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COMPOSITE MAGNETIC ARTICLE FOR

ELECTROMAGNETIC INTERFERENCE SUPPRESSOR

Background of the Invention:

This invention relates to a composite magnetic
article and, in particular; to such a magnetic article
having an improyed complex,magnetic permeability at a
high frequency band adaptable for an electromagnetic i
interference suppressor. )

Among high frequency electronic equipments which
have been widely used, mobile communication equipments
using a quasi-microwave frequency band have rapidly been -
expanded in practical use. In the mobile communicaticn_
equipment, a portable wireless telephone'set is eagerly

required to be small in size and light in weight. In

order to satisfy the requirement, printed circuit boards,

Furthermore, it is also required

_electromagnetic interference is a serious problem against

normal operation of those equipments, which interference
is caused due to the electromagnetic coupling, the line-

line coupling increased by the electromagnetic coupling,



and noise radiation.

In order to suppress the electromagnetic inter-
ference,'an electric conductive shield has conventionally'
been used to reflect undesired electromagnetic ﬁaves'due_
to impedance mismatch of the conductor and the space.

The electric conductive shield is useful for
shlielding the undesired electromagnetic wave. - Hoﬁeseri
the reflection of the undesired electromagnetic wave
unfortunately aggravates electremagnetic coupling Between
a source of the undesired electromagnetic wave and-other_
electric circuit elements. | )

In order to avoid the electromagnetic_cqﬁpling
due to the reflection of the'undesired electromagnetie
wave, it 1is effective to dispose, between the undesired
electromagnetic wave source and the conductive shield, a
soft magnetic substance having a large magnetic loss or a
high imaginary part permeability z " | |

Generaily speaking,.a-magnetic_substance having
a high magnetic permeabiiity is used as a magnetic'eofe
for an inductance eiement and is.also cailed soft
magnetic.substanCe. On use in an AC magnetie field of a
high frequency, the soft magnetic material has the_
complex magnetic permeability which is represented by
(' - je "). A real part permeability.n ' relates to an
inductance and an imaginary part.permeability £ " relates
to a magnetic energy loss or a magnetic energy absorp-

tion. When the frequency becomes high, the real part
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permeability £ ' is lowered but the imaginary part
permeability ¢ " 1is 1ncreas§d. Furthermore, the
iﬁaginary part permeability g " 6ften has one or more
peaks at differeht freqﬁendy points on the frequency
axis. This phenomenon is knowﬁ as é magnetie.reSQnance
of the soft magnetic substance. The frequencf at which
the peak is preseﬁt is referred to as a magneﬁic.
resonance frequency. Moreover, a thickness é of thé.éoft
magnetic substance is reversely proporiiogél to';he.
imaginary part permeability £ " in a high frequehcy range

where the imaginary part permeab;lity'u'ﬁ is larger thaﬁ.

‘the - real part permeability.n:'.

On the other hand, the'ﬁndesired electromagnetic
wave usually has a large number of fnguency coméonents
which are within a wide frequeﬁdy fangé.. Accordihgly;.
the soft magnetic substance i§ required to have a high'_-

imaginary part permeability & " over a wideﬁfrequency :

‘range for absorption of the undesired electromagnetic

wave. . o .
~ In JP-A-7 2i2079 (Reference I), the present
inventors alréady proposed an_elec;fomgénetié'interfer-
ence suppreséof ﬁéing'soft magnetic powder hévinq"ihe
shape magnetic anisotropy. The magneiic powdér haé-the
high magnetic loss over a wide frequency ranﬁe from-
several tens megahertzs to several gigaherté. The
magnetic loss is supposed to occur due to the magnetic

resonance.



Electromagnetic interﬁerence suppressor proposed
in Reference 1 ﬁses.flaky or flat soft magnetic powder of
an alloy metal. The powder has an anisotropic magnétic-
field H, higher ihan another spherical powder of the same
alloy metal. This is based on the magnetic anisotropy
due to the flat or flaky shape, that is; a demégnetizing
factor Nd. The demagﬂetizing factor Nd is détérm;ned by'
a shape of a powder pariicle and'an_aséect rai;q. |
Accbrdingly, the maghetic resonance frequency is variable
by changing the particle shape and the aspéct-rét;o.
However, the demagnetizing factor Nd is approximately
saturated when the aspect ratio.exceeds ;0,_ Therefore}
the variable range of the magnetic resonance freguency is
limited. . | | |

