond and
prevent the peeling off of the conductive metal layer 30.
Therefore, it is possible to improve the electromagnetic wave
shielding performance.

[0053] FIG. 3 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a second embodiment
of the present invention.

[0054] The electromagnetic wave shielding sheet accord-
ing to the second embodiment includes: a substrate 10 that is
formed in a nano-web form by electrospinning a polymer
material into ultra-fine fiber strands and accumulating the
ultrafine fiber strands; a conductive metal layer 30 that is
formed on one surface of the substrate 10; a non-porous film
layer 16 formed on the other surface of the substrate 10; and
an adhesive layer 30 that is laminated on the non-porous film
layer 16.

[0055] Since the substrate 10 and the adhesive layer 20 of
the second embodiment are the same as the substrate 10 and
the adhesive layer 20 described in the above-described first
embodiment, description thereof is omitted.

[0056] The non-porous film layer 16 is formed by electro-
spinning a polymer material containing PU (polyurethane) or
TPU (thermoplastic polyurethane) into ultra-fine fiber strands
and accumulating the ultrafine fiber strands, in which the PU
or TPU is dissolved in a solvent, and is formed in a non-
porous shape having no pores without any heat treatment.
[0057] That is, the non-porous film layer 16 is made of the
polymer material containing a rubber component melted in
the solvent such as the PU or TPU. When the polymer mate-
rial containing a rubber component is electrospun, the rubber
component is melted in the solvent and thus the polymer
material is formed into a non-porous film having no pores.
[0058] Here, the non-porous film layer 16 is laminated on
the substrate 10, to thus serve to block the surface of the
substrate 10 and to thereby serve to prevent the metal material
of the conductive metal layer 30 formed on the substrate 10
from escaping through the pores 12 of the substrate 10,
increase the degree of integration of the metal material, and
enhance the shielding efficiency.

[0059] Inaddition, when the adhesive layer 20 is laminated
directly on the substrate 10, the adhesive material is pen-
etrated into the pores 12 formed on the substrate 10. Accord-
ingly, there is a fear that the strength of the substrate 10 may
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be weakened, but since the non-porous film layer 16 is lami-
nated between the adhesive layer 20 and the substrate 10, to
thus prevent the adhesive material from being penetrated into
the pores 12 of the substrate 10, the strength of the substrate
10 can be maintained.

[0060] Here, since the adhesive layer 20 is formed on the
non-porous film layer 16, there may be arisk to deteriorate the
adhesion. In order to increase the viscosity of the adhesive
strength of the adhesive layer 20, the adhesive layer 20 is
formed of an adhesive material of a low viscosity.

[0061] FIG. 4 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a third embodiment of
the present invention.

[0062] The electromagnetic wave shielding sheet accord-
ing to the third embodiment includes:

[0063] afirst substrate 22 that is formed in a nano-web form
by electrospinning a polymer material into ultra-thin fiber
strands and accumulating the ultra-thin fiber strands; an adhe-
sive layer 20 that is formed on one surface of the first substrate
22; anon-porous film layer 16 formed on the other surface of
the first substrate; a second substrate 24 formed on the non-
porous film layer 16; and a conductive metal layer 30 formed
on the second substrate 24.

[0064] The electromagnetic wave shielding sheet accord-
ing to the third embodiment has a structure that the substrate
includes the first substrate 22 and the second substrate 24, and
the non-porous film layer 16 is laminated between the first
and second substrates 22 and 24.

[0065] Since the first and second substrates 22 and 24 and
the adhesive layer 20 of the third embodiment are the same as
the substrate 10 and the adhesive layer 20 described in the
above-described first embodiment, description thereof is
omitted.

[0066] The non-porous film layer 16 is formed by electro-
spinning a polymer material containing PU (polyurethane) or
TPU (thermoplastic polyurethane) into ultra-fine fiber strands
and accumulating the ultrafine fiber strands, in which the PU
or TPU is dissolved in a solvent, and is formed in a non-
porous shape having no pores without any heat treatment.

