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COVER FILM 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present disclosure relates to a cover film, and 
more particularly, to a cover film with an electromagnetic 
shielding property. 
0003 2. Description of Related Art 
0004 Recently, it has become a trend to develop in small 
consumer electronics with compact size, lightweight as well 
as degrees of freedom. Therefore, flexible printed circuit 
boards (FPCB) are utilized in smart phone and touch panel 
due to the characteristics of light weight, thinness, high 
degrees of freedom and flexibility. 
0005. In order to properly operate with high speed trans 
mission of signals, wirings are designed to be more aggre 
gated Such that the spacing between two adjacent wires is 
smaller. However, the problem of electromagnetic interfer 
ence would get worse due to the decreased spacing, the higher 
operating frequency, and the unreasonable circuit arrange 
ment. 

0006. In some designs, an electromagnetic shielding layer 
is added on a cover film or a solder resist which is attached on 
a circuit board by glue for shielding electromagnetic interfer 
ence from outside or internal signal noises. Nevertheless, the 
process is more complex and time-consuming, and results in 
lack of protection for the electromagnetic shielding layer. 
Therefore, there is a need to develop a thinner cover film for 
shielding electromagnetic interference. 

SUMMARY OF THE INVENTION 

0007. The present disclosure provides a cover film, com 
prising a conductive adhesive layer, an electromagnetic 
shielding layer formed on the conductive adhesive layer, and 
an insulating layer formed on the electromagnetic shielding 
layer, wherein the electromagnetic shielding layer has a 
thickness of from 0.01 to 25 micrometers. 
0008. In one preferable embodiment, the thickness of the 
electromagnetic shielding layer is from 0.01 to 1.5 microme 
terS. 

0009. In an embodiment, a thickness of the insulating 
layer is between 3 to 75 micrometers. 
0010. In an embodiment, the insulating layer comprises a 

first polymer and an additive dispersed in the first polymer, 
wherein a content of the additive is between 3 wt % to 15 wt 
% of the insulating layer, and wherein the first polymer is at 
least one selected from the group consisting of an epoxy resin, 
an acrylic resin and a combination thereof, and the additive is 
at least one selected from the group consisting of carbon 
powder, titanium dioxide, a colorant, a pigment and a com 
bination thereof. 
0011. In an embodiment, the electromagnetic shielding 
layer is made of metal or a resin containing metal powder. In 
an embodiment, the electromagnetic shielding layer is 
formed on the conductive adhesive layer by coating, vapor 
deposition or magnetron Sputtering. 
0012. In an embodiment, a thickness of the conductive 
adhesive layer is between 3 to 50 micrometers, wherein the 
conductive adhesive layer comprises a second polymer and at 
least one conductive powder dispersed in the second polymer, 
and wherein a content of the conductive powder is between 
0.5 wt % to 90 wt % of the conductive adhesive layer. In one 
preferred embodiment, the second polymer is at least one 
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selected from the group consisting of an epoxy resin, a poly 
p-Xylene resin, a bismaleimide resin, a polyimide resin, an 
acrylic resin, a urethane resin, a silicon rubber-based resin 
and a combination thereof. Preferably, the second polymer is 
an epoxy resin or an acrylic resin. 
0013. In an embodiment, the at least one conductive pow 
der is at least one selected from the group consisting of gold 
powder, silver powder, copper powder, nickel powder, alumi 
num powder, silver coated copper powder, silver coated 
nickel powder, copper-nickel alloy, iron powder, iron-based 
alloy, silver-copper alloy, tin-copper alloy, gold plated nickel 
powder, and silver plated copper powder. 
0014. In another embodiment, the cover film further com 
prises an electromagnetic absorption layer formed between 
the electromagnetic shielding layer and the insulating layer, 
wherein the electromagnetic absorption layer has a thickness 
of from 0.1 to 25 micrometers. 

