0-7/019261 A1 |0 00 00O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T O O

International Bureau

(43) International Publication Date
15 February 2007 (15.02.2007)

(10) International Publication Number

WO 2007/019261 Al

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/US2006/030352

(22) International Filing Date: 3 August 2006 (03.08.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10-2005-0071620 5 August 2005 (05.08.2005) KR

(71) Applicant (for all designated States except US): 3M IN-
NOVATIVE PROPERTIES COMPANY [US/US]; 3M
Center, Post Office Box 33427, Saint Paul, MN 55133-
3427 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KIM, You-Hoon
[KR/KR]; 22nd Floor Daehan Investment Trust Bldg.,
27-3, Yoido-dong, Seoul 150-010 (KR). MOON, Sungpil
[KR/KR]; 22nd Floor Daehan Investment Trust Bldg.,
27-3, Yoido-dong, Seoul 150-010 (KR).

(74) Agents: HARTS, Dean, M. et al.; 3M Center, Office of In-
tellectual Property Counsel, Post Office Box 33427, Saint
Paul, MN 55133-3427 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KZ, LA, LC, LK, LR, LS, LT, LU,
LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG,
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: HEAT-TRANSFERRING ADHESIVE TAPE WITH IMPROVED FUNCTIONALITY

& (57) Abstract: Disclosed is an adhesive tape including a first adhesive layer and a second adhesive layer. More particularly, the first
adhesive layer has a porous structure and contains a heat conductive filler, and the second adhesive layer has a non-porous structure
and contains at least one filler selected from the group consisting of a heat conductive filler, an electromagnetic wave shielding
filler and an electromagnetic wave absorbing filler. The adhesive tape may be applied to electronic products, especially to electronic
products requiring a large area of adhesion, such as a plasma display panel (PDP).



10

15

20

25

WO 2007/019261 PCT/US2006/030352

HEAT-TRANSFERRING ADHESIVE TAPE
WITH IMPROVED FUNCTIONALITY

Technical Field
The present invention relates to an adhesive tape including a first adhesive layer
and a second adhesive layer, wherein the first adhesive layer has a porous structure and

contains a heat conductive filler, and the second adhesive layer has a non-porous structure.

Background Art

In general, most electronic products including display devices include a
combination of several different materials. Also, various adhesives having different levels
of thickness and different characteristics have been used to assemble such electronic
products so that the materials can perform their functions smoothly. An adhesive applied
to electronic products is required to have not only a function of bonding heterogeneous
materials but also heat conductivity, electromagnetic wave shielding property
(electroconductivity) or electromagnetic wave absorbing property so that the materials to
be bonded with each other can perform their unique functions satisfactorily.

To satisfy the above requirements, the adhesive may include various kinds of
fillers. For example, a heat conductive filler, an electromagnetic wave shielding filler or an
electromagnetic wave al_)sorbing filler may be used. However, use of such fillers in the
adhesive causes a problem of degradation in the adhesion level of the adhesive.

In order to improve the adhesion of the adhesive, and to ensure the adhesion area
of the adhesive when a large area of adhesion is required, it is necessary to improve the
wettability of the adhesive.

The methods of improving the wettability of an adhesive include forming a
porous structure inside the adhesive. For example, a foamable filler (a foaming agent) is

added to the adhesive and then the adhesive is foamed during the fabrication thereof. By
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doing so, pores are formed in the adhesive upon the foaming, and the pores increase the
softness of the adhesive, and also increase the wettability of the adhesive. As a result,
when the adhesive is pressurized to perform adhesion after applying the adhesive, the
adhesive has improved dispersibility, and shows an excellent close adhesion property even
to an irregular surface, thereby increasing the adhesion area.

However, when pores are formed in the adhesive in order to improve the
wettability as described above, the resultant adhesive shows a dfop in the heat
conductivity, electroconductivity, or the like, and causes degradation in the
electromagnetic wave shielding property or electromagnetic wave absorbing property, due
to the porous structure formed in the adhesive. As a result, even if fillers such as heat
conductive fillers, electroconductive fillers or electromagnetic wave shielding fillers are
added to the adhesive, it is not possible to improve the heat conductivity,
electroconductivity, electromagnetic wave shielding property or electromagnetic wave
absorbing property of the.adhesive due to the presence of the aforementioned porous

structure.

Summary

Therefore, the present invention has been made in view of the above-mentioned
problems. The inventors of the present invention have conducted studies to provide an
adhesive having excellent heat conductivity, electroconductivity, electromagnetic wave
shielding property or electromagnetic wave absorbing property, while maintaining
excellent wettability and adhesion strength. As a result, the inventors of the present
invention have found that a multilayer adhesive including several layers having different
functions can provide the above characteristics. The present invention is based on this
finding.

Therefore, it is an object of the present invention to provide an adhesive having

excellent heat conductivity, electroconductivity, electromagnetic wave shielding property
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or electromagnetic wave absorbing property, while maintaining excellent wettability and
adhesion strength.

It is another object of the present invention to provide an adhesive tape having
multiple adhesive layers.

It is still another object of the present invention to provide a met‘hod for preparing
the above adhesive tape.

According to an aspect of the present invention, there is provided an adhesive tape
including: a first adhesive layer formed of a porous structured adhesive polymer resin and
containing a heat conductive filler; and a second adhesive layer formed of a non-porous
structured adhesive polymer resin and containing at least one filler.

