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DESCRIPTION
ELECTROMAGNETIC WAVE SHIELDING SHEET
Technical Field
[0001]

The present disclosure relates to an electromagnetic wave
shielding sheet that is preferable for forming an electromagnetic wave
shielding layer of a component-mounting substrate.

Background Art
[0002]

An electronic substrate on which electronic components such as
IC chips are mounted is typically provided with an electromagnetic
wave shielding structure in order to prevent a malfunction due to
external magnetic field or radio waves and to reduce unwanted
radiation of electric signals generated from the inside of the electronic
substrate. Although a sputtering method has been employed for
shielding IC chips, an alternative technology has been required due to
a problem of investment in equipment etc.

[0003]

In order to satisfy the above demand, a method of coating a
mold resin that forms an outer skeleton of an electronic component
with an electromagnetic wave shielding sheet (Patent Literature 1-3)
has been recently proposed.

Citation List
Patent Literature

[0004]

[Patent Literature 1] International Patent Publication No. WO
2014/083875

[Patent Literature 2] International Patent Publication No. WO
2014/027673

[Patent Literature 3] International Patent Publication No. WO
2015/186624
Summary of Invention
Technical Problem

[0005]
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Patent Literature 1-3 disclose a technique of forming an
electromagnetic wave shielding layer on surfaces of electronic
components by thermally pressing an electromagnetic wave shielding
sheet. In Patent Literature 3, for example, a substrate on which
electronic components that form a sealing resin are mounted is
subjected to half dicing, and an electromagnetic wave shielding sheet
is thermally pressed on the concave/convex surfaces of the above
substrate. Since the edges of the convex parts formed by half dicing
have an acute angle, as shown in Fig. 16, when the electromagnetic
wave shielding sheet is thermally pressed, the electromagnetic wave
shielding sheet is easily broken in the edge parts (e.g., A-1 and A-2 in
Fig. 16) thereof. This causes a problem that not only the external
appearance is deteriorated but also the quality of the electromagnetic
wave shielding layer is reduced (hereinafter referred to as edge
covering properties). On the other hand, if the hardness level of the
film of the electromagnetic wave shielding sheet is improved in order
to prevent the edge parts thereof from being broken, a property by
which the electromagnetic wave shielding sheet is embedded into the
concave parts is degraded as shown in Fig. 17 or the electromagnetic
wave shielding sheet is broken in groove parts as shown in Fig. 18,
which causes a problem, for example, that the electromagnetic wave
shielding sheet cannot be connected to ground parts provided on side
surfaces of the groove parts of the substrate (hereinafter referred to as
ground connectivity).

In addition, since electronic components are required to have
long-term weather resistance, it is absolutely necessary that they
withstand a Pressure Cooker Test (PCT resistance). There is a problem,
however, that it is extremely difficult to impart PCT resistance while
imparting flexibility to the electromagnetic wave shielding sheet in
such a way that it fills the grooves between the electronic components.
[0006]

The present disclosure has been made in view of the
aforementioned circumstances and aims to provide an electromagnetic

wave shielding sheet capable of providing an electromagnetic wave
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shielding layer having high embedding properties, ground connectivity,
edge covering properties, and PCT resistance.

Solution to Problem

[0007]

As a result of our thorough research, the present inventors have
found that the problem of the present disclosure may be solved in
terms of the following aspects and have completed the present
disclosure.

[1]: An electromagnetic wave shielding sheet before thermal pressing
for forming an electromagnetic wave shielding layer used for an
electronic component-mounting substrate including:

a substrate;

an electronic component mounted on one or both surfaces of the
substrate; and

an electromagnetic wave shielding layer that covers a step part
formed by mounting the electronic component and at least a part of an
exposed surface of the substrate and includes at least one of an
electromagnetic wave reflection layer and an electromagnetic wave
absorption layer, in which

the electromagnetic wave shielding sheet includes at least one
of a conductive layer before thermal pressing of the electromagnetic
wave reflection layer and a conductive layer before thermal pressing of
the electromagnetic wave absorption layer,

the conductive layer before thermal pressing of the
electromagnetic wave reflection layer includes a binder resin and a
conductive filler,

the conductive layer before thermal pressing of the
electromagnetic wave absorption layer includes a binder resin and an
electromagnetic wave absorption filler, and

the Young's modulus of the conductive layer at 23°C is 10 to
700 MPa.

[2]: The electromagnetic wave shielding sheet according to [1], in
which the Young's modulus of the conductive layer at 80°C is 5 to 85
MPa.
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[3]: The electromagnetic wave shielding sheet according to [1] or [2],
in which the glass transition temperature [Tg] of the conductive layer
is -15°C to 30°C, and the glass transition temperature [Tg] after the
conductive layer is heated at 180°C for two hours is 20 to 80°C.

[4]: The electromagnetic wave shielding sheet according to any one of
[1]-[3], in which the ratio [Young's modulus at 23°C]/[Young's
modulus at 80°C] is 1.8 to 8.5.

[5]: The electromagnetic wave shielding sheet according to any one of
[1]-[4], in which the curing degree of the conductive layer is 60 to
99%.

Advantageous Effects of Invention

[0008]

According to the present disclosure, it is possible to provide an
electromagnetic wave shielding sheet that forms an electromagnetic
wave shielding layer with high embedding properties, ground
connectivity, edge covering properties, and PCT resistance. It is
therefore possible to provide a component-mounting substrate and an
electronic device with high reliability.

Brief Description of Drawings
[0009]

Fig. 1 is a schematic perspective view showing one example of
an electronic component-mounting substrate according to an
embodiment;

Fig. 2 is a cross-sectional view taken along the line Il-11 of Fig.
1;

Fig. 3 is a schematic cross-sectional view showing another
example of the electronic component-mounting substrate according to
the embodiment;

Fig. 4 is a schematic cross-sectional view showing one example
of a laminate (a laminated body) according to the embodiment;

Fig. 5 is a schematic cross-sectional view showing one example
of the laminate according to the embodiment;

Fig. 6 is a schematic cross-sectional view showing one example

of the laminate according to the embodiment;
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Fig. 7 is a cross-sectional view of a process of manufacturing
the electronic component-mounting substrate according to the
embodiment;

Fig. 8 is a cross-sectional view of the process of manufacturing
the electronic component-mounting substrate according to the
embodiment;

Fig. 9 is a cross-sectional view of the process of manufacturing
the electronic component-mounting substrate according to the
embodiment;

Fig. 10 is a cross-sectional view of the process of
manufacturing the electronic component-mounting substrate according
to the embodiment;

Fig. 11 is a cross-sectional view of the process of
manufacturing the electronic component-mounting substrate according
to the embodiment;

Fig. 12 is a schematic cross-sectional view showing another
example of an electronic component-mounting substrate according to
an Example;

Fig. 13 is a cross-sectional view of the process of
manufacturing the electronic component-mounting substrate according
to the embodiment;

Fig. 14 is a cross-sectional view of a component-mounting
substrate showing one example of embedding properties according to
comparative examples and Examples;

Fig. 15 is a schematic cross-sectional view showing a method of
evaluating the component-mounting substrate according to the
Example;

Fig. 16 is a schematic perspective view showing one example of
an electronic component-mounting substrate in which an
electromagnetic wave shielding layer is formed of an electromagnetic
wave shielding sheet according to related art;

Fig. 17 is one example of poor embedding properties; and

Fig. 18 is one example of poor embedding properties.

Description of Embodiments
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[0010]

Hereinafter, examples of an embodiment to which the present
disclosure is applied will be described. Numerical values herein
defined are values that are determined by methods disclosed in the
embodiment or Examples. A numerical range of "A to B" herein
defined refers to a range that satisfies the numerical value A, a value
larger than the numerical value A, the numerical value B, and a value
smaller than the numerical value B. The term "sheet” in the present
specification includes not only a "sheet" defined in JIS but a "film".
In order to clarify the description, the following descriptions and the
drawings are simplified as appropriate. Further, the same components
are denoted by the same symbols even in embodiments different from
each other. Various components herein described may be each
independently used alone or may be used in combination of two or
more, unless otherwise specified.

[0011]

Further, an average particle diameter Dso of a conductive filler,
an electromagnetic wave absorption filler, and an inorganic filler
according to this embodiment can be obtained by a laser
diffraction-scattering method.

[0012]
[Component-mounting substrate]

A component-mounting substrate according to this embodiment
includes a substrate, electric components mounted on at least one
surface of the substrate, and an electromagnetic wave shielding layer
that covers step parts formed by mounting the electronic components
and an exposed surface of the substrate. The electromagnetic wave
shielding layer, which is to cover concave-convex parts on the
substrate, covers at least a part of side surfaces and top surfaces of the
electronic components and a surface of the substrate that is exposed.
More preferably, the electromagnetic wave shielding layer covers the
whole surface of the substrate on which the electronic components are
mounted.

The component-mounting substrate according to this
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embodiment achieves excellent effects that concave-convex parts on
the substrate can be covered uniformly with the electromagnetic wave
shielding layer and embedding properties into the grooves are high
even in a case in which, when the grooves of the step parts formed by
mounting the electronic components have a grid shape and a width (a)
of the groove (see Fig. 7) is assumed to be 1, a depth (b) of the groove
(see Fig. 7) is 1-7 times as large as the width (a) and the width (a) of
the groove is 50 to 500 pum.

[0013]

Fig. 1 shows a schematic perspective view of the component-
mounting substrate according to this embodiment and Fig. 2 shows a
cross-sectional view taken along the line Il-1l of Fig. 1. A component-
mounting substrate 101 includes a substrate 20, electronic components
30, an electromagnetic wave shielding layer 1 etc.

Another layer such as a film that exhibits favorable scratch
resistance, a water vapor barrier property, and an oxygen barrier
property, a film that enforces magnetic field cut or the like may be
further laminated onto the component-mounting substrate 101.

[0014]
<Substrate and electronic components>

It is sufficient that the substrate 20 be the one on which the
electronic components 30 can be mounted and that can withstand a
thermal pressing process, and the substrate 20 can be arbitrarily
selected. The substrate 20 may be, for example, a work board with
conductive patterns made of a copper foil or the like formed on its
surface or inside thereof, a mounted module substrate, a printed wiring
board, or a build-up substrate formed by a build-up method or the like.
Further, the substrate 20 is not limited to be a rigid substrate and may
also be a flexible substrate having a form of a film or a sheet. The
conductive patterns are, for example, electrode/wiring patterns (not
shown) to be electrically connected to the electronic components 30, or
ground patterns 22 to be electrically connected to the electromagnetic
wave shielding layer 1. Electrode/wiring patterns, vias (not shown)

and the like can be arbitrarily provided inside the substrate 20.
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[0015]

The electronic components 30 are arranged in a shape of 5x4
arrays on the substrate 20 in the example shown in Fig. 1. Then the
electromagnetic wave shielding layer 1 is provided so as to cover the
exposed surface of the substrate 20 and the electronic components 30.
That is, the electromagnetic wave shielding layer 1 is applied so as to
follow the concave/convex parts, which are step parts formed by the
electronic components 30.