On the other-hand, the eddy current loss is known -
as a problem against improvement of the high frequengy o
response of the soft magnetic.materials; Ehat'is,.the
magnetic permeability is-déteriorated by the e§dy'current_
occurring at é frequency lower thén'é frequenc&Iat wﬁich -
the magnetic resonaﬁce occﬁrs. ' |

In order to resolve the problem, a known approach

"is to use thin films of the soft magnetic material taking;x

the skin effect into consideration. An example is a
layered product which comprises sof; magnetic thin filps-
and dielectric thin films alternately overlaid or stacked
one after another. |

- However, the layered product has another

problem that the displacement current flows through the



dielectric thin.films in the product. The displacement
current deteriorates the'magnetic permeability. The
displacement current is dependent on the size of the
magnetic films in the 1ayered product. This teaches that
use of the soft magnetic powder resolves the problem of
the_dielectric current. o o

Summary of the Invention-

Accordingly, it is an object of the present

- invention to provide a composite magnetic article-for

an electromagnetic interferenceisuppressor having a high
imaginary part permeability u« " over a wide high )
frequency range and variable_or_adjnstahle.magnetic

resonance frequencies within a broadened frequency

- range.

'Considering the stress strain of the soft L

"magnetic powder caused at the working from the spherical

powder particles into the flaky or flat'powder particles,

the present invention attempts to nse of soft magnetic
powder having a positive or negative magnetostriction l
which is not zero so as to employ the direction of the
magnetic anisotropy caused by the strain.

Further, the present invention also attempts to
change the residual strain by annealing so as to bring
about magnetic resonance frequencies over a broadened
frequency range. _

It is a particular object of this invention to

provide a composite magnetic article comprising soft
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magnetic powder which has a thickness thinner than the
skin depth, a high aspect ratio so'as to obtain'the
demagnetizing factor of Nd = 1, and a surface oxide
layer. | -

According té the present inventioh, a éomposité-
magnetic article is obtained, whiéh comprises: soft
magﬁe;ic powder of at least one'soft mégnetichompdsitioﬁ
having a magnetostriction constant, each of particles of
ghe powder being flaky; and organic binding agent‘bin&ing'
the soft magnetic powder dispersed therein. |

" The magnetostriction constant may be positi@e or - .
negative. . | | |

"The soft magnétic powder is preferéblylone as-'
annealed after being worked flaky. . . |

The soft magneiic flaky patticles preferably have
an aﬁerage thickness less thén a skin’deéth within wh;ch |
the skip effect occurs at a frequency Sgnd for whigh the
composite magnetic article is used. | ' '

| The soft magnetic flaky particles ére preferably |
oriented in a direéﬂion in the organic binding agent.

Each of the soft magnetic flaky particles
preferably has an oxide oﬁter layer. |

The oxide outer layer can be formed by subjectiné
the powder to a surface oxidation by an oxygeh'containing
gas through a vapor phase slow oxidization method or a

liquid phase slow.oxidization method.
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Thé sbft magnetic.powder is prefexably made of
two or more compositions having differént hagnetostric-
tion constants. |

The soft magnetic powder preferably_comérises two
or more kinds of fiaky particles which have been annealed
at different anneaiing conditions.

-According to the_present invention, a -method
is prdvided for pfoducing'ﬁ éomposite magnetic article
comﬁrising a soft magnetic powder boﬁnd by an.organ;g-
binding agent. .The_method compfiées steps of: preparing
a flaky soft ﬁagnetic pOwder.by working soft magnetic )
powder intq flaky ones; ahnéaling the fiaky'soft |
magnetic powder-éo as to remove residual Strain_éauéed
due to thé_working{-mixing the é#nealed flaky soft
magnetic powder with a liguid'of the'bin&ihg agent and a
solvent; and shaping thé mixﬁqre into a shape of the
article. R

The metﬁod maﬁ fufther coﬁprisé a Qtep of, after
the annealing's;ep before the mi#ing étep,.forming.an.
qxide outer layer of each particle of the fléky-sbft
magnetic'powder by subjécting:the pow@ef to a surface
oxidation by an oxygen containing gas through a vapor
phase slow oxidizatibn-method or a liquid phase'siow
oxidization method.