. Preferably, the second adhesive layer includes at least one filler selected from the
group consisting of a heat conductive filler, an electromagnetic wave shielding filler and
an electromagnetic wave absorbing filler.

In the adhesive tape according to the present invention, the first adhesive layer
mainly serves to impart adhesive property and heat conductivity to the adhesive tape,
while the second adhesive layer containing a specific functional filler serves to impart heat
conductivity, electromagnetic wave shielding prope1)'ty or electromagnetic wave absorbing
property to the adhesive tape.

In general, electromagnetic wave shielding property of an adhesive tape is
accomplished by electroconductivity of the adhesive tape. Hence, as used herein, the term
“electromagnetic wave shielding property” also includes electroconductivity. Additionally,
as used herein, the term “electromagnetic wave shielding filler” includes an
electroconductive filler.

According to another aspect of the present invention, there is provided a method
for preparing an adhesive tape including the steps of:

1) forming a first adhesive layer having a porous structure and containing a heat

conductive filler;
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1i) coating a composition for forming a second adhesive layer, containing an
adhesive polymer resin and at least one filler selected from the group consisting of a heat
conductive filler, an electromagnetic wave shielding filler and an electromagnetic wave
absorbing filler, on the first adhesive layer to provide a laminate of the first adhesive layer
with the second adhesive layer; and

1ii) curing the laminate.

According to the above method, the first adhesive layer and the second adhesive
layer in steps i) and ii) are semi-cured or non-cured syrup.

According to still another aspect of the present invention, there is provided a
method for preparing an adhesive tape including the steps of:

i) forming a first adhesive layer having a porous structure and containing a heat
conductive filler;

ii) coating a composition for forming a second adhesive layer, containing an
adhesive polymer resin and at least one filler selected from the group consisting of a heat
conductive filler, an electromagnetic wave shielding filler and an electromagnetic wave
absorbing filler, on a release sheet and curing the composi;[ion to form a second adhesive
layer; and

iii) laminating the second adhesive layer of step ii) on the first adhesive layer of
step i).

Preferably, the method further includes a step of curing the adhesive polymer
resin in step i).

Additionally, the adhesive tape may further include a primer layer 3 between the
first adhesive layer and the second adhesive layer to enhance the adhesion strength
between the first adhesive layer and the second adhesive layer.

Meanwhile, the adhesive tape may further includes an adhesion-enhancement
layer 4 in the form of a thin adhesive layer on the second adhesive layer to enhance the

adbesion strength of the second adhesive layer.
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In the above methods, the first adhesive layer and the second adhesive layer may
be laminated to each other after they are completely cured (for example, in the second
method). Otherwise, the first adhesive layer and the second adhesive layer may be
laminated to each other in a syrup state having a viscosity of about 1000 cPs to 20000 cPs
(for example, in the first method).

According to yet another aspect of the present invention, there is provided a
plasma display pane] (PDP) fabricated by using the adhesive tape. More particularly, the
present invention provides a PDP including a glass panel and a heat sink bound to each

other by way of the adhesive tape according to the present invention.

Brief Description of the Drawings

The foregoing and other objects, features and advantages of the present invention
will become more apparent from the following detailed description when taken in
conjunction with the accompanying drawings in which:

FIG. 1 is a sectional view showing an adhesive tape according to a preferred
embodiment of the present invention;

FIG. 2 is a sectional view showing an adhesive tape according to another
preferred embodiment of the present invention, the adhesive tape including a primer
layer 3 between the first adhesive layer and the second adhesive layer in order to improve
the interlayer adhesion;

FIG. 3 is a sectional view showing an adhesive tape according to still another
preferred embodiment of the present invention, the adhesive tape including an
adhesion-enhancement layer disposed on the second adhesive layer in order to improve the
adhesion strength of the second adhesive layer; |

FIGs. 4a, 4b and 4c are sectional views showing the structure of an adhésive
according to the present invention, wherein FIG. 4a illustrates an adhesive tape having

heat conductivity, FIG. 4b illustrates an adhesive tape having heat conductivity and
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electromagnetic wave shielding property, and FIG. 4c illustrates an adhesive tape having
heat conductivity and electromagnetic wave absorbing property;

F1Gs. 5a and 5b are photographic views showing the section of an adhesive tape
according to the present invention, taken by scanning electron microscopy, wherein
FIG. 5a illustrates an adhesion tape having heat conductivity, and FIG. 5b illustrates an
adhesion tape having heat conductivity and electromagnetic wave absorbing property;

FIG. 6 is a schematic view showing a step of laminating the first adhesive layer
having a porous structure with the second adhesive layer having a non-porous structure
during the manufacture of the adhesive tape according to the present invention;

FIG. 7 is a schematic view showing an embodiment of the application of the
adhesive tape according to the present invention in a step of attaching a glass panel to an
aluminum frame during a process for fabricating a PDP (plasma display panel);

FIG. 8a is a schematic view showing how electromagnetic waves are generated
and emitted (see the left side) and how electromagnetic waves are shielded (see the right
side) in a PDP, to which the adhesive tape according to the present invention is applied;

FIG. 8b is a schematic view showing how electromagnetic waves are generated
and emitted (see the left side) and how electromagnetic waves are absorbed (see the right
side) in the same PDP as shown in FIG. 8a; and

FIG. 9 is a photographic view showing an interrelation between adhesion and
wettability in an adhesive tape having a non-porous structure and in an adhesive tape

having a porous structure, when attaching a glass panel to an aluminum frame in a PDP.

