DESCRIPTION

COMPOSITE MAGNETIC BODY AND METHOD OF PRODUCING THE SAME,

AND ELECTROMAGNETIC INTERFERENCE SUPPRESSING BODYX -

Technical Field

The present invention relates. to a composite magnetic
body in which soft magnetic powder is kneaded with and
dispersed into an orgénic binding agent and, more
specifically, to a composite magnetic body excellent in
complex permeability property effective for suppressing
electromagnetic interferences which is a problem in a high
frequency electronic circuit/device, a method of pioducing
the same and an electromagnetic interference suppressing
body constituted of that composite magnetic body.

Particularly, the present ihvention relates to a
composite magnetic body which is excellent in flexibility,
stickable to, for example, an FPC (Flexible Printed
Circuit), an FFC (Flexible Flat Cable) or a casing of an
electronic equipment and further excellent in fire
resistance, a method of producing the same and an
electromagnetic interference suppressing body constituted

of that composite magnetic body.

Background Art
As digital electronic equipments which have been
rapidly spread in recent years, there are logic circuits,

logic elements and the like, such as a random access memory



(RAM) , a read-only memory (ROM), a microprocessor (MPU), a
central processing unit (CPU), an image processor
‘arithmetic and logic unit (IPALU), or the like. The logic
circuit or the logic element is constituted of an LSI or IC
composed of a large number of semiconductor devices being
active elements, and mounted on a printed circuit board.
In the logic circuit or the logic element, the speed-up of
the operation speed and the speed-~up of the signal
processing speed have been achieved. Since a signal
changing at high speed in such a logic circuit or the like
goes with abrupt changes in voltage and cﬁrrent, an active
element generates inductive noise and thus is a cause of
high frequency noise generation. The high frequency noise
causes interactions cooperatively with crosstalk noise or
noise due to impedance mismatch. Further, the high
frequency noise relies much 6n the inductive noise caused
by the active element. Due to the inductive noise, high
frequency magnetic fields are induced at the same surface
as an element mounting surface of the circuit board and an
opposite surface thereof.

Further, the reduction in weight, thickness and size
of the electronic equipments and the electronic devices has
been rapidly advanced. Following this, the mounting
density of the electronic components onto the printed
circuit board has also been rapidly enhanced" Due to the
foregoing induced high frequency magnetic fields, since the
crammingly mounted electronic components, the printed

wiring of the signal lines and the like or the inter-module
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wiring extremely_épproaches mutually and further since the
speed-up of the signal processing speed is achieved as
described above, not only the inter-line coupling due to
the electromagnetic coupling is increased in the circuit
board, but also the interference or the like due to the
;adiant noise is generated.

Further, when the radiant noise generates, it is
possible that the radiant noise is radiated to the exterior
via external connecting terminals to adversely affect other
equipments. The malfunction of the electronic equipment
and the adverse influence to other equipments due to the
electromagnetic waves as described above are generally
called electromagnetic interferences.

Conventionally, against such a radiated
electromagnetic inﬁerference, a countermeasure has been
generally taken, for example, to connect a filter to a
circuit which produces the inductive noise in the
electronic equipment, to dispose a circuit in question
(circuit producing the inductive noise) at a distance from
a circuit which is subjected to an influence, tq carry out
shielding or to carry out grounding.

For efficiently dealing with the foregoing
electromagnetic interference in the printed circuit board
or the like on which electronic components including active
elements are mounted in high density, the conventional
countermeasure (noise suppressing method) has drawbacks
that expert knowledge -and experience for the.noise

countermeasure are required and that it takes time for the



countermeasure.

Particularly, the foregoing filter mounting has
drawbacks that a filter to be used is expensive, that there
often exists the limitation to the meunting space for a
filter, that a mounting operation of a filter goes'with
difficulties, and that, since a filter or the like is'used,
the number of required processes for assembling an
electronic device is increased to cause an increase in cost.