0015. In an embodiment, the electromagnetic absorption 
layer comprises a third polymer and at least one magnetic 
powder dispersed in the third polymer, wherein a content of 
the at least one magnetic powder is between 50 wt % to 90 wt 
% of the electromagnetic absorption layer, and the electro 
magnetic absorption layer is formed by filling, laminating or 
coating. 
0016. In an embodiment, the at least one magnetic powder 

is at least one selected from the group consisting of iron 
oxide, iron-silicon-aluminum alloy, permalloy (iron-nickel 
alloy), and iron-silicon-chrome-nickel alloy. In one embodi 
ment, the third polymer is selected from the group consisting 
of an epoxy resin, a poly-p-Xylene resin, a bismaleimide 
resin, a polyimide resin, an acrylic resin, a urethane resin and 
a silicon rubber-based resin and a combination thereof. Pref 
erably, the third polymer is an epoxy resin oran acrylic resin. 
0017. In another embodiment, the cover film further com 
prises a release layer formed under the conductive adhesive 
layer such that the conductive adhesive layer is sandwiched 
between the electromagnetic shielding layer and the release 
layer, wherein the release layer has a thickness of from 25 to 
100 micrometers. In a preferred embodiment, the release 
layer is a polyethylene terephthalate (PET) fluorine release 
film, a PET silicone oil release film, a PET matte release film 
or a polyethylene release film. 
0018. According to the present disclosure, an overall 
thickness of the FPCB can be reduced through forming the 
thinner interposed electromagnetic shielding layer having a 
thickness of from 0.01 to 25 micrometers. Furthermore, the 
electromagnetic shielding layer can be formed by coating, 
vapor deposition or magnetron sputtering in one single pro 
cess such that the process of the cover film is simplified. 
0019. As such, the cover film of the present disclosure has 
an effect of preventing not only electromagnetic interference 
resulting from the internal signal transmission but also elec 
tromagnetic spillover by forming the electromagnetic absorp 
tion layer having a thickness of from 0.1 to 25 micrometers 
with a limited increased thickness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a cross-sectional schematic view of a cover 
film according to a first embodiment of the present disclosure; 
0021 FIG. 2 is a cross-sectional schematic view of a cover 
film according to another example of the first embodiment of 
the present disclosure; 
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0022 FIG.3 is a cross-sectional schematic view of a cover 
film according to a second embodiment of the present disclo 
Sure; and 
0023 FIG. 4 is a cross-sectional schematic view of a cover 
film according to another example of the second embodiment 
of the present disclosure. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0024. The detailed description of the present disclosure is 
illustrated by the following specific examples. Persons skilled 
in the art can conceive the other advantages and effects of the 
present disclosure based on the content contained in the 
specification of the present disclosure. It should be noted that 
all the drawings are not intended to limit the present disclo 
Sure. Various modifications and variations can be made with 
out departing from the spirit of the present disclosure. Fur 
ther, terms such as “first,” “second,” “on.” “a” etc. are merely 
for illustrative purposes and should not be construed to limit 
the scope of the present disclosure. 