[0016]

The number, the arrangement, the shape, and the type of the
electronic components 30 may be arbitrarily defined. In place of the
form in which the electronic components 30 are arranged in the array
shape, the electronic components 30 may be arranged in a desired
position. When the component-mounting substrate 101 is divided into
unit modules, as shown in Fig. 2, half-cut grooves 25, which are half
dicing grooves, may be provided so as to define the unit modules in the
thickness direction of the substrate from the upper surface of the
substrate. The component-mounting substrate according to this
embodiment includes both a substrate before it is divided into unit
modules and a substrate after it is divided into unit modules. That is,
the component-mounting substrate according to this embodiment
includes, besides the component-mounting substrate 101 in which a
plurality of unit modules (electronic components 30) as shown in Figs.
1 and 2 are mounted, a component-mounting substrate 102 after the
substrate is divided into unit modules as shown in Fig. 3. As a matter
of course, the component-mounting substrate according to this
embodiment also includes a component-mounting substrate in which
one electronic component 30 is mounted on the substrate 20 and that is
covered with the electromagnetic wave shielding layer without being
divided. That is, the component-mounting substrate according to this
embodiment encompasses a structure in which at least one electronic
component is mounted on the substrate and at least a part of the step
part formed by mounting the electronic component is covered with the

electromagnetic wave shielding layer.
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[0017]

The electronic components 30 include all the components in
which electronic elements such as semiconductor integrated circuits
are integrally covered with a sealing resin. For example, there is a
form in which a semiconductor chip 31 (see Fig. 3) including an
integrated circuit (not shown) formed therein is molded by a sealing
resin 32. The substrate 20 and the semiconductor chip 31 are
electrically connected to a wire or electrodes 21 formed in the
substrate 20 via these contact areas or bonding wires 33, solder balls
(not shown) or the like. The electronic component may be, for
example, other than a semiconductor chip, an inductor, a thermistor, a
capacitor, a resistor or the like.

[0018]

The edge of the electronic component in the step part preferably
has R of 50 um or smaller. Unless special processing is performed, the
edge part of the groove formed by half dicing has an acute angle and
has R of 50 um or smaller. Although there is means for making R of
the edge part more obtuse in order to reduce a crack of the
electromagnetic wave shielding layer, the number of processes
increases and the cost increases as well. On the other hand, when the
electromagnetic wave shielding sheet according to this embodiment is
used, there are excellent effects that, even when the edge has an acute
angle, the crack of the electromagnetic wave shielding layer can be
significantly reduced and the covering layer can be uniformly formed.
It is not necessary that the edge has an acute angle and the present
disclosure can be applied to edges having an angle of 90°, an obtuse
angle, and an R-shaped edge.

[0019]

The electronic components 30 and the substrate 20 according to
this embodiment can be widely applied to known forms. 1In the
example shown in Fig. 3, the semiconductor chip 31 is connected to
solder balls 24 which are on the rear surface of the substrate 20 via
inner vias 23. Further, ground patterns 22 to be electrically connected

to the electromagnetic wave shielding layer 1 are formed in the
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substrate 20. Further, a plurality of electronic components 30 may be
mounted on a component-mounting substrate after the substrate is
divided into pieces. Further, one or more electronic elements or the
like can be provided in the electronic component 30.

[0020]

<Electromagnetic wave shielding layer>

The electromagnetic wave shielding layer is formed by the
electromagnetic wave shielding sheet according to this embodiment
including at least a conducive layer. The electromagnetic wave
shielding sheet is placed in such a way that the side of the
electromagnetic wave shielding sheet on which the conductive layer is
formed is placed on the electronic components and is thermally pressed,
whereby the conductive layer covers at least a part of the side surfaces
and the top surfaces of the electronic components and the
electromagnetic wave shielding layer is formed.

The electromagnetic wave shielding layer may either contain a
conductive filler and be used as an electromagnetic wave reflection
layer or contain a radio wave absorption filler and be used as an
electromagnetic wave absorption layer.

[0021]

One example of the electromagnetic wave shielding layer will
be described with reference to Fig. 2. The electromagnetic wave
shielding layer 1 is obtained by placing an electromagnetic wave
shielding sheet described later on the substrate 20 on which the
electronic components 30 are mounted and thermally pressing the
electromagnetic wave shielding sheet. The electromagnetic wave
shielding layer 1 is the one in which the conductive layer of the
electromagnetic wave shielding sheet is deformed and then cured. The
conductive layer functions as an electromagnetic wave reflection layer
by causing a binder resin and a conductive filler (an electromagnetic
wave reflection filler) to be contained therein and imparting
conductivity thereto. In the electromagnetic wave reflection layer, the
conductive filler is continuously contacted and exhibits isotropic

conductivity.
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On the other hand, the conductive layer serves as an
electromagnetic wave absorption layer by containing therein an
electromagnetic wave absorption filler in place of the conductive filler.
By using the electromagnetic wave reflection layer or the
electromagnetic wave absorption layer, it is possible to shield
unwanted radiation that occurs from signal wires or the like embedded
in the electronic components 30 and/or the substrate 20 and prevent a
malfunction due to external magnetic field or radio waves. Whether
the electromagnetic wave shielding layer should be made to serve as
the electromagnetic wave reflection layer or as the electromagnetic
wave absorption layer can be selected as appropriate depending on the
type of the electronic components and noise that requires external
measures.

[0022]

The area covered with the electromagnetic wave shielding layer
is preferably the whole area of the step parts (concave-convex parts)
formed by mounting the electronic components 30. The
electromagnetic wave shielding layer preferably has a configuration in
which it is connected to the ground patterns 22 that are exposed on the
side surfaces or the upper surface of the substrate 20 or/and ground
patterns (not shown) such as connecting wires or the like of the
electronic components so that the electromagnetic wave shielding layer
can sufficiently achieve the shielding effect. When it is difficult to
connect the electromagnetic wave shielding layer to the above ground
patterns with regard to its design, the electromagnetic wave shielding
layer and a ground element of the substrate of the component-mounting
substrate or a ground element of a housing or the like that incorporates
therein the component-mounting substrate may be directly connected to
each other by a conductive tape, a conductive gasket or the like.
[0023]

The electromagnetic wave shielding layer may either be a single
layer or a plurality of layers. When the electromagnetic wave
shielding layer is formed of a plurality of layers, it is preferable to

employ a form in which two conductive layers are laminated to each
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other. Examples of the plurality of preferable layers may include, for
example, an electromagnetic wave shielding sheet in which two
conductive layers whose amounts of conductive filler to be contained
are different from each other are laminated to each other and an
electromagnetic wave shielding sheet in which two layers including a
fibrous (wire shape) conductive layer and a non-fibrous (non-wire
shape) conductive layer are laminated to each other. Further, the
electromagnetic wave shielding layer may include, for example, an
electromagnetic wave shielding sheet including conductive layers that
include conductive fillers whose shapes are different from each other
such as, for example, an electromagnetic wave shielding sheet in which
a conductive layer that contains a dendritic conductive filler and a
conductive layer that contains a flaky conductive filler are laminated
to each other. When the electromagnetic wave shielding layer is
formed of a plurality of layers, the electromagnetic wave shielding
layer preferably includes a conductive layer having a high conductivity
arranged on the side that contacts the component-mounting substrate
from the viewpoint of increasing the ground connectivity. Further, an
electromagnetic wave shielding sheet formed by laminating a
conductive layer before thermal pressing which functions as an
electromagnetic wave reflection layer and a conductive layer before
thermal pressing which functions as an electromagnetic wave
absorption layer is preferable as well.

[0024]

On the other hand, the electromagnetic wave shielding layer
preferably does not include an anisotropically conductive layer since if
it includes an anisotropically conductive layer, the connection
reliability to the ground patterns 22 of the substrate 20 tends to worsen.
This is because the ground contact probability of the ground positioned
in the concave part (e.g., the bottom part) of the substrate on which
the electronic components are mounted, and the conductive filler of the
anisotropically conductive layer is reduced.

[0025]

The thickness of the electromagnetic wave shielding layer may
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be designed as appropriate depending on its application. For
applications where it is required to reduce the thickness, the thickness
of the electromagnetic wave shielding layer that covers the upper
surface and the side surfaces of the electronic components is
preferably in a range of 2 to 75 um, more preferably, 3 to 65 um, and
particularly preferably, 5 to 55 um. For the application of shielding
the high-frequency noise with a high accuracy, the thickness can be,
for example, about 15 to 200 pum.

[0026]

The part where the crack of the electromagnetic wave shielding
layer tends to occur is parts that cover the edge parts of the electronic
components 30. When the crack of the electromagnetic wave shielding
layer occurs in the edge parts of the electronic components, it causes a
reduction in the electromagnetic wave shielding effect. Therefore, the
coverage of the concave-convex parts is particularly important.

The electromagnetic wave shielding layer according to this
embodiment has extremely high edge covering properties.

[0027]

The electromagnetic wave absorption layer may be formed of,
besides a binder resin, a conductive layer having electromagnetic wave
absorption properties including an electromagnetic wave absorption
filler.

The electromagnetic wave absorption layer preferably has a
form in which it covers the whole area of the step parts (concave-
convex parts) formed by mounting the electronic components 30,
similar to the electromagnetic wave reflection layer.

[0028]
[Electromagnetic wave shielding sheet]

The electromagnetic wave shielding sheet according to this
embodiment includes at least a conducive layer.
[0029]

By placing the electromagnetic wave shielding sheet on the
substrate on which the electronic components are mounted and

thermally pressing the electromagnetic wave shielding sheet, the
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conductive layer is embedded into the step parts of the electronic
components and the substrate, whereby the electromagnetic wave
shielding layer is formed. Depending on the height of the steps or the
grooves or the strength of the substrate, the pressure and the
temperature when the electromagnetic wave shielding sheet is
thermally pressed may be set as appropriate.

[0030]

The electromagnetic wave shielding sheet may include, besides
the conductive layer, a reinforcement layer and a cushion layer that are
laminated thereto in order to improve the handling properties and
further improve the embedding properties into the step parts.

The method of stacking these layers may be, but not specially
limited thereto, a method of laminating the respective layers, a method
of coating the cushion layer with a conductive resin composition and
performing printing etc.

[0031]

Fig. 4 shows an embodiment of an electromagnetic wave
shielding sheet in which a cushion layer and a reinforcement layer are
laminated to each other. An electromagnetic wave shielding sheet 10
shown in Fig. 4 includes a conductive layer 2, a cushion layer 7 formed
on one principal surface of the conductive layer 2, and a reinforcement
layer 3 formed on the cushion layer 7. A releasable base (not shown)
may be laminated to the other principal surface of the conductive layer
2 to which the cushion layer 7 is not laminated. Further, the
reinforcement layer 3 and the cushion layer 7 are preferably laminated
to each other via an anchor layer.