Conventionally, the method of suppressing the mutual
interferences due to electromagnetic induction between
signal lines generated between electronic components in the
same circuit and due to undesired electromagnetic waves is
not sufficient.

‘Further, for achieving the reduction in size and
weight of the electronic device, the method of disposing
the circuit ih question at a distance is inconvenient and
requires elimination of the filter and the mounting space
thereof.

In the general printed cireuit board used in the
electronic device, since the electromagnetic coupling
between signal lines such as electromagnetic induction
generated in the board is relatively small at low
frequencies, it raises no problem. On the other hand, as
.the operation frequency increases, the electromagnetic
coupling between the signal lines are strengthened so that
the foregoing problems are raised.

Further, in the foregoing shielding, since conductor

shielding is an electromagnetic interference countermeasure
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utilizing the reflection of electromagnetic waves induced
by impedance mismatch with the space, even if a shield
effect is achieved, the electromagnetic coupling due to the
reflection f;om an undesired radiation source is promoted.
As a result, not a few cases have occurred where the
secondary electromagnetic interference is induced.

As a secondary electromagnetic interference
countermeasure, suppression of undesired radiation
utilizing a magnetic loss of a magnetic body is effective.
Specifically, by disposing a magnetic body having‘a large
magnetic loss between the foregoing shield body.and the
undesired radiation source, the undesired radiation can be
suppressed. Since a thickness d of the magnetic body is in
inverse proportion to " at a frequency band satisfying a
relationship of ¢">4', a magnetic body with a large
imaginary part permeability 4" is required for obtaining a
thin electromagnetid interference suppressing body
satisfying the foregoing demand for the reduction in size
and weight of the electronic equipment, that is, a
composite body coﬁposed of a shield body and a magnetic
body. Furthexr, since components of the foregoing undesired
radiation are often spread over a wide frequency range, it
is sometimes difficult to specify those frequency
components that relate to the electromagnetic interference.
Accordingly, it is desired that the foregoing
electromagnetic interference suppressing body can also deal

with the undesired radiation over wider frequencies.



An object of the present invention is to provide a
composite magnetic body used in an electromagnetic
interference suppressing body which is effective for
electromagnetic interference suppression inside a high
frequency electronic device, particularly, a mobile
communication device, and a method of producing the same.

In particular, the present ihvention is to provide a
composite magnetic body excellent in flexibility and fire
resistance, and a method of producing the same.

Another object of the present invention is to provide
an electromagnetic interference suppressing body
constituted of the foregoing composite magnetic body.

In particular, the present invention is to provide an
electromagnetic interference suppressing body which is
excellent in flexibility, stickable to, for example, an FPC,
an FFC or a curved surface of a casing of an electronic

equipment and further excellent in fire resistance.

Disclosure of the Invention

According to the present invention, there is obtained
a composite magnetic body comprising an electrically non-
conductive magnetic material substantially composed of soft
magnetic powder and an Qrganic binding agent, characterized
in that the magnetic material has a plurality of magnetic
resonances appearing at mutually different frequency
regions, and that the organic binding agent is chlorinated

polyethylene.



Further, according to the present invention, there is
obtained the foregoing composite magnetic body
characterized in that the plurality of maénetic resonances
appearing at the mutually different frequency regions are
induced by a plurality of anisotropic magnetic fields (Hk)
having mutually different strengths.

“Further, according to the present invention, there is
obtained an electromagnetic interference suppressing body
substantially made of a composite magnetic body, the
composite magnetic body being electrically non—conductive
and substantially composed of soft magnetic powder and an
organic binding agent, characterized in that the
electromagnetic interference suppressing body has at least
two magnetic resonances among a plurality of magnetic
resonances appearing at microwéve frequency regions and
generated by at least two anisotropic magnetic fields (Hk),
the anisotropic magnetic fiélds having mutually different
strengths, and wherein chlorinated polyethylene is used as
the organic binding agent.

