DESCRI PTI ON COVPCSI TE IVAGNETI C .BO_:)Y AND ELECTROVAGNETI C
| NTERFERENCE SUPPRESSI NG BODY TFechni' cal . Field The present

i nvention raj@;s}ﬁ%tzo an el ectromagnetic interference suppressigsgeddegly for
a high frequency region, particularly, a mcrowave band, and in

particular, to a conposite magnetic ”’Eﬁ*ﬁ%al t herefor.
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Background Art In recent years, the spread of el ectronic devices,
I n’cl udi ng digital electronic devices, using high frequency waves has been
advanced angqogq@eg them the spread of nobile comuni cat poWIPENWBES usi.ng
quasi - m crowave bands or mcrowave bands has been renarkable. In those
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signal processing speed is schened, the inter-line coupling due to the
el ectrostatic coupling and/or the el ectromagne- tic coupling becones |arge

and interferen e to radiant noise or the |like i-s causggpoudsisd not a
fem13|tuat|8ﬁ§ﬁ?“gy 2 have occurred
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However, since the conductor shield is an electromagnetic interference
countermeasure utilizing reflection of electronmagnetic waves due to

i npedance _msmatch relative to the space, it can provide pefifieshsibég

ef fect but YABWE anback to pronote the el ectromagnetic coupling due to
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obtaining a large magnetic loss at a microwave band, it is necessary
realize a characteristic where the real part perneability attenuates
to-the magngid sz onance at a VHF band (30MHz to 300MHz) , pér/spe7/03396
quasi - m crowave band (300MHz ~to 3GHz) or a lowfrequency side of a
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band and, as a result, a magnetic loss at the mcrowave band is |arge
(that is, an imaginary part perneability [err]" is large). It is another
obj ect to pWJsﬁ%&im el ectromagnetic interference suppressidigpoosigosisi Ng
such a conposite magnetic body. Di scl osure of the Invention

According t . e Loyention, there is obtained a conposite magnetic
body char aﬁéﬁ%&ﬁsﬁg%ﬁ%{’e =shard magnetic powder is bonded by an
or gani ¢ bondi X newi g_r Aok rsSal Egrnge from
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3000e. The foregoing s'em' -hard magnetic powder is characterized by
having a flat or needl e shape and being oriented/aligned in the conposite
magneti ¢ body. As a material of the foregoing sem gtic

powder, a QPRI netal alloy, such as Fe-Co-M all oy, Oope*ﬂrﬁﬁgﬁal | oy or

Fe-Co-V al l oy, can be cited. ‘Further, as another material of the
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4 and having a |l arge magnetic | oss at a m crowave band. Bri ef

Descri ption of the Draw ngs Fig. 1 is a diagramschematically
showi ng a sectio of a conposite magnetic body of the pre ' ption;
Fig. 2is dw8?ﬂ§$§h1shomﬁng [err]-f characteristics of saﬁgﬁgmﬁmﬁﬁd sanpl e

4 of a conposite magnetic body _according to the present invention, and
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system used for characteristic evaluation of an electromagnetic
interference sUppressing body using a conposite magnetic body sanpl e of
the present_in Best Mdde for Carrying Qut the | p¢eibbRi3aos

In the pre§@ﬂ?&§ﬁ ntlon a sem -hard nmagnetic material wth a coercive

force Hc of 10 to 3000e, for ex d h as
Fe- Co- Mo aBbSyIEtEEHE 5 &M@fgﬁo %%@%"o@%ﬁ%%m%g/%

body, suc rr ] or Co-Ti substituted Ba ferrite, |s used
as a raw n&%gﬁe«éiﬁﬁ%gﬂﬁ%gﬁ raw material is the netallic magnetic
body, coarse powder is obtained by a nechanical mlling nmethod, an

atom zing nethed or the like, then flattened using a wet .



agent so as to obtain tlc body. On the other hand, when
the raw materi | the* body flat or needk,e-rﬁp@;agg;sfl ne
powder is %?@Jéﬂ;y prepared by a crystal l'izing nethod, such as a
5 hydr ot hernal synthesis method or t%qﬁ% and then bonded. using an
organi ¢ bondi ng agent so as to obt ai /8 osite nmagnetic body.

~mill such as an attrlt Hg reafter bonded usi ng an organi ¢ bonding
O |
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For obtaining a large inmagi nary part perneability [err]” in the foregoing
conposite magneti ¢ body, the magnetic powder is flattened or needl e-shaped
so as to ha&g gn!kplckness equal to or less than a skin degidipssagspect
ratio of thRofrAttened or needl e- shaped soft nagnetic material is set to
be approximately not less than 10 for setting a diamagnetic field
coefficient Nd to be approximately 1, and the magnetic powder is
oriented/aligned in the conposite nagnetic body. Here, the skin depth
[err] is given by the follow ng equati.o [err] = ([err]/[err]
[err]f)[err] : In the fore90|%§ dq&gn(n1 represents resistivity,
[err] represents perneability and f represents frequency Here, although
val ues differ depending on target 3
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frequencies, it is one of the easiest neans, for obtaining desired skin
depth and aspect ratio, to specify the nean particle dianeter of the
starting material powder when the netallic magnetic bodyPGTIPIFRIF6