[0032]

Further, the electromagnetic wave shielding sheet may have a
laminated structure of the cushion layer/conductive layer. Each of the
cushion layer and the conductive layer may be a single layer
independently or may be formed of a plurality of layers. In the
laminated structure of the cushion layer/conductive layer, the area of
the conductive layer is preferably made smaller than that of the

cushion layer and is preferably laminated in such a way that the
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electromagnetic wave shielding sheet includes a frame region of the
cushion layer (the conductive layer is laminated on the cushion layer
in an island shape) in a plan view. According to the above structure, it
Is possible to efficiently prevent the conductive layer from exuding
from the cushion layer when the electromagnetic wave shielding sheet
is thermally pressed and prevent the conductive layer from being
attached to another member such as a thermal pressing apparatus.
[0033]

(Conductive layer)

The conductive layer, which is a layer for forming the
electromagnetic wave shielding layer, at least contains a binder resin,
and a conductive filler or an electromagnetic wave absorption filler.
[0034]

The Young's modulus of the conductive layer at 23°C is 10 to
700 MPa. The Young's modulus at 23°C is, more preferably, 30 to 500
MPa, and further preferably, 50 to 300 MPa. By making the conductive
layer have the Young's modulus at 23°C of 10 to 700 MPa, the
embedding properties, the ground connectivity, and the edge covering
properties can be improved. In addition, the PCT resistance is also
improved.

[0035]

The "Young's modulus at 23°C" according to this embodiment
can be obtained as follows.

The conductive layer that has been left to stand at 23°C and a
relative humidity of 50% for 24 hours is measured in a constant
temperature and humidity environment with a temperature of 23°C and
a relative humidity of 50%. The stress-strain curve of the conductive
layer is measured by a tensile tester under conditions of a tensile
speed of 50 mm/min and a bench mark of 25 mm, and the linear
regression (inclination) of the region in which the distortion
(elongation) is in a range of 0.1 to 0.3% is set to be the Young's
modulus at 23°C.

[0036]

The conductive layer that satisfies the above Young's modulus
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at 23°C may be obtained, for example, by applying a conductive resin
composition containing at least a thermosetting resin as a binder resin
and a conductive filler or an electromagnetic wave absorption filler on
a peelable sheet, followed by drying, and aging in a thermal
environment, and semi-curing the obtained layer. The drying process
and the aging process in a thermal environment here may be performed
concurrently or at different timings.

[0037]

Further, the Young's modulus of the conductive layer at 80°C is
preferably 5 to 80 MPa, more preferably, 9 to 65 MPa, and further
preferably, 13 to 60 MPa. By setting the Young's modulus at 80°C to 5
to 85 MPa, elongation at the time of thermal pressing is improved, and
the embedding properties and the ground connectivity can be improved.
[0038]

The "Young's modulus at 80°C" according to this embodiment
can be obtained in a way similar to that when the Young's modulus at
23°C is obtained except that the stress-strain curve is measured in a
chamber at 80°C and a relative humidity of 50%.

[0039]

Further, the ratio [Young's modulus at 23°C]/[Young's modulus
at 80°C] of [Young's modulus at 23°C] to [Young's modulus at 80°C] is
preferably 1.8 to 8.5. More preferably, it is 3.2 to 8.5, and further
preferably, 3.9 to 7.1. By setting the ratio [Young's modulus at
23°C]/[Young's modulus at 80°C] to a range from 1.8 to 8.5, when the
electromagnetic wave shielding sheet is thermally pressed to form the
electromagnetic wave shielding layer, the embedding properties into
the component-mounting substrate, the ground connectivity, the edge
covering properties, and the PCT resistance can be efficiently
increased.

[0040]

The conductive layer functions as an electromagnetic wave
shielding layer after the thermal pressing. The conductive layer can be
obtained by forming a conductive resin composition in which a binder

resin is mixed with a conductive filler or an electromagnetic wave
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absorption filler into a sheet.
[0041]

Further, the curing degree of the conductive layer is preferably
60 to 99%, more preferably, 65 to 98%, and further preferably, 70 to
97%. By setting the curing degree to 60% or greater, the breaking
strength of the conductive layer increases and the edge resistance can
be further improved. On the other hand, by setting the curing degree
to 99% or smaller, elongation at the time of thermal pressing is
improved and the embedding properties into the grooves can be further
improved.

[0042]

The "curing degree"” according to this embodiment can be
obtained as follows.

A 100-mesh wire netting is cut into a size of a width of 30 mm
and a length of 100 mm to measure the weight (W1). Then, a
conductive layer having a width of 10 mm and a length of 80 mm is
wrapped with the aforementioned wire netting to form a test piece, and
the weight (W2) thereof is measured. The manufactured test piece is
immersed into the solvent at room temperature for two hours, the test
piece is then removed from the solvent and dried at 120°C for 30
minutes, and then the weight (W3) thereof is measured. The content
ratio of the conductive layer that remains in the wire netting without
being dissolved is calculated as a curing degree using the following
calculation formula [I].

(W3-W1)/(W2-W1)x100[%][!]

The solvent that has the highest solubility of the conductive
layer among a single or mixed solvent selected from methyl ethyl
ketone (hereinafter referred to as MEK), toluene, isopropyl alcohol,
and chloroform is selected as the solvent.

[0043]

Further, the glass transition temperature (Tg) of the conductive
layer is preferably -15 to 30°C, more preferably, -10 to 25°C, and
further preferably, -5 to 20°C. By setting the glass transition

temperature (Tg) of the conductive layer to above ranges, the
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conductive layer can easily follow the concaves and the convexes when
it is thermally pressed and the embedding properties and the ground
connectivity are further improved.

[0044]

Further, the glass transition temperature (Tg) after the
conductive layer is heated at 180°C for two hours is preferably 0 to
80°C, more preferably, 20 to 80°C, further preferably, 25 to 65°C, and
particularly preferably, 30 to 55°C. By setting the glass transition
temperature (Tg) after the conductive layer is heated at 180°C for two
hours to 0°C or greater, the PCT resistance of the formed
electromagnetic wave shielding layer is further improved, which is
preferable. Further, by setting the glass transition temperature (Tg)
after the conductive layer is heated at 180°C for two hours to 80°C or
lower, it is possible to reduce warpage of the component-mounting
substrate and improve the yield.

The Tg of the conductive layer and the layer after the
conductive layer is heated at 180°C for two hours can be measured by a
dynamic viscoelasticity analyzer.

[0045]

The storage modulus at 25°C after the conductive layer is heated
at 180°C for two hours is preferably 0.5 to 8 GPa, more preferably, 1
to 7 GPa, and further preferably, 2 to 6 GPa. The storage modulus is
preferably set to the above range so that the PCT resistance of the
formed electromagnetic wave shielding layer is further improved and
the scratch resistance is improved as well. The storage modulus herein
means a value of the storage modulus at 25°C measured under
conditions of a deformation mode "pulling™ with respect to a
measurement sample, a frequency of 10 Hz, a temperature rising rate of
10°C/min, and a measurement temperature range of -50 to 300°C using a
dynamic viscoelasticity measuring apparatus DVA-200 (manufactured
by I.T. Keisoku Seigyo Co., Ltd.).

[0046]

Further, the linear expansion coefficient of the conductive layer

at a temperature from -50°C to 50°C is preferably 10 to 300 ppm, more
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preferably, 20 to 250 ppm, and further preferably, 30 to 200 ppm.
Further, the linear expansion coefficient thereof at a temperature from
50°C to 170°C is preferably 50 to 500 ppm, more preferably, 70 to 400
ppm, and further preferably, 80 to 300 ppm. Accordingly, it is
possible to efficiently prevent occurrence of warpage, distortion and
the like of the electronic components. As the linear expansion
coefficient, values measured by the testing method for linear expansion
of plastics by thermomechanical analysis described in JIS-K7197 are
herein used.

[0047]

The conductive layer has such a thickness that it is able to
cover the top surfaces and the side surfaces of the electronic
components and the exposed surface of the substrate. The above
thickness is preferably 12 to 90 um, more preferably, 18 to 80 um, and
further preferably, 23 to 70 um although it may vary depending on the
fluidity of the binder resin to be used or the size of the distance
between the electronic components. When the film thickness is 12 pm
or greater, the embedding properties, the ground connectivity, and the
edge resistance are improved. On the other hand, when the film
thickness is 90 um or smaller, the handling properties can be improved
and the thickness of the electronic device can be reduced.

[0048]
«Binder resin»

A binder resin that forms a conductive layer will be described.

A thermosetting resin is preferably used as the binder resin.
The thermosetting resin may have a curable compound reaction type.
Further, the thermosetting resin may be self-crosslinked. When the
thermosetting resin is used, it preferably includes a reactive functional
group that can react with the curable compound.

[0049]

Preferable examples of the thermosetting resin may include
polyurethane resins, polyurethane-urea resins, phenoxy resins, acrylic
resins, polyester resins, polyamide resins, epoxy resins, polystyrene

resins, polycarbonate resins, polyamide-imide resins, polyester amide
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resins, polyetherester resins, and polyimide resins. The thermosetting
resin may include a functional group that can be self-crosslinked. For
example, the thermosetting resin when it is used under severe
conditions during reflow preferably includes at least one of epoxy
resins, urethane resins, urethane-urea resins, polycarbonate resins, and
polyamide. Further, the thermosetting resin and the thermoplastic
resin can be used together as long as they can withstand the heating
process.

[0050]

The reactive functional group of the thermosetting resin
includes a carboxyl group, a hydroxyl group, an epoxy group etc. The
acid value of the thermosetting resin is preferably 3 to 30 mgKOH/g.
By making the thermosetting resin have the acid value in this range,
the effect that the edge covering properties are improved can be
obtained. A more preferable range of the acid value is 4-20 mgKOH/qg,
and a further preferable range is 5 to 10 mgKOH/g.

[0051]

The curable compound includes a functional group that can be
crosslinked with a reactive functional group of the thermosetting resin.
Preferable examples of the curable compound include epoxy compounds,
isocyanate compounds, polycarbodiimide compounds, aziridine
compounds, acid anhydride group-containing compounds,
dicyandiamide compounds, amine compounds such as aromatic diamine
compounds, phenol compounds such as a phenol novolak resin,
organometallic compounds etc. The curable compound may be a resin.
In this case, the thermosetting resin and the curable compound are
differentiated from each other depending on the content amount. That
is, the thermosetting resin has a larger content amount and the curable
compound has a smaller content amount.

[0052]

The structure and the molecular weight of the curable compound
can be designed as appropriate depending on the application.
[0053]

The Young's modulus of the conductive layer can be controlled
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by adjusting the content amounts of the thermosetting resin and the
curable compound described above or by combining different types.
The Young's modulus can be controlled, for example, by changing the
blending ratio of, for example, a mixed system of a polyurethane resin
and a polycarbonate resin, a mixed system of a polycarbonate resin and
a styrene resin, and a mixed system of a polyurethane resin and a
phenoxy resin. In addition, a method of mixing a plurality of curable
compounds and changing the blending ratio thereof is also effective for
controlling the Young's modulus.