Further, according to the present invention, there is
obtained the foregoing electromagnetic interference
suppressing body characterized in that the composite
magnetic body has a plurality of magnetic resonances, the
plurality of magnetic resonances appear at mutually
different frequency regions, respectively, corresponding to
the'anisotropic magnetic fields of the mutually different
strengths, and the lowest one among the plurality of

magnetic resonances exists in a frequency region lower than



a lower limit of an electromagnetic interference
suppressing frequency band generated by the composite
magnetic layer.

Further, according to the present invention, ‘there ié
obtained the foregoing electromagnetic interference
suppressing body characterized in that the soft magnetic
powder is a mixed body of soft magnetic powder of at least
two kinds having magnetic anisotropies of different
strengths.

Further, according to the present invention, there is
obtained the foregoing electromagnetic interference
suppressing body characterized in that the soft magnetic
powder is provided with oxide layers on surfaces thereof.

Further, according to the present invention, there is
obtained a method of producing a composite magnetic body
characterized by mixing soft magnetic powder of at least
two kinds having magnetic anisotropies of mutually
different strengths and chlorinated polyethylene used as an
organic binding agent, and subjecting them to shaping so as
to obtain the composite magnetic body being electrically
non-conductive and having at least two magnetic resonances
'induced by anisotropic magnetic fields (Hk) of mutually
different strengths. -

Further, according to the present invention, there is
obtained the foregoing method of producing the composite
magnetic body characterized in that the soft magnetic

powder has oxide layers on surfaces thereof.



Further, according to the present invention, there is
obtained the foregoing method of produéing the composite
magnetic body characterized in that the soft magnetic
powder is surface oxidizéd by an oxygen containing mixed
gas in a stage prior to mixing with the organic binding
agent or during mixing; using a gas phase acid removing

method or a liquid phase acid removing method.

Best Mode for Carrying Out the Invention

For obtaining a composite magnetic body which.
provides an anisotropic magnetic field (Hk) of a necessary
strength corresponding to a desired magnetic loss
characteristic, soft magnetic powder may be used which has
one or more of a shape magnetic anisotropy, a crystal
magnetic anisotropy, an induced magnetic anisotropy and an
anisotropy due to a magnetic elastic effect (magneto-
striction). lSpecifically, in the present invention, for
achieving a plurality of magnetic resonances of mutually
different frequencies and corresponding magnetic losses in
a frequency band extended, a plurality of magnetic powdeis
having anisotropic magnetic fields (Hk) of mutually
different strengths may be mixed with each other.

As means other than the foregoing for achieving a
plurality of magnetic resonances, it is possible to
positively utilize properties peculiar to powder and a
powder composite body, or a milling/spreading process of

the powder, which will be described hereinbelow.
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Specifically, firstly, there is a method of utilizing
differentiation of powder characteristics obtained by
processing a material of a single kind under a specific
condition. Secondly, there is a method in which milling
media used in the millling/spreading process of powder is
soft magnetic media, such as steel balls, so as to
positively utilize a so-called contamination phenomenon
where soft magnetic abrasion powder is entrained due to
abrasion of the media. Further, thirdly, there is a method
of utilizing a difference in existence manner of'single
kind powders in a composite body. For example, anisotropic
magnetic fields are dispersed due to a difference in
magnetic interaction and orientation behavior between
particle groups. One particle group exists in the same
matrix as primary particles. In another particle group,
particles are agglomerated with wetting therein being
insufficient and therefore are extremely glose to each -
other or in contact with each other.

Further, if the shape of a sample is a thin film or a
sheet, an effective anisotropic magnetic field becomes an
algebraic sum with a diamagnetic field due to the sample
'shape, so that an orientation control of material magnetic
powder can also be positively used.

As a means for obtaining a plurality of anisotropic
magnetic fields to be used in the present invention, any of
these methods may be used. It is important to provide a

plurality of anisotropic magnetic fields so as to achieve a
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desired magnetic loss band. In ﬁarticular, among them,
with respect to an anisotropic magnetic field which
provides a magnétic resonance appearing at the lowest
frequency side, it is necessary to set it to a value which
provides a magnetic resonance at a frequency region lower
than the lower limit of a desifed electromagnetic -
interference suppressing frequency band, considering that
dispersion of an imaginary part permeability (magnetic
loss) occurs following reduction of a real part
permeability.