First Embodiment 

0.025 FIG.1 is a cross-sectional schematic view of a cover 
film 1 of the present disclosure, comprising a conductive 
adhesive layer 11, an electromagnetic shielding layer 12 
formed on the conductive adhesive layer 11, and an insulating 
layer 13 formed on the electromagnetic shielding layer 12, 
wherein the electromagnetic shielding layer 12 has a thick 
ness of from 0.01 to 25 micrometers. 
0026. In this embodiment, the insulating layer 13 having a 
thickness of from 3 to 75 micrometers is provided. The insu 
lating layer 13 comprises a first polymer and an additive 
dispersed in the first polymer, wherein a content of the addi 
tive is between 3 wt % to 15 wt % of the insulating layer. In a 
preferred embodiment, the first polymer is at least one 
selected from the group consisting of an epoxy resin, an 
acrylic resin and a combination thereof. 
0027. Further, the electromagnetic shielding layer 12 hav 
ing a thickness of from 0.01 to 25 micrometers is formed on 
the conductive adhesive layer 11, and the thickness of the 
electromagnetic shielding layer 12 is preferably from 0.01 to 
1.5 micrometers. The conductive adhesive layer 11 has a 
thickness of from 3 to 50 micrometers and comprises a second 
polymer and at least one conductive powder dispersed in the 
second polymer, wherein a content of the conductive powder 
is between 0.5 wt % to 90 wt % of the conductive adhesive 
layer. In a preferred embodiment, the second polymer is at 
least one selected from the group consisting of an epoxy resin, 
a poly-p-Xylene resin, a bismaleimide resin, a polyimide 
resin, an acrylic resin, a urethane resin and a silicon rubber 
based resin and a combination thereof. Preferably, the second 
polymer is an epoxy resin or an acrylic resin. 
0028. Also, the at least one conductive powder is at least 
one selected from the group consisting of gold powder, silver 
powder, copper powder, nickel powder, aluminum powder, 
silver coated copper powder, silver coated nickel powder, 
copper-nickel alloy, iron powder, iron-based alloys, silver 
copper alloy, tin-copper alloy, gold plated nickel powder, and 
silver plated copper powder. 
0029 Referring to FIG. 2, in order to keep adhesiveness of 
the conductive adhesive layer 11, the cover film 2 of the 
present disclosure further comprises a release layer 10 
formed under the conductive adhesive layer 11 such that the 
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conductive adhesive layer 11 is sandwiched between the elec 
tromagnetic shielding layer 12 and the release layer 10. When 
the cover film 2 is needed to be attached to FPCB, the release 
layer 10 is then removed. 

Second Embodiment 

0030. As shown in FIG. 3, a cover film 3 according to the 
present disclosure further comprises an electromagnetic 
absorption layer 14 formed between the electromagnetic 
shielding layer 12 and the insulating layer 13. In this embodi 
ment, the electromagnetic absorption layer 14 has a thickness 
of from 0.1 to 25 micrometers. 
0031. In this embodiment, the electromagnetic absorption 
layer 14 comprises a third polymer and at least one magnetic 
powder dispersed in the third polymer, wherein the at least 
one magnetic powder is at least one selected from the group 
consisting of iron oxide, iron-silicon-aluminum alloy, per 
malloy (iron-nickel alloy), and iron-silicon-chrome-nickel 
alloy. 
0032. In this embodiment, the third polymer is at least one 
selected from the group consisting of an epoxy resin, a poly 
p-Xylene resin, a bismaleimide resin, a polyimide resin, an 
acrylic resin, a urethane resin, a silicon rubber-based resin 
and a combination thereof. More preferably, the third poly 
mer is an epoxy resin or an acrylic resin. 
0033. The structure of the cover film 3 of this embodiment 

is similar to that of the cover film 1 of the first embodiment, 
and the difference is in that the additional electromagnetic 
absorption layer 14 having a thickness of from 0.1 to 25 
micrometers is interposed between the insulating layer 13 and 
the electromagnetic shielding layer 12. 
0034 Preferably, the electromagnetic shielding layer 12 
has a thickness of from 0.01 to 1.5 micrometers, and the 
electromagnetic shielding layer 12 is made of metal Such as 
gold, copper, Zinc, nickel or aluminum. 
0035. In the embodiment, a conductive adhesive layer 11 