As typi caWoe¥ &g means whi ch can be used for flattening the nmetallic
magnetic material, a ball mll, an attriter, a pin mll, etc. can be
cited. As long as the thickness and the aspect ratio of the nmagnetic

powder satisfying the foregoing conditions can be obtained, there is no
limtation on the mlling neans. :

# 3 H
12 15

N W W W W W W, W W, . U W . W, YR R W L . W /

2/2



6. 7. Further, for ensuring electrical insulation anong individual
ragneti c powder in the conposite nagnetic body to give a function as an

el ectrical insulator to the conposite magnetic body even in a high-density
| oading state of the magnetic powder, it is preferable to form dielectric
| ayers on the surfaces of the magnetic powder of an alloy material. The
dielectric layers can be realized as oxide |layers of.netal elenents
constituting the alloy by oxidizing the surfaces of the netallic magnetic
powder. As one exanple of a nmeans g?ﬁs%%ﬁ:ﬂt‘ﬁg the surfaces of theg
nmetallic powder, it is preferable, in view of easiness, stability and
safety of a control, to carry out an .oxidizing process by a |iquid-phase

aci d renmoving net h0G:@fposTTE MAGNETIC BODY AND ELECTROMAGNETIC

INTERFERENCE SUPPRESSING BODY

Technical Field

The present invention relates to an electromagnetic
intefference suppressing body for a high frequendy region,
particularly, a microwave band, and in particular, to a

composite magnetic material therefor.

Background Art

In recent vyears, the spread of electronic devicés,
inc;uding digitél electronic devices, using high frequency
waves has been advanced and, among them, the spread of
mobile communication deﬁices using quasi-microwave bands or
microwave bands has been remarkable. In those mobile
communication devices represented by portable telephones,
demands for reduction in_size and weight are so great that
high-density mounting of electronid components has become
the greatest technical problem. 'Agcordingly, since the
electronic components, the printed wiring, the inter-module
wiring, etc. which are mounted overcrowdedly, approach to
‘each other extremely; and further since the speed-up of the
signal processing speed is schemed, the inter-line coupling
due to the eléctrostatic coupling and/or the electromégne—
tic coupling becomes large and interference due to radiant

noise or the like is caused, so that not a few situations



.a -gas-phase acid renoving nethod which introduces nitrogen-

oxygen m xed

gas at a controlled oxygen partial pressure in a hydrocarbon organic
sol vent or an atnosphere of inert gas, particularly for the netallic

powder having high activity and relatively small size.

When t he

oxi de magnetic powder is used as the nmagpetic powder, it is not necessary
to be processed by the foregoing surface oxidizing process because it has
high electrical resistance per se. As an organi ¢ bondi ng agent to be
used as one hawseceurred cUhgoeininernal operpoions ofigrhe deviens Fire he
present invention, polyester resin, polyethylene resin, polyvinyl chloride

resin,
resin,

pol yvk

tyral resin, polyurethane resin, cellulose resin,

nitrile-

ABS

Conventionally, against such so-called high-frequency

electromagnetic interference, a measure has been mainly
teken to apply a conductor shield.

However, since the eonductor shield is an
electromagnetic interference countermeasure utilizing
reflection of electromagnetic waves due to impedance
mismatch relative to the space, it can provide a shielding
effect but has a drawback to promote the electromagnetic
coupling due to reflection from an undesired radiation
source. For solving such a drawback, it could be
considered effective as a secondary electromagnetic
interference countermeasuie to use a magnetic loss of a
magnetic body, that is, an imaginary part permeability u"
so as to supprees the undesired radiation.

It has been known that the absorption efficiency of

undesired radiation increases corresponding to a magnitude

of " in a frequency range where y">yu'. Accordingly, for
obtaining a large magnetic loss at a microwave band, it is
necessary to realize a characteristic where the real part
permeability attenuates due to the magnetic resonance at a
VHF band (30MHz to 300MHz), a qhasi-microwave band (300MHz
to 3GHz) or a low-frequency side of a microwave band (3GHz
to approximately 10GHz) .

Therefore, it is an object of the present invention
to provide a composite magnetic body where the magnetic

resonance appears in a range from VHF band to microwave



.but &di ene rubber, styl ene-butadi ene rubber, epoxy resin,

7 phenol resin, amde resin, imde resin or copolyners thereof can be
cited. There is no particular Iimtation on the foregoing neans for
kneadi ng/ di spersi ng the sen -hard magnetic powder and the organi ¢ bondi ng
agent to obtain the conposite magnetic b®dy, and a preferable nethod may
be selected wusing properties of a bonding agent to be used and facility

of processes as _criteria. . .
band and, as a result, a magnetic loss at the microwave

band is large (that is, an imaginary part permeability u"
is large). It is another object to provide an
electromagnetic interference suppressing body using such a

composite magnetic body.