As soft magnetic powder which can be used in the
present invention, a metal soft magnetic material, such as
an Fe-Al-Si alloy (Sendust), an Fe-Ni alloy (Permalloy), an
amorphous alloy or the like having a large high frequency
permeability, which has been powdered by milling and
drawing-tearing processes, atomizing granulation or the
like, can be typically cited. For ensuring non-
conductivity of a composite magnetic body, being a
necessary element of the present invention, even in a high-
filling state of the soft magnetic powder, it is preferable
that at least the surfaces thereof are pxidized so that the
individual particles are electrically isolated.

Further, as the soft magnetic powder of the present
invention, powder of an oxide soft magnetic body, such as
spinel ferrite or planar ferrite, can be used. It can also
be used as being mixed wiﬁh the foregoing metal soft

magnetic powder.
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On the other hand, as an organic binding agent to be
used as a secondary material of the present invention,
chlorinated polyethylene is used for obtaining an effect
the present invention aims at, that is, for obtaining
excellent flexibility and fire resistance.

There is no particular limitation to means for
obtaining a composite magnetic body by kneading and
dispersing the foregoing constituent elements of the
present invention. A preferable method may be selected
based on a property of a binding agent to be used and
facilitation of a process.

‘The composite magnetic body or the electromagnetic .
interference suppressing body of the present invention has
a plurality of anisotropic magnetic fields (Hk) of mutually
different strengths so that a plurality of magnetic
resonances appear at mutually different frequency regions.
Thus, imaginary part permeabilities y" appearing at
mutually different frequency regions following the
plurality of magnetic resonances are superimposed so that a
wideband y" dispersion characteristic can be achieved.

The imaginary part permeabiiity u" is a magnetic loss term
necessary for absorbing electromagnetic waves so that if
values of y" are large and extend over a wide band, an
excellent electromagnetic interference suppressing effect
appears. |

Further, since the soft magnetic powder used in the
present invention is oxidized at least on.the surfaces

thereof, the individual particles exist as being
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electrically isolated even at the high filling rate of the
powder. Accordingly, not only deterioration of a frequency
characteristic due to an eddy current loss as observed in a
conductive bulk body is small, but also the reflection of
electromagnetic waves on the surfaces due to impedance
mismatch with the space becomes reluctant to occur, so that
an excellent electromagnetic interference suppressing
effect can be achieved at a high frequency region.

Hereinbelow, an example of a composite magnetic body
by the present invention will be shown.

Example

First, as shown in Table 1 below, 80,weight parts of
soft magnetic powder (Fe-Al-Si alloy, mean particle
diameter: 35um, aspect ratio: not less than 5) and 0.8
weight parts of a titanate coupiing agent are agitated by a
mixer so that the soft magnetic powder is subjected to the
coupling in advance. Then, as shown in Table 1, 80 weight
parts of the soft magnetic powder subjected to the coupling
and 20 weight parts of an organic agent (chlorinated
polyethylene) ére kneaded by a kneader to obtain a
composite magnetic body.

Then, the obtained composite magnetic body is passed
~through bétween rolls arranged.in parallel to be rolled and
thus formed into a sheet. Through this, an electromagnetic
interference suppressing body having excellent flexibility

and fire resistance can be obtained.
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Table 1

Soft magnetic powder 80 weight parts
Fe-Al-Si alloy
Mean particle diameter: 35um

Aspect ratio: >5

Titanate coupling agent 0.2 weight parts

Organic binding agent - 120 weight parts
(chlorinated polyethylene)

Industrial Applicability

As described above, the composite magnetic body of
the present invention or the electromagnetic interferencé'
suppressing body using it has a plurality of anisotropic
magnetic fields (Hk) of mutually different strengths so
that a plurality of magnetic resonances appear at mutually
different frequency regions. Thus, a wideband ug"
dispersion characteristic can be achieved. The ihaginary
part permeability 4" is a magnetic loss term necessary for
absorbing electromagnetic waves so that if values of u"
are large and extend over a wide band, an excellent
electromagnetic interference suppressing effect appears.
That is, there can be provided a thin electromagnetic
interference suppressing body which is effective for
suppressing electromagnetic wave interferences inside a
high frequency electronic equipment including a mobile
communication equipment.