[0067] In the case of the electromagnetic wave shielding
sheet according to the third embodiment, the conductive
metal layer 30 is formed on one surface of the second sub-
strate 24 so that the conductive metal material is penetrated
into the pores 12 formed on the second substrate 24, to
thereby improve a vapor deposition force. In addition, the
non-porous film layer 16 is formed on the other surface of the
second substrate 24, to thereby serve to prevent the conduc-
tive metal material from escaping through the pores 12 of the
second substrate 24, increase the degree of integration of the
metal material, and enhance the shielding efficiency.

[0068] Inaddition, since the adhesive layer 20 is formed on
one surface of the first substrate 22, the adhesive material is
penetrated into the pores 12 of the first substrate 22, to thus
improve the adhesive strength of the adhesive layer 20. In
addition, since the non-porous film layer 16 is formed on the
other surface of the first substrate 22, the adhesive material
penetrated into the first substrate 22 is prevented from being
introduced into the second substrate 24.

[0069] In this way, the electromagnetic wave shielding
sheet according to the third embodiment has the advantages
of increasing the adhesive strength while improving the elec-
tromagnetic wave shielding performance.
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[0070] FIG. 5 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a fourth embodiment
of the present invention.

[0071] The electromagnetic wave shielding sheet in accor-
dance with the fourth embodiment includes: abase film 110 to
act as a substrate; a nano-web layer 120 that is formed to have
a plurality of pores by electrospinning a polymer material on
one surface of the base film 110 into ultra-fine fiber strands
and accumulating the ultra-fine fiber strands; a conductive
metal layer 30 formed on the nano-web layer 120; and an
adhesive layer 20 that is laminated on the other surface of the
base film 110.

[0072] The base film 110 serves to act as a substrate to
maintain the strength of the shielding sheet. Any resin mate-
rial that allows the nano-web layer 120 to be formed on one
surface of the base film 110 by an electrospinning method,
and the adhesive layer 20 to be formed on the other surface of
the base film 110 can be applied as the material for the base
film 110. The base film 110 may be a PET (polyethylene
phthalate) film.

[0073] The nano-web layer 120 is formed in the same man-
ner as the substrate 10 described in the first embodiment, and
has a plurality of pores 12. Then, the adhesive layer 20 may be
formed by a spinning method described in the first embodi-
ment, and is also possible to be laminated by a method such as
a coating method in addition to the spinning method.

[0074] In the case of the electromagnetic wave shielding
sheet according to the fourth embodiment, the base film 110
formed of a PET film or the like is used as the substrate, and
the nano-web layer 120 is formed on one side of the base film
t0 110 and the adhesive layer 20 is formed on the other surface
of the base film to 110.

[0075] The electromagnetic wave shielding sheet may
enhance the strength of the electromagnetic wave shielding
sheet by the strength of the base film 110. In addition, when
the conductive metal layer 30 is formed on the nano-web
layer 120, the metal material is blocked by the base film 110,
to thus prevent the metal material from escaping through the
pores of the nano-web layer 120. In addition, since the adhe-
sive layer 20 is formed on the base film 110, the adhesive
material can be prevented from being penetrated into the
pores of the nano-web layer 120.

[0076] In the case of the electromagnetic wave shielding
sheet according to the first to fourth embodiments, both the
substrate and the adhesive layer on which the conductive
metal layer is respectively formed may be fabricated in a
single manufacturing process by using an electrospinning
device, or both the substrate and the adhesive layer on which
the conductive metal layer is respectively formed may be
fabricated in a separate electrospinning device, and thereafter
both the substrate and the adhesive layer are laminated in a
roll-pressing process, to thereby manufacture the electromag-
netic wave shielding sheet.

[0077] FIG. 6 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a fifth embodiment of
the present invention.