Disclosure of the Invention

-According to the present invention, there is obtained
a composite magnetic body characterized in that semi-hard
magnetic powder is bonded by an organic bonding agent, and
a magnetic resonance appéars in a range from VHF band to
microwavé band.

The foregoing semi-hard magnetic powder is
characterized in that a coé:cive force Hc thereof is 10 to
3000e. |

The foregoing semi-hard magnetic powder is
characterized by having a flat or needle shape and being
oriented/aligned in the composite magnetic body.

As a material of the foregoing semi-hard magnétic
powder, a magnetic metal alloy, such as Fe-Co-Mo alloy, Co-
Fe-Nb alloy or Fe-Co-V alloy, can be cited.

Further, as another material of the foregoing semi-
hard magnetic powder, an oxide magnetic body, such as 7-
Fe203 (maghemite) or Co-Ti substituted Ba ferrite, can be
cited. |

According Eo the present invention( there is obtained
an electromagnetic interference suppressing body using, as

a material thereof, the foregoing compoéite magnetic body,



As reans of orienting/aligning the magnetic particles in the |
kneaded/ di spersed nagnetic m xture, there are a nethod using a shearing
Stress and a nethod using a nagnetic field orientation, either of which
may be used. - For explaining a structure of the conposite magnetic
body of the present invention, its section is schematically shown in Fig.
1. Referring to the sane figure, .a conposite magnetic body 1 is fornmed by
di spersing fla} .seni - har magnetic particles 2 into a |layer of an organic
bondi ng . agéftd ARG JFRPY TAEReYLS HEH Id hHETw S Lad-a  support
provi'ded when the strength is required upon handling or when a shield
characteristic is required as an electromagnetic interference suppressing

body in addigdiQF Dedcripitdd 'SFIUSHE DbLREMYd C | 0SS characteristic. It may

Fig. 1 is a diagram schematically showing a section
of a composite magnetic body of the present invention;

Fig. 2 is a diagram showing (-f characteristics of
sample 1 and sample 4 of a domposite magnetic body
according to the present invention; and .

Fig. 3 is a schematic-diagram showing an evaluation
s&stem used for characteristic evaluation of an
electromagnetic interference suppressing body using a

composite magnetic body sample of the present invention.

Best Mode for Carrying Out the Invention

In the present invention, a semi-hard magnetic
material with a coercive force Hc of 10 to 3060e, for
example, a metallic magnetic body, such as Fe-Co-Mo alloy,"
Co-Fe-Nb alloy or Fe-Co-V alloy, or an oxide magnetic body,
such as 7 -Fe203 or Co-Ti substituted Ba ferriﬁe, is used
as a raw material. '

When the raw material is the metallic magnetic body;
coarse powder is obtained by a mechanical milling method,
an atomizing method or the like, then flattened using a wet
mill such as an attriter, and thereafter bonded using an
organic bonding agent so'as to obtain a composite magnetic
body. On the other hand, when the raw material is the
oxide magnetic body, flat or needle-shaped fine powder is

directly prepared by a crystallizing method, such as a



.beran:insulating plate when an inprovenent in mechanical strength is only
aimed. On the other hand, when the shield characteristic is required, it
i's necessary to consider an electrical characteristic and to select a
material excellent in electrical conductivity. A copper plate in Fig. 3
which will be described later, is also used as a g

8 shield nenber with high electrical conductivity. Her ei nbel ow,
nore concretée exanples will be described. First [
i ngot s of Fbyggowgggpp§y§ygghesis method or the likgi hng %Lgka B%éegf

using an organic bonding agent so as to obtain a composite
magnetic body.

For obtaining a large imaginary part permeability u"
in the foregoing composite magnetic body, the magnetic
powder is flattened or needle-shaped so as to have a
thickness equal to of less than a skin depth, an aspect
ratio of the flattened or needle-shaped soft magnetic
material is set to be approximately not less than 10 for
setting a diamagnetic field coefficient Nd to be
approximately 1, and the magnetic powder is
oriented/aligngd in the composite magnetic body. Here, the
skin depth J is given by the following equation.

8 = (p/mue)l/2

In the foregoing equation, 0 represents resistivity,
i represents permeabiiity and £ represents frequency.
Here, although values differ depending on target
frequencies, it is one 6f the easiest means, for obtaining
desired skin depth and aspect ratio, to specify the mean
particle diameter of the starting.material powder when the
metallic magnetic body is used.

As typical milling means which can be used for
flattening the metallic magnetic material, a ball mill, an
attriter, a pin mill, etc. can be cited. &as long as the
thickness and the aspect ratio of the magnetic powder
satisfying the foregbing conditions can be obtained, there

is no limitation on the milling means.



