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(57) ABSTRACT

An electromagnetic wave absorber (1a) includes a first layer
(10) and an electrically conductive layer (20). The first layer
(10) is a dielectric layer or a magnetic layer. The electrically
conductive layer (20) is provided on at least one surface of
the first layer. A product of a Young’s modulus of the first
layer (10) and a thickness of the first layer (10) is 0.1 to 1000
MPa - mm. The first layer (10) has a relative permittivity of
1 to 10.
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ELECTROMAGNETIC WAVE ABSORBER
AND MOLDED ARTICLE WITH
ELECTROMAGNETIC WAVE ABSORBER

TECHNICAL FIELD

[0001] The present invention relates to an electromagnetic
wave absorber and a molded article with an electromagnetic
wave absorber.

BACKGROUND ART

[0002] In recent years, electromagnetic waves in a range
of millimeter waves having a wavelength of about 1 to 10
mm and a frequency of 30 to 300 GHz and quasi-millimeter
waves have been used as information communication media.
The use of such electromagnetic waves in anti-collision
systems has been under consideration. An anti-collision
system is a system, for example, installed in a vehicle,
detecting obstacles to automatically put on the brakes, or
measuring the speed of vehicles around the vehicle equipped
with the system and distance between the vehicle and
another vehicle to adjust the speed of the vehicle and
distance between the two vehicles. To allow anti-collision
systems to normally operate, reception of as few unneces-
sary electromagnetic waves as possible is important for
prevention of false recognition. Therefore, it is conceivable
to use an electromagnetic wave absorber to absorb electro-
magnetic waves unnecessary for anti-collision systems.
[0003] There are various types of electromagnetic wave
absorbers classified according to their principles of electro-
magnetic wave absorption. For example, an electromagnetic
wave absorber (which may be referred to as a “A/4 electro-
magnetic wave absorber”) provided with an electromagnetic
wave reflective layer, a dielectric layer having a thickness of
A4 (A is a wavelength of an electromagnetic wave to be
absorbed) and a resistive film layer can be produced at a low
cost owing to relatively inexpensive materials and ease of
design. For example, Patent Literature 1 proposes an elec-
tromagnetic wave absorber that exhibits an excellent prop-
erty of functioning in a wide incident angular range as a A/4
electromagnetic wave absorber. Additionally, Patent Litera-
ture 2 describes an electromagnetic wave absorption mate-
rial having a magnetic layer.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: JP 2003-198179 A
[0005] Patent Literature 2: JP 2012-094764 A
SUMMARY OF INVENTION
Technical Problem
[0006] Patent Literatures 1 and 2 fail to discuss specifi-

cally the shapes of articles to which the electromagnetic
wave absorbers are attached, and also fail to discuss spe-
cifically electromagnetic wave absorption performance in a
broad bandwidth.

[0007] Therefore, the present invention provides an elec-
tromagnetic wave absorber that is advantageous in attaching
to a non-flat face and that exhibits excellent electromagnetic
wave absorption performance in a broad bandwidth.
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Solution to Problem

[0008] The present invention provides an electromagnetic
wave absorber including:

[0009] a first layer that is a dielectric layer or a magnetic
layer; and
[0010] an electrically conductive layer that is provided on

at least one surface of the first layer, wherein

[0011] a product of a Young’s modulus of the first layer
and a thickness of the first layer is 0.1 to 1000 MPa-mm, and
[0012] the first layer has a relative permittivity of 1 to 10.
[0013] The present invention also provides a molded
article with an electromagnetic wave absorber, including:
[0014] a molded article; and

[0015] the above electromagnetic wave absorber attached
to the molded article.

Advantageous Effects of Invention

[0016] The above electromagnetic wave absorber can be
attached easily to a non-flat face as well, and it also exhibits
excellent electromagnetic wave absorption performance in a
broad bandwidth (such as a bandwidth of 2 GHz or more
included in a frequency band of 50 to 100 GHz).

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a cross-sectional view showing an
example of an electromagnetic wave absorber of the present
invention.

[0018] FIG. 2 is a side view showing an example of a
molded article with an electromagnetic wave absorber of the
present invention.

[0019] FIG. 3 is a cross-sectional view showing another
example of the electromagnetic wave absorber of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0020] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. The
following description describes examples of the present
invention, and the present invention is not limited to the
following embodiments.

[0021] If electromagnetic wave absorbers can be adhered
to a non-flat face such as a curved face, the application range
of electromagnetic wave absorbers expands. An exemplary
application of electromagnetic wave absorbers is an anti-
collision system installed in a motor vehicle. Most millime-
ter-wave radars of conventional anti-collision systems emit
a millimeter wave ahead of a motor vehicle, and electro-
magnetic wave absorbers tend to be adhered to a flat face.
However, if a millimeter wave can also be emitted obliquely
forward or obliquely backward from a motor vehicle to
detect obstacles, vehicle driving safety can be enhanced
more. Accordingly, it is conceivable that a millimeter-wave
radar will be disposed at a corner of a motor vehicle. In this
case, an electromagnetic wave absorber is desirably adhered
to an end of an automotive part such as a bumper to prevent
electromagnetic wave interference, and a demand for an
electromagnetic wave absorber easily adhered to a non-flat
face such as a curved face is expected to increase.

[0022] Moreover, for the millimeter-wave radars of anti-
collision systems, it is attempted to broaden the bandwidth
of frequency to be used in order to enhance the resolutions
of the radars. For example, for millimeter-wave radars of
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anti-collision systems that use an electromagnetic wave
having a frequency of 76 GHz and millimeter-wave radars
of anti-collision systems that use an electromagnetic wave
having a frequency of 79 GHz, bands to be used are specified
respectively to be 1 GHz and 4 GHz in some cases.
Therefore, it is desirable that electromagnetic wave absorb-
ers can exhibit good electromagnetic wave absorption per-
formance in a broad bandwidth (such as a bandwidth of 2
GHz or more included in a frequency band of 50 to 100
GHz).

[0023] In addition, it is expected that a plurality of milli-
meter-wave radars that respectively utilize electromagnetic
waves having different frequencies will be used in an
anti-collision system. In this case, preparing a different type
of electromagnetic wave absorber for every millimeter-wave
radar increases the number of parts of the anti-collision
system and may raise the production cost of the anti-
collision system. Moreover, preparing a different type of
electromagnetic wave absorber for every millimeter-wave
radar may increase the gross weight of the anti-collision
system. Thus, in the case where a plurality of millimeter-
wave radars that respectively utilize electromagnetic waves
having different frequencies are used in an anti-collision
system, the presence of an electromagnetic wave absorber
that can exhibit good electromagnetic wave absorption per-
formance in a broad bandwidth makes it unnecessary to
prepare a different type of electromagnetic wave absorber
for every millimeter-wave radar.

[0024] In view of the foregoing, the present inventors
made intensive studies on an electromagnetic wave absorber
that can be attached easily to a non-flat face as well and that
exhibits excellent electromagnetic wave absorption perfor-
mance in a broad bandwidth. As a result, they have invented
an electromagnetic wave absorber according to the present
invention. It should be noted that a motor vehicle-installed
anti-collision system is merely an exemplary application of
the electromagnetic wave absorber.