[0078] The electromagnetic wave shielding sheet accord-
ing to the fifth embodiment includes:

[0079] a non-porous film layer 16; a first substrate 26 in a
nano-web form that is formed on one surface of the non-
porous film layer 16; a conductive metal layer 30 that is
formed on the first substrate 26 for playing a role of perform-



US 2015/0084825 Al

ing electromagnetic wave shielding performance; and a
double-sided tape 140 attached on the other surface of the
non-porous film layer 16.

[0080] In the case of the electromagnetic wave shielding
sheet according to the fifth embodiment, the non-porous film
layer 16, the first substrate 26 and the conductive metal layer
30 are integrally formed in a single electrospinning device,
the double-sided tape 140 is formed in another electrospin-
ning device, and the double-sided tape is placed on the other
surface of the non-porous film layer 16, to thereafter perform
lamination by means of a thermal compression bonding
method and the like and manufacture the electromagnetic
wave shielding sheet.

[0081] The non-porous film layer 16 may be produced by
the same electrospinning method as described in the second
embodiment, or the non-porous film layer 16 may be also
replaced by a PET film.

[0082] Inaddition, the first substrate 26, and the conductive
metal layer 30 formed on the first substrate 26 are the same as
the substrate 10 and the conductive metal layer 30 explained
in the first embodiment above.

[0083] The double-sided tape 140 includes: a second sub-
strate 28 of a nano-web form; a first adhesive layer 32 that is
formed on one surface of the second substrate 28 and that is
attached to the other surface of the non-porous film layer 16;
and a second adhesive layer 34 formed on the other surface of
the second substrate 28.

[0084] In the same manner as the substrate 10 and the
adhesive layer 20 described in the first embodiment above,
the double-faced tape 140 is configured to include: the second
substrate 28 of a nano-web form by an electrospinning
method; the first adhesive layer 32 formed on one surface of
the second substrate 28 by the electrospinning method; and
the second adhesive layer 34 formed on the other surface of
the second substrate 28 by the electrospinning method.

[0085] Further, in addition to the above-described struc-
ture, the double-sided tape 140 may be configured to include:
the second substrate using a PET film; the first adhesive layer
coated on one surface of the PET film; and the second adhe-
sive layer coated on the other surface of the PET film.

[0086] In addition, any double-sided tape on both sides of
which the adhesive force can occur can also be applied
thereto.

[0087] In the case of the electromagnetic wave shielding
sheet according to the fitth embodiment, the first substrate 26
of'the nano-web form on which the conductive metal layer 30
is formed and the double-sided tape 140 that forms the adhe-
sive layer are separately manufactured and then integrally
formed through a lamination process, to thereby prevent the
adhesive material from being penetrated to the first substrate
26.

[0088] FIG. 7 is a cross-sectional view of an electromag-
netic wave shielding sheet according to a sixth embodiment
of the present invention.

[0089] The electromagnetic wave shielding sheet accord-
ing to the sixth embodiment includes: a substrate 10 of a
nano-web form; a conductive metal layer 30 that is formed on
one surface of the substrate 10 for playing a role of perform-
ing electromagnetic wave shielding performance; a first adhe-
sive layer 44 that is laminated on the other surface of the
substrate 10; and a second adhesive layer 42 that is laminated
on the first adhesive layer 44.
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[0090] Here, the first adhesive layer 44 is a high viscosity
adhesive layer, and the second adhesive layer 42 is an adhe-
sive layer that is of a relatively low viscosity in comparison to
the first adhesive layer 44.

[0091] If the high viscosity adhesive layer is laminated on
the substrate 10, an amount of the adhesive material to be
absorbed into the pores 12 formed in the substrate 10 becomes
relatively small, to thus facilitate maintaining the form of the
substrate 10, and to accordingly strengthen the strength of the
substrate 10.

[0092] Accordingly, the high viscosity first adhesive layer
44 is laminated on the surface of the substrate 10 to thus
enhance the strength of the substrate 10.

[0093] Then, as the viscosity of the adhesive layer is high,
the adhesive strength is lowered. In order to prevent the adhe-
sion from lowering, a low viscosity second adhesive layer 42
is laminated on the surface of the high viscosity first adhesive
layer 44, to enhance the adhesive strength.