~Fe-Nb all oy and Fe-Co-V alloy were prepared and coarsely nilled by a stanp
mll, then subjected to grinding processes under various conditions using
an attriter. Further, while introducing nitrogen-oxygen m xed gas at a
35% oxygen partial ‘pressure, they were agitated for 8 hours in a

hydr ocar bon organi c sol vent and subjecte& to a |liquid- phase acid renoving
process. Thereafter, a classifying process was carried out to obtain a

plurality of flat_ magnetic powder sanpl es having different coercive forces
Hc. As a result &M% 2 {ERF ﬂ‘?é“é’&PBa@é?c&F’-Fﬁ'g &HPHFH@&“pGWG@H t he

gencr o) o S ol G LE, R 1 B0, RRR e B PRl B8 °F,
the other hapd ngV%r i) fE'@Jc‘%r %%%r ah RIWIR ;04 Q?:sja'lator to the
composite magnetic body even in a high-density loading
state of the magnetic powder, it is preferable to form
dielectric layers on the surfaces of fhe magnetic powder of
an alloy material. The dielectric layers can be realized
as oxide layers of metal elements constituting the alloy by
oxidizing the surfaces of the metallic magnetic powder. As
one example of a means for oxidizing the surfaces of the
metallic powder, it is preferable, in view of easiness,
stability and saféty of a control, to carry out an
oxidizing process by a liquid-phase acid removing method or
' a gas-phase acid removing method which introduces nitrogen-
oxygen mixed gas at a controlled oxygen partial pressure in
a hydrocarbon organic solvent or an atmosphere of inert gas,
particularly for the metallic powder having high activity
and relatively small size.

When the oxide magnetic powder is used as the
magnetic powder, it is not necessary to be processed by the
foregoing surface oxidizing process because it has high
electrical resistance per se.

As an orgahic bonding agent to be used as one
constituent component of the composite magnetic body of the
present invention, polyester resin, polyethylene resin,
polyvinyl chloride resin, polyvinyl butyral resin,
polyurethane resin, cellulose resin, ABS resin, nitrile-

.butadiene rubber, stylene-~butadiene rubber, epoxy resin,



.substituted Ba ferrite powder were prepared by t he ‘"hydrot her mal synthesis

met hod so as to obtain oxide nagnetic powder sanples. - Using these
powders, bel owdescribed conposite magnetic body sanples were prepared to
examne e[rr]-f characteristics. For the measurenent of the [err]-f

characteristics,” the conposite nmagnetic Jpody sanples used were processed
into toroidal shapes. By inserting it into a test fixture formng a
one-turn coil to neasure its inpedance, [err]' and [err]" were derived.
phenol resin, amide resin, imide resin or copolymers
thereof can be cited. -

There is no particular 1imitation.on the foregoing
means-for kneading/dispersing the semi-hard magnetic poﬁder
and the organic bonding agent to obtain the composite
magnetic body, and a preferable method may be selected
using properties of a bonding agent to be used and facility
of processes as criteria.

As means of orienting/aligning the magnetic particlés

.in the kneaded/dispersed magnetic mixture, there are a
method using a shearing stress and a method using a
magnetic field orientation, either of which may be used.

For explaining a structure of the composite magnetic
body of the'present invention, its section is schematically
shown in Fig. 1. Referring to the same figure, a composite
magnetic body 1 is formed by dispersiné flat semi-hard
magnetic particles 2 into a layer of an organic bonding
agent 3 and bonding them. On the other hand, 4 denotes a
support provided when the strength is required upon
handling or when a shield chafacteristic is required as an
electromagnetic interference suppressing body in addition

| to a high-frequency magnetic loss.characteristic. It may |
be an insulating plate when an improvement in mechanical
strength is only aimed. On the other hand, when the shield
characteristic is required, it is necessary to consider an
electrical characteristic and to select a material
excellent in electrical conductivity. A copper-plate in

Fig. 3, which will be described later, is also used as a



9.7 [Sanple 1] - A sem -hard magnetic paste was prepared which
had the follow ng conposition, and forned into a filmby a doctor bl ade
process. After applying hot pressing thereto, curing was carried out at
85[err]C for 24 hours to obtain sanple 1. The obtai ned sanple 1 was
anal yzed using a scanning electron mcrggscope and it was confirned that
the particle alignment was in an in-surface direction of the sanple.

Flat sem -hard magnetic body (Fe-Cu-M alloy) Fine powder A 95
wei ght part shield member weiih hiigh @leatizimalecon ¥orr]m x

O0.3[err]nferr] Coercive force Hc: 25Qe Pol yur et hane
resin Hereinhelgy gfoTey qencrete exagnles addd: be 5%1*@%&&’@@

conpound) 2 WE'QE&£§¥, a plurality of ingots of Fe-Cu-Mo alloy, Co-

Fe-Nb alloy and Fe-Co-V alloy were prepared and coarsely
milled by a stamp mill, then subjected to grinding
processes under various conditions using an attriter.
Further, while introducing nitrogen-oxygen mixed gas at a
35% oxygen partial pressure, théy were agitated for 8 hours
in a hydrocarbon organic solvent and subjected to a liquid-
phase acid removing process. Thereafter, a classifying
process was carried out to obtain a plurality of flét
ﬁagnetic powder samples havipg different coercive forces Hc.
As a result of analyzing the surfaces of the obtained
powder, the generation of metal oxides was clearly
confirmed so that the presence of oxide films on the
surfaces of the sample powder was confirmed.