[0054]

Further, the Young's modulus of the conductive layer can be
controlled also depending on the type and amount of conductive filler
to be added described later. Changing the average particle diameter
Dso of the conductive filler, the BET specific surface area, the tap
density, and the surface treatment is also effective for controlling the
Young's modulus.

[0055]

The curable compound preferably includes an amount of 1 to 70
pts.mass, more preferably, 3 to 65 pts.mass, and further preferably, 3
to 60 pts.mass relative to 100 pts.mass of the thermosetting resin.
[0056]

The epoxy compound, which is not particularly limited as long
as it includes an epoxy group, is preferably a multi-functional epoxy
compound. The epoxy group of the epoxy compound is thermally
cross-linked with a carboxyl group or a hydroxyl group of the
thermosetting resin in the thermal pressing and the like, whereby it is
possible to obtain a cross-linked structure. As the epoxy compound, an
epoxy compound that is liquid at room temperature and ordinary
pressure is preferable.

[0057]

The epoxy equivalent of the epoxy compound is preferably in a
range of 120 to 300 g/eq, more preferably, in a range of 180 to 280
g/eq, and particularly preferably, in a range of 200 to 260 g/eq. By

setting the epoxy equivalent of the epoxy compound to be in a range of
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120 to 300 g/eq, the crosslinked density of the conductive layer in a
semi-cured product is adjusted and the edge covering properties can be
efficiently increased.

[0058]

As the binder resin, other than the above resins, tackifying
resins or thermoplastic resins may be used. Preferable examples of the
thermoplastic resins may be polyolefin resins, vinyl resins,
styrene-acrylic resins, diene resins, terpene resins, petroleum resins,
cellulose resins, polyamide resins, polyurethane resins, polyester
resins, polycarbonate resins, fluorine resins or the like. The
tackifying resins may be, for example, rosin resins, terpene resins,
alicyclic petroleum resins, and aromatic petroleum resins. Further, a
conductive polymer may be used. The conductive polymer may be, for
example, polyethylenedioxythiophene, polyacetylene, polypyrrole,
polythiophene, or polyaniline.

[0059]
«Conductive filler»

The conductive filler (electromagnetic wave reflection filler)
may be, for example, a metal filler, a conductive ceramics filler, and a
mixture thereof. The metal filler may be, for example, a core-shell
type filler of a metal powder such as gold, silver, copper and nickel,
an alloy powder such as solder, a silver-coated copper powder, a gold-
coated copper powder, a silver-coated nickel powder, or a gold-coated
nickel powder. From the viewpoint of obtaining excellent conductive
properties, a conductive filler that contains silver is preferably used.
From the perspective of reducing the cost, a silver-coated copper
powder is particularly preferable. The amount of silver contained in
the silver-coated copper is preferably 6-20 mass %, more preferably, 8
to 17 mass %, and further preferably, 10 to 15 mass % in the 100
mass % of the conductive filler. In the case of the core-shell type
filler, the covering rate of the coating layer on a core part is
preferably 60 mass % or greater in average, more preferably, 70
mass % or higher, and further preferably, 80 mass % or higher in the

100 mass % of the entire surface. Although the core part may be non-
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metallic, the core part is preferably a conductive substance from the
viewpoint of conductivity, and a metal filler is more preferable.
[0060]

The shape of the conductive filler is preferably flaky (scaly).
Further, a flaky conductive filler and a conductive filler having
another shape may be used together. The shape of the conductive filler
that is used together with the flaky conductive filler is preferably, but
not specially limited thereto, a dendritic (dendrite), fibrous, acicular,
or spherical conductive filler. The conductive filler that is used
together with the flaky conductive filler is used alone or in
combination. When the other conductive filler is used together with
the flaky conductive filler, a combination of a flaky conductive filler
and a dendritic filler, a combination of a flaky conductive filler, a
dendritic conductive filler, and a spherical conductive filler, and a
combination of a flaky conductive filler and a spherical conductive
filler may be used as an example. Among them, from the viewpoint of
increasing the edge covering properties of the electromagnetic wave
shielding layer, a flaky conductive filler alone or a combination of a
flaky conductive filler and a dendritic conductive filler is more
preferable.

[0061]

The average particle diameter Dso of the flaky conductive filler
is preferably 2 to 100 um, and more preferably, 2 to 80 um. Further
preferably, it is 3 to 50 um, and particularly preferably, 5 to 20 pm.
Likewise, a preferable range of the average particle diameter Dso of
the dendritic conductive filler is 2 to 100 um, and more preferably, 2
to 80 um, further preferably, 3 to 50 um, and particularly preferably, 5
to 20 pm.

[0062]

The amount of the conductive filler to be contained in the
conductive layer is preferably 40 to 95 mass % with respect to the
entire conductive layer from the viewpoint of obtaining excellent
electromagnetic shield properties. The lower-limit value is, more

preferably, 45 mass %, further preferably, 50 mass %, and particularly
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preferably, 55 mass %.
[0063]
«Electromagnetic wave absorption filler»

The electromagnetic wave absorption filler may be, for example,
iron, iron alloy such as Fe-Ni alloy, Fe-Co alloy, Fe-Cr alloy, Fe-Si
alloy, Fe-Al alloy, Fe-Cr-Si alloy, Fe-Cr-Al alloy, or Fe-Si-Al alloy,
and a carbon filler. The carbon filler may be, for example, a filler
made of acetylene black, ketjen black, furnace black, carbon black,
carbon fibers, or carbon nanotubes, a graphene filler, a graphite filler,
and carbon nanowalls.

[0064]

Preferable examples of the shape of the electromagnetic wave
absorption filler and the average particle diameter Dso are similar to
those of the aforementioned electromagnetic wave reflection filler.
[0065]

The amount of the electromagnetic wave absorption filler
contained in the conductive layer to form the electromagnetic wave
absorption layer is preferably 5 to 75 mass % with respect to the entire
conductive layer that contains the electromagnetic wave absorption
filler from the viewpoint of obtaining excellent electromagnetic wave
absorption properties. The lower-limit value is, more preferably, 10
mass %, further preferably, 15 mass %, and particularly preferably, 20
mass %.

[0066]

Further, the conductive layer can be formed of a conductive
resin composition at least containing a binder resin and a conductive
filler or an electromagnetic wave absorption filler. The conductive
resin composition may further include colorants, flame retardants,
inorganic additives, lubricants, anti-blocking agents or the like.

The flame retardants may be, for example, halogen containing
flame retardants, phosphorus-containing flame retardants, nitrogen-
containing flame retardants, inorganic flame retardants etc.

The inorganic additives may be, for example, glass fibers, silica,

talc, ceramic etc.
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The lubricants may be, for example, fatty acid ester, a
hydrocarbon resin, paraffin, higher fatty acid, fatty acid amide,
aliphatic alcohol, a metal soap, modified silicone etc.

The anti-blocking agents may be, for example, calcium
carbonate, silica, polymethylsilsesquiosane, aluminum silicate etc.
[0067]

The method of applying the conductive resin composition may
be, for example, a gravure coating method, a kiss coating method, a die
coating method, a LIP coating method, a Comma Coating method, a
blade method, a roll coating method, a knife coating method, a spray
coating method, a bar coating method, a spin coating method, and a dip
coating method.

[0068]
(Reinforcement layer)

The reinforcement layer 3 is used to impart handling properties
of the electromagnetic wave shielding sheet and to transmit the
pressing force to the cushion layer 7 and to bury the conductive layer 2
into the grooves of the step parts of the adherend at the time of
thermal pressing. In addition, the reinforcement layer 3 serves as a
support when the cushion layer 7 that has been deformed and cut into
the grooves of the step parts (concaves and convexes) is peeled off
after the thermal pressing, which significantly improves the peelability.
[0069]

The reinforcement layer can be selected from a resin film, a
metal plate and the like as appropriate, and may be, for example, a
plastic sheet of polyethylene terephthalate, polyethylene naphthalate,
polyvinyl fluoride, polyvinylidene fluoride, rigid polyvinyl chloride,
polyvinylidene chloride, nylon, polyimide, polystyrene, polyvinyl
alcohol, an ethylene-vinyl alcohol copolymer, polycarbonate,
polyacrylonitrile, polybutene, soft polyvinyl chloride, polyvinylidene
fluoride, polyethylene, polypropylene, polyurethane resin, an
ethylenevinyl acetate copolymer, polyvinyl acetate etc., papers such as
a glassine paper, a woodfree paper, a kraft paper, and a coated paper,

various non-woven fabrics, a synthetic paper, a metal foil, or a
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composite film in which they are combined. Among them, the
reinforcement layer is preferably any one of polyethylene terephthalate,
polyester, polycarbonate, polyimide, and polyphenylene sulfide in view
of handling properties and the cost. Further, polyethylene
terephthalate and polyimide are more preferable.

[0070]

The thickness of the reinforcement layer is preferably 20 um or
greater, more preferably, 25 um or greater, and further preferably, 38
um or greater. By making the reinforcement layer have a thickness of
20 um or greater, the strength of the reinforcement layer is improved,
which causes the embedding properties, the releasability, and the
handling properties to be further improved. Further, the thickness of
the reinforcement layer is preferably, but not particularly limited
thereto, 250 pm or smaller since in this case the releasability and the
handling properties of the electromagnetic wave shielding sheet are
improved.

[0071]
(Cushion layer)

The cushion layer, which is a layer that is melted at the time of
thermal pressing, functions as a cushion material that prompts
followability of the conductive layer 2 to the step parts formed by
mounting the electronic components 30. In addition, the cushion layer
is a layer that has releasability, and can be peeled off from the
conductive layer after the thermal pressing process without being
bonded to the conductive layer.

When the cushion layer includes a release layer, it indicates a
configuration in which an element that has cushioning properties is
combined with the release layer.

[0072]

The cushion layer can be formed of a thermoplastic resin
composition at least including a thermoplastic resin. Further, the
thermoplastic resin composition may include, besides the thermoplastic
resin, a plasticizer, a thermosetting agent, an inorganic filler or the
like.
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[0073]

The thermoplastic resin may be a polyolefin resin, an acid-
modified polyolefin resin grafted with acid, a copolymer resin of
polyolefin and unsaturated ester, a vinyl resin, a styrene-acrylic resin,
a diene resin, a cellulose resin, a polyamide resin, a polyurethane resin,
a polyester resin, a polycarbonate resin, a polyimide resin, or a
fluororesin.

Among them, a polyolefin resin, an acid-modified polyolefin
resin grafted with acid, a copolymer resin of polyolefin and
unsaturated ester, and a vinyl resin are preferable.