Detailed Description of the Invention

Hereinafter, the present invention will be explained in more detail.

The adhesive tape according to the present invention includes a first adhesive
layer and a second adhesive layer disposed on the first adhesive layer. Each of FIGS. 1

to 3 illustrates the structure of the adhesive tape according to the present invention. FIG. 1
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is a sectional view showing the adhesive tape including a first adhesive layer 1 and a
second adhesive layer 2 disposed on one surface of the first adhesive layer. FIG. 2 is a
sectional view showing the adhesive tape including a first adhesive Iayer, a second
adhesive layer, and a primer layer 3 disposed between the first adhesive layer and the
second adhesive layer in order to improve the interlayer adhesion strength. Meanwhile,
FIG. 3 is a sectional view showing the adhesive tape including a first adhesive layer, a
second adhesive layer, and an adhesion-enhancement layer 4 disposed on the second
adhesive layer in order to improve the adhesion strength of the second adhesive layer.

The primers that may be used to form the primer layer 3 include a polyurethane
resin, a polyacrylate resin, a polyolefin chloride resin and a polyamide resin, and a
polyamide resin is preferred. The primer layer may have a thickness of about 0.1 to about
50um, preferably about 0.5 to about10 um. |

Meanwhile, the adhesion-enhancement layer 4 formed on the second adhesive
layer to enhance the adhesion strength of the second adhesive layer is formed of an
adhesive polymer resin containing no fillers so as to maximize the adhesion strength.
Preferably, the adhesion-enhancement layer may be formed of an acrylic adhesive resin.
The adhesion-enhancement layer may have a thickness of about 10 to about 50 pm.

In the adhesive tape according to the present invention, the first adhesive layer has
a porous structure in order to improve the adhesive property and wettability of the
adhesive tape. To provide the first adhesive layer with a porous structure during the
preparation thereof, the method according to the present invention may further include a
mechanical frothing step carried out by injecting air, CO; or N, gas. Due to the porous
structure, the first adhesive layer has an increased wettability and softness, and thus can be
adhered more closely to various surfaces, including rough surfaces. Additionally, the first
adhesive layer also has an improved vibration absorbing property. Meanwhile, a heat

conductive filler is used in the first adhesive layer. The heat conductive filler permits the
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first adhesive layer to show heat conductivity. Such a heat conductive property is effective
for heat transfer or heat emission in electronic products.

The first adhesive layer may further include any other functional additives as long
as they have no adverse effects on the operation of a product comprising various members
assembled by the adhesive tape. Non-limiting examples of the additives include a flame
retardant, an antistatic agent, a porosity imparting agent, a pigment, an antioxidant, a UV
stabilizer, a dispersant, a thickening agent, a plasticizer, a tackifying resin, a binder, a
glazing agent, a surfactant, or the like.

According to an embodiment of the present invention, the first adhesive layer may
be formed of a heat conductive pressure-sensitive adhesive obtained by mixing an acrylic
resin with a heat conductive filler and curing the mixture.

The first adhesive layer may have a density of about 0.5 to about 1.5, preferably
about 0.8 to about 1.2. Additionally, the first adhesive layer preferably has a hardness of
about 20 to about 35 as measured by Asker C. Further, the first adhesive layer has a pore
volume of about 20 to about 50%, preferably about 30 to about 40%.

In the adhesive tape according to the present invention, the first adhesive layer
imparts fundamental physical properties, including adhesion strength, adhesion
maintenance, flexibility and heat conductivity, to the adhesive tape, while the second
adhesive layer imparts a certain functionality to the adhesive tape.

The second adhesive layer forming the adhesive tape according to the present
invention has a non-porous structure. In other words, unlike the first adhesive layer, the
second adhesive layer is not subjected to a step of forming a porous structure during the
preparation thereof.

The second adhesive layer includes at least one functional filler in order to
improve the quality of a product to which the adhesive tape according to the present
invention is applied. Such fillers include a heat conductive filler, an electromagnetic wave

shielding filler and an electromagnetic wave absorbing filler. In addition to the fillers, the
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second adhesive layer may further include other additives, such as a flame retardant, an
antistatic agent, a porosity imparting agent, a pigment, an antioxidant, a UV stabilizer, a
dispersant, a thickening agent, a plasticizer, a tackifying resin, a binder, a glazing agent, a
surfactant, or the like.

According to an embodiment of the present invention, similar to the first adhesive
layer, the second adhesive layer may be formed of an adhesive obtained by mixing an
acrylic resin with the filler.

There is no particular limitation in the kind of the adhesive polymer resin for
forming the first adhesive layer and the second adhesive layer, and any resin, currently
used as an adhesive in the art, can be used. Particular examples of the adhesive polymer
resin that may be used include silicone, acrylic or urethane adhesive polymer resins.
Acrylic resins are preferred.

More particularly, one example of the acrylic resin includes a polymer obtained
by copolymerization of a C1 to C12 alkyl methacrylate monomer with a polar comonomer
copolymerizable with the monomer.