Further, the composite magnetic body of the present

invention uses chlorinated polyethylene as an organic
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binding agent s6 as to have excellent flexibility and fire
resistance. Thus, the electromagnetic interference
suppressing body of the present invention is stickable to,
for exampie, an FPC or FFC and even to.a casing, having a
complicate shape, of an electronic equipment, and further

can respond to a strict reqﬁirement for fire resistance,
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CLAIMS

{?;) A composite magnetic b of an electrically non-
) ,

conductive magnetic material substantially composed of soft

magnetic powder and an organic binding agent, characterized

in that said magnetic material has a plurality of magnetic-

resonances appearing at mutually Qi:.fferent frequency
S—

n—c,

M
reglons \and said organlc blndlng agent is chlorinated

polyethylene
N
~

2. A composite magnetic body as recited in claim 1,

Y

H

characterized in that said plurality of magnetic resonances
appearing at the mutually different frequency regions are
induced by a plurality of anisotropic magnetic fields  (Hk)

having mutually different strengths.

An electromagnetic interference suppressing body
substantially made of a composite magnetic body, said
composite magnetic body‘g;:;;~;I;E€;IE§iI§”ﬁon:;;hductlve
and substantially composed of soft magnetic powder anhd an
organic binding ggent characE;;:;;ahzﬁ*zﬂgzﬁgéld
electgg;;g;etlc interference suppressing body has at least
two magnetic resonances among a plurality of magnetic
resonances appearing at microwave frequency regions and
generated by at least two an ' maGHSEIZ"EI;IES (Hk) ,
said anisotropic magnetic fields having mutually different
strengths, and that chlorinated polyethylene is used as

said organic binding agent.'
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4. An electromagnetic interference suppressing body
as recited in claim 3, characterized in that said composite
magnetic body has a plurality of magnetic resonances, said

plurality of magnetic resonances appear at mutually
T T —— e
. different frequency regions, respectively, corresponding to
o~ 4.4 N"‘"‘\._./—“"‘—‘/\\

£

(Ei:’ the anisotropic magnetic fields of the mutually different

SN

strengths, and the lowest one among said plurality of
magnetic resonances exists in a frequency region lower than
a lower limit of an electromagnetic interference
suppressing fféquency band generated by said composite

magnetic layer.

5. An electromagnetic interference suppressing body
ii as recited in claim 4, characterized in that said soft
Y magnetic powder is a mixed body of soft magnetic powder of

?::at least two kinds having magnetic anisotropies of

——.

different strengths.
6. An electromagnetic interference suppressing body

as recited in claim 4, characterized in that said soft

magnetic powder is provided with oxide layers on surfaces

thereof.

A method of producing a composite magnetic body
characterized by mixing soft magnetic powder of at least

two kinds having magnetic anisotropies of mu
different strengths and cﬁ;;;;ZQEgg_gglyethylene

organic binding agent, and subjecting them to shaping so as
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to obtain the composite magnetic body being electrically

non-conductivé and having at least two magnetic resonances
e

induced by anlsotroplc magnetlc fields (Hk) of mutually

et e

different strengths o ) e o

8. A method of producing a composite magnetic body
as recited in claim 7, characterized in that said soft

magnetic powder has oxide layers on surfaces thereof. S

/
9. lA method of producing a composite magnetic body
as recited in claim 7, characterized in that said soft
magnetic powder is surface oxidized by an oxygen containing
mixed gas in a stage prior to mixing with said organic
binding agent or during mixing, using a gas phase acid

removing method or a liquid phase acid removing nethod.
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