is formed under the electromagnetic shielding layer 12, and a 
thickness of the conductive adhesive layer 11 is from 3 to 50 
micrometers. The conductive adhesive layer 11 comprises a 
second polymer and at least one conductive powder dispersed 
in the second polymer, wherein a content of the conductive 
powder is between 0.5 wt % to 90 wt % of the conductive 
adhesive layer. In a preferred embodiment, the second poly 
mer is at least one selected from the group consisting of an 
epoxy resin, a poly-p-Xylene resin, a bismaleimide resin, a 
polyimide resin, an acrylic resin, a urethane resin, a silicon 
rubber-based resin and a combination thereof. More prefer 
ably, the second polymer is an epoxy resin oran acrylic resin. 
The at least one conductive powder is at least one selected 
from the group consisting of gold powder, silver powder, 
copper powder, nickel powder, aluminum powder, silver 
coated copper powder, silver coated nickel powder, copper 
nickel alloy, iron powder, iron-based alloy, silver-copper 
alloy, tin-copper alloy, gold plated nickel powder, and silver 
plated copper powder. 
0036 Referring to FIG.4, in order to keep adhesiveness of 
the conductive adhesive layer 11, the cover film 4 of the 
present disclosure further comprises a release layer 10 
formed under the conductive adhesive layer 11 such that the 
conductive adhesive layer 11 is sandwiched between the elec 
tromagnetic shielding layer 12 and the release layer 10. When 
the cover film 4 is needed to be attached to FPCB, the release 
layer 10 is then removed. 
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Examples 1 to 2 

The Manufacture of the Cover Film of the First 
Embodiment of the Present Disclosure 

0037. The cover films of the present disclosure were made 
according to the thickness described in Table 1 and the manu 
facturing method described below. 
0.038 First, an insulating layer comprising an epoxy resin 
(Dupont; APLUS-1) and titanium dioxide powder (Dupont; 
R906) dispersed in the epoxy resin was provided, wherein a 
content of the titanium dioxide powder is 10 wt % of the 
insulating layer. Then, an acrylic resin (Asia Electronic Mate 
rials Co., Ltd., AEM Co.; RD0351) containing 85 wt % of 
silver coated copperpowder (AEM Co., EI-0007) was coated 
on the insulating layer. Afterwards, the acrylic resin was 
baked at a temperature of 50° C. for 5 minutes to form an 
electromagnetic shielding layer having a thickness as shown 
in Table 1. Subsequently, a conductive paint was coated on the 
electromagnetic shielding layer, wherein the conductive paint 
was prepared through mixing an epoxy resin (Dupont; 
APLUS-1) and a metal powder (Union Chemical Ind. Co. 
Ltd.; A-3). The conductive paint was dried to form the con 
ductive adhesive layer having a content of 60 wt % of the 
metal powder. The cover film of the first embodiment of the 
present disclosure was then obtained. 

Examples 3 to 5 

The Manufacture of the Cover Film of the First 
Embodiment of the Present Disclosure 

0039. The cover films of Examples 3 to 5 were prepared 
according to the method described in Examples 1 and 2. 
except that 10 wt % of titanium dioxide powder was replaced 
by 15 wt % of carbon black (CABOT company; REGAL 
400R). 
0040. In addition, a release layer (Mitsubishi; F38) was 
attached under the conductive adhesive layer in Examples 4 
and 5. 

Examples 6 to 7 

The Manufacture of the Cover Film of the Second 
Embodiment of the Present Disclosure 

0041 First, the cover films of Examples 6 to 7 were pre 
pared according to the thickness described in Table 1 below 
and the manufacturing method previously described, except 
that an electromagnetic absorption layer was formed prior to 
the formation of the electromagnetic shielding layer. The 
electromagnetic absorption layer comprising an acrylic resin, 
and 85 wt % of iron-silicon-aluminum alloy (Sanyo; HY-008) 
was formed followed by applying the resin mixture and bak 
ing at a temperature of 50° C. for 5 minutes. Then, the elec 
tromagnetic shielding layer and the conductive adhesive layer 
were formed sequentially to obtain the cover film of the 
second embodiment. 