[0025] As shown in FIG. 1, an electromagnetic wave
absorber 1a includes a first layer 10 and an electrically
conductive layer 20. The first layer 10 is a dielectric layer or
a magnetic layer. The electrically conductive layer 20 is
provided on at least one surface of the first layer 10. A
product of a Young’s modulus (a tensile elastic modulus) of
the first layer 10 and a thickness of the first layer 10 is 0.1
to 1000 MPa -mm. Also, the first layer 10 has a relative
permittivity of 1 to 10. Due to the fact that the product of the
Young’s modulus of the first layer 10 and the thickness of
the first layer is 0.1 to 1000 MPa-mm, the electromagnetic
wave absorber 1a can be attached easily to a non-flat face as
well. In addition, due to the fact that the first layer 10 has a
relative permittivity of 1 to 10, the electromagnetic wave
absorber 1a can exhibit good electromagnetic wave absorp-
tion performance in a broad bandwidth (such as a bandwidth
of'2 GHz or more included in a frequency band of 50 to 100
GHz). In the present description, the Young’s modulus of the
first layer 10 means a value measured in compliance with
Japanese Industrial Standards (JIS) K7161-1:2014 at a nor-
mal temperature. The relative permittivity of the first layer
10 can be measured by a cavity resonator perturbation
method.

[0026] The electromagnetic wave absorber 1a exhibits, for
example, an electromagnetic wave absorption of 20 dB or
more in a bandwidth of 2 GHz or more included in a
frequency band of 50 to 100 GHz. As just described, the
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electromagnetic wave absorber 1a can exhibit good electro-
magnetic wave absorption performance in a broad band-
width. The electromagnetic wave absorption that the elec-
tromagnetic wave absorber 1a exhibits can be measured by
irradiating the electromagnetic wave absorber 1la with an
electromagnetic wave set at an incidence angle of 15° in
compliance with JIS R 1679: 2007.

[0027] In view of making it easier to attach the electro-
magnetic wave absorber la to a non-flat face, the product of
the Young’s modulus of the first layer 10 and the thickness
of the first layer is desirably 0.1 to 1000 MPa-mm, more
desirably 0.1 to 500 MPa-mm, even more desirably 0.1 to
100 MPa-mm, particularly desirably 0.1 to 50 MPa-mm, and
most desirably 0.1 to 20 MPa-mm.

[0028] In view of adjusting the product of the Young’s
modulus of the first layer 10 and the thickness of the first
layer 10 to be 0.1 to 1000 MPa-mm, the Young’s modulus of
the first layer 10 is desirably 2000 MPa or less. This makes
it easy to adjust the product of the Young’s modulus of the
first layer 10 and the thickness of the first layer to be 0.1 to
1000 MPa'mm even in the case where the thickness of the
first layer 10 cannot be changed largely.

[0029] The first layer 10 contains a polymer material, for
example. Examples of the polymer material contained in the
first layer 10 include a synthetic resin (including a thermo-
plastic elastomer) such as an acrylic resin, an ethylene vinyl
acetate copolymer (EVA), polyvinyl chloride, polyurethane,
an acryl urethane resin, ionomer, polyolefin, polypropylene,
polyethylene, a silicone resin, polyester, polystyrene, poly-
imide, polyamide, polysulfone, polyether sulfone and an
epoxy resin, and synthetic rubber such as polyisoprene
rubber, polystyrene-butadiene rubber, polybutadiene rubber,
polychloroprene rubber, acrylonitrile butadiene rubber,
butyl rubber, acrylic rubber, ethylene propylene rubber and
silicone rubber. One of these may be used alone as the
polymer material contained in the first layer 10, or a com-
bination of two or more thereof may be used as the polymer
material contained in the first layer 10. Among these, the
polymer material contained in the first layer 10 is desirably
an acrylic resin, an ethylene vinyl acetate copolymer (EVA),
polyolefin, polyethylene or silicone rubber in the view of
lowering the relative permittivity of the first layer 10.
[0030] The first layer 10 may be a foam, for example. In
this case, the relative permittivity of the first layer 10 is
likely to be low. In addition, the weight of the first layer 10
can be reduced.

[0031] At least one of a dielectric substance and a mag-
netic substance may be dispersed in the first layer 10. In this
case, the above-mentioned polymer material functions as a
matrix, for example. By adjusting the types and amounts of
the dielectric substance and/or the magnetic substance dis-
persed in the first layer 10, it is possible to allow the
electromagnetic wave absorber 1a to exhibit desired elec-
tromagnetic wave absorption characteristics. Examples of
the dielectric substance dispersed in the first layer 10 include
an inorganic material such as carbon, a titanium oxide,
alumina and barium titanate. The amounts of the dielectric
substance and/or the magnetic substance dispersed in the
first layer 10 are adjusted so that the relative permittivity of
the first layer 10 is 1 t010.

[0032] In view of making it easier to attach the electro-
magnetic wave absorber 1a to a non-flat face, it is desirable
that a product of a Young’s modulus of the electrically
conductive layer 20 and a thickness of the electrically
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conductive layer 20 be small. On the other hand, since the
product of the Young’s modulus of the first layer 10 and the
thickness of the first layer 10 is adjusted to be as signifi-
cantly small as 0.1 to 1000 MPa-mm, the upper limit of the
product of the Young’s modulus of the electrically conduc-
tive layer 20 and the thickness of the electrically conductive
layer 20 does not need to be adjusted to be as low as the
counterpart of the first layer 10. Thus, the product of the
Young’s modulus of the electrically conductive layer 20 and
the thickness of the electrically conductive layer 20 is
typically 12000 MPa-mm or less. This makes it easy to
attach the electromagnetic wave absorber 1a to a non-flat
face.

[0033] The product of the Young’s modulus of the elec-
trically conductive layer 20 and the thickness of the elec-
trically conductive layer 20 is desirably 10000 MPa-mm or
less, and more desirably 8000 MPa-mm or less.

[0034] In view of making it easier to attach the electro-
magnetic wave absorber 1a to a non-flat face, it is desirable,
basically, that the product of the Young’s modulus of the
electrically conductive layer 20 and the thickness of the
electrically conductive layer 20 be as small as possible. On
the other hand, in the case where the electromagnetic wave
absorber 1a is required to have high durability in a state in
which the electromagnetic wave absorber 1a is attached to
a non-flat face, it is desirable to adjust the product of the
Young’s modulus of the electrically conductive layer 20 and
the thickness of the electrically conductive layer 20 to be
equal to or greater than a predetermined value. From such a
viewpoint, the product of the Young’s modulus of the
electrically conductive layer 20 and the thickness of the
electrically conductive layer 20 is desirably 10 MPa-mm or
more, more desirably 20 MPa-mm or more, and even more
desirably 50 MPa-mm or more.

[0035] The entirety of the electrically conductive layer 20
does not necessarily have to be formed of an electrically
conductive material. For example, the electrically conduc-
tive layer 20 may include an electrically conductive func-
tional layer 22 formed of an electrically conductive material
and a non-electrically conductive layer that is in contact with
the electrically conductive functional layer 22.