Non-limiting examples of the (meth)acrylate monomer include butyl
(meth)acrylate, hexyl (meth)acrylate, n-octyl (meth)acrylate, isooctyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, isononyl (meth)acrylate, or the like.

Non-limiting examples of the polar comonomer coplymerizable with the
(meth)acrylate monomer include carboxyl group-containing monomers such as
(meth)acrylic acid, maleie acid or fumaric acid, and nitrogen-containing monomers such
as acrylamide, N-vinyl pyrrolidone or N-vinyl caprolactame. Such polar comonomers
function to impart a cohesive force to the adhesive tape and to improve the adhesion
strength of the adhesive tape.

In the adhesive polymer resin, there is no particular limitation in the ratio of the
(meth)acrylate monomer to the polar comonomer. However, the (meth)acrylate monomer

and the polar comonomer are used generally in a weight ratio of about 99 to about 80:1 to

9.



10

15

20

25

WO 2007/019261 PCT/US2006/030352

about 20. The acrylic resin can provide an adhesion strength required to be used as an
adhesive in the above range.

Examples of the heat conductive filler that may be used in the present invention
include metal oxides, metal hydroxides, metal nitrides, metal carbides, boron compounds,
graphite, or the like. Particular examples of the heat conductive filler include Al(OH)s,
graphite, BN, Al,Os, silicon carbide, sendust (Al 6 wt%-Si 9 wi%-Fe 85 Wwt%), or a
mixture thereof. However, heat conductive fillers that may be used in the present invention
are not limited to the above examples. Particularly, graphite has an excellent surface
diffusion property and surface heat transfer property due to its characteristic structure.
Thus, graphite can provide an excellent effect when it is mixed with other heat conductive
fillers.

The electromagnetic wave shielding filler that may be used in the present
invention includes an electroconductive filler, and particular examples thereof include
metal powder, metal alloy powder, metal-coated graphite, metal fiber, or the like. The
fillers may be used alone or in combination. As the metal component of the fillers, nickel
may be used, particularly in the form of nickel powder or nickel-coated graphite,

The electromagnetic wave absorbing filler that may be used in the present
invention includes metal powder, metal alloy powder, magnetic alloy, magnetic powder,
carbonyl-iron powder, ferrite or iron-silicide. Particular examples of the electromagnetic
wave absorbing filler include MPP Core (Mo02%-Ni81%-Fel7%), HiFlux Core
(Ni48%-Fe52%), Sendust Core (A16%-Si9%-Fe85%), Iron core(Fel00%), or the like. The
electromagnetic wave absorbing fillers may be used alone or in combination.

The electromagnetic wave absorbing filler is distinguished from the
electromagnetic wave shielding filler by the fact that the former absorbs electromagnetic
waves to convert them into a different form of energy, such as heat, while the latter allows

electromagnetic waves to flow to a different direction.
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According to the present invention, the filler may be used in an amount of about
10 to about 200 parts by weight based on 100 parts by weight of the adhesive polymer
resin. If the filler is used in an amount less than 10 parts by weight, it is not possible to
provide heat conductivity, electroconductivity, or electromagnetic wave shielding or
absorbing property sufficiently. Meanwhile, if the filler is used in an amount greater than
200 parts by weight, the adhesive layer shows an increased level of hardness, a decreased
level of adhesion and a reduced wettability to a substrate, resulting in a drop in the contact
area of the adhesive tape. Although the fillers are not totally the same in the first adhesive
layer and in the second adhesive layer in terms of kinds of fillers and amounts of fillers,
the fillers are preferably used in an amount of about 20 to about 150 parts by weight based
on 100 parts by weight of the adhesive polymer resin, each in the first adhesive layer and
the second adhesive layer.

Meanwhile, the fillers preferably have a particle diameter of about 1 to about
100 pm. If the fillers have a particle diameter less than 1 pm, the fillers may fly in the
work environment and may form agglomerates in the adhesive layer, thereby decreasing
workability and showing a low adhesion strength. Meanwhile, if the fillers have a particle
diameter greater than 100 pm, they may cause a drop in the adhesion due to the presence
of large particles in the adhesive.

Although there is no particular limitation in the thickness of the adhesive tape, the
adhesive tape preferably has a thickness of about 0.2mm to about 2.5mm. If the adhesive
tape has a thickness less than 0.2mm, the adhesive tape shows a low contact area, and thus
cannot provide a heat transfer effect between a heater and a heat transferring sheet or an
electromagnetic wave shielding or absorbing effect sufficiently. If the adhesive tape has a
thickness greater than 2.5mm, the adhesive tape needs a longer period of time to carry out
heat transfer. Preferably, the adhesive tape does not have a large thickness more than
needs, as long as it shows a desired level of adhesion strength, heat conductivity,

electroconductivity or electromagnetic wave shielding property.
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If the adhesive tape is too thin, it shows a low adhesion strength. In this case, there
is difficulty in producing an adhesive tape having a uniform thickness. On the other hand,
if the adhesive tape is too thick, it may not be applied to a target product because the
adhesive tape is away from the thickness range acceptable by the product, causes
degradation in the quality, such as heat conductivity, and increases the cost needed for
manufacturing the product due to the use of an increased amount of materials for forming
the adhesive tape.