[0094] In the case of the electromagnetic wave shielding
sheet according to the sixth embodiment, the high viscosity
first adhesive layer 44 is laminated on the surface of the
substrate 10, to enhance the strength of the substrate 10, and
the low viscosity second adhesive layer 42 is laminated on the
surface of the first adhesive layer 44, to enhance the adhesive
strength.

[0095] FIG. 8 is a cross-sectional view of a built-in antenna
according to the present invention.

[0096] The built-in antenna according to the present inven-
tion includes: a FPCB (flexible printed circuit board) 86 in
which an antenna pattern is formed; a ferrite sheet 82 that is
laminated on the FPCB 86 to increase the permeability; and
an electromagnetic wave shielding sheet 2 stacked on the
ferrite sheet 82.

[0097] Here, a first double-sided tape 88 for attaching an
antenna onto an electronic apparatus is attached to one sur-
face of the FPCB 86, and a second double-sided tape 84 is
attached between the FPCB 86 and the ferrite sheet 82 to thus
adhere between the FPCB 86 and the ferrite sheet 82.
[0098] Then, a cover layer 80 for protecting the antenna is
laminated on the surface of an electromagnetic shielding
sheet 2.

[0099] The electromagnetic wave shielding sheet 2 may
employ any one of the electromagnetic wave shielding sheets
described in the first to sixth embodiments.

[0100] FIG. 9 is a schematic diagram of an electrospinning
apparatus for manufacturing an electromagnetic wave shield-
ing sheet according to the first embodiment of the present
invention.

[0101] The electrospinning device according to the first
embodiment of the present invention includes: a first mixing
tank 50 in which a mixture of an adhesive material and a
solvent is stored; a second mixing tank 52 in which a mixture
of'a polymer material and the solvent is stored; a first spinning
nozzle unit 54 that is connected to a high voltage generator
and that is connected to the first mixing tank 50, for forming
an adhesive layer 20 by spinning ultra-fine fiber strands 18; a
second spinning nozzle unit 56 that is connected to the high
voltage generator and that is connected to the second mixing
tank 52, for forming a substrate 10 by spinning ultra-fine fiber
strands 14; and a collector 58 that accumulates the ultra-fine
fiber strands 14 and 18 that are spun from the first spinning
nozzle unit 54 and the second spinning nozzle unit 56.
[0102] The first mixing tank 50 is provided with a first
agitator 62 that evenly mixes the adhesive and the solvent and
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maintains a constant viscosity of the adhesive material, and
the second mixing tank 52 is provided with a second agitator
64 that evenly mixes the polymer material and the solvent and
maintains a constant viscosity of the polymer material.
[0103] The collector 58 collects the ultra-fine fiber strands
14 and 18 that are spun from the first spinning nozzle unit 54
and the second spinning nozzle unit 56, and is formed of a
conveyor that transports the adhesive layer 20 formed by the
first spinning nozzle unit 54 to the second spinning nozzle
unit 56 to then laminate the substrate 10 on the surface of the
adhesive layer 20.

[0104] In addition, a high voltage electrostatic force of 90
to 120 Kv is applied between the collector 58 and each of the
spinning nozzle units 54 and 56, to thereby spin ultra-fine
fiber strands 14 and 18.

[0105] Here, the first spinning nozzle unit 54 and the sec-
ond spinning nozzle unit 56 are configured to have a plurality
of spinning nozzles, respectively, in which the plurality of
spinning nozzles may be arranged in sequence in a chamber
or may be arranged in different chambers, respectively.
[0106] The first spinning nozzle unit 54 and the second
spinning nozzle unit 56 are provided with an air spray appa-
ratus 64, respectively, to thereby spray air to the fiber strands
14 and 18 spun from the first spinning nozzle unit 54 and the
second spinning nozzle unit 56 and to thus prevent the fiber
strands 14 and 18 from fluttering without being smoothly
collected by the collector 64.