Alternatively, the oxidé outer layer forming step

may be performed after the preparing step but before the

annealing step.



In the preparing step, working stress applied.to
the powder is preferably controlled to vary the residual
strain so as to adjust an external frequency_of'a complex
magnetic permeability of the resultent composite magnetic
article.
| In the annealin§ step, the annealing condition
is preferably controlled to vary the residnel-strain |
so as to adjust an external freqnency of a cdmplex
magnetic permeability of the resultant composite magnetic
article. | '

Brief Description of the Drawings:

Fig. 1 is a schematic view of an'evaluating-
system for use in evaluation of a characteristic of" the
electromagnetic interference suppressing body, and

Fig. 2 is a graphic view ilinstrating magnetic -

- permeability frequency responses of samples-of the

present invention and comparative sample.

Description of Preferred Embodiments-

In embodiments of the present invention, Fe-Al si
alloy ("Sendust” which is a registered trademark), Fe-Ni
alloy (Permalloy), amorphous alloy or other metallic soft;
magnetic materials can be.used.as.a Start:materiaI; |

The start material is subjected to.grinding,
rolling,.and tearing to produce powder of flat or.flaky
particles. 1In this way, it is important that the flaky
particles have an average thickness smaller than a

dimension of a depth within which the skin effect occurs
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and that the flaky powaer has an aspect r&tio more‘than
10 in orderlto make the demagnetizing factor Nd about 1.

The depth will be referred to as the "skin depth"
6 , hereinafter. The skin depth & ié givenaby:

& = (o/xn£)l/?, .

where p, s, and f represeni resistiyity, ﬁégnetic
permeability, and frequency,.respectiVely. -It_is-noted
that the ékin depth & varies in dependence on the..
frequency £ at which the soft magnetic materiai,is_used.
However, the desired siin depth and.ihe as§e¢; ratio ¢an
readily be realized by specifying the'éverage.éarticlé i
size of the powder of the start material. - | o

For grinding, rolling.anditearing of the sﬂart
material, a ball mill, an attoritor, a pin mill.caﬁ'
preferabl& be used;_ Other aéparatug_can be used therefor
which could produce.the_powde; of £hé thickness.énd the
éséect ratio as describedigbove, and takiné the fesiduél'
strain caused dug to wbrking by the_app;ratus into
account. o | |

If the start material has a positive magnetostric-
tion constaﬁt A , shape magnetic éa1s6tropy‘and;strain :
magnetic ahiéotropy are present in the common direction
by the rolling and tearing.. Therefore,'eaCh-of-WOrked
_particles has a total anisotropic magnetic figld'due to.
both anisotropy. Accordingly, the anisotropic magnetic
field is higher in field level and in the magnetic

resonance frequency than that in use of a magnetic
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material with no magnetostriction (2 = 0) as the start
- material. _ |

The residual strain caused by the flattering
treatment can.be relaxed by.an appropriate-annealing'
treatment. Therefore, the soft magnetic powder as being
annealed has a magnetic resonance at a frequency fr which
is dependent on the.annealing condition. The magnetic
resonance'frequency fr is iower after.the annealing than
before annealing and is higher'than that in use'of a
magnetic material with no maénetostriction (A = bj,
Therefore, the:magnetic resonance frequency can'be
adjusted by control of-the'annealing condition.'“If.the
start material has a negative'magnetostriction constant
(A <0), the.direction.of the strain magnetic anisotropy
due to the residual strain is perpendicuiar'to:that of |
the shape magnetic anisotropy,;so,that the'anisotropic
magnetic field is relatively iow With a low.ﬁagnetic:.
resonance frequency in'conparison with the magnetic
material with no magnetostriction (A O)t

Therefore, by combination of the shape magnetic
anisotropy, the positive or negative magnetostriction
constant, and the annealing condition, it is possible to
provide various composite magnetic articles having
different magnetic resonance frequencies within a
relatively wide frequency band.