Examples 8 to 10 

The Manufacture of the Cover Film of the Second 
Embodiment of the Present Disclosure 

0042. The cover films of Examples 8 to 10 were prepared 
according to the method described in Examples 6 and 7. 
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except that 10 wt % of titanium dioxide powder was replaced 
by 15 wt % of carbon black (CABOT company; REGAL 
400R). 
0043. In addition, a release layer (Mitsubishi; F38) was 
attached on the conductive adhesive layer in Examples 9 and 
10. 

Comparative Example 1 

0044) The cover film of the Comparative Example 1 was 
prepared according to the method described in Example 1 
above and the thickness described in Table 1 below, except 
that no electromagnetic shielding layer was formed and the 
insulating layer was made of polyurethane (Uncore Com 
pany: XCO208BB2500). 

TABLE 1 

Thickness (In 

Electro- Electro 
Conductive magnetic magnetic 
adhesive shielding absorption Insulating Release 
layer layer layer layer layer 

Example 1 3 1 3 
Example 2 4 2 3 
Example 3 5 3 4 
Example 4 6 4 5 50 
Example 5 7 5 6 50 
Example 6 8 6 5 7 
Example 7 9 7 6 8 
Example 8 10 8 7 9 
Example 9 11 9 8 10 50 
Example 10 12 10 9 11 50 
Comparative 25 2O 75 
Example 1 

Test Example 

0045. The mechanical property and electrical property of 
the cover films of Examples 1 to 10 and Comparative example 
1 were measured. The test items include thermal stress, 
dielectric loss, dielectric constant and electromagnetic 
shielding efficiency. The dielectric loss and dielectric con 
stant were measured by a cavity resonator (Waveguide Reso 
nators) according to the measurement of ASTM 2520, and the 
thermal stress and the electromagnetic shielding efficiency 
were measured in accordance with the following conditions. 

The Electromagnetic Shielding Efficiency: 

0046. According to the measurement of ASTM D4935-99, 
a coaxial transmission line holder and network analyzer (Wil 
tron 37225B) were used to measure the electromagnetic 
shielding efficiency under an operating frequency of from 30 
MHZ to 1.5 GHZ and 40 MHZ to 13.5 GHZ. 

Test of the Thermal Stress: 

0047 According to the measurement of IPC-TM-650-2.4. 
13, the sample was pre-dried in an oven (at 121°C. to 149°C.) 
for 6 hours, and the sample was removed from the oven to 
cool down to room temperature. Then, the sample was 
exposed to solder float at 288°C. for 10 seconds, followed by 
observation as to whether the exterior appearance of the 
sample changes visually. The results were summarized in 
Table 2. 
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TABLE 2 

Electromagnetic 
Dielectric Dielectric shielding Thermal 
constant loss efficiency StreSS 
(Dk) (Df) (dB) test 

Example 1 2.5 O.O2S -50 O 
Example 2 2.6 O.O32 -50 O 
Example 3 2.7 O.O31 -50 O 
Example 4 2.8 0.037 -50 O 
Example 5 2.9 0.041 -50 O 
Example 6 3.0 0.044 -55 O 
Example 7 3.1 0.056 -55 O 
Example 8 3.2 0.064 -55 O 
Example 9 3.3 0.087 -55 O 
Example 10 3.4 0.089 -55 O 
Comparative 4.5 0.2 -42 O 
Example 1 

*O: No change 

0048. As illustrated in the result of Table 2, each of the 
cover films of Examples 1 to 3 has a lower dielectric constant 
and dielectric loss in comparison with the cover film of Com 
parative Example 1. Although the thickness of each of the 
cover films of Examples 6 to 10 is higher and an additional 
electromagnetic absorption layer is attached, the cover films 
of Examples 6 to 10 show a limited increasing trend in dielec 
tric constant and dielectric loss. In addition, the cover films of 
Examples 6 to 10 show a superior characteristic of electro 
magnetic shielding. 
0049. The above-described descriptions of the specific 
embodiments are intended to illustrate the preferred imple 
mentation according to the present disclosure but are not 
intended to limit the scope of the present disclosure. Accord 
ingly, all modifications and variations completed by those 
with ordinary skill in the art should fall within the scope of 
present disclosure defined by the appended claims. 