On the other hand, 7-Fe203 powder and Co-Ti
substituted Ba ferrite powder were prepared by the
hydrothermal synthesis method so as to obtain oxide
magnetic powder samplés.

Using these powders, below-described composite
magnetic body samples were prepared to examine y-f
characteristics.

For the measurement of the i -f characteristics, the
composite magnetic body samples used were processed into
toroidal shapes. .By'inserting it into a test fixture
forming a one-turn coil to measure its impedance, ' and

u" were derived.



.Sol'vent (mixture of "~ cycl ohexanone and tol uene) 40 wei ght
parts . [ Sampl e 2] A sem -hard magnetic paste was prepared which
had the follow ng conposition, and fornmed into a filmby a doctor blade
process. After applwying hot pressing thereto, curing was carried out at
85[err]C for 24-hours to obtain sanple 2.9 The obtained sanple 2 was
anal yzed using a scanning electron mcroscope and it was confirned that
the particle alignnent_was_ in an in-surface direction of the sanple.
Fl at seni-hard magh@tmRleoly (Co-Fe-Nb al | oy) Fine powder B 95
article dianeter: err]2

0 sferr merr) A semi-Rafd flinefl radfSidas prepaldd gy Kad i
resin follo“%n% c?ﬁpggigf&gb & f?n1x £H£$Q§ Eﬂf&t%i;?ﬁ%%%@%%ﬁe-and

conpound) 2 wel ure
tol uene) BPad®i BR85S After applying hot pressing. thereto, curing

was carried out at 85C for 24 hours to obtain sample 1.
The obtained sample 1 was analyzed using a QCanning
electron microscope and it was confirmed that the particle

alignment was in an in-surface direction of the sample.

Flat semi-hard magnetic body
(Fe-Cu-Mo alloy) Fine powder A 95 weight parts

Mean particle diameter: ¢20um x 0.3 umt
Coercive force Hc: 250e
Polyurethane resin 8 weight parts

Curing agent (isocyanate compound) 2 weight parts

"Solvent (mixture of
cyclohexanone and toluene) 40 weight parts

[Sample 2]

A semi-hard magnetic paste was prepared which had the
following composition, and formed into a film by‘a doctor
blade process. ,After applying hot pressing thereto, curing
was carried out at 85C for 24 hours to obtain sample 2.

The obtained sample 2 was analyzed using a scanning
electron microscope and it was confirmed that the particle

alignment was in an in-surface direction of the sample.

Flat semi-hard magnetic body
{(Co-Fe-Nb alloy) Fine powder B 95 weight parts

Mean particle diameter: ¢20um x 0.3 ymt
Coercive force Hc: 320e
Polyurethane resin 8 weight parts

Curing agent (isocyanate compound) 2 weight parts

Solvent (mixture of .
cyclohexanone and toluene) 40 weight parts



.10 ¢ [ Sanpl e 3] A sem -hard nmagnetic paste was prepared which
had the follow ng conposition, and forned into a filmby a doctor bl ade
process. After applying hot pressing thereto, curing was carried out at
85[err]C for 24 hours to obtain sanple 3. The obt ai ned sanple 3 was
anal yzed using a scanning electron mcraecope and it was confirned that
the particle alignnment was in an in-surface direction of the sanple.
Fl at sem -hard naqpetic bady
Sample 3]
A semi-hard magnetic paste was prepared which had the
following composition, and formed into a film by a doctor
blade process. After applying hot pressing thereto, curing

was carried out at 85°C for 24 hours to obtain sample 3.
The obtained sample 3 was analyzed using a scanning
electron microscope and it was confirmed that the particle

alignment was in an in-surface direction of the sample.

Flat semi-hard magnetic body
(Fe-Co-V alloy) Fine powder C 95 weight parts

Mean particle diameter: ¢30um x 0.4umt
Coercive force Hc: 1300e

Polyurethane resin 8 weight parts

Curing agent (isocyanate compound) 2 weight parts

Solvent (mixture of
cyclohexanone and toluene) 40 weight parts

[Sample 4]

A seﬁi—hard magnetic paste was prepared which had the
following composition, and formed into a film by a doctor
blade process. After drying it in a magnetic field in an
in-surface direction of a sample, hot pressing was applied
therefo and curing was carried out at 85C for 24 hours to
obtain sample'4...

The obtained sample 4 was analyzed using a vibrating
type magnetometer and it was confirmed that a magnetization

easy axis was in an in-surface direction of the sample.