[0036] The electrically conductive layer 20 desirably con-
tains a metal. This allows the electrically conductive layer
20 to have low sheet resistance. It should be noted that alloys
are included in metals herein. Examples of the metal con-
tained in the electrically conductive layer 20 include copper,
nickel, zinc, their alloys, aluminum, gold and stainless steel.
The electrically conductive layer 20 may be made of a metal
oxide, such as an indium tin oxide (ITO), in some cases.
[0037] As shown in FIG. 1, the electrically conductive
layer 20 includes, for example, the electrically conductive
functional layer 22 formed of an electrically conductive
material. In the electrically conductive layer 20, the electri-
cally conductive functional layer 22 reflects electromagnetic
waves and prevents the electromagnetic waves from passing
therethrough. In order to allow the electrically conductive
layer 20 to prevent the electromagnetic waves from passing
therethrough and to maintain good electromagnetic wave
absorption characteristics over a long period of time in a
state in which the electromagnetic wave absorber 1la is
attached to a non-flat face, it is desirable that the electrically
conductive functional layer 22 have a thickness equal to or
greater than a predetermined value. On the other hand, it is
desirable that the electrically conductive functional layer 22
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have a thickness equal to or less than a predetermined value
in order to allow the product of the Young’s modulus of the
electrically conductive layer 20 and the thickness of the
electrically conductive layer 20 to be in the above-men-
tioned range. Therefore, the thickness of the electrically
conductive functional layer 22 is 5 um to 1 mm, for example.

[0038] Desirably, the electrically conductive functional
layer 22 is formed not of a deposited film but of metal foil
in order to have the above-mentioned thickness. Examples
of the metal foil include aluminum foil, copper foil, gold
foil, titanium foil, nickel foil, magnesium foil, aluminum
alloy foil, copper alloy foil, gold alloy foil, titanium alloy
foil, nickel alloy foil, magnesium alloy foil and stainless
steel foil. Among these, aluminum foil is desirably used as
the metal foil. This is because aluminum foil is available at
a low price and the production cost of the electromagnetic
wave absorber 1a can be reduced.

[0039] As shown in FIG. 1, the electrically conductive
layer 20 includes, for example, a support 25 and the elec-
trically conductive functional layer 22 that has electrical
conductivity and is in contact with the support 25. In this
case, the support 25 is disposed between the first layer 10
and the electrically conductive functional layer 22 and the
support 25 protects the electrically conductive functional
layer 22. If the electrically conductive functional layer 22 is
in direct contact with the first layer 10, for example, there is
apossibility that a composition contained in the first layer 10
is spread into the electrically conductive functional layer 22
and the electrically conductive functional layer 22 is dete-
riorated. In addition, if a glue or adhesive for joining the first
layer 10 to the electrically conductive functional layer 22
adheres to the electrically conductive functional layer 22,
there is a possibility that a composition contained in the glue
or adhesive deteriorates the electrically conductive func-
tional layer 22. Furthermore, in the case where the electro-
magnetic wave absorber 1a is attached to a non-flat face, the
electrically conductive functional layer 22 may be deterio-
rated easily even by a small impact because the electrically
conductive functional layer 22 is bent. However, because of
the fact that the electrically conductive functional layer 22 is
protected by the support 25, the electrically conductive
functional layer 22 is unlikely to be deteriorated and it is
easy for the electromagnetic wave absorber la to exhibit
desired electromagnetic wave absorption performance over
a long period of time. In the case where the electrically
conductive functional layer 22 has a sufficient thickness (20
um or more, for example), the support 25 can be omitted and
the electrically conductive layer 20 may be formed only of
the electrically conductive functional layer 22.

[0040] A ratio (a thickness of the electrically conductive
functional layer 22:a thickness of the support 25) between
the thickness of the electrically conductive functional layer
22 and the thickness of the support 25 is preferably 1:0.1 to
1:10. If the ratio of the thickness of the electrically conduc-
tive functional layer to the thickness of the support is low,
an electromagnetic wave absorber has good flexibility but
the electrically conductive functional layer is deteriorated
easily. If the ratio of the thickness of the electrically con-
ductive functional layer to the thickness of the support is
high, the electrically conductive functional layer is unlikely
to be deteriorated in an electromagnetic wave absorber but
it is difficult to increase the flexibility of the electromagnetic
wave absorber. When the ratio of the thickness of the
electrically conductive functional layer 22 to the thickness
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of the support 25 is in the above-mentioned range, both of
the good flexibility and the good protection of the electri-
cally conductive functional layer can be achieved easily in
the electromagnetic wave absorber 1a.

[0041] As mentioned above, the support 25 serves to
support the electrically conductive functional layer 22 as
well as to protect the electrically conductive functional layer
22. Therefore, it is desirable that the support 25 be made of
a material that has good heat resistance and good chemical
durability. Thus, the support 25 is made of, for example, a
polyester resin such as polyethylene terephthalate (PET) and
polyethylene naphthalate (PEN).

[0042] As shown in FIG. 1, the electromagnetic wave
absorber 1a further includes, for example, a resistive layer
30. The resistive layer 30 is provided on at least one surface
of the first layer 10. In this case, the first layer 10 is a
dielectric layer and disposed between the resistive layer 30
and the electrically conductive layer 20. In other words, the
electromagnetic wave absorber 1a is a A/4 electromagnetic
wave absorber.

[0043] In the case where the electromagnetic wave
absorber 1la is a A/4 electromagnetic wave absorber, the
electromagnetic wave absorber 1a is designed so that inci-
dence of an electromagnetic wave having a wavelength (A,)
to be absorbed will result in interference between the
electromagnetic wave reflected by a surface of the resistive
layer 30 (front surface reflection) and the electromagnetic
wave reflected by the electrically conductive layer 20 (back
surface reflection). Therefore, if the sheet resistance of the
electrically conductive layer 20 is high, an electromagnetic
wave passes through the electrically conductive layer 30a
and the electromagnetic wave absorption that the electro-
magnetic wave absorber 1a exhibits is decreased. In the A/4
electromagnetic wave absorber, the wavelength (A,) of an
electromagnetic wave to be absorbed is determined accord-
ing to the thickness (t) of the first layer 10 that is a dielectric
layer and the relative permittivity (e,) of the dielectric layer,
as shown in the following equation (1). That is, an electro-
magnetic wave having a wavelength to be absorbed can be
set by appropriately adjusting the material and thickness of
the first layer 10 that is a dielectric layer. In the equation (1),
sqrt (€,) means a square root of the relative permittivity (e,.).

ho=4txsqrt (€,)

[0044] As described above, the resistive layer 30 is dis-
posed to reflect an electromagnetic wave having a wave-
length to be absorbed in the vicinity of a surface of the
electromagnetic wave absorber 1a. The resistive layer 30 has
a sheet resistance of, for example, 200 to 600 Q/] and
desirably 360 to 500 €/[0. This makes it easy for the
electromagnetic wave absorber 1a to selectively absorb an
electromagnetic wave having a wavelength generally
employed by a millimeter-wave radar or quasi-millimeter-
wave radar. For example, the electromagnetic wave absorber
1a can effectively attenuate an electromagnetic wave having
a frequency of 50 to 100 GHz, particularly 60 to 90 GHz,
employed by a millimeter-wave radar.