According to a preferred embodiment of the present invention, the first adhesive
layer has a thickness of about 0.1 to about 2.0mm, while the second adhesive layer has a
thickness of about 0.1 to about 1.0mm. According to another preferred embodiment of the
present invention, the first adhesive layer has a thickness corresponding of about 1 to
about 2.5 times of the thickness of the second adhesive layer. Preferably, the first adhesive
layer having a porous structure is thicker than the second adhesive layer having a non-
porous structure, considering adhesion efficiency and functionality.

Hereinafter, the method for preparing the adhesive tape according to the present
invention will be explained in more detail.

In one embodiment of the method, a first adhesive layer and a second adhesive
layer are provided separately, each in the form of non-cured or semi-cured syrup, and then
both adhesive layers are laminated and cured completely.

More particularly, the adhesive tape according to the present invention may be
prepared by the method including the steps of:

i) forming a first adhesive layer having a porous structure and containing a heat
conductive filler;

ii) coating a composition for forming a second adhesive layer, containing an
adhesive polymer resin and at least one filler selected from the group consisting of a heat

conductive filler, an electromagnetic wave shielding filler and an electromagnetic wave
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absorbing filler, on the first adhesive layer to provide a laminate of the first adhesive layer
with the second adhesive layer; and

1il) curing the laminate.

Accgrding to the above method, the non-cured second adhesive composition is
coated onto the first adhesive layer before it is cured. Therefore, during the curing, a part
of low-molecular weight materials present in the non-cured second adhesive composition
diffuse into the surface layer of the first adhesive layer. As a result, after the completion of
the curing, a network (crosslinked) structure is formed in the interface between the first
adhesive layer and the second adhesive layer. Due to the aforementioned mechariism,
excellent interlayer adhesion strength can be obtained between the first adhesive layer and
the second adhesive layer without a separate primer layer for enhancing the adhesion
between the first adhesive layer and the second adhesive layer. Therefore, the adhesive
tape obtained by the above method causes no interfacial separation between the first
adhesive layer and the second adhesive layer after it is subjected to a high-temperature
maintenance test.

Meanwhile, an adhesion-enhancement layer 4, which is a thin adhesive layer,
may be further laminated on the second adhesive layer in order to enhance the adhesion
strength of the second adhesive layer (see FIG. 3).

In another embodiment of the method for preparing the adhesive tape according
to the present invention, the first adhesive layer and the second adhesive layer are formed
and cured separately, and then both layers are laminated.

More particularly, the adhesive tape according to the present invention can be
obtained by the method including the steps of:

1) forming a first adhesive layer having a porous structure and containing a heat
conductive filler;

ii) coating a composition for forming a second adhesive layer, containing an

adhesive polymer resin and at least one filler selected from the group consisting of a heat
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iconductive filler, an electromagnetic wave shielding filler and an electromagnetic wave
absorbing filler, on a release sheet and curing the composition to form a second adhesive
layer; and

iii) laminating the second adhesive layer of step ii) on the first adhesive layer of
step 1i).

Preferably, the method further includes a step of curing the adhesive polymer
resin in step i).

Preferred examples of the release sheet that may be used in the above method
include plastic release films, release paper, non-woven cloth, glass and metals, and a
polyethylene terephthalate (PET) release film is more preferred.

Meanwhile, the method may further include a step of laminating a primer layer 3
between the first adhesive layer and the second adhesive layer in order to enhance the
interlayer adhesion strength, so that the first adhesive layer and the second adhesive layer
can be laminated with the primer layer interposed between both adhesive layers (see
FIG. 2).

The primer that may be used to form the primer layer include a polyurethane
resin, a polyacrylate resin, a polyolefin chloride resin or a polyamide resin, a polyamide
resin being preferred. The primer layer has a thickness of about 0.1 to about 50 pm,
preferably about 0.5 to about 10 um.

To form the primer layer, a roll coating process or a die coating process may be
used. According to an embodiment of the present invention, the primer layer is coated
onto the second adhesive layer via a roll coating process and then the primer layer-coated
second adhesive layer is laminated with the first adhesive layer (FIG. 2).

In the same manner as described above, an adhesion-enhancement layer 4, which
is a separate thin adhesive layer, may be further laminated on the second adhesive layer in

order to enhance the adhesion strength of the second adhesive layer (FIG. 3):
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Meanwhile, any curing processes generally known to those skilled in the art,
including heat curing or UV curing processes, may be applied to the present invention.
Since the characteristics of an adhesion tape and those of each layer forming the adhesive
tape depend on the curing process used to manufacture the adhesion tape, a suitable curing
process is preferably selected considering the type of the product to which the adhesive
tape is applied and physical properties needed for the product.

For example, a heat curing process using a solvent permits production of a thin
adhesion pad, while a UV curing process using no solvent is environmentally-friendly.

The adhesive polymer resin forming the adhesive tape according to the present
invention may be prepared by a conventional method for preparing a polymer adhesive.

In general, the adhesive polymer resin is formed by the polymerization of
monomers. Particularly, monomers for forming the adhesive polymer resin are mixed with
fillers for imparting desired physical properties to the adhesive tape according to the
present invention, additives are added, if necessary, and then the monomers are
polymerized to form the first adhesive layer and the second adhesive layer. Then, both
adhesive layers are laminated, before or after they are cured, to provide the adhesive tape.
It is a matter of course that a polymerization initiator, a crosslinking agent, etc. may be
further added during the preparation of the adhesive composition.