1. A cover film, comprising: 
a conductive adhesive layer; 
an electromagnetic shielding layer formed on the conduc 

tive adhesive layer and having a thickness of 0.01 to 25 
micrometers; and 

an insulating layer formed on the electromagnetic shield 
ing layer, wherein the electromagnetic shielding layer is 
sandwiched between the conductive adhesive layer and 
the insulating layer. 

2. The cover film of claim 1, wherein the electromagnetic 
shielding layer has a thickness of from 0.01 to 1.5 microme 
terS. 

3. The cover film of claim 1, wherein the insulating layer 
has a thickness of from 3 to 75 micrometers. 

4. The cover film of claim 1, wherein the insulating layer 
comprises a first polymer and an additive dispersed in the first 
polymer. 

5. The cover film of claim 4, wherein the first polymer is at 
least one selected from the group consisting of an epoxy resin, 
an acrylic resin and a combination thereof. 
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6. The cover film of claim 4, wherein a content of the 
additive is between 3 wt.% to 15 wt % of the insulating layer. 

7. The cover film of claim 4, wherein the additive is at least 
one selected from the group consisting of carbon powder, 
titanium dioxide, a colorant, a pigment and a combination 
thereof. 

8. The cover film of claim 1, wherein the electromagnetic 
shielding layer is made of metal or a resin containing metal 
powder. 

9. The cover film of claim 1, wherein the conductive adhe 
sive layer has a thickness of from 3 to 50 micrometers. 

10. The cover film of claim 1, wherein the conductive 
adhesive layer comprises a second polymer and at least one 
conductive powder dispersed in the second polymer. 

11. The cover film of claim 10, wherein the second polymer 
is at least one selected from the group consisting of an epoxy 
resin, a poly-p-Xylene resin, a bismaleimide resin, a polyim 
ide resin, an acrylic resin, a urethane resin, a silicon rubber 
based resin and a combination thereof. 

12. The cover film of claim 10, wherein a content of the 
conductive powder is between 0.5 wt % to 90 wt % of the 
conductive adhesive layer. 

13. The cover film of claim 10, wherein the at least one 
conductive powder is at least one selected from the group 
consisting of gold powder, silver powder, copper powder, 
nickel powder, aluminum powder, silver coated copper pow 
der, silver coated nickel powder, copper-nickel alloy, iron 
powder, iron-based alloy, silver-copper alloy, tin-copper 
alloy, gold plated nickel powder, and silver plated copper 
powder. 

14. The cover film of claim 1, further comprising an elec 
tromagnetic absorption layer formed between the electro 
magnetic shielding layer and the insulating layer. 

15. The cover film of claim 14, wherein the electromag 
netic absorption layer has a thickness of from 0.1 to 25 
micrometers. 

16. The cover film of claim 14, wherein the electromag 
netic absorption layer comprises a third polymer and at least 
one magnetic powder dispersed in the third polymer. 

17. The cover film of claim 16, wherein the at least one 
magnetic powder is at least one selected from the group 
consisting of iron oxide, iron-silicon-aluminum alloy, per 
malloy (iron-nickel alloy), and iron-silicon-chrome-nickel 
alloy. 

18. The cover film of claim 1, further comprising a release 
layer formed under the conductive adhesive layer, wherein 
the conductive adhesive layer is sandwiched between the 
electromagnetic shielding layer and the release layer. 

19. The cover film of claim 18, wherein the release layer 
has a thickness of from 25 to 100 micrometers. 

20. The cover film of claim 18, wherein the release layer is 
a polyethylene terephthalate (PET) fluorine release film, a 
PET silicone oil release film, a PET matte release film or a 
polyethylene release film. 