Needle-shaped semi-hard
magnetic body (7 -Fe203)
Fine powder D - . 95 weight parts

Mean particle diameter: ¢0.1 x 0.8umt

Coercive force Hc: 2700e

Polyurethane resin 8 weight parts



.(Fe=Co-V alloy) Fine powder C 95 wei ght parts | Mean

particle dianmeter: [err]30[err]mx O.4[err]nferr] Coer ci ve

force Hc: 1300e Pol yur et hane resin 8 weight parts
Curing agent (isocyanate conpound) 2 weight parts Sol vent (m xture
of cycl ohexanone and t ol uene) 11 40 weight parts [ Sanpl e
4] A sem -hard magnetic paste was prepared which had the follow ng

conposition, and formed into a filmby a doctor blade process. After
drying it in a mad@wing agant | (Laaeyanate qompounidlect 2 ovedghh Bankse, hot
pressi ng was appl iflvddier @iGcaixd @F i ng was carried out at 85[err]C for 24

hours to obtain sagllchekanone and®ifn)ned sanpl e4d wasgREapyEES USI Ng
a vibrating type ﬂﬁﬂﬂﬁk?@ﬁter and- it was confirmed that a magneti zati on

A semi-hard magnetic paste was prepared which had the
following'composition, and formed into a film by a doctor |
blade process. After drying it in a magnetic field in an
in-surface direction of a sample, hot pressing was applied
thereto and curing was carried out at 85T)for_24 houré to

~ obtain sample 5. .

The obﬁained sample 5 was analyzed using a scanning
electron microscope and it was confirmed that the particle
alignment was in a direction perpendicular to an in-surface
direction of the sample, and it was further analyzed using
a vibrating type magnetometer and it was confirmed‘that a
magnetization easy axis was in the in-surface direction of

the sample.

Flat semi-hard magnetic body
(Co-Ti substituted Ba ferrite) )
Fine powder E 95 weight parts

Mean particle diameter: ¢lpum x 0.3umt
Coercive force Hc: 2950e

Polyurethane resin 8 weight parts

Curing ageﬁt (isocyanate compound) 2 weight parts

Solvent (mixture of
cyclohexanone and toluene) 40 weight parts

Magnetic resonance frequencies fr and imaginary part

permeabilities y" measured with respect to the foregoing

respective samples are shown in Table 1 below.



.easy axis was in an in-surface direction of the sanple. Needl e- shaped-

sem - hard magnetic body ([err]-Fe[err](err]) Fi ne powder D
95 wei ght parts ~ Mean particle dianeter: [err]0.1 X
O.8[err]nferr] > Coercive force Hc: 2700e Pol yur et hane
resin ' 8 weight parts 12 . Curi ng ‘agent

(i socyanate conmpound) 2 weight parts Sol vent (m xture of

cycl ohexanone and } ol uene 40 wei ght parts [ Sanmpl e 5]

A seni-hard magnet {E2R8 ¥ was prepared which had the

Magnetic Resonance | Imaginary Part
_ Frequency fr . Permeability u"
Sample 1 80MHz 4.1
Sample 2 90MHz 3.5
Sample 3 400MHzZ 2.3
Sample 4 850MH2 1.5
Sample 5 | 1.1GHz 1.3

Fig. 2 shows Wy -f characteristics of sample 1 and
sample 4. The other samples exhibited characteristics
approximately within these frequency ranges.

As seen from the foregoing Table 1 and Fig. 2,
according to the present invention, there can be obtained
the composite magnetic materials with high magnetic losses
at the microwave band.

Using the foregoing samples, electromagnetic
interference suppressing effects thereof were measured
using an eﬁaluation system as shown in Fig. 3.

Here, a composite magnetic body sample 10 having a
thickness of 2mm and a length of each side being 20cm was
backed with a copper plate 11 so as to prepare an |
electromagnetic interference suppressing body sample. An
electromﬁgnétic wave was radiated to the sample from an
electromagnetic wave generator 12 wvia a micro-loop antenna
13 having a loop diameter of 1mm, and a reflected wave from
the electromagnetic interference suppressing body sample
was received at an antenna 14 of the same size and shape so
as to measure the strength of the reflected wave by a
network analyzer (electromagnetic field strength measuring

device) 157



follow ng conposition, and forned into a filmby a doctor blade process.
After drying it in a nagnetic field in an in-surface direction of a
sanpl e, hot pressing was applied thereto and curing was carried out at
85[err]C for 24 hours to obtain sanple 5. The obtai ned sanple 5 was
anal yzed using a scanning. electron mcrggcope and it was confirned that
the particle alignment was in a direction perpendicular to an in-surface

direction of the sanple, and it was further analyzed using ~a vibrating
type magnet onet er Thed dasuids axne ishewd dmaTablenggddongapidh &Re axi s was

in the in-surface direction of the sanple. Fl at sem -hard nagnetic
gody ) EFEACe; ARSLSEANKPBa ferrite) Fi ne powder E
5 wei ght parts Mean particle diameter: f[err]l [errJmx 0.3
[err]nferr] [Table 2] - i ] '
' Sample 1 Sample 4
Surface Resistance (x 107Q) 5.8 4.3
Signal Attenuation (dB) (at 8GHz) | 7.9 5.7

Here, the surface resistances are measured values
according to the ASTM-D-257 method. Values of the
electromagnetic interference suppressing effect represent
signal attenuation when the copper plate is set to a |
reference (0dB).