[0107] A release film roll 70 is disposed in front of the
collector 58, in which a release film 40 is wound on the release
film roll 70, to allow the release film 40 to be supplied to the
collector 58.

[0108] A pressureroller 80 that pressurizes the substrate 10
and the adhesive layer 20 to have a constant thickness is
provided at one side of the collector 64. A sheet roll 82 is
provided, around which the substrate 10 and the adhesive
layer 20 pressurized via the pressure roller 80 are wound.
[0109] A process for producing the electromagnetic wave
shielding sheet by using the electrospinning apparatus
according to the first embodiment as described above will be
described as follows.

[0110] The release film 40 is supplied from the release film
roll 70 to the collector 58.

[0111] Then, a high voltage electrostatic force is applied
between the collector 58 and the first spinning nozzle unit 54,
and thus the adhesive material is made into ultra-fine fiber
strands 18 by the first spinning nozzle unit 54 to then be spun
to the top surface of the collector 58. As a result, the ultra-fine
fiber strands 18 are accumulated onto the surface of the
release film 40 to thus form the adhesive layer 20.

[0112] Here, when the first spinning nozzle unit 54 spins
the fiber strands 18, an air spray apparatus 60 mounted in the
first spinning nozzle unit 54 sprays air to the fiber strands 18,
so that the fiber strands 18 can be collected and captured on
the surface of the collector 58 without fluttering.

[0113] Then, when the adhesive layer 20 is completely
manufactured, the collector 58 is driven so that the adhesive
layer 20 is moved to the bottom of the second spinning nozzle
unit 56, and when a high voltage electrostatic force is applied
between the collector 58 and the second spinning nozzle unit
56, the polymer material is made into ultra-fine fiber strands
14 by the second spinning nozzle unit 56 to then be spun on
the adhesive layer 20. As a result, the ultra-fine fiber strands
14 are collected onto the surface of the adhesive layer 20 to
thus form the substrate 10 in a nano-web shape.
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[0114] Inthis case, likewise, another air spray apparatus 60
mounted in the second spinning nozzle unit 56 sprays air to
the fiber strands 14, so that the fiber strands 14 can be col-
lected and captured on the surface of the adhesive layer 20
without fluttering.

[0115] In this way, the finished sheet is pressed to a prede-
termined thickness while passing through the pressing roller
72 and is wound on the sheet roll 74.

[0116] The sheet wound on the sheet roll 74 is moved to a
place of forming the conductive metal layer 30 to then form
the conductive metal layer 30 on the surface of the substrate
10 by a sputtering process. When forming the conductive
metal layer 30, the substrate 10 is of the nano-web form and
thus the metal material is penetrated into the pores 12 of the
substrate 10, to thereby increase the amount of the metal
material of the conductive metal layer 30. That is, even when
the thickness of the electromagnetic wave shielding sheet is
identical, the amount of the metal material of the conductive
metal layer 30 can be increased to thus improve the electro-
magnetic wave shielding performance.

[0117] In addition, since the conductive metal layer 30 is
formed on the surface of the substrate 10 of the nano-web
form, a phenomenon of peeling off the conductive metal layer
30 from the substrate 10 can be prevented.

[0118] FIG. 10 is a schematic diagram of an electrospin-
ning apparatus for producing an electromagnetic wave shield-
ing sheet according to the second embodiment of the present
invention.