As the thermoplastic resin, one kind may be used alone or two
or more kinds of resins may be mixed at a desired ratio as necessary.
[0074]

The polyolefin resin is preferably a homopolymer or a
copolymer of ethylene, propylene, a-olefin compounds and the like.
Specifically, the polyolefin resin may be, for example, low density
polyethylene, ultra low density polyethylene, linear low-density
polyethylene, high density polyethylene, polypropylenehomopolymer, a
polypropylene copolymer and the like.

Among them, a polyethylene resin and a polypropylene resin are
preferable, and a polyethylene resin is more preferable.

[0075]

The acid-modified polyolefin resin is preferably a polyolefin
resin grafted with maleic acid, acrylic acid, methacrylic acid, itaconic
acid or the like.

Among them, a maleic acid-modified polyolefin resin is
preferable.

[0076]

The unsaturated ester in a copolymer resin of polyolefin and
unsaturated ester may be methyl acrylate, ethyl acrylate, isobutyl
acrylate, n-butyl acrylate, isooctyl acrylate, methyl methacrylate,
isobutyl methacrylate, dimethyl maleate, diethyl maleate, glycidyl
methacrylate or the like.

Among them, an ethylene-glycidyl methacrylate copolymer resin
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in which ethylene is used as polyolefin and glycidyl methacrylate is
used as unsaturated ester is preferable.
[0077]

The vinyl resin is preferably a polymer obtained by
polymerization of vinyl ester such as vinyl acetate and a copolymer of
vinyl ester and an olefin compound such as ethylene. Specifically, the
vinyl resin may be, for example, an ethylene-vinyl acetate copolymer,
an ethylene-vinyl propionate copolymer, a partially saponified
polyvinyl alcohol or the like.

Among them, an ethylene-vinyl acetate copolymer is preferable.
[0078]

The styrene-acrylic resin is preferably a homopolymer or a
copolymer formed of styrene, (meth)acrylonitrile, acrylamides, or
maleimides or the like. Specifically, the styrene-acrylic resin may be,
for example, syndiotacticpolystyrene, polyacrylonitrile, an acrylic
copolymer or the like.

[0079]

The diene resin is preferably a homopolymer or a copolymer of
a conjugate diene compound such as butadiene or isoprene, and a
hydrogenated product thereof. Specifically, the diene resin may be,
for example, styrene-butadiene rubber, a styrene-isoprene block
copolymer, a styrene-ethylene-butylene-styrene block copolymer, a
styrene-ethylene-propylene-styrene block copolymer, a styrene-
isoprene-styrene block copolymer, a styrene-butylene-butadiene-
styrene block copolymer, and a mixture of a styrene-ethylene-butylene-
styrene block copolymer and a styrene-ethylene-butylene block
copolymer.

[0080]

The cellulose resin is preferably a cellulose acetate butyrate
resin. The polycarbonate resin is preferably bisphenol A
polycarbonate.

[0081]
The polyimide resin is preferably thermoplastic polyimide, a

polyamide-imide resin, or a polyamic acid type polyimide resin.
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[0082]

As shown in Fig. 5, the cushion layer 7 may have a form that
includes, besides an element having cushioning properties 6, a release
layer 4 so that the cushion layer after the thermal pressing can be
easily peeled off from the electromagnetic wave shielding layer. As
the release layer 4, a layer made of polypropylene, polymethylpentene,
a cyclic olefin polymer, silicone, or a fluororesin is preferably formed.
Among them, polypropylene, polymethylpentene, silicone, and a
fluororesin are further preferable.

Other than the aforementioned aspects, an aspect for applying a
releasing agent such as alkyd, silicone is also preferable.

[0083]

The thickness of the release layer is preferably 0.001 to 70 pum,
and more preferably, 0.01 to 50 um.
[0084]

As the commercially available cushion layer, "CR1012",
"CR1012MT4", "CR1031", "CR1033", "CR1040", "CR2031MT4" or the
like manufactured by Mitsui Chemicals Tohcello.Inc. may be used.
These commercially available cushion layers have a configuration in
which polymethylpentene is provided on the both surfaces of a cushion
layer as a release layer so as to sandwich the cushion layer, and in this
application, these integrated structures are referred to as a cushion
layer. By laminating the reinforcement layer to one of its surfaces, it
is possible to improve the embedding properties and reduce the
substrate crack.

[0085]

The thickness of the cushion layer is preferably 50 to 300 um,
more preferably, 75 to 250 um, and further preferably, 100 to 200 pum.
By making the cushion layer have a thickness of 50 um or larger, the
embedding properties can be improved. By making the cushion layer
have a thickness of 300 um or smaller, the handling properties of the
electromagnetic wave shielding sheet can be improved. The thickness
of the cushion layer is, when it includes a release layer, a value

including the release layer.
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[0086]
(Anchor layer)

The reinforcement layer and the cushion layer are preferably
laminated to each other with the anchor layer interposed therebetween.

As shown in Fig. 6, the cushion layer 7 may include an anchor
layer 5 in an interface between the reinforcement layer 3 and the
cushion layer 7. The anchor layer 5 plays a role of bonding the
cushion layer 7 with the reinforcement layer 3. Since the cushion
layer 7 is fixed to the anchor layer 5 at the time of thermal pressing, it
iIs embedded into the concaves and the convexes more definitely.
Further, when the cushion layer 7 is peeled off after the thermal
pressing, it is possible to prevent interfacial peeling of the cushion
layer 7 from the reinforcement layer 3 and to improve the yield.
[0087]

The anchor layer 5 may be any layer as long as the adhesiveness
is not reduced and foaming does not occur due to the temperature of
the thermal pressing and may be a tackifier (a pressure sensitive
adhesive) and other adhesive.

[0088]

The tackifier is preferably an acrylic tackifier or a urethane
tackifier.
[0089]

As an adhesive other than the tackifier, a thermosetting
adhesive, a pressure sensitive adhesive, or a water-curable adhesive
may be used. As the thermosetting adhesive, a thermosetting resin
described in the conductive layer 2 and a curing agent may be used.
[0090]

When a tackifier is used in the anchor layer 5, as shown in Fig.
13, an end part of the anchor layer 5 flows so as to cover an end part
of the cushion layer 7 at the time of thermal pressing, thereby
preventing the cushion layer 7 from flowing in the lateral direction.
This, as a result, causes of the cushion layer 7 to be pressed into the
grooves in the step parts (concaves and convexes), and the

electromagnetic wave shielding layer 1 in which the conductive layer 2
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is uniformly embedded into the concave parts as well can be formed.
[0091]

The thickness of the anchor layer 5 is preferably 1 to 70 pm,
and more preferably, 3 to 50 um. By making the anchor layer 5 have
the above thickness, the cushion layer 7 can be prevented from flowing
in the lateral direction, and the embedding properties are improved
since the pressing force can be efficiently transmitted to the cushion
layer 7.

[0092]

The thicknesses of the conductive layer, the reinforcement layer,
and the cushion layer described above may be measured by a contact-
type film thickness meter and by observing the cross sections thereof.
[0093]

(Modified example 1)

While the example in which the conductive layer is used as the
layer before thermal pressing of the electromagnetic wave shielding
layer has been described in the aforementioned embodiment, a
magnetic layer may be used in place of or in addition to the conductive
layer. The magnetic layer herein means a layer that serves as an
electromagnetic wave absorption layer by thermal pressing, and
indicates a layer that exhibits magnetism although it does not exhibit
conductivity as the electromagnetic wave absorption layer. The
magnetic layer does not necessarily exhibit magnetism at the stage in
which it is formed, and it is sufficient that it exhibits magnetism in the
electromagnetic wave absorption layer after thermal pressing. Further,
it is assumed that the magnetic layer does not include the layers that
form the electromagnetic wave reflection layer and the electromagnetic
wave absorption layer having conductivity described in the
aforementioned embodiment. That is, it is assumed that the layer that
forms the electromagnetic wave absorption layer that has both
conductive and magnetic properties is classified into a conductive
layer. The electromagnetic wave shielding sheet according to the
modified example 1 may be used, unless otherwise specified, by simply

replacing the conductive layer according to the aforementioned
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embodiment by a magnetic layer.
[0094]

The magnetic layer can be obtained by a composition, blending,
and a manufacturing method similar to those of the conductive layer
except that the electromagnetic wave absorption filler is replaced by a
filler that forms the magnetic layer. The Young's modulus at 23°C
obtained as the magnetic layer is similar to that in the conductive layer.
Further, suitable ranges (preferable ranges, more preferable ranges,
and further preferable ranges) of the Young's modulus of the magnetic
layer at 80°C, the ratio [Young's modulus at 23°C]/[Young's modulus at
80°C], and the curing degree are similar to those of the conductive
layer. The same is applicable also to the suitable ranges (preferable
ranges, more preferable ranges, and further preferable ranges) of the
glass transition temperature (Tg) of the magnetic layer and the glass
transition temperature (Tg) after the magnetic layer is heated at 180°C
for two hours. Further, the preferable range of the preferable average
particle diameter Dso of the electromagnetic wave absorption filler
(magnetic filler) for forming the magnetic layer is similar to those of
the conductive filler and the electromagnetic wave absorption filler.
Further, a resin similar to that in the aforementioned embodiment can
be preferably used as the binder resin.

[0095]

As the electromagnetic wave absorption filler for forming the
magnetic layer, a filler made of a carbon material or magnetic iron
oxide can be, for example, used. For example, a ferrite material such
as Mg-Zn ferrite, Mn-Zn ferrite, Mn-Mg ferrite, Cu-Zn ferrite, Mg-Mn-
Sr ferrite, Ni-Zn ferrite or the like may be, for example, used. The
electromagnetic wave absorption filler for forming the magnetic layer
may include the conductive filler or the electromagnetic wave
absorption filler illustrated in the aforementioned embodiment.

[0096]

According to the modified example 1, it is possible to obtain
the effects similar to those obtained in the aforementioned embodiment.
[0097]
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[Method of manufacturing component-mounting substrate]

With reference to Figs. 7 to 11, one example of a method of
manufacturing the component-mounting substrate according to this
embodiment will be described. However, the manufacturing method
according to the present disclosure is not limited to this method.

The method of manufacturing the component-mounting substrate
includes a process (a) of mounting the electronic components 30 onto
the substrate 20, a placement process (b) of providing the
electromagnetic wave shielding sheet 10 formed of the reinforcement
layer 3, the cushion layer 7, and the conductive layer onto the
substrate 20 on which the electronic components 30 are mounted, a
process (c) of bonding, by thermal pressing, the electromagnetic wave
shielding sheet 10 to the substrate 20 in such a way that the conductive
layer 2 follows the exposed surface of the substrate 20 including at
least a part of the step parts formed by mounting the electronic
components 30 thereon, thereby obtaining the electromagnetic wave
shielding layer 1, and the following process (d) of removing the
cushion layer 7 and the reinforcement layer 3.