From the foregoing Table 2, the following effects are
evident. '

Specifically, according to the composite magnetic
body of the present invention, the value of the surface
resistance is 107 to 108 . Therefore, by using the
magnetic powder oxidized at least on the surfaces thereof,
the high insulation can be given to the composite magnetic
body so that the surface reflection of the electromagnetic
waves due to impedance mismatch as observed with respect to
the conductor, the bulk metallic magnetic body or the like,
can be suppressed. B

Further, it is understood that the composite magnetic
body of the present invention has the excellent |
electromagnetic interference suppressing effect at the
microwave band. |

As described above, according to the present
invention, there can be obtained the composite magnetic

body in the form of the semi-hard magnetic powder bonded by



.Coerci ve force Hc: 2950e" Pol yur et hane resin 8

wei ght parts Curing agent (isocyanate conpound) 2 weight parts
Sol vent (m xture of cycl ohexanone and tol uene) 40 wei ght
parts Magnetic resonance frequencies fr and inmaginary part

perneabilities [err]" neasured with respaa to the fore90|ng respective
sanpl es are shown in Table 1 bel ow.

12 Magneti c Resonance nary Par t
Frequency frgl?e °r$an¥%rh%%ﬂ+Pgt§g?%Fr]" hichhag th o gh magnebic loss

4.1 Sanple gt the mlcggwave band and thus gén suppress the
electromagnetic. waves at the microwave band. Therefore,
using this composite magnetic body, the thin
electromagnetic interference suppressing body effectivé at

the microwave band can be obtained.

Industrial Applicability

The flexibility can be easily given to the composite
magnetic body and the electromagnetic interference
suppressing body of the present invention as seen from the
constituent components thereof. Thus, it is possible to
deal with a complicated shape or strict requirements for

vibration and shock resistance.



Sanpl e* 3 400NVHz 2.3 Sanple 4 . S50
1.5 Sanple 5 1. 1CGHz 1.3 | 5. SHERILUAS BEEN:

char act 1 and sanple 4. The other panpl eﬂEPhkﬂEﬂbl ted-
char act a:l“m“mlm;ﬂﬂmlﬁatel y wWithin these frequency Tanges. - AT
seen fromthe toregosng Table 1 and Fig. 15 according to the present

I nvention, there can be obtained the conposite nagnetic materials with

el

-f

hi gh nagnetic | osses at the m crowave band. Usi ng the foregoing
sanpl es, electromagnetic interference d@IMSessing effects thereof were
nmeasured using an eval uation systemas shown in Fig. 3. Here, a

conposi te magnetic body sanple 10 having a thickness of 2mm and a length
of each side being; 206N Wif0site magnetic body characterized in that

senmi-hard magnetic'powder is bonded by an organic bonding
agent, and a magnetic resonance appeérs in a range from VHF

band to microwave band.

2. The composite magnetic body as recited in claim 1,
characterized in that a coercive force Hc of said semi-hard

magnetic powder is 10 to 3000e.

3. The composite magnetic body as recited in either
of claims 1 and 2, characterized in that said semi-hard
magnetic powder has a flat or needle shape and is

oriented/aligned in said composite magnetic body.

4. The composite magnetic body as recited in either
of claims 2 and 3, characterized in that said semi-hard

magnetic powder is Fe-Co-Mo alldy powder.

5. The composite magnetic body as recited in either
of claims 2 and 3, characterized in that said semi-hard

magnetic powder is Co-Fe-Nb alloy powder.

6. Thé composite magnetic body as recited in either
of claims 2 and 3, characterized in that said semi-hard

magnetic powder is Fe-Co-V alloy powder.

Sheet Has BeenReplaced

"N




bac’ ate 11 so as to prepare an el qHﬁp Qﬁﬁﬁﬁs
Lnterference ng body sanple. An electromagngtic ma

to th Bﬂ[1 el ectromagneti ¢ wave generat or | a mcro-|loop
anten oop diameter of 1mm and a reflected wave from the
electronagnetlc i nterference suppressingigody sanple was received at an

antenna 14 of the sane size and shape so as to neasure .the strength of the

reflected wave by a network anal yzer (el ectronmagnetic field strength
measuring device)7.15The composite magnetic body as recited in either

of claims 2 and 3, characterized in that said semi-hard

magnetic powder is 7 -Fe203 (maghemite) powder.

8. The composite magnetic body as recited in either
of claims 2 and 3, characterized in that said semi-hard

magnetic powder is Co-Ti substituted Ba ferrite powder.

9. An electromagnetic interference suppressing body
using, as a material thereof, the composite magnetic body
as recited in any of claims 1 to 8, and having a large

magnetic loss at a microwave band.