In the composite magnetic article of the present
invention, the soft magnetic powder is provided with a

dielectric outer surface layer so as to electrically
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isolate each powder partigle from adjacent.powder
particles even 15 high powder loaded density. Ihé
dielectric outer.surfacg layer 1is cbmposed of a metal
oxide which is formed by sﬁrface oxidaiipn'gf metallic
hagnetic powder. 1In the magnetic powdef of,-fpr example,
Fe-Al-Si alloy, the oxide layer is mainly coméosed of |
Alo, and §10,. | - o
~ For surface oxidation of the metai;iq-magnét;c
'powder, known iiéuid éhase slpw oxidizaﬁion'method and
gas phase slow oxidization'me;hod can pfefefably and
alternétively'be used, considering easy control,
stability and safety. 1In tﬂe both methods, niﬁchén-w
oxygen mixture gas with a controlled oxygén partial
pressure is introduced into anidrgaqic_801vent'pf 
hydrocarbon in the former method but into aﬁ iher@,gas
in the latter method.' - : | | .
" The surface oxidation and the anngélinéfcan be
carried out in £he ofder as described, but thef may be in
the reversed order, and can_bé'éerformgd simﬁltaneousiy.
As the organic Sinder or binding égeht:uséd ih_
the present invention, thefe aré récomméﬁded polyeétér
resin, polyethylene resin, pé;yvinyl chloridé'résin,'
polyvinyl butyfal resin, polyurethane reéin, celiuiose-
resin, ABS resin, nitrile-butadiene rubber, styleng—
butadiene rubber, epoxy resin, phenol resin, amide.resin,
imide resin, or copolymers thefépf. |
In order to produce the cpmposite magnetic

article, the flaky magnetic powder is mixed with and
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dispersed in the organic binder and formed into a desired

article shape. The mixing and shaping are carried out by

use of proper apparatus selected from known mixing and
shaping apparatus. |

In ihe compoéite magnetic article,'the.magnetic
powder is oriented in a direciion. The orientation:caﬁ
bé performed by'use of a shéaring-force or a magnetic
field. | B .

Now, several examples will be demonstrated below.

At firét, a plurality of start powderisémplés of
Fe;Ni alloy and fe-Al—Si alloy which samples have )
dlfferent magnetostrictioh céns;ants were prepa?ed by the
water atomizing method. The start powder sampleé were
subjected to'grinding,-rolling and tearing processes at
different conditions, reépectiVely, thehﬁéuhjected io the
liquid phase slow oxidizatio tréatment where'each of the .
samples was agitated about eight.hours in a:hyarocarbon'

organic solvent into which a nitrogen-ox&gen mixture gas

" with 35% oxygen partial pressure was introduced, and

thereafter, was subjeCted.io-classifidaﬁion. 'Thugi a
plurality of_saﬁple powders were obtained ﬁhich have
different anisétropic maghetic-fiélds'ﬂk,. |

The resultant”bowder samples were confirmed to
have oxide film on the outer surface_of each'powder :
particle, by surface analysis of each particle.

In use of the gas phase slow oxidization method
where the sample powder was put in an 1ner£ gas into

which a nitrogen-oxygen mixture gas with 20% oxygen
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partial preésure was introduced, formation of'oxide film
on the outer surface of the sample powder was also
confirmed. |

Then, composité magnetic aiticleé were produced
using the powder samples and were subjeéted ;o méésure-
ment of the magnetic permeability'frequency-(u - f)
_response and examination of the elegtfomagnetic B
interference subpreésing ability. - |

In measurementléf'the # - £ response, é test ring
of the composite magnétic ariicle oflthe-éfésent
invention was preparéd and was insefted.intd:a test
fixture having a one-turn'éoil,- The impédanées of thé
coil were mea#ured at various frequéncies of thé AC
'cufrent flowing through the coil to obtaig_ﬂ-':and-u_“.

' The_exaﬁination éf the eléétrcmaghetic 1ntér-

ferencé suppreséing ability was c#r;ied out_by'use of £he
evaluating sys£em shoﬁﬁ.in Eig.i;.' A tes£ §ample 2 of
the composite magnetic_article of tﬁe'presebilinvention ”
was a square plate of 20cm x 20cm'ﬁith a.thickneSS of :
2mm. The testlpiaté 2 was backed with a'coppé: plate 8
to form a test piéce of the'electromagpétic:interferepce
suppressor. An electromagnetic wavé,generﬁtof 6 and a.
network analyzer 6 were connected to transmittiﬁé énd;
receiving loop antennas 4 and 5, each having a fine loop
of a diameter of 1.5mm, respéctiyely. The electromagne-
tic wave was emitted by the éenerator 6 through the.
antenna 4, and the electromagnetic field strength

received at the receiving antenna 5 was measured by the
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analyzer 7.
EXAMPLE 1
A soft magnetic paste was prepared whichthad a
composition as foliqws: | o
Flat soft magnetic powder A 95 weight_barts'.
COmpoéitiogz Fe-Al-81 alloy | -
Average particle diémeﬁer: ¢ ZOyjﬁX-0.3ﬂ m(t)
Magnetostrictipn: 1+0.72 |
Annealingé No | |
| Polyurethane.resin=_ - 8 weighﬁ-éarts