[0045] The resistive layer 30 includes, for example, a layer
(hereinafter referred to as a “resistive functional layer”)
formed of: a metal oxide containing, as a main component,
at least one selected from the group consisting of indium, tin
and zinc; a polymer having electrical conductivity; a carbon
nanotube; a metal nanowire; or a metal mesh. In particular,
the resistive functional layer of the resistive layer 30 is

Equation (1)
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desirably formed of an indium tin oxide (ITO) in terms of the
stability of the sheet resistance in the resistive layer 30 and
durability of the resistive layer 30. In this case, the material
forming the resistive functional layer of the resistive layer
30 is desirably an ITO containing 20 to 40 weight % of SnO,
and more desirably an ITO containing 25 to 35 weight % of
SnO,. An ITO containing SnO, in such a range has an
extremely stable amorphous structure and can reduce varia-
tion in sheet resistance of the resistive layer 30 in a hot and
humid environment. The sheet resistance of the resistive
layer 30 refers to a value obtained by measuring, for
example, a surface defined by the resistive functional layer.
In the present description, a “main component” means a
component having the largest content on mass basis.

[0046] The resistive functional layer of the resistive layer
30 has a thickness of, for example, 10 to 100 nm and
desirably 25 to 50 nm. This makes it likely that the sheet
resistance of the resistive layer 30 is stable even in the case
where the electromagnetic wave absorber 1a is used over a
long period of time in the state of being attached to a non-flat
face.

[0047] The resistive layer 30 may further include, for
example, a support supporting the resistive functional layer.
In this case, the resistive layer 30 can be produced, for
example, by forming the resistive functional layer on the
support by a layer forming method such as sputtering and
coating (bar coating, for example). In this case, the support
also serves as an auxiliary member capable of adjusting the
thickness of the resistive functional layer with high accu-
racy. In this case, examples of a material of the support of
the resistive layer 30 include a polyester resin such as
polyethylene terephthalate (PET) and polyethylene naphtha-
late (PEN), an acrylic resin, polycarbonate (PC), polyolefin,
polyethylene (PE), polypropylene (PP), cycloolefin polymer
(COP), polyurethane, a urethane acrylic resin, biaxially-
oriented polypropylene (CPP) and a vinylidene chloride
resin. The material of the support of the resistive layer 30
may be the same as the material of the support of the
electrically conductive layer 20, or may be different from the
material of the support of the electrically conductive layer
20. In particular, the material of the support of the resistive
layer 30 is desirably PET in terms of the balance among
good heat-resistance, the dimensional stability and cost. The
support can be omitted from the resistive layer 30 as
appropriate.

[0048] In the resistive layer 30 including the support, the
resistive functional layer may be disposed closer to the first
layer 10 than is the support, or the support may be disposed
closer to the first layer 10 than is the resistive functional
layer.

[0049] The support of the resistive layer 30 has a thickness
of, for example, 10 to 150 um, desirably 20 to 100 um, and
more desirably 30 to 80 um. This can decrease the flexural
rigidity of the resistive layer 30, and can reduce occurrence
of a crease or deformation in the case where the resistive
functional layer of the resistive layer 30 is formed.

[0050] The first layer 10 that is a dielectric layer may be
a single layer, or may be a laminate composed of a plurality
of layers. In the case where the first layer 10 is a laminate
composed of a plurality of layers, the relative permittivity of
the first layer 10 can be determined by measuring the
respective layers for relative permittivity, multiplying the
obtained relative permittivity values of the respective layers
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by the proportions of the thicknesses of the respective layers
to the thickness of the entirety of the first layer 10, and
adding the resultant values.

[0051] In the case where the electromagnetic wave
absorber 1a is a A/4 electromagnetic wave absorber and a
dielectric layer is disposed on an external side of the
resistive layer 30, only a non-porous layer having a relative
permittivity of 2 or more is disposed as such a dielectric
layer. If a porous body is provided on a surface of an
electromagnetic wave absorber and the electromagnetic
wave absorber is left in a humid environment over a long
period of time, the electromagnetic wave absorbing proper-
ties of the electromagnetic wave absorber may decrease due
to moisture absorption.

[0052] As shown in FIG. 1, the electromagnetic wave
absorber 1a further includes, for example, an adhesive layer
40. In this case, the adhesive layer 40 is disposed on an
external side of the electrically conductive layer 20. This
makes it easy to attach the electromagnetic wave absorber
la to an article such as a molded article.

[0053] The adhesive layer 40 contains an adhesive such as
an acrylic adhesive, a rubber adhesive, a silicone adhesive
and a urethane adhesive.

[0054] As shown in FIG. 2, it is possible, for example, to
produce a molded article 100 with an electromagnetic wave
absorber by using the electromagnetic wave absorber la.
The molded article 100 with an electromagnetic wave
absorber includes a molded article 70 and the electromag-
netic wave absorber 1a attached to the molded article 70.
Examples of the molded article 70 include an automotive
component such as a bumper.

[0055] An example of a method for producing the elec-
tromagnetic wave absorber 1a will be described. The resis-
tive functional layer is formed on a support formed in a sheet
shape by a layer forming method such as vapor deposition,
sputtering and coating (bar coating, for example) to produce
the resistive layer 30. It is desirable that the resistive
functional layer of the resistive layer 30 be formed by, in
particular, sputtering to strictly adjust the sheet resistance of
the resistive layer 30 and the thickness of the resistive
functional layer of the resistive layer 30. As the electrically
conductive layer 20, a laminate including the support 25 and
the electrically conductive functional layer 22 is prepared,
for example.

[0056] Next, a resin composition that has been press-
molded to have a predetermined thickness and that forms the
first layer 10 is put on one principal surface (a principal
surface formed by the support 25) of the electrically con-
ductive layer 20. Afterward, one principal surface of the
resistive layer 30 is placed on the resin composition forming
the first layer 10. The resin composition is cured if neces-
sary. The electromagnetic wave absorber 1a can be produced
in this manner. According to this method, the thickness of
the first layer 10 is controlled easily, and thus the electro-
magnetic wave absorber la can be produced so that an
electromagnetic wave having a wavelength to be absorbed
can be absorbed effectively. Moreover, since the resistive
layer 30 and the electrically conductive layer 20 are formed
separately, the time required to produce the electromagnetic
wave absorber 1a is short and the production cost of the
electromagnetic wave absorber 1a is low. As the electrically
conductive layer 20, a layer that is composed only of the
electrically conductive functional layer 22 may be used. A
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glue or adhesive may be used for joining the first layer 10 to
the electrically conductive layer 20 and/or to the resistive
layer 30.