[0119] The electrospinning device according to the second
embodiment of the present invention includes: a first mixing
tank 50 in which a mixture of an adhesive material and a
solvent is stored; a second mixing tank 52 in which a mixture
of'a polymer material containing PU or TPU and the solvent
is stored; a third mixing tank 53 in which a mixture of a
polymer material and the solvent is stored; a first spinning
nozzle unit 54 that is connected to a high voltage generator
and that is connected to the first mixing tank 50, for forming
an adhesive layer 20 by spinning ultra-fine fiber strands 18; a
second spinning nozzle unit 56 that is connected to the high
voltage generator and that is connected to the second mixing
tank 52, for forming a non-porous film layer by spinning
ultra-fine fiber strands 14; a third spinning nozzle unit 57 that
is connected to the high voltage generator and that is con-
nected to the third mixing tank 53, for forming a substrate 10
by spinning ultra-fine fiber strands 13; and a collector 58 that
accumulates the ultra-fine fiber strands 18, 14 and 13 that are
spun from the first spinning nozzle unit 54, the second spin-
ning nozzle unit 56, and the third spinning nozzle unit 57.
[0120] A process for producing the electromagnetic wave
shielding sheet by using the electrospinning apparatus
according to the second embodiment as described above will
be described as follows.

[0121] The release film 40 is supplied from the release film
roll 70 to the collector 58.

[0122] Then, a high voltage electrostatic force is applied
between the collector 58 and the first spinning nozzle unit 54,
and thus the adhesive material is made into ultra-fine fiber
strands 18 by the first spinning nozzle unit 54 to then be spun
to the top surface of the collector 58. As a result, the adhesive
layer 20 is formed on the surface of the release film 40.
[0123] Then, when the adhesive layer 20 is completely
manufactured, the collector 58 is driven so that the adhesive
layer 20 is moved to the bottom of the second spinning nozzle
unit 56, and when a high voltage electrostatic force is applied
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between the collector 58 and the second spinning nozzle unit
56, the polymer material containing PU or TPU is made into
ultra-fine fiber strands 14 by the second spinning nozzle unit
56 to then be spun on the adhesive layer 20. As a result, the
non-porous film layer 16 is formed on the adhesive layer 20.
[0124] Then, the collector 58 is driven so that the non-
porous film layer 16 is moved to the bottom of the third
spinning nozzle unit 57, and when a high voltage electrostatic
force is applied between the collector 58 and the third spin-
ning nozzle unit 57, the polymer material is made into ultra-
fine fiber strands 13 by the third spinning nozzle unit 57 to
then be spun on the non-porous film layer 16. As a result, the
substrate 10 is formed on the non-porous film layer 16.
[0125] In this way, the finished sheet is pressed to a prede-
termined thickness while passing through the pressing roller
72 and is wound on the sheet roll 74.

[0126] Then, when forming the conductive metal layer 30
to the surface of the substrate 10, the electromagnetic wave
shielding sheet is completely prepared.

[0127] Here, the non-porous film layer 16 employs a poly-
mer material containing a rubber component that is soluble in
a solvent such as PU or TPU. If the polymer material con-
taining a rubber component that is soluble in a solvent such as
PU or TPU is electrospun, the rubber component such as PU
or TPU is dissolved in the solvent and then the polymer
material is manufactured into a non-porous film with no
pores, to thereby prevent the metal material introduced into
the pores 12 formed in the substrate 10 from escaping from
the pores 12.

[0128] The electromagnetic wave shielding sheet manufac-
turing method according to the third embodiment is the same
as the manufacturing method described in the second
embodiment above. However, the former differs from the
latter in that in the former case, the substrate is separated into
the first substrate 22 and the second substrate 24, and then, the
non-porous film layer 16 is laminated between the first sub-
strate 22 and the second substrate 24.

[0129] FIG. 11 is a schematic diagram of an electrospin-
ning apparatus for producing an electromagnetic wave shield-
ing sheet according to the fourth embodiment of the present
invention.

[0130] The electrospinning apparatus according to the
fourth embodiment of the present invention includes: a first
spinning nozzle unit 200 for forming a substrate 10 by spin-
ning ultra-fine fiber strands; a first collector 210 that accumu-
lates the ultra-fine fiber strands spun from the first spinning
nozzle unit 200; a second spinning nozzle unit 230 that is
disposed on the lower side of the first collector 210 for form-
ing an adhesive layer by spinning ultra-fine fiber strands; and
a second collector 220 that accumulates the ultra-fine fiber
strands spun from the second spinning nozzle unit 230.