Preferably, in order to allow the fillers and other additives to be dispersed
uniformly into the adhesive composition, the monomers for forming the adhesive polymer
resin are prepolymerized to provide syrup, the fillers and other additive are added to the
syrup, and the reaction mixture is agitated uniformly and then polymerized.

According to an embodiment of the present invention, monomers are partially
polymerized by way of radical polymerization using a photoinitiator to provide non-cured
or semi-cured syrup having a viscosity of about 1000 to about 20,000 cPs, and the fillers

and other additives are added to the syrup to form the first adhesive layer and the second
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adhesive layer. Then, the first adhesive layer and the second adhesive layer are laminated,
before or after they are cured, to provide the adhesive tape.

To form the first adhesive layer, a step of forming a porous structure is required.
The porous structure-forming step is also carried out after forming non-cured or semi-
cured syrup having a viscosity of about 1000 to about 20,000 cPs. In other words, the heat
conductive filler is mixed with the syrup having a viscosity of about 1000 to about
20,000 cPs, and then the mixture is subjected to a mechanical frothing process including
injection of air, CO, or N gas, thereby forming a porous structure.

Any polymerization processes generally known to those skilled in the art may be
used to prepare the adhesive tape according to the present invention with no particular
limitation, and particular examples of such processes include radical polymerization,
solution polymerization, emulsion polymerization, suspension polymerization,
photopolymerization and bulk polymerization. According to a preferred embodiment of
the present invention, a photopolymerization process using a photoinitiator may be used.

It is possible to control the adhesive property of the adhesive tape according to
the preparation by using a crosslinking agent during the manufacture of the adhesive tape.
Preferably, the crosslinking agent is used in an amount of about 0.05 to about 5 parts by
weight based on 100 parts by weight of the adhesive polymer resin. Particular examples of
the crosslinking that may be used in the present invention include, but are not limited to
multi-functional acrylates, including monomer type crosslinking agents such as
1,6-hexanediol diacrylate, trimethylolpropane triacrylate, pentaerythritol triacrylate,
1,2-ethyleneglycol diacrylate and 1,12-dodecanediol acrylate.

When a photoinitiator is used during the manufacture of the adhesive tape
according to the present invention, it is possible to control the polymerization degree of
the adhesive polymer resin by adjusting the amount of the photoinitiator. Preferably, the
photoinitiator is used in an amount of about 0.01 to about 5 parts by weight based on 100

parts by weight of the adhesive polymer resin. Particular examples of the photoinitiator
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that may be used in the present invention include, but are not limited to 2,4,6-
trimethylbenzoyldiphenyl phosphine oxide, bis(2,4,6-trimethylbenzoyl)phenyl phosphine
oxide, o,a-methoxy-ohydroxyacetophenone, 2-benzoyl-2-(dimethylamino)-1-[4-(4-
morphonyl)phenyl]-1-butanone, 2,2-dimethoxy-2-phenyl acetophenone, or the like.

The adhesive tape according to the present invention may further include other
additives such as a pigment, an antioxidant, a UV stabilizer, a dispersant, a thickening
agent, a plasticizer, a tackifying resin, a binder, or a glazing agent, as long as the additives
have no adverse effects on the desired effect of the present invention.

The adhesive tape according to the present invention may be applied desirably to
the fabrication of a PDP (plasma display panel). In other words, a PDP may be fabricated
by attaching a heat sink to a glass panel by using the adhesive tape according to the
present invention. As the heat sink, an aluminum heat sink is generally used.

Preferably, adhesion of the heat sink to the glass panel is performed in such a
manner that the first adhesive layer and the second adhesive layer of the adhesive tape face
to a glass panel and to a heat sink, respectively, in order to carry out the adhesion more
efficiently. The glass panel, which is in contact with the first adhesive layer having
excellent heat conductivity and wettability, serves to improve heat discharge
characteristics and adhesion strength. Additionally, the heat sink, which is in contact with
the second adhesive layer containing a heat conductive filler, an electromagnetic wave
shielding filler or an electromagnetic wave absorbing filler, serves to reduce the effects of

heat or electromagnetic waves.

Preferred Embodiments of the Invention
Reference will now be made in detail to the preferred embodiments of the present
invention. It is to be understood that the following examples are illustrative only and the

present invention is not limited thereto.
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In the following description, the weight of a material is expressed by the term
“part,” which means a relative weight based on the weight of the adhesive polymer resin

taken as 100.

Example 1

1) Preparation of Partially Polymerized Mixture

First, 95 parts (parts by weight based on 100 parts by weight of the adhesive
polymer resin; the same shall apply hereinafter) of 2-ethylhexyl acrylate and 5 parts of
acrylic acid as a polar comonomer were partially polymerized by using UV rays to obtain
syrup having a viscosity of 3000 cPs. Next, 100 parts of the syrup were thoroughly mixed
with 0.2 parts of a,0-methoxy-o-hydroxyacetophenone as a photoinitiator and 0.65 parts of
1,6-hexanediol diacrylate (HDDA) as a crosslinking agent, and the mixture was agitated
sufficiently.