[0057] <Modification>

[0058] The electromagnetic wave absorber 1la may be
modified into an electromagnetic wave absorber 15 shown in
FIG. 3. The electromagnetic wave absorber 15 is configured
in the same manner as the electromagnetic wave absorber la
unless otherwise described. The components of the electro-
magnetic wave absorber 15 that are identical to or corre-
sponding to the components of the electromagnetic wave
absorber 1a are indicated by the same reference numerals
and detailed descriptions thereof are omitted. The descrip-
tions given for the electromagnetic wave absorber 1a are
applicable to the electromagnetic wave absorber 16 unless
there is a technical inconsistency.

[0059] As shown in FIG. 3, the electromagnetic wave
absorber 156 includes the first layer 10 and the electrically
conductive layer 20, but does not include the resistive layer
30. The first layer 10 is a dielectric layer or a magnetic layer.
In the case where the first layer 10 is a dielectric layer, the
electromagnetic wave absorber 15 is a dielectric loss-type
electromagnetic wave absorber absorbing an electromag-
netic wave using a dielectric loss attributed to molecular
polarization. In the dielectric loss-type electromagnetic
wave absorber, the molecular polarization cannot follow a
change in an electric field and the energy of an electromag-
netic wave is lost as heat. In this case, in the first layer 10,
dielectric substance particles, such as carbon particles and
barium titanate (BaTiO;) particles, are dispersed, for
example, in the synthetic resin or synthetic rubber men-
tioned above as the polymer material of the first layer 10 that
is a dielectric layer. The content of the dielectric substance
particles in the first layer 10 is adjusted so that the first layer
10 has a relative permittivity of 1 to 10.

[0060] In the case where the first layer 10 is a magnetic
layer, the electromagnetic wave absorber 15 is a magnetic
loss-type electromagnetic wave absorber absorbing an elec-
tromagnetic wave by means of a magnetic loss of a magnetic
material. In the magnetic loss-type electromagnetic wave
absorber, a magnetic moment cannot follow a change in a
magnetic field and the energy of an electromagnetic wave is
lost as heat. In this case, in the first layer 10, particles of a
magnetic substance, such as ferrite, iron and nickel, are
dispersed, for example, in the synthetic resin or synthetic
rubber mentioned above as the polymer material of the first
layer 10 that is a dielectric layer. The content of the magnetic
substance particles in the first layer 10 is controlled so that
the first layer 10 has a relative permittivity of 1 to 10.

EXAMPLES

[0061] Hereinafter, the present invention will be described
in more detail with reference to examples. The present
invention is not limited to the examples given below.

Example 1

[0062] On a film-like support (Mitsubishi DIAFOIL with
a thickness of 38 um, available from Mitsubishi Chemical
Corporation) made of polyester, a resistive functional layer
was formed by sputtering using an ITO containing 30 weight
% of SnO, so as to have a sheet resistance of 380 Q/[]. A
resistive layer according to Example 1 was thus produced.
As an electrically conductive layer according to Example 1,
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an aluminum foil-including PET film, available from UACIJ
Corporation, in which a 25-um-thick PET layer, a 7-um-
thick aluminum foil and a 9-um-thick PET layer were
stacked in this order was prepared. An acrylic resin (KURA-
RITY LA2330 available from KURARAY CO., LTD.) that
was a dielectric layer according to Example 1 and that had
been press-molded to have a thickness of 560 um was put on
the 25-um-thick PET layer of the electrically conductive
layer according to Example 1. Next, the resistive layer
according to Example 1 was placed on the acrylic resin (the
dielectric layer) in the state in which a principal surface
formed by the support of the resistive layer faces the acrylic
resin. An electromagnetic wave absorber according to
Example 1 was obtained in this manner. The dielectric layer
of the electromagnetic wave absorber according to Example
1 had a relative permittivity of 2.55.

Example 2

[0063] On a film-like support (Mitsubishi DIAFOIL with
a thickness of 38 um, available from Mitsubishi Chemical
Corporation) made of polyester, an electrically conductive
functional layer was formed by sputtering using an ITO
containing 10 weight % of SnO, to have a sheet resistance
of 20 /. An electrically conductive layer according to
Example 2 was thus produced. An electromagnetic wave
absorber according to Example 2 was obtained in the same
manner as in Example 1, except that the electrically con-
ductive layer according to Example 2 was used instead of the
electrically conductive layer according to Example 1. The
electrically conductive functional layer of the electrically
conductive layer according to Example 2 faced the acrylic
resin that was the dielectric layer.

Example 3

[0064] An EVA resin (EVAFLEX EV250 with a relative
permittivity of 2.45, available from Du Pont-Mitsui Fluo-
rochemicals Co., Ltd.) was press-molded at 120° C. to
obtain a dielectric layer according to Example 3 having a
thickness of 560 pm. An electromagnetic wave absorber
according to Example 3 was obtained in the same manner as
in Example 1, except that the dielectric layer according to
Example 3 was used instead of the dielectric layer according
to Example 1.

Example 4

[0065] 50 parts by weight of barium titanate powder
(product name: BT-01, available from Sakai Chemical
Industry Co., Ltd.) was added to 100 parts by weight of an
EVA resin (EVAFLEX EV250 available from Du Pont-
Mitsui Fluorochemicals Co., [td.), and the resultant mixture
was kneaded with a mixing roll. Then the kneaded mixture
was press-molded at 120° C. to obtain a dielectric layer
according to Example 4 having a thickness of 456 um. The
dielectric layer according to Example 4 had a relative
permittivity of 3.90. An electromagnetic wave absorber
according to Example 4 was obtained in the same manner as
in Example 1, except that the dielectric layer according to
Example 4 was used instead of the dielectric layer according
to Example 1.

Example 5

[0066] 100 parts by weight of barium titanate powder
(product name: BT-01, available from Sakai Chemical
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Industry Co., Ltd.) was added to 100 parts by weight of an
EVA resin (EVAFLEX EV250 available from Du Pont-
Mitsui Fluorochemicals Co., Ltd.), and the resultant mixture
was kneaded with a mixing roll. Then the kneaded mixture
was press-molded at 120° C. to obtain a dielectric layer
according to Example 5 having a thickness of 397 um. The
dielectric layer according to Example 5 had a relative
permittivity of 5.19. An electromagnetic wave absorber
according to Example 5 was obtained in the same manner as
in Example 1, except that the dielectric layer according to
Example 5 was used instead of the dielectric layer according
to Example 1.

Example 6

[0067] 200 parts by weight of barium titanate powder
(product name: BT-01, available from Sakai Chemical
Industry Co., Ltd.) was added to 100 parts by weight of an
EVA resin (EVAFLEX EV250 available from Du Pont-
Mitsui Fluorochemicals Co., Ltd.), and the resultant mixture
was kneaded with a mixing roll. Then the kneaded mixture
was press-molded at 120° C. to obtain a dielectric layer
according to Example 6 having a thickness of 336 um. The
dielectric layer according to Example 6 had a relative
permittivity of 7.25. An electromagnetic wave absorber
according to Example 6 was obtained in the same manner as
in Example 1, except that the dielectric layer according to
Example 6 was used instead of the dielectric layer according
to Example 1.