[0131] Here, the first spinning nozzle unit 200 is the same
as the configuration of the second spinning nozzle unit 56 for
forming the substrate in the first embodiment, and the second
spinning nozzle unit 230 is the same as the configuration of
the first spinning nozzle unit 54 for forming the adhesive layer
in the first embodiment, and thus the detailed description
thereof will be omitted.

[0132] Then, a first roll 240 on which the base film 110 is
wound is disposed in the front side of the first collector 210,
and a second roll 250 on which the electromagnetic wave
shielding sheet is wound is disposed in the rear side of the
second collector 220.
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[0133] A process for producing the electromagnetic wave
shielding sheet by using the electrospinning apparatus
according to the fourth embodiment as described above will
be described as follows. First, the base film 110 is moved to
the first collector 210. Here, a PET film is used as the base film
110.

[0134] Then, the first spinning nozzle unit 200 spins the
polymer material onto one surface of the base film 110 to thus
form a substrate 10 of a nano-web form. Then, the base film
110 on which the substrate 10 is formed is moved to the
second collector 220. Here, since the second collector 220 is
arranged at the lower side of the first collector 210, the base
film 110 on which the substrate 10 is formed is moved to the
second collector 220, at a state where the other surface of the
base film 110 faces up.

[0135] In addition, the second spinning nozzle unit 230
spins the adhesive material on the other surface of the base
film 110, to thus form the adhesive layer 20.

[0136] Then, the electromagnetic shielding sheet is com-
pleted by forming the conductive metal layer 30 on the sub-
strate 10.

[0137] Hereinbelow, a method of manufacturing an elec-
tromagnetic wave shielding sheet according to the fifth
embodiment of the present invention will be described. First,
the polymer material containing PU or TPU is spun by using
the electrospinning apparatus as explained in the first
embodiment or the second embodiment, to thus form the
non-porous film layer 16, and then the polymer material is
spun on the non-porous film layer 16 to thus form the first
substrate 26 in a nano-web form.

[0138] Then, a double-sided tape 140 is separately pre-
pared and then the double-sided tape 140 is laminated on the
non-porous film layer 16. Here, the lamination method may
be performed by using a variety of methods such as a thermal
compression bonding by using a compression roller.

[0139] Here, the double-sided tape 140 is configured to
include: a second adhesive layer 34 that is formed by spinning
an adhesive material on a release film by using the electro-
spinning device as shown in the first embodiment or the
second embodiment; a second substrate 28 that is formed in a
nano-web form by spinning a polymer material on the second
adhesive layer 34, and a first adhesive layer 32 that is formed
by spinning the adhesive material on the other surface of the
second substrate 28.

[0140] Asdescribed above, the double-sided tape manufac-
turing process according to the fifth embodiment of the
present invention is the same as that of using the electrospin-
ning apparatus as explained in the second embodiment, and
thus the detailed description thereof will be omitted. Finally,
the electromagnetic wave shielding sheet is completed by
forming a conductive metal layer 30 on the first substrate 26.
[0141] As described above, the present invention has been
described with respect to particularly preferred embodi-
ments. However, the present invention is not limited to the
above embodiments, and it is possible for one who has an
ordinary skill in the art to make various modifications and
variations, without departing off the spirit of the present
invention. Thus, the protective scope of the present invention
is not defined within the detailed description thereof but is
defined by the claims to be described later and the technical
spirit of the present invention.

[0142] The present invention can be attached on an inner
surface of a case of an electronic device, including a variety of
electronic devices such as portable terminal devices, circuitry
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components directly generating electromagnetic waves, or
the surface of a built-in antenna, and may be applied usefully
as a shielding sheet for shielding an electromagnetic wave.

What is claimed is:

1. An electromagnetic wave shielding sheet comprising:

a substrate that is formed in a nano-web form having a
plurality of pores by spinning a polymer material into
fiber strands by a spinning method;

a conductive metal layer that is formed on one surface of
the substrate for shielding electromagnetic waves; and

an adhesive layer formed on the other surface of the sub-
strate.