[0098]
<Process (a)>

The process (a) is a process of mounting the electronic
components on the substrate.
[0099]

First, the electronic components 30 are mounted on the
substrate 20. Fig. 7 is one example of the substrate at the stage of
manufacturing the component-mounting substrate according to this
embodiment obtained by the process (a). As shown in Fig. 7,
semiconductor chips (not shown) are mounted on the substrate 20, the
substrate 20 on which the semiconductor chips are formed is molded by
a sealing resin, and the mold resin and the substrate 20 are half cut by
dicing or the like from the upper part between the electronic
components to the inside of the substrate 20. Another method in which
the electronic components 30 are arranged in an array shape on a

substrate that has been preliminary half cut may instead be employed.
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Note that the electronic components 30 mean, in the example shown in
Fig. 8, an integrated object in which the semiconductor chips are
molded, and mean electronic elements in general protected by an
insulator. The half cut may either indicate a form in which the
substrate is cut to reach inside the substrate or indicate a form in
which it is cut to the surface of the substrate. Further, the entire
substrate may be cut at this stage. In this case, it is preferable to
place the substrate on a base with adhesive tape so that positional
deviation does not occur. In this case, problems of crack and
deformation of the base with adhesive tape may occur due to thermal
pressing.
[0100]

The grooves between the electronic components preferably have
a grid shape from the viewpoint of preventing unevenness of
embedding.
[0101]

The material of the sealing resin when the semiconductor chips
are molded is typically, but not specially limited thereto, a
thermosetting resin. The method of forming the sealing resin is not
particularly limited and may be printing, laminating, transfer molding,
compression, or casting. The molding may be optional and the method
of mounting the electronic components may be arbitrarily changed.
[0102]
<Process (b)>

The process (b) is a process of placing, after the process (a),
the electromagnetic wave shielding sheet in which the reinforcement
layer, the cushion layer, and the conductive layer are laminated in this
order on the electronic components mounted on the substrate in such a
way that the conductive layer is opposed to the electronic components.
[0103]

As shown in Fig. 8, after the process (a), the electromagnetic
wave shielding sheet 10 is provided on the electronic components 30
mounted on the substrate 20. The electromagnetic wave shielding

sheet 10 is provided in such a way that the conductive layer 2 is
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opposed to the bonding area with the substrate 20 and the electronic
components 30. After the placement, the electromagnetic wave
shielding sheet 10 may be temporarily bonded to the electronic
components 30.

[0104]

As a method of temporarily bonding, the electromagnetic wave
shielding sheet 10 is placed above the substrate, and the whole surface
or the end part of this sheet is thermally pressed lightly using a heat
source such as an iron to temporarily bond it. When the whole surface
is thermally pressed, an apparatus such as a heat roll laminator for
rigid substrates may be used. Depending on the size of the
manufacturing facility or the substrate 20 etc., a plurality of
electromagnetic wave shielding sheets 10 may be used for each area of
the substrate 20 or the electromagnetic wave shielding sheet 10 may be
used for each electronic component 30. From the viewpoint of
simplifying the manufacturing process, one electromagnetic wave
shielding sheet 10 is preferably used for the entire plurality of
electronic components 30 mounted on the substrate 20.

[0105]
<Process (c)>

The process (c) is a process for bonding the electromagnetic
wave shielding sheet 10, after the process (b), by thermal pressing in
such a way that the conductive layer follows the step parts formed by
mounting the electronic components and the exposed surface of the
substrate, thereby obtaining the electromagnetic wave shielding layer.
[0106]

As shown in Fig. 9, the manufacturing substrate obtained by the
manufacturing process (b) is sandwiched between a pair of press
substrates 40, and is thermally pressed. The conductive layer 2 is
expanded so that it expands along the half-cut grooves 25 provided on
the manufacturing substrate by pressing due to melting of the cushion
layer 7, and the conductive layer 2 is applied following the electronic
components 30 and the substrate 20, whereby the electromagnetic wave

shielding layer 1 is formed. By releasing the press substrates 40, the
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manufacturing substrate as shown in Fig. 10 can be obtained.
[0107]

The temperature in the thermal pressing process is preferably
equal to or higher than the melting temperature of the cushion layer 7
but is smaller than the melting temperature of the reinforcement layer
3. By setting the temperature to this range, it is possible to maintain
the strength of the reinforcement layer 3 while melting the cushion
layer 7. The heating temperature at the thermal pressing process is
preferably 100°C or higher, more preferably, 110°C or higher, and
further preferably, 120°C or higher. Further, the upper-limit value,
which depends on the heat-resisting property of the electronic
components 30, is preferably 220°C or lower, more preferably, 200°C or
lower, and further preferably, 180°C or lower.

[0108]

The pressure at the thermal pressing process can be arbitrarily
set within a range in which the coverage of the conductive layer 2 can
be secured in accordance with the durability, the manufacturing
facility, or the needs of the electronic components 30. The pressure
range is preferably, but not limited thereto, about 0.5 to 15.0 MPa,
more preferably, 1 to 13.0 MPa, and further preferably, 2 to 10.0 MPa.
A protective layer or the like may be provided on the electromagnetic
wave shielding layer as appropriate.

[0109]

The thermal pressing time may be set in accordance with the
heat-resisting property of the electronic components, the binder resin
used for the conductive layer, the manufacturing process and the like.
The thermal pressing time is preferably in a range from about one
minute to two hours. The thermal pressing time is, more preferably,
about one minute to one hour. When a thermosetting resin is used as
the binder resin, the thermosetting resin is cured by this thermal
pressing. However, the curing of the thermosetting resin may be
completed partially or substantially before thermal pressing if it is
flowable.

[0110]
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As the thermal pressing apparatus, a pressing-type thermal
pressing apparatus, a transfer molding apparatus, a compression
molding apparatus, a vacuum pressure forming apparatus or the like
may be used.

[0111]

The arrows indicating the pressing direction in Fig. 9 are
merely one example and the pressing direction is not limited to the
vertical direction.

[0112]
<Process (d)>

The process (d) is a process of removing the cushion layer and
the reinforcement layer after the process (c).

[0113]

Next, the cushion layer 7 and the reinforcement layer 3 that
cover the electromagnetic wave shielding layer 1 are peeled off.
Accordingly, the component-mounting substrate 101 including the
electromagnetic wave shielding layer 1 that covers the electronic
components 30 are obtained (see Figs. 1, 2, and 11).

[0114]

After the process (d), the component-mounting substrate 101 is
diced in positions that correspond to the respective product areas of
the component-mounting substrate 101 in the substrate 20 in the XY
direction using a dicing blade or the like (see Fig. 2). Accordingly, a
component-mounting substrate in which the electronic components 30
are covered with the electromagnetic wave shielding layer 1 can be
obtained. Further, a component-mounting substrate in which the
ground patterns 22 formed in the substrate 20 and the electromagnetic
wave shielding layer are electrically connected to each other can be
obtained.

[0115]
(Modified example 2)

While one example of the manufacturing method of applying the
electromagnetic wave shielding sheet to the electronic component-

mounting substrate on which the electronic components are mounted
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has been described in the aforementioned embodiment, the
electromagnetic wave shielding sheet according to this embodiment can
be applied also to an electronic component that does not include a
substrate. The electromagnetic wave shielding sheet according to the
modified example 2 can use a sheet similar to that in the
aforementioned embodiment and the modified example 1. The
electronic component can be covered with the electromagnetic wave
shielding layer by a method similar to that in the aforementioned
embodiment except that the substrate is replaced by a placement table.
The electronic component with the electromagnetic wave shielding
layer according to the modified example 2 can be manufactured, for
example, by the following method.

[0116]

By directly arranging a plurality of electronic components on a
placement table (including a placement substrate or a placement sheet)
and thermally pressing the electromagnetic wave shielding sheet
according to this embodiment against the exposed surfaces of the
electronic components (top surfaces and side surfaces of the electronic
components that do not contact the placement table), the
electromagnetic wave shielding layer can be collectively formed for a
plurality of electronic components. That is, in the modified example 2,
by replacing, for example, the substrate 20 in the example shown in
Fig. 1 by a placement table, providing the electronic components on
the placement table by a method similar to that in the aforementioned
embodiment, thermally pressing the electromagnetic wave shielding
sheet, and dividing it into pieces as appropriate, the electronic
components with the electromagnetic wave shielding layer can be
obtained. According to this method, the exposed surfaces of the
plurality of electronic components can be collectively covered with the
electromagnetic wave shielding layer.

[0117]

The electronic components may be, for example, electronic

components (e.g., QFN packages) in which IC chips are arranged on

die pads exposed on a bottom surface, which is a contact surface, of
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the placement table, a plurality of terminals that are exposed are
formed on bottom surfaces and side surfaces, and the whole part
thereof is molded by a sealing resin. By using ground terminals as
terminals of the side surfaces of the electronic components and coating
the top surfaces and the side surfaces of the electronic components
with the electromagnetic wave shielding layer, the ground terminals
and the electromagnetic wave shielding layer can be electrically
connected to each other.

[0118]

Further, in place of the method of directly arranging the
electronic components onto the placement table such as a placement
substrate, the electronic components before molding may be arranged
or formed on the placement table, and a sealing resin layer (a mold
resin layer) may be collectively formed for a plurality of electronic
components before molding by a sealing resin. In this case, half-cut
grooves are formed in this sealing resin layer so as to define the unit
modules. Next, the electromagnetic wave shielding sheet according to
the aforementioned embodiment or the modified example 1 is thermally
pressed collectively against the plurality of electronic components
including the half-cut grooves to coat the top surfaces of the electronic
components and the side surfaces of the electronic components formed
by the half-cut grooves with the electromagnetic wave shielding layer.
After that, the electronic components with the electromagnetic wave
shielding layer obtained by dicing and dividing the shielding layer and
the sealing resin layer are obtained. According to the method of half-
cutting the sealing resin layer, side surfaces of the electronic
components in an area that is desired to be covered with the
electromagnetic wave shielding layer (e.g., an area where the ground
electrodes are formed) may be covered with the electromagnetic wave
shielding layer while not coating the side surfaces of the electronic
components in an area that is not desired to be covered with the
electromagnetic wave shielding layer (e.g., an area where signal
electrodes are formed) with the electromagnetic wave shielding layer.
[0119]
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The examples of the aforementioned electronic components are
merely examples, and the electromagnetic wave shielding sheets
according to this embodiment and the modified example 1 can be
applied to various forms. With the use of the electronic component
with the electromagnetic wave shielding layer according to the
modified example 2, it is possible to provide the electromagnetic wave
shielding layer having high embedding properties, ground connectivity,
edge covering properties, and PCT resistance for electronic
components that do not include a substrate.

[0120]
[Electronic device]

The component-mounting substrate according to this
embodiment can be mounted, for example, on the mounting substrate
via solder balls or the like formed on the rear surface of the substrate
20, and can be mounted on the electronic device. For example, the
component-mounting substrate according to this embodiment can be
used for various electronic devices such as a personal computer, tablet
terminal, smartphone, and a drone.