Example 7

[0068] An olefin foam (product name: SCF 100, with a
relative permittivity of 1.07, available from Nitto Denko
Corporation) was sliced to obtain a dielectric layer accord-
ing to Example 7 having a thickness of 0.82 mm. The
dielectric layer according to Example 7 was joined to the
electrically conductive layer according to Example 1, with
an acrylic adhesive having a thickness of 30 um being
present between the 25-um-thick PET layer of the electri-
cally conductive layer according to Example 1 and the
dielectric layer according to Example 7. Next, the dielectric
layer according to Example 7 was joined to the resistive
layer according to Example 1, with an acrylic adhesive
having a thickness of 30 pm being present between the
dielectric layer according to Example 7 and the resistive
layer according to Example 1, in the state in which the
principal surface formed by the support of the resistive layer
according to Example 1 faces the dielectric layer according
to Example 7. An electromagnetic wave absorber according
to Example 7 was obtained in this manner.

Example 8

[0069] A polyester foam (product name: SCF T100, with
a relative permittivity of 1.09, available from Nitto Denko
Corporation) was sliced to obtain a dielectric layer accord-
ing to Example 8 having a thickness of 0.79 mm. The
dielectric layer according to Example 8 was joined to the
electrically conductive layer according to Example 1, with
an acrylic adhesive having a thickness of 30 um being
present between the 25-um-thick PET layer of the electri-
cally conductive layer according to Example 1 and the
dielectric layer according to Example 8. Next, the dielectric
layer according to Example 8 was joined to the resistive
layer according to Example 1, with an acrylic adhesive
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having a thickness of 30 pum being present between the
dielectric layer according to Example 8 and the resistive
layer according to Example 1, in the state in which the
principal surface formed by the support of the resistive layer
according to Example 1 faces the dielectric layer according
to Example 8. An electromagnetic wave absorber according
to Example 8 was obtained in this manner.

Example 9

[0070] 300 parts by weight of a carbonyl iron powder
YW1 available from New Metals and Chemicals Corpora-
tion, Ltd. was added to 100 parts by weight of an acrylic
resin (KURARITY L[A2330 available from KURARAY
CO., LTD.). The resultant mixture was kneaded with a
mixing roll and then press-molded at 120° C. to produce a
sheet-shaped dielectric layer (a dielectric layer according to
Example 9) having a thickness of 1200 um. The dielectric
layer according to Example 9 had a relative permittivity of
6.60. On a film-like support (Mitsubishi DIAFOIL with a
thickness of 50 pum, available from Mitsubishi Chemical
Corporation) made of polyester, an electrically conductive
functional layer was formed by sputtering using an ITO
containing 10 weight % of SnO, to have a sheet resistance
of 20 /. An electrically conductive layer according to
Example 9 was thus produced. The dielectric layer accord-
ing to Example 9 was placed on the electrically conductive
layer according to Example 9 in the state in which the
electrically conductive functional layer of the electrically
conductive layer according to Example 9 faced the dielectric
layer according to Example 9. An electromagnetic wave
absorber according to Example 9 was obtained in this
manner.

Example 10

[0071] An electromagnetic wave absorber according to
Example 10 was produced in the same manner as in
Example 9, except that the electrically conductive layer
according to Example 1 was used instead of the electrically
conductive layer according to Example 9. The 25-um-thick
PET layer of the electrically conductive layer according to
Example 1 faced the dielectric layer according to Example
9.

Example 11

[0072] An ionomer resin (product name: Himilan 1855,
available from Du Pont-Mitsui Polychemicals Co., [.td.) was
kneaded with a mixing roll and then press-molded at 120° C.
to produce a dielectric layer according to Example 11 having
a thickness of 565 pum. The dielectric layer according to
Example 11 had a relative permittivity of 2.44. An electro-
magnetic wave absorber according to Example 11 was
obtained in the same manner as in Example 1, except that the
dielectric layer according to Example 11 was used instead of
the dielectric layer according to Example 1.

Example 12

[0073] Linear low-density polyethylene (LLDPE) (prod-
uct name: ULTZEX 20221, available from Prime Polymer
Co., Ltd.) was kneaded with a mixing roll and then press-
molded at 120° C. to produce a dielectric layer according to
Example 12 having a thickness of 580 um. The dielectric
layer according to Example 12 had a relative permittivity of
2.30. An electromagnetic wave absorber according to
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Example 12 was obtained in the same manner as in Example
7, except that the dielectric layer according to Example 12
was used instead of the dielectric layer according to
Example 7.

Example 13

[0074] High density polyethylene (HDPE) (product name:
HI-ZEX 2100J, available from Prime Polymer Co., Ltd.)
was kneaded with a mixing roll and then press-molded at
120° C. to produce a dielectric layer according to Example
13 having a thickness of 595 um. The dielectric layer
according to Example 13 had a relative permittivity of 2.30.
An electromagnetic wave absorber according to Example 13
was obtained in the same manner as in Example 7, except
that the dielectric layer according to Example 13 was used
instead of the dielectric layer according to Example 7.

Example 14

[0075] An EVA resin (EVAFLEX EV250, with a relative
permittivity of 2.45, available from Du Pont-Mitsui Fluo-
rochemicals Co., Ltd.) was press-molded at 120° C. to
produce a dielectric layer according to Example 14 having
a thickness of 571 pm. As an electrically conductive layer
according to Example 14, an aluminum foil-including two-
layer structure PET film, available from UACIJ Corporation,
including a 9-um-thick PET layer and a 7-um-thick alumi-
num foil was prepared. An electromagnetic wave absorber
according to Example 14 was obtained in the same manner
as in Example 1, except that the dielectric layer according to
Example 14 was used instead of the dielectric layer accord-
ing to Example 1 and the electrically conductive layer
according to Example 14 was used instead of the electrically
conductive layer according to Example 1. The dielectric
layer according to Example 14 was placed on the 7-um-thick
aluminum foil of the electrically conductive layer according
to Example 14.

Example 15

[0076] An electromagnetic wave absorber according to
Example 15 was obtained in the same manner as in Example
1, except that a 100-um-thick aluminum foil was used
instead of the electrically conductive layer according to
Example 1.

Example 16

[0077] As an electrically conductive layer according to
Example 16, an aluminum-deposited film (product name:
CP WS20, substrate: a biaxially-oriented polypropylene
(CPP) film, thickness of the substrate: 20 um, available from
Mitsui Chemicals Tohcello, Inc.) was prepared. An electro-
magnetic wave absorber according to Example 16 was
obtained in the same manner as in Example 3, except that the
electrically conductive layer according to Example 16 was
used instead of the electrically conductive layer according to
Example 1. The dielectric layer according to Example 3 was
placed on the aluminum-deposited film that was the electri-
cally conductive layer according to Example 16.

Comparative Example 1

[0078] 300 parts by weight of barium titanate powder
(product name: BT-01, available from Sakai Chemical
Industry Co., Ltd.) was added to 100 parts by weight of an
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EVA resin (EVAFLEX EV250 available from Du Pont-
Mitsui Fluorochemicals Co., [td.), and the resultant mixture
was kneaded with a mixing roll. Then the kneaded mixture
was press-molded at 120° C. to obtain a dielectric layer
according to Comparative Example 1 having a thickness of
242 um. The dielectric layer according to Comparative
Example 1 had a relative permittivity of 14.00. An electro-
magnetic wave absorber according to Comparative Example
1 was obtained in the same manner as in Example 1, except
that the dielectric layer according to Comparative Example
1 was used instead of the dielectric layer according to
Example 1.