2. The electromagnetic wave shielding sheet according to
claim 1, wherein the spinning method employs any one of
electrospinning, air-electrospinning (AES), electrospray,
electrobrown spinning, centrifugal electrospinning, and
flash-electrospinning.

3. The electromagnetic wave shielding sheet according to
claim 1, wherein a conductive metal material forming the
conductive metal layer is partially introduced into the pores.

4. The electromagnetic wave shielding sheet according to
claim 1, wherein the adhesive layer is formed by electrospin-
ning an adhesive material mixture of an adhesive agent and a
solvent.

5. The electromagnetic wave shielding sheet according to
claim 1, wherein the adhesive layer comprises a first adhesive
layer formed on the substrate and a second adhesive layer
laminated on the first adhesive layer, and the first adhesive
layer has a relatively high viscosity compared to the second
adhesive layer.

6. The electromagnetic wave shielding sheet according to
claim 1, further comprising a non-porous film layer that is
formed between the substrate and the adhesive layer.

7. The electromagnetic wave shielding sheet according to
claim 6, wherein the non-porous film layer is formed by
spinning a polymer material containing PU (polyurethane) or
TPU (thermoplastic polyurethane) by the spinning method.

8. The electromagnetic wave shielding sheet according to
claim 6, wherein the non-porous film layer is a PET (poly-
ethylene phthalate) film.

9. The electromagnetic wave shielding sheet according to
claim 1, further comprising a second substrate is formed
between the non-porous film layer and the adhesive layer.

10. An electromagnetic wave shielding sheet comprising:

a first substrate that is formed in a nano-web form by
spinning a polymer material into fiber strands by a spin-
ning method;

a conductive metal layer that is formed on one surface of
the first substrate for shielding electromagnetic waves;

a non-porous film layer formed on the other surface of the
first substrate; and
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a double-sided tape attached on the non-porous film layer,
wherein the double-sided tape is laminated on one sur-
face of the non-porous film layer by a pressing roller.

11. The electromagnetic wave shielding sheet according to
claim 10, wherein the double-sided tape comprises:

a second substrate that is formed in a nano-web form by
spinning the polymer material into fiber strands by the
spinning method;

a first adhesive layer formed on one surface of the second
substrate; and

a second adhesive layer formed on the other surface of the
second substrate.

12. A method of manufacturing an electromagnetic wave

shielding sheet comprising the steps of:

forming an adhesive layer by spinning an adhesive material
on a release film;

forming a substrate in a nano-web form by spinning a
polymer material on the adhesive layer; and

forming a conductive metal layer on one surface of the
substrate.

13. The method of claim 12, wherein the forming of an
adhesive layer comprises the sub-steps of: applying a high
voltage electrostatic force between a collector and a first
spinning nozzle; and spinning the adhesive material in the
first spinning nozzle.

14. The method of claim 12, wherein the forming of a
substrate comprises the sub-steps of: applying a high voltage
electrostatic force between a collector and a second spinning
nozzle; and spinning the adhesive material in the second
spinning nozzle.

15. The method of claim 13, wherein air is injected on the
fiber strands by an air injector when the adhesive material or
the polymer material is spun.

16. The method of claim 12, wherein the forming of an
adhesive layer comprises the sub-steps of:

forming a first adhesive layer of a relatively low viscosity
on the surface of the release film; and

forming a second adhesive layer of a relatively high vis-
cosity on the surface of the first adhesive layer.

17. A built-in antenna comprising:

a FPCB (flexible printed circuit board) in which an antenna
pattern formed;

a ferrite sheet that is stacked on the FPCB; and

an electromagnetic wave shielding sheet that is laminated
on the ferrite sheet,

wherein the electromagnetic wave shielding sheet of claim
1.

18. The built-in antenna according to claim 17, wherein a
first double-sided tape is attached on one surface of the FPCB,
and a second double-sided tape is attached between the FPCB
and the ferrite sheet.