[Examples]
[0121]

While the present disclosure will be described in further detail
with reference to Examples, the present disclosure is not limited to the
following Examples. Further, the term "part” in Examples indicates
"pts.mass" and "%" means "mass %". Further, the values described in
this Example have been obtained by the following method.

[0122]
(1) Manufacturing of testing board

A substrate on which electronic components sealed by molding
are mounted in an array shape was prepared on a substrate made of
glass epoxy. The thickness of the substrate was 0.3 mm and the mold
sealing thickness, that is, the height (component height) H from the
upper surface of the substrate to the top surface of the mold sealing
material was 0.7 mm. After that, the substrate was subjected to half

dicing along grooves, which are gaps between the components, thereby
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obtaining a testing board (see Fig. 12). The depth of the half-cut
grooves was 0.8 mm (the depth of the cut grooves of the substrate 20
was 0.1 mm), and the width of the half-cut grooves was 0.2 mm.

Fig. 12 shows a schematic cross-sectional view of the testing
board.
[0123]

The materials used in the Examples will be shown below.
Binder resin 1: polyurethane resin, acid value 10 [mgKOH/g]
(manufactured by TOYOCHEM CO., LTD.)

Binder resin 2: polycarbonate resin, acid value 5 [mgKOH/g]
(manufactured by TOYOCHEM CO., LTD.)

Binder resin 3: styrene resin, acid value 11 [mgKOH/g] (manufactured
by TOYOCHEM CO., LTD.)

Binder resin 4: phenoxy resin, acid value 15 [mgKOH/g] (manufactured
by TOYOCHEM CO., LTD.)

Curable compound 1: epoxy resin, "Denacol EX830"(bi-functional
epoxy resin, epoxy equivalent =268 g/eq) Nagase ChemteX Corporation
Curable compound 2: epoxy resin, "YX8000" (hydrogenerated
bisphenol epoxy resin, epoxy equivalent =210 g/eq) manufactured by
Mitsubishi Chemical Corporation

Curable compound 3: epoxy resin, "JER157S70" (bisphenol A novolac
epoxy resin, epoxy equivalent =208 g/eq) manufactured by Mitsubishi
Chemical Corporation

Hardening accelerator: aziridine compounds, "Chemitite PZ-33"
(manufactured by NIPPON SHOKUBAI CO., LTD.)

[0124]

Conductive filler 1: scaly particles made of silver (average particle
diameter D50 = 6.0 um, thickness 0.8 um)

Radio wave absorption filler 1: Fe-Si-Cr scaly magnetic particles
(average particle diameter D50:9.8 um, thickness 0.5 pm)

Radio wave absorption filler 2: Fe-Co scaly magnetic particles
(average particle diameter D50:13 um, thickness 0.6 pum)

Radio wave absorption filler 3: carbon nanotube (CNT) particles

(average particle diameter Dso:15 pm, thickness 0.9 pm)
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[0125]

Releasable base: a PET film having a thickness of 50 um whose surface
is coated with a silicone releasing agent

[0126]

<Measurement of Young's modulus at temperatures of 23°C and 80°C>

The sheet A and the sheet C were bonded to each other in
accordance with the methods described later in Examples 1-29 and
comparative examples 1 and 2 and they were aged for times shown in
Tables 1-4 by an oven heated to 100°C, thereby obtaining a laminate.
After that, the sheet C was peeled off from the laminate and the
releasable base was finally peeled off, thereby obtaining a conductive
layer.

The conductive layer that has been left to stand at 23°C and a
relative humidity of 50% for 24 hours was placed in a constant
temperature and humidity environment at 23°C and a relative humidity
of 50%, and the stress-strain curve of the conductive layer was
measured by a tensile tester "EZ tester” (manufactured by Shimadzu
Corporation) under conditions of a tensile speed of 50 mm/min and a
bench mark of 25 mm, and the linear regression (inclination) in an area
in which the distortion (elongation) was 0.1 to 0.3% was determined to
be the Young's modulus at 23°C. Another chamber was prepared and
the stress-strain curve was measured under a condition of 80°C in a
manner similar to that stated above, whereby the Young's modulus at
80°C was measured.

[0127]
<Measurement of curing degree>

The conductive layer was obtained by a method similar to that
in the sample used for the measurement of the Young's modulus
described above.

A 100-mesh wire netting was cut into a size of a width of 30
mm and a length of 100 mm to measure the weight (W1). Then, a
conductive layer having a width of 10 mm and a length of 80 mm was
wrapped with the aforementioned wire netting to form a test piece, and

the weight (W2) thereof was measured. The manufactured test piece
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was immersed into methyl ethyl ketone at room temperature for one
hour, the test piece was removed from the solvent, the removed test
piece was dried at 100°C for 30 minutes, and then the weight (W3)
thereof was measured. The content ratio of the conductive layer that
remains in the wire netting without being dissolved was calculated as a
curing degree using the following calculation formula [I]. In this
Example, it has been confirmed that among a single or mixed solvent
selected from methyl ethyl ketone, toluene, isopropyl alcohol, and
chloroform, methyl ethyl ketone achieves the highest solubility of the
conductive layer.

(W3-W1)/(W2-W1)x100[%] [I]

[0128]

<Measurement of thickness>

Regarding the thickness of the electromagnetic wave shielding
layer, the cross section of the component-mounting substrate was
exposed by a polishing method, and the film thickness of a part that
has the largest thickness on the upper surface area of the electronic
component was measured by a laser microscope. The film thicknesses
of five different samples of the exposed cross sections of component-
mounting substrates were measured in a similar way and the average
value thereof was determined to be a thickness.

[0129]

Regarding the thicknesses of the respective layers that form a
laminate, the film thicknesses of five different parts were measured
using a contact-type film thickness meter and the average value thereof
was used as a thickness.

[0130]
<Thickness of conductive filler and radio wave absorption filler>

About 10 to 20 different particles were measured based on an
image obtained by enlarging the image of the cut surface whose
thickness of the electromagnetic wave shielding layer was measured by
about 1,000 to 50,000 times using an electron microscope, and the
average value thereof was used.

[0131]
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<Average particle diameter Dso>

The average particle diameter Dso is a numerical value of the
average particle diameter Dso obtained by measuring the particle
diameters of the conductive filler, the radio wave absorption filler, or
the inorganic filler by a tornado dry powder sample module using a
laser diffraction scattering particle size distribution measurement
deice LS 13320 (manufactured by Beckman Coulter), and is a particle
diameter whose cumulative value in the particle diameter cumulative
distribution is 50%. The type of distribution was volume distribution
and the refractive index was 1.6. It is sufficient that the particles
have the aforementioned particle diameter and may either be primary
particles or secondary particles.

[0132]
<Glass transition temperature (Tg)>

Each of the layers that compose the laminate was subjected to a
measurement process under conditions of deformation form "pulling”,
the frequency of 10 Hz, a temperature rising rate of 10°C/min, and a
measurement temperature range of -80°C to 300°C using a dynamic
viscoelasticity analyzer DVA-200 (manufactured by I.T. Keisoku
Seigyo Co., Ltd.), thereby obtaining the glass transition temperature
(Tg).

The glass transition temperature (Tg) of the conductive layer
and the glass transition temperature (Tg) of the layer obtained by
heating the conductive layer at 180°C for two hours were obtained.
[0133]
<Measurement of acid value>

Approximately 1 g of a thermosetting resin was precisely
weighed and put into an Erlenmeyer flask with stopper and dissolved
by the addition of 50 mL of a toluene/ethanol (volume ratio:
toluene/ethanol=2/1) mixed solution. A phenolphthalein reagent was
added thereto as an indicator, and the solution was retained for 30
seconds. Then, the solution was titrated with a 0.1 mol/L alcoholic
potassium hydroxide solution until the solution exhibited a rose-pink

color. The acid value was determined according to the expression
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given below. The acid value was a numerical value in a dry state of
the resin.

Acid value (mgKOH/g)=(axFx56.1x0.1)/S

S: Amount of the sample collectedx(Percent solids of the sample/100)
(9)

a: Titrated amount with the 0.1 mol/L alcoholic potassium hydroxide
solution (mL)

F: Titer of the 0.1 mol/L alcoholic potassium hydroxide solution
[0134]

[Example 1]

70 parts of binder resin 1 (percent solids), 30 parts of binder
resin 2 (percent solids), 30 parts of curable compound 1, 15 parts of
curable compound 2, 1 part of hardening accelerator 1, and 320 parts
of conductive filler 1 were put into a vessel, a mixed solvent of
toluene:isopropyl alcohol (mass ratio of 2:1) was added in such a way
that the nonvolatile content concentration became 45 mass %, and
stirred with a disper for ten minutes, thereby obtaining a conductive
resin composition.

The above conductive resin composition was applied to the
releasable base using a doctor blade in such a way that the dry
thickness becomes 50 um. Then the obtained substrate was dried at
100°C for two minutes to thereby obtain a sheet A in which the
releasable base and the conductive layer are laminated to each other.

In addition, an acrylic tackifier layer having a thickness of 9
um (Tg was -40°C, manufactured by TOYOCHEM CO., LTD.) was
formed as an anchor layer on a PET film having a thickness of 50 um,
which is a reinforcement layer, ("Tetoron G2" manufactured by TEIJIN
LIMITED), and the obtained layer was bonded to one surface side of
"Opulent CR1012MT4 (thickness of the layer: 150 pum)" manufactured
by Mitsui Chemicals Tohcello.Inc. made from polymethylpentene
provided on the both surfaces of a thermofusion resin layer as a
cushion layer on the tackifier layer surface, thereby obtaining a sheet
C.

Next, the surface of the conductive layer of the sheet A and the
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surface of the cushion layer of the sheet C were bonded to each other
by a roll laminator and the bonded layer was subjected to aging in an
oven at 100°C for six minutes, thereby obtaining a laminate.

[0135]

The obtained laminate was cut into a size of 10 cmx10 cm, the
releasable base was peeled off, and the conductive layer was placed
onto a testing board. After that, the substrate surface was thermally
pressed from the upper side of the reinforcement layer of the laminate
for five minutes under conditions of 5 MPa and 170°C. After the
sample was thermally pressed and then cooled, the reinforcement layer
and the cushion layer were concurrently peeled off, and the obtained
substrate was further heated at 180°C for two hours, thereby obtaining
the electronic component-mounting substrate in which the
electromagnetic wave shielding layer was formed.

[0136]
[Examples 2-27 and comparative examples 1-2]

The component-mounting substrate was manufactured in a way
similar to that in Example 1 except that the Young's modulus of the
conductive layer at 23°C and other physical properties, each component
and the content amount (pts.mass), the width and the depth of the
grooves of the electronic components on the testing board were
changed to those shown in Tables 3-5. The content amount of the
binder resin and the curable compound shown in Tables 3-5 is a mass
of the solid content.