Comparative Example 2

[0079] 400 parts by weight of a carbonyl iron powder
YW1 available from New Metals and Chemicals Corpora-
tion, Ltd. was added to 100 parts by weight of an acrylic
resin (KURARITY L[A2330 available from KURARAY
CO., LTD.). The resultant mixture was kneaded with a
mixing roll and then press-molded at 120° C. to produce a
sheet-shaped dielectric layer (a dielectric layer according to
Comparative Example 2) having a thickness of 1200 pm.
The dielectric layer according to Comparative Example 2
had a relative permittivity of 10.30. The dielectric layer
according to Comparative Example 2 was placed on the
electrically conductive layer according to Example 1 in the
state in which the 25-um-thick PET layer of the electrically
conductive layer according to Example 1 faced the dielectric
layer according to Comparative Example 2. An electromag-
netic wave absorber according to Comparative Example 2
was obtained in this manner.

Comparative Example 3

[0080] As a dielectric layer according to Comparative
Example 3, a polyester film (a PET film), available from
Toray Industries, Inc., having a thickness of 480 um was
prepared. The dielectric layer according to Comparative
Example 3 had a relative permittivity of 3.20. An electro-
magnetic wave absorber according to Comparative Example
3 was obtained in the same manner as in Example 7, except
that the dielectric layer according to Comparative Example
3 was used instead of the dielectric layer according to
Example 7.

Comparative Example 4

[0081] As a dielectric layer according to Comparative
Example 4, a polycarbonate (PC) sheet, available from
SUMIKAACRYL CO., LTD., having a thickness of 500 um
was prepared. The dielectric layer according to Comparative
Example 4 had a relative permittivity of 2.90. An electro-
magnetic wave absorber according to Comparative Example
4 was obtained in the same manner as in Example 7, except
that the dielectric layer according to Comparative Example
4 was used instead of the dielectric layer according to
Example 7.

[0082] [Young’s Modulus]

[0083] Each of the dielectric layers and each of the elec-
trically conductive layers used in Examples and Compara-
tive Examples were measured for Young’s modulus (tensile
elastic modulus) in compliance with JIS K7161-1:2014 at a
normal temperature, and the product (Et) of the Young’s
modulus and the thickness was calculated with regard to
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each of the dielectric layers and each of the electrically

conductive layers. Table 1 shows the results.

[0084] [Relative Permittivity of Dielectric Layer]

[0085] Each of the dielectric layers in Examples and

Comparative Examples was measured for relative permit-

tivity at 10 GHz by a cavity resonator perturbation method

using a network analyzer (product name: N5230C, available
from Agilent Technologies, Inc.) and a cavity resonator

(cavity resonator CP531 available from Kanto Electronics

Application Development Inc.). Table 1 shows the results.

[0086] [Bending Properties and Adhesiveness|

[0087] A state of each of the electromagnetic wave absorb-

ers according to Examples and Comparative Examples

adhered using a 0.05-mm-thick transparent adhesive sheet

(CS9862UA available from Nitto Denko Corporation) to a

steel plate bent to R100 (curvature radius: 100 mm) was

observed to evaluate it according to a measure described
below. Table 1 shows the results.

[0088] a: The electromagnetic wave absorber deformed
along a curved face of the steel plate and was fit tightly to
the steel plate after adhered thereto.

[0089] b: Although the electromagnetic wave absorber
deformed along a curved face of the steel plate, the
electromagnetic wave absorber was creased.

[0090] x: The electromagnetic wave absorber failed to
deform along a curved face of the steel plate, and it was
difficult to adhere the electromagnetic wave absorber.

[0091] [Electromagnetic Wave Absorption Characteris-
tics]
[0092] The amount of reflection and absorption was mea-

sured per frequency under the conditions that a millimeter
wave of 60 GHz to 90 GHz was incident on each of the
electromagnetic wave absorbers according to Examples and
Comparative Examples at an incidence angle of 15° in
compliance with JIS R 1679:2007. Based on the measure-
ment results, the maximum amount of reflection and absorp-
tion, the maximum peak frequency, and the frequency
bandwidth in which the amount of reflection and absorption
was 20 dB or more were determined. Table 1 shows the
results.

[0093] [Electromagnetic Wave Absorption Characteristics
after Durability Test]

[0094] A durability test was conducted on each of the
electromagnetic wave absorbers according to Examples and
Comparative Examples under the conditions that each of the
electromagnetic wave absorbers fixed to and along a steel
plate bent to R100 (curvature radius: 100 mm) was stored in
an environment at a temperature of 40° C. and a relative
humidity of 92% for 500 hours. Then each of the electro-
magnetic wave absorbers according to Examples and Com-
parative Examples was taken off from the steel plate. There-
after, the amount of reflection and absorption was measured
per frequency under the conditions that a millimeter wave of
60 GHz to 90 GHz was incident on each of the electromag-
netic wave absorbers according to Examples and Compara-
tive Examples at an incidence angle of 15° in compliance
with JIS R 1679:2007. Based on the measurement results,
the maximum amount of reflection and absorption after the
durability test was determined. Each of the electromagnetic
wave absorbers according to Examples and Comparative
Examples was evaluated as below based on the maximum
amount of reflection and absorption before and after the
durability test. Table 2 shows the results.
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[0095] a: No decrease in the maximum amount of reflec-
tion and absorption was observed and the maximum
amount of reflection and absorption after the durability
test was 20 dB or more.

[0096] b: A decrease in the maximum amount of reflection
and absorption was observed but the maximum amount of
reflection and absorption after the durability test was 20
dB or more.

[0097] x: The maximum amount of reflection and absorp-
tion after the durability test was less than 20 dB.

[0098] Comparisons between Examples 1 to 16 and Com-

parative Examples 1 and 2 reveal that when the dielectric
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layer has a relative permittivity of 10 or less, the electro-
magnetic wave absorber can achieve a good amount (20 dB
or more) of reflection and absorption in a broad bandwidth.
Comparisons between Examples 1 to 16 and Comparative
Examples 3 and 4 reveals that the electromagnetic wave
absorber can be attached easily to a non-flat face when the
product of the Young’s modulus of the dielectric layer and
the thickness of the dielectric layer is 0.1 to 1000 MPa-mm.
In addition, comparison between Example 3 and Example
14 reveals that the electromagnetic wave absorber has high
durability when the support for the electrically conductive
functional layer is positioned between the electrically con-
ductive functional layer and the dielectric layer.