Hérdening Agent . : -
(Isocyanate_compound) 2 weight parts

Solvent (Mixture of - - -
cyclohexanone and toluene) 40 weight parts

It is noted here that the magnetostriction is

6. ‘rhe representation of "dl" is a

given by (dl/1) x 10~
strain of a size of "1" at a magnetic field of H = 200
oersted. This is;also.similarlih sambleslz, 4, 5, and 6
hereinafter. |
| From the'paste, a £film samble 1 was fbrmed by a

doctor blade proces;_followed by hot-pressing and then
curing at 85C for 24 hburé., ‘ ' |

Film sample 1 was'ahalysed by use of a scanning
electron microscope and it was thereby cbnfi;méd'that the
directions of magnetic particle aiignment are_in'the
surface of the éémple.

EXAMPLE 2

Another soft magnetic paste was prepared which

had a composition as follows:
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Flat soft magnetic powder B | 95 weight parts
Composition: Fe-Al-Si alloy ' |
_Avérége particle diameter: ¢ 204 mX 0.3 m(t)
_Magnetostriétion:: +0.?2 | |
Annealing: 65015,_2.hours

Polyurethane resin: - . 8 weight parts
Hardening Agent : ) - ) L .

(Isocyanate coﬁpound)" B 2 weight parts-

Solvent (Mixture of o _ o
cyclohexanone and toluene) - '40 weight parts .

From the paste; a-fiim_sample“2_was fbrmed by a
doctor blade process followed by.hot-p:essing-and theh
curing at 85i3 for 24_houfs, | |

Film sémple Z_Qas #na1ysed by'usé of é scénﬁing |
electron microscope'gnd-it waé'théfeby éonfirmed.that the
' directions.of ﬁagnétic éar@iCle'alignment;are in the'
surface of the sample. . - |

EXAMPLE 3

Another soft magnetic_paéte,was'prepared whiqh
had a composition as folloﬁs£ .- ' | | _

Flat soft méghetic.powdér.c .  - 95 welight parts

COmpqéttion:, Fe-Ni-allofl_ - .' “

. Average particle_diameier:' ¢ 302 mX 0.44 m(t)
Magnetostriction: -1.03. | |
Annealing: No

Polyurethane resin: - -8 weight parts

Hardening Agent
(Isocyanate compound) 2 weight parts

Solvent (Mixture of _ _
cyclohexanone and toluene) 40 weight parts
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From the paste, a f£ilm sample 3 was fofméd by a
doctor blade process followed by hot—pressing.and then
curing at 85C for 24 hours. |

.Film sémple 3;was analysed by use of a scanning |
electron microscope and it was thergby,confirmed tha£ the
directions of magnetié pafticle.aliénment aré in the -
surface of the'sample? o

EXAMPLE 4-. '

Anoﬁher'goft magggtic paste.ﬁés_preparédlwhich
had a composition as fol;owss-l | . - |

Flat soft magnetic péﬁder a . 60 weight parts -

Composii;onz. Fe-AlfSi_alloy 3 .
Average particle diamet,er:. | ¢ 20 mX 0.3p¢ m(t)'
Magnepostrigtioni fQ.fZ _ . |
Annealing: No ..' _ _
Flat soft magnetic powdele _ 35-weigh?-par;s
Composition: Fe-Al-Si alloy . -
Averége part.i-cle- diameter: ¢ 204 mX 0.3 m(t)
.Magnetostrictioﬂ= +0.72 o . |
Annealiﬁé:- 650C , 2‘hours.
Polyurethane resin;: | J. ' 8 weight barts.