2) Preparation of First Adhesive Layer

The mixture obtained as described above was divided into two portions, one of
which was mixed with 80 parts of aluminum trihydroxide (AI(OH);3) having a particle
diameéter of 20 um as a heat conductive filler. Then, N, gas was injected to the mixture
and the mixture was subjected to a porous structure-forming (frothing) process by way of
high-speed agitation. Then, the resultant mixture was applied on a release sheet to a
thickness of 1 mm, thereby providing a first adhesive layer.

3) Preparation of Second Adhesive Layer

The partially polymerized mixture obtained in step 1) was mixed with 150 parts
of aluminum trihydroxide (Al(OH)3) as a heat conductive filler. Then, the mixture was
thoroughly agitated to a uniform state, and debubbled under reduced pressure by using a
vacuum pump. The resultant mixture was coated on the first adhesive layer via a roll

coating process to a thickness of 0.5mm to form a second adhesive layer (see FIG. 6). At
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this time, the second adhesive layer was covered with a polyester film so as to interrupt
oxygen.

4) Curin

To the laminate of the first adhesive layer with the second adhesive layer
obtained from step 3), UV rays with an intensity of about 1 mW/em? were irradiated by
using a UV lamp for 5 minutes to cure the laminate, thereby providing an adhesive tape

according to the present invention.

Comparative Examples 1 and 2

The adhesive sheet according to Comparative Example 1 was obtained by
forming the adhesivp for forming the first adhesive le;yer in Example 1 into a sheet-like
adhesive having a thickness of 1.5mm. The adhesive sheet according to Comparative
Example 2 was obtained by forming the adhesive for forming the second adhesive layer

into a sheet-like adhesive having a thickness of 1.5mm.

Example 2

An adhesive tape was obtained in the same manner as Example 1, except that
carbonyl-iron powder having a particle diameter of 50 pm was used as an electromagnetic
wave absorbing filler instead of aluminum trihydroxide (Al(OH)s) as a heat conductive

filler, in order to prepare the second adhesive layer.

Comparative Example 3
The adhesive sheet according to Comparative Example 3 was obtained by
forming the adhesive for forming the second adhesive layer in Example 2 into a sheet-like

adhesive having a thickness of 1.5mm.
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Example 3

An adhesive tape was obtained in the same manner as Example 1, except that
nickel-coated graphite having a particle diameter of 50 um was used as an electromagnetic
wave shielding filler instead of aluminum trihydroxide (AI(OH);) as a heat conductive

filler, in order to prepare the second adhesive layer.

Comparative Example 4

The adhesive sheet according to Comparative Example 4 was obtained by
forming the adhesive for forming the second adhesive layer in Example 3 into a sheet-like
adhesive having a thickness of 1.5mm.

The following Table 1 shows the materials used in the above Examples and

Comparative Examples.

Table 1
Heat Porous structure Functional
conductive . Structure
forming agent filler
filler
Ex. 1 Al(OH);3 N, bubble Al(OH);3 Bilayer
Comp. Ex. 1 Al(OH); N, bubble - Monolayer
Comp. Ex. 2 - - Al(OH); Monolayer
Carbonyl-iron .
Ex.2 Al(OH); N, bubble powder Bilayer
Comp. Ex. 3 - - Carbonyl-iron Monolayer
powder
Nickel-coated .
Ex.3 Al(OH); N, bubble oraphite Bilayer
Nickel-coated
Comp. Ex. 4 - - oraphite Monolayer
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Each of the adhesive tapes according to Examples 1 to 3 and Comparative

Examples 1 to 4 was measured for its heat conductivity, wettability, electromagnetic wave

absorbing property and surface resistance. The results are shown in the following Table 2.

Table 2
Heat Electromagnetic | Electromagnetic
. . Wettability | wave absorbing wave shielding
conductivity 0
(W/mK) (%) property property
dB at 300MHz Q/o

Ex. 1 0.554 63.2 0 1.42x10"
Comp. Ex. 1 0.372 64.4 0 3.48x10™
Comp. Ex. 2 0.658 29.5 0 4.83x10"
Ex. 2 0.403 63.2 0.15 6.86x10"°
Comp. Ex. 3 0.412 8.5 0.20 1.48x10'0
Ex. 3 0.413 79 0.03 1.42x10%
Comp. Ex. 4 0.408 12 0.05 4.75x10°

As shown in Table 2, all of the adhesive tapes according to the present invention

show excellent wettability. Because the second adhesive layer of the adhesive tape

according to the present invention contain a functional filler, the adhesive tape shows

excellent heat conductivity (Ex. 1) and electromagnetic wave absorbing property (Ex. 2),

in addition to excellent wettability. In general, electromagnetic wave shielding property

can be evaluated in terms of surface resistance. As the surface resistance decreases,

electromagnetic wave shielding property increases. The adhesive tape according to the

present invention, in particular the adhesive tape according to Example 3, which is
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provided to improve the electromagnetic wave shielding property, shows a low surface
resistance while it contains a porous structured layer (first adhesive layer), and thus

provides excellent electromagnetic wave shielding property.

Industrial Applicability

As can be seen from the foregoing, the adhesive tape according to the present
invention includes a laminate of a first adhesive layer having a porous structure and
showing heat conductivity with a second adhesive layer having a desired functionality.
The first adhesive layer imparts wettability as well as heat conductivity to the adhesive
tape, so that the adhesive tape can provide excellent adhesive property and workability.
The second adhesive layer imparts heat conductivity, electromagnetic wave shielding
property and electromagnetic wave absorbing property to the adhesive tape. Therefore, the
adhesive tape according to the present invention may be useful for the manufacture of
electronic products, such as a plasma display panel, requiring an adhesive having
electromagnetic wave-related functionalities in addition to heat conductivity and adhesive
property.