TABLE 1

Dielectric layer (or magnetic layer)

Electrically

Young’s conductive layer
modulus x Electrically
Young’s thickness conductive
Thickness t modulus E (Et) Relative  functional
Material [mm] [MPa] [MPa - mm] permittivity layer
Example 1 Acrylic resin 0.560 1 0.56 2.55 Al foil 7 pm
Example 2 Acrylic resin 0.560 1 0.56 2.55 ITO
Example 3 EVA 0.560 13 7.3 245 Al foil 7 pm
Example 4 EVA 0.456 16 7.3 3.90 Al foil 7 pm
50 parts by weight of BaTiO;
Example 5 EVA 0.397 18 7.1 5.19 Al foil 7 pm
100 parts by weight of BaTiO3
Example 6 EVA 0.336 22 74 7.25 Al foil 7 pm
200 parts by weight of BaTiO5
Example 7 Olefin foam 0.820 5 4.1 1.07 Al foil 7 pm
Example 8  Polyester foam 0.790 7 55 1.09 Al foil 7 pm
Example 9 Acrylic resin 1.200 8 9.6 6.60 ITO
300 parts by weight of iron powder
Example 10  Acrylic resin 1.200 8 9.6 6.60 Al foil 7 pm
300 parts by weight of iron powder
Example 11  Ionomer resin 0.565 35 20 2.44 Al foil 7 pm
Example 12 LLDPE 0.580 180 104 2.30 Al foil 7 pm
Example 13 HDPE 0.595 875 521 2.30 Al foil 7 pm
Example 14 EVA 0.571 13 74 245 Al foil 7 pm
Example 15 Acrylic resin 0.560 1 0.56 2.55 Al foil 100 pm
Example 16 EVA 0.560 13 7.3 245 Al-deposited
film
Comparative EVA 0.242 30 7.3 14.00 Al foil 7 pm
Example 1 300 parts by weight of BaTiO3
Comparative Acrylic resin 1.200 11 13.2 10.30 Al foil 7 pm
Example 2 400 parts by weight of iron powder
Comparative PET 0.480 4700 2256 3.20 Al foil 7 pm
Example 3
Comparative PC 0.500 2250 1125 2.90 Al foil 7 pm
Example 4
Electrically
conductive layer Resistive layer
Young’s Material of
modulus x resistive Bending
Young’s thickness functional properties
modulus E (Et) layer/material and
Support [MPa] [MPa - mm)] of support adhesiveness
Example 1  PET 25 um 5100 204 ITO/PET a
PET 9 pm
Example 2 PET 38 um 4700 179 ITO/PET b
Example 3 PET 25 um 5100 204 ITO/PET
PET 9 pm
Example 4  PET 25 um 5100 204 ITO/PET a
PET 9 pm
Example 5 PET 25 um 5100 204 ITO/PET a
PET 9 pm
Example 6  PET 25 um 5100 204 ITO/PET a

PET 9 um
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TABLE 1-continued

May 21, 2020

Example 7 PET 25 um 5100 204 ITO/PET a
PET 9 pm

Example 8 PET 25 um 5100 204 ITO/PET a
PET 9 pm

Example 9  PET 50 um 4700 235 — a

Example 10 PET 25 um 5100 204 — a
PET 9 pm

Example 11 PET 25 um 5100 204 ITO/PET b
PET 9 pm

Example 12 PET 25 um 5100 204 ITO/PET a
PET 9 pm

Example 13 PET 25 um 5100 204 ITO/PET a
PET 9 pm

Example 14 PET 9 um 3100 50 ITO/PET a

Example 15 — 69000 6900 ITO/PET a

Example 16 CPP 20 um 400 8 ITO/PET a

Comparative PET 25 um 5100 204 ITO/PET a

Example 1  PET 9 um

Comparative PET 25 um 5100 204 — a

Example 2 PET 9 um

Comparative PET 25 um 5100 204 ITO/PET X

Example 3 PET 9 um

Comparative PET 25 um 5100 204 ITO/PET X

Example 4 PET 9 um

TABLE 2 2. The electromagnetic wave absorber according to claim

Electromagnetic wave absorption characteristics

Frequency
bandwidth [dB] Maximum
in which the amount of Reflection and
amount of Maximum reflection absorption
reflection and peak and characteristics
absorption is 20 frequency absorption after

dB or more [Hz] [dB] durability test
Example 1 15.6 74.6 33 a
Example 2 15.2 74.9 30 b
Example 3 14.3 753 31 a
Example 4 19.7 82.5 35 a
Example 5 10.3 78.2 24 a
Example 6 32 68.0 21 a
Example 7 17.2 733 29 a
Example 8 16.2 72.7 29 a
Example 9 2.6 82.1 22 b
Example 10 2.9 79.8 24 a
Example 11 14.1 76.4 28 a
Example 12 14.0 76.6 29 a
Example 13 13.8 76.3 29 a
Example 14 12.9 73.1 26 b
Example 15 15.5 75.0 33 a
Example 16 14.0 74.5 28 —
Comparative 0.0 78.2 16 X
Example 1
Comparative 0.0 66.0 15 X
Example 2
Comparative 10.2 85.2 29 —
Example 3
Comparative 9.3 62.3 33 —
Example 4

1. An electromagnetic wave absorber comprising:

a first layer that is a dielectric layer or a magnetic layer;

and

an electrically conductive layer that is provided on at least
one surface of the first layer, wherein

a product of a Young’s modulus of the first layer and a
thickness of the first layer is 0.1 to 1000 MPa-mm, and

the first layer has a relative permittivity of 1 to 10.

1, wherein the Young’s modulus of the first layer is 2000
MPa or less.

3. The electromagnetic wave absorber according to claim
1, wherein the first layer contains a polymer material.

4. The electromagnetic wave absorber according to claim
1, wherein the first layer is a foam.

5. The electromagnetic wave absorber according to claim
1, wherein at least one of a dielectric substance and a
magnetic substance is dispersed in the first layer.

6. The electromagnetic wave absorber according to claim
1, wherein a product of'a Young’s modulus of the electrically
conductive layer and a thickness of the electrically conduc-
tive layer is 12000 MPa-mm or less.

7. The electromagnetic wave absorber according to claim
1, wherein the electrically conductive layer contains a metal.

8. The electromagnetic wave absorber according to claim
1, wherein

the electrically conductive layer includes a support and an

electrically conductive functional layer that has elec-
trical conductivity and is in contact with the support,
and

the support is disposed between the first layer and the

electrically conductive functional layer and the support
protects the electrically conductive functional layer.

9. The electromagnetic wave absorber according to claim
1, further comprising a resistive layer that is provided on at
least one surface of the first layer, wherein

the first layer is the dielectric layer and disposed between

the resistive layer and the electrically conductive layer.

10. The electromagnetic wave absorber according to
claim 9, wherein the resistive layer has a sheet resistance of
200 to 600 /1.

11. The electromagnetic wave absorber according to
claim 1, wherein the electromagnetic wave absorber exhibits
an electromagnetic wave absorption of 20 dB or more in a
bandwidth of 2 GHz or more included in a frequency band
of 50 to 100 GHz.

12. The electromagnetic wave absorber according to
claim 1, further comprising an adhesive layer disposed on an
external side of the electrically conductive layer.
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13. A molded article with an electromagnetic wave
absorber, comprising:
a molded article; and
the electromagnetic wave absorber according to claim 1
attached to the molded article.

#* #* #* #* #*
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