Hardening Agen£ o ' :
(Isocyanate compound) S " 2 welight parts

Solvent (Mixture of ,
cyclohexanone and toluene) 40 welight parts

From the paste, a film sample S4 was formed in
the similar manner as in EXAMPLE 1.
Film sample 4 was similarly confirmed that the

directions of magnetic particle alignment are in the
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surface of the sample.
EXAMPLE 5
Another soft_magnetic paste was prepared which

had a composition as follows:-

Spherical soft magnetic powder D 95 weight parts o

cOmposition- Fe-Al-Si alloy
Average particie diameter: ¢ 15 m
Polyurethane.resinz . o '8 weight parts

Hardening Agent - o .
(Isocyanate compound) ' - fZ'Weight parts3'

" Solvent (Mixture of _
cyclohexanone and toluene) . 40 weight parts

From the paSte, a comparative film sample 5 was.
formed in the similar manner as in EXAMPLE 1.

Film sample:4 was similariy-oonfirmed by use of:
the scanning electron microscdpe that. the directions of
magnetic particle alighment_are isotropic..

EXAMPLE 6 ' |

Another soft magnetic paste was prepared ‘which
had a composition as follows: | .

Flat soft magnetic powder E | ;95-weight parts-

Composition: Fe-Al-Si-alloy- | - |
Average particle diaheter: ¢ 20#:mx 0.4u m(t)
Magnetostriction: O i

Polyurethane resin::. . 8 weight parts

Hardening Agent ' )
(Isocyanate compound) '~ 2 welght parts

Solvent (Mixture of
cyclohexanone and toluene) : 40 weight parts
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From the paste, a comparative-fi;m samplé 6 was
formed in the similar manner as in EXAMPLE 1.

_ Comparaﬁive film sample.s was confirmed by use of
~a scanning electron-micrdsdopé tﬁat,the_direétions'df
magneiic parti;le alignment is iﬁ the sufféce of the
sample. | ' |

Table 1 shows a real magnetic permeabiliif'u ’
and a magnetic resonance frequency fr of.each of:tﬁg

samples 1-6.

Table 1

Powder | *Real Magnetic | Magnetic

Loaded || Permeability | Resonance

Rate - 7 "Frequency fr
Sample 1 30% 14 . 50Miz
sample 2 | 298| 16- - | 3ommz
Sample 3 - 33% | - 19 | 20MHz.
Comparative . ' |
Sample 5 53% 10 - ** 10MHz
Comparative : o | L
Sample 6 - 31% 17 = B "25MHz

* p' at f = 10MHz _
** Magnetic resonance is unclear

Fig. 2 shows pu -f characteristic édrveé-df-'
samples 1 and 2 and comparative sample 6;"

As will be understood from Fig. 2, sample i, in
which the magnetic powder having the positive
magnetostriction is used, has the highest_magnetic
resonance fréquéncy fr; while sample 6, in which the

magnetic powder having a magnetostriction of zero, has
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the highest real magnetic permeability. Sample 2 uses

the magnetic powder which is similar to that in éample 1

~but is subjected to the annealing. As regards the

magnetic'resoqance frequency fr and }he real magnetic.
permeability £ ', sample 2 has intefﬁediate values |
between those in samples l-ﬁnd 6. ' |

On thé other hand, iﬁzis notéd fr6m Tablé 1 th&t
the magnetid resonance freqﬁency_fr of sample 3 héving a

negative maghetostriction is ;ower than thét'of sample 6,

higher than that of sample 6. .-

Cpmparativé sample 5 using sphericai @égnetic
powder is quite low in real magnétic éermeabiliﬁy-ﬂ ;, _
comparing with any other samples 1-4 and coﬁparatiye
sample 6. _ . e o

It will be understooa-ffom the examples'as.
described above that the ﬁaghetic perméébility of:a
composite magnetic article cah'be céntgolled overla broad
frequencx ban& by use.ofithe hagnetic_powder having ﬁhe
magnetostriciion of }ero'and by changing the reéidual :
strain of the powder by annéaling.. In:addition} it is
noted that the composite magnetic'afticle can be pfoVided_
with a high magnetié permeability at a high frééhency
region by specifying a thickness of the ﬁaénetic

particles of the powder and by fbrming a dielectric cover

_layer'on an outer surface of the magnetic powder.

Table 2 shows various data of sample 4 and

comparative sample 5.
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Table 2
Sample 4 Sample 5
Powder Loaded Rate Lo31% - 53%’
Surface Resistance 9% 10°Q 4x