While this invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be understood that
the invention is not limited to the disclosed embodiment and the drawings. On the
contrary, it is intended to cover various modifications and variations within the spirit and

scope of the appended claims.
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Claims
1. An adhesive tape comprising:
a first adhesive layer formed of a porous structured adhesive polymer
resin and containing heat conductive filler; and
a second adhesive layer formed of a non-porous structured adhesive

polymer resin and containing at least one filler.

2. The adhesive tape according to claim 1, which further comprises a
primer layer between the first adhesive layer and the second adhesive layer to enhance

adhesion strength between the first adhesive layer and the second adhesive layer.

3. The adhesive tape according to claim 2, wherein the primer layer is
formed of a resin selected from the group consisting of a polyurethane resin, a

polyacrylate resin, a polyolefin chloride resin and a polyamide resin.

4. The adhesive tape according to claim 1, which further comprises an
adhesion-enhancement layer on the second adhesive layer to enhance adhesion strength of

the second adhesive layer.

5. The adhesive tape according to claim 4, wherein the adhesion-
enhancement layer is an adhesive layer formed of an acrylic adhesive resin and having a

thickness of 10 to 50 um.
6. The adhesive tape according to claim 1, wherein the porous structure of

the first adhesive layer is structured by bubbles formed of at least one gas selected from

the group consisting of air, N, and CO,.
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7. The adhesive tape according to claim 1, wherein the second adhesive
layer contains at least one filler selected from the group consisting of a heat conductive
filler, an electromagnetic wave shielding filler and an electromagnetic wave absorbing

filler.

8. The adhesive tape according to claim 7, wherein the heat conductive
filler is selected from the group consisting of metal oxides, metal hydroxides, metal

nitrides, metal carbides, boron compounds, graphite, silicon carbide and sendust.

0. The adhesive tape according to claim 7, wherein the electromagnetic
wave shielding filler is selected from the group consisting of metal powder, metal alloy

powder, metal coated graphite and metal fiber.

10. The adhesive tape according to claim 7, wherein the electromagnetic
wave absorbing filler is selected from the group consisting of metal powder, metal alloy
powder, magnetic alloy powder, magnetic powder, carbonyl-iron powder, ferrite, iron-

silicide and sendust.
11. The adhesive tape according to claim 1, wherein the filler is contained in
the first adhesive layer and the second adhesive layer in an amount of 10 to 200 parts by

weight based on 100 parts by weight of the adhesive polymer resin.

12. The adhesive tape according to claim 1, wherein the filler has a particle

diameter of 1 to 100 um.
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13. The adhesive tape according to claim 1, wherein the adhesive polymer
resin is selected from the group consisting of a silicon-based resin, an acrylic resin and an

urethane-based resin.

14. The adhesive tape according to claim 1, wherein the first adhesive layer
has a thickness of 0.1 to 2.0 mm and the second adhesive layer has a thickness of 0.1 to

1.0 mm.

15. A method for preparing an adhesive tape comprising the steps of:

i) forming a first adhesive layer having a porous structure and containing
a heat conductive filler;

ii) forming a second adhesive layer, containing an adhesive polymer
resin and at least one filler selected from the group consisting of a heat conductive filler,
an electromagnetic wave shielding filler and an electromagnetic wave absorbing filler, on
the first adhesive layer to form a laminate of the first adhesive layer wifth the second
adhesive layer; and

1ii) curing the laminate.

16. The method according to claim 15, wherein the first adhesive layer of
step 1) and the second adhesive layer of step i) are in a state of syrup with a viscosity of

1000 to 20000 cPs.

17. A method for preparing an adhesive tape comprising the steps of:
i) forming a first adhesive layer having a porous structure and containing
a heat conductive filler;
ii) coating a composition for forming a second adhesive layer, containing

an adhesive polymer resin and at least one filler selected from the group consisting of a
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heat conductive filler, an electromagnetic wave shielding filler and an electromagnetic
wave absorbing filler, on a release tape, and curing the composition to form a second
adhesive layer; and

iii) laminating the second adhesive layer of step ii) on the first adhesive

layer of step 1).

18. The method according to claim 17, which further comprises a step of

curing the adhesive polymer resin in step 1).

19. The method according to claim 17, which further comprises a step of
coating a primer layer on the second adhesive layer after step ii), so that the first adhesive
layer and the second adhesive layer are laminated to each other with the primer layer

interposed between both layers.

20. The method according to any one of claims 15 to 19, which further
comprises a step of laminating an adhesion-enhancement layer on the second adhesive

layer to enhance adhesion strength of the second adhesive layer.

21. A PDP (plasma display panel) comprising a glass panel and a heat sink,
wherein the glass panel and the heat sink are adhered to each other by the adhesive tape as

defined in any one of claims 1 to 14.

22. The PDP according to claim 21, wherein the adhesive tape is placed in

such a manner that the first adhesive layer of the adhesive tape faces to the glass panel and

the second layer of the adhesive tape faces to the heat sink.
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