\
This Sheet Hag

ummmmmmui‘if"”



13 7 ¢ The results are shown in Table 2 along with the surface

r-esi st ances. [ Tabl e 2] e Sanpl e
1 Sanmpl e 4 Surface Resistance (x 10[err]) 5.8 4.3 Signa
Attenuation (dB) (at 8GHz) 7.9 5.7 Here, the surface

resi stances are freasured values accordingzto the ASTM D-257 nethod. Val ues
of the electromagnetic interference suppressing effect represent signal

attenuation when the copper plate is set to a reference (QdB). From
the foregoing Table 2, the following effects are evident.
' ABSTRACT

A thin electromagnetic interference suppressing body
effective for electromagnetic interference suppression at a
microwave band. As a material of the électromagnetic
‘interference suppressing body, there is provided a
composite magnetic body for@ed by bonding powder made of a
semi-hard magﬁetic material by.an organic bohding égent and
having a high magnetic loss at the microwave band. As the
semi-hard magnetic material, a metallic magnetic body, such
as Fe-Co-Mo alloy, Co-Fe—Nb alloy or Fe-Co-V alloy, or an
oxide magnetic body, éuch as 7y -Fe203 or Co-Ti substituted
Ba ferrite, can be used. Further, as an example of the

organic bonding agent, polyurethane resin can be cited.



‘Speci fically, according to the conposite magnetic body of the present
invention, the value of the surfaceu:®esistance is 10[err] to 10[err}.
Therefore, by using the nmagnetic powder oxidized at | east on the surfaces
thereof, the high.insulation can be given to the conposite magnetic body
so that the surface reflection of the el ectromagnetic waves due to

i npedance m smatch as observed with respect to the conductor, the bulk
metal lic nmagnetic body or the like, can be suppressed. Further, it
i s understood that the conposite nagneﬁi?_ pody of the present invention
has the excellent electromagnetic’interterence suppressing effect at the
m cr owave band. As descri bed above, according to the present -
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i nvention, there can be obtained the conposite magnetic body in the form
of the sem -hard nmagnetic powder bonded by

14 the organic bondi ng agent, which has the high nmagnetic loss at the

m crowave band and«thus can suppress the electromagnetic waves at the

m crowave band. ‘Therefore, wusing this conposite magnetic body, the thin
el ectromagneti.c i nterference suppreSS|ng body effective at the m crowave
band can be obt ai ned.

Fig. 3
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| relustrial Applicability. TheerX|b|I|ty can be easily given Mhe
conposite < Lobody and the el ectronagnetic interference suppressing
body of the rwcgmsﬂggp as seen fromthe constituent conponent
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CLAI M5

magnetic b&crfy char act erized in that

CLAIMS

1. A composite magnetic body characterized in that

having coercive force Hc 10 to 3000e.

semi~hard magnetic powder,is bonded by an organic bonding

(AN

agent, and a magnetic resonaxice appears in a range from VHF

band to microwave band.

2 ,Z . The composite magnetic body as recited in either

. of claimg 1-and-2, characterized in that said semi-hard .

magnetic powder has a flat or needle shape and is

oriented/aligned in said composite magnetic body.

3 A. The composite magnetic body as recited in either
of claimy 2 emd—3, characterized in that said semi-hard

magnetic powder is Fe-Co-Mo alloy powder.

4 ¥. The composite magnetic body as recited in either
of claimg 2 and-3, characterized in that said semi-hard

magnetic powder is Co-Fe-Nb alloy powder.

2 / The composite magnetic body as recited in either
of claimy 2 -and-3, characterized in that said semi-hard

magnetic powder is Fe-Co-V alloy powder.
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sem -hard magnetic:
an organi ¢ bondlng .
VHF band to m crowav
as recited in eithel | of TUBLN99Y c

akcé@éﬂ .gHEgercwe force Hc 10 to 3000e is bonded by
;‘ etic resonance appears in a range from
2. The conposite magnetic body

ract eri zed od substifiae st - 2Mbaigar809
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magneti c powder hasjajflat or needl g
conposite magnetic body- ' 3. Th n’p site magnet I c body as recited
in either o _

b5 /. The composite magnetic body as recited in either

of claimg 2 and-3, characterized in that said semi-~-hard

magnetic powder is 7 -Fe203 (maghemite) powder.

1 ,4 . The composite magnetic body as recited in either
of claimg’ 2 -and-3, characterized in that said semi-hard

magnetic powder is Co-Ti substituted Ba ferrite powder.

I\, : ] ﬁ . An electromagnei_:ic interference suppressing body
‘using, as a material thereof, the composite magnetic body
as recited in any of claims 1 to 8, and having a large

magnetic loss at a microwave band.
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| (57) Abstract .

A thin electromagnetic interference depressor effective in suppressing electromagnetic interferences of microwave band. As an
electromagnetic interference suppressing material, there is provided a compound magnetic material which is prepared by binding powder of
a semi-rigid magnetic material with an organic binder and has a high magnetic loss in the microwave band. The semi-rigid magnetic material
can be exemplificd by a metallic magnetic material such as an alloy of Fe-Co-Mo, Co-Fe-Nb or Fe-Co-V or by an oxide magnetic material
such asy-Fe,0; or Ba ferrite replaced. On the other hand, the organic binder can be exemplified by a polyurethane resin. .
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