[0137]

The above Examples and comparative examples were evaluated
by the following measurement methods and evaluation criteria.
[0138]
<Evaluation of embedding properties>

The embedding properties of the component-mounting substrates
obtained in Examples 1-27 and comparative examples 1-2 were
evaluated by forming the cross sections as shown in Fig. 2 along the
line Il-11 in Fig. 1 by a polishing method and observing ten parts of

the cross sections of the electromagnetic wave shielding layer of the
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half-cut grooves 25 by an electron microscope.
The evaluation criteria are as follows.
+++: All the grooves were embedded. Extremely good results.
++: Nine grooves were embedded. Good results.
+: Eight grooves were embedded. No problem in practical use.
NG: The number of grooves embedded was seven or smaller. Cannot be
practically used.
[0139]
<Ground connectivity>

The ground connectivities of the component-mounting substrates
obtained in Examples 1-27 and comparative examples 1-2 were
evaluated by measuring the connection resistance value between the
ground terminals a and b of the bottom part shown in the cross-
sectional view in Fig. 15 using RM3544 manufactured by HIOKI E.E.
CORPORATION and a pin-type lead probe.
The evaluation criteria are as follows.
+++: The connection resistance value was smaller than 200 mQ.
Extremely good results.
++: The connection resistance value was 200 mQ or greater but smaller
than 500 mQ. Good results.
+: The connection resistance value was 500 mQ or greater but smaller
than 1000 mQ. No problem in practical use.
NG: The connection resistance value was 1000 mQ or greater. Cannot
be practically used.
[0140]
<Edge covering properties>

The breaks of the edge parts of the component-mounting
substrate shown in Fig. 15 were observed by a microscope and
evaluated. Edge parts at four different points have been observed and
evaluated.
The evaluation criteria are as follows.
+++: No break. Extremely good results.
++: The electromagnetic wave shielding layer was partially transparent.

Good results.
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+: The edges were partially broken and the electronic components were
exposed. No problem in practical use.
NG: The entire edges were broken and the whole parts of the electronic
components were exposed. Cannot be practically used.
[0141]
<PCT resistance>

An FR4 (glass epoxy substrate) was prepared, the
aforementioned laminate was cut into a size of 10 cmx10 cm, the
releasable base was peeled off, and the conductive layer was placed
onto the FR4. After that, the FR4 surface was thermally pressed from
the upper side of the reinforcement layer of the laminate for 20
minutes under conditions of 5 MPa and 160°C. After the thermal
pressing, the obtained sample was cooled, the reinforcement layer and
the cushion layer were concurrently peeled off, thereby obtaining a
testing board in which the electromagnetic wave shielding layer was
formed. Next, this testing board was subjected to Pressure Cooker
Test (conditions: 130°C, 85%RH, 0.12 MPa, and 96 hours). After that,
and 100 grids having a spacing of 1 mm were formed to the
electromagnetic wave shielding layer of the testing board in
compliance with JIS K 5400 using a cross cut guide. After that, an
adhesive tape (CELLOTAPE (registered trademark) CT-18
manufactured by NICHIBAN Co., Ltd.) was strongly pressed to the grid
part, the end of the tape was peeled off all at once at an angle of 45°,
and the state of the grids was judged according to the following
criteria.
+++: The peeling rate was smaller than 15%.
++: The coating film was partially peeled off along the cut line. The
peeling rate was 15% or greater but smaller than 20%.
+: The coating film was partially peeled off along the cut line. The
peeling rate was 20% or greater but smaller than 35%.
NG: The coating film was peeled off along the cut line partially or
entirely. The peeling rate was 35% or greater.
[0142]

Tables 1-4 show the results of the evaluations of the
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component-mounting substrate according to the Examples and
comparative examples.

[0143]

[Table 1]
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[Table 2]
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[0147]
[Supplementary Notes]

The present disclosure also discloses the following invention of
technical ideas that can be understood from the aforementioned
embodiment.

(Supplementary Note 1)

An electromagnetic wave shielding sheet before thermal
pressing for forming an electromagnetic wave shielding layer used for
an electronic component-mounting substrate comprising:

a substrate;

an electronic component mounted on one or both surfaces of the
substrate; and

an electromagnetic wave shielding layer that covers a step part
formed by mounting the electronic component and at least a part of an
exposed surface of the substrate, wherein

the electromagnetic wave shielding sheet includes a magnetic
layer including a binder resin and an electromagnetic wave absorption
filler, and

the Young's modulus of the magnetic layer at 23°C is 10 to 700
MPa.

(Supplementary Note 2)

The electromagnetic wave shielding sheet according to
Supplementary Note 1, wherein the Young's modulus of the magnetic
layer at 80°C is 5 to 85 MPa.

(Supplementary Note 3)

The electromagnetic wave shielding sheet according to
Supplementary Note 1 or 2, wherein the glass transition temperature of
the magnetic layer is -15°C to 30°C and the glass transition temperature
after the magnetic layer is heated for two hours at 180°C is 20 to 80°C.
(Supplementary Note 4)

The electromagnetic wave shielding sheet according to any one
of Supplementary Notes 1 to 3, wherein the ratio [Young's modulus at
23°C]/[Young's modulus at 80°C] of the Young's modulus of the

magnetic layer at 23°C to the Young's modulus of the conductive layer
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at 80°C is 3.2 to 8.5.
(Supplementary Note 5)

The electromagnetic wave shielding sheet according to any one
of Supplementary Notes 1 to 4, wherein the curing degree of the
magnetic layer is 60 to 99%.

(Supplementary Note 6)

An electromagnetic wave shielding sheet before thermal
pressing for forming an electromagnetic wave shielding layer for
covering electronic components comprising an electromagnetic wave
shielding layer that covers an exposed surface including at least a part
of step parts formed by arranging a plurality of electronic components
on a placement table and includes at least one of an electromagnetic
wave reflection layer and an electromagnetic wave absorption layer,
wherein

the electromagnetic wave shielding sheet comprises a
conductive layer before thermal pressing of the electromagnetic wave
reflection layer and at least one of a conductive layer and a magnetic
layer before thermal pressing of the electromagnetic wave absorption
layer,

the conductive layer before thermal pressing of the
electromagnetic wave reflection layer comprises a binder resin and a
conductive filler,

the conductive layer or the magnetic layer before thermal
pressing of the electromagnetic wave absorption layer comprises a
binder resin and an electromagnetic wave absorption filler,

the Young's modulus of the conductive layer at 23°C is 10 to
700 MPa, and

the Young's modulus of the magnetic layer at 23°C is 10 to 700
MPa.

(Supplementary Note 7)

The electromagnetic wave shielding sheet according to
Supplementary Note 6, wherein

the Young's modulus of the conductive layer at 80°C is 5 to 85
MPa, and
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the Young's modulus of the magnetic layer at 80°C is 5 to 85
MPa.

(Supplementary Note 8)

The electromagnetic wave shielding sheet according to
Supplementary Note 6 or 7, wherein

the glass transition temperature of the conductive layer is -15°C
to 30°C and the glass transition temperature of the conductive layer
after heating the conductive layer at 180°C for two hours is 20 to 80°C,
and

the glass transition temperature of the magnetic layer is -15°C
to 30°C and the glass transition temperature of the magnetic layer after
the magnetic layer is heated at 180°C for two hours is 20 to 80°C.
(Supplementary Note 9)

The electromagnetic wave shielding sheet according to any one
of Supplementary Notes 6-8, wherein

the ratio [Young's modulus at 23°C]/[Young's modulus at 80°C]
of the Young's modulus of the conductive layer at 23°C to the Young's
modulus of the conductive layer at 80°C is 3.2 to 8.5, and

the ratio [Young's modulus at 23°C]/[Young's modulus at 80°C]
of the Young's modulus of the magnetic layer at 23°C to the Young's
modulus of the magnetic layer at 80°C is 3.2 to 8.5.

(Supplementary Note 10)

The electromagnetic wave shielding sheet according to any one
of Supplementary Notes 6-9, wherein the curing degree of the
conductive layer is 60 to 99% and the curing degree of the magnetic
layer is 60 to 99%.

[0148]

This application is based upon and claims the benefit of priority
from Japanese Patent Application No. 2018-111856, filed on June 12,
2018, the disclosure of which is incorporated herein in its entirety by
reference.

Industrial Applicability
[0149]

Since the electromagnetic wave shielding sheet according to the
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present disclosure has excellent coverage for a concave/convex
structure and excellent electromagnetic wave shielding properties, it is
preferable as a covering sheet for electromagnetic wave shielding that
covers a substrate on which electronic components are mounted.
Further, the electromagnetic wave shielding sheet according to the
present disclosure can also be applied to a substrate having a concave
and convex shape on which components are not mounted.

Reference Signs List

[0150]

1 Electromagnetic Wave Shielding Layer
2 Conductive Layer

3 Reinforcement Layer

4 Release Layer

5 Anchor Layer

6 Element having Cushioning Properties
7 Cushion Layer

10 Electromagnetic Wave Shielding Sheet
20 Substrate

21 Wire or Electrode

22 Ground Pattern

23 Inner Vias

24 Solder Ball

25 Half-cut Groove

30 Electronic Component

31 Semiconductor Chip

32 Sealing Resin
33 Bonding Wire
40 Press Substrate

101-102 Component-mounting substrate



10

15

20

25

30

58

CLAIMS

1. An electromagnetic wave shielding sheet before thermal
pressing for forming an electromagnetic wave shielding layer used for
an electronic component-mounting substrate comprising:

a substrate;

an electronic component mounted on one or both surfaces of the
substrate; and

an electromagnetic wave shielding layer that covers a step part
formed by mounting the electronic component and at least a part of an
exposed surface of the substrate and includes at least one of an
electromagnetic wave reflection layer and an electromagnetic wave
absorption layer, wherein

the electromagnetic wave shielding sheet includes at least one
of a conductive layer before thermal pressing of the electromagnetic
wave reflection layer and a conductive layer before thermal pressing of
the electromagnetic wave absorption layer,

the conductive layer before thermal pressing of the
electromagnetic wave reflection layer comprises a binder resin and a
conductive filler,

the conductive layer before thermal pressing of the
electromagnetic wave absorption layer comprises a binder resin and an
electromagnetic wave absorption filler, and

the Young's modulus of the conductive layer at 23°C is 10 to
700 MPa.

2. The electromagnetic wave shielding sheet according to Claim
1, wherein the Young's modulus of the conductive layer at 80°C is 5 to
85 MPa.

3. The electromagnetic wave shielding sheet according to Claim
1 or 2, wherein the glass transition temperature of the conductive layer
is -15°C to 30°C, and the glass transition temperature after the

conductive layer is heated at 180°C for two hours is 20 to 80°C.
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4. The electromagnetic wave shielding sheet according to any
one of Claims 1 to 3, wherein the ratio [Young's modulus at
23°C]/[Young's modulus at 80°C] is 1.8 to 8.5.

5. The electromagnetic wave shielding sheet according to any
one of Claims 1 to 4, wherein the curing degree of the conductive layer
iIs 60 to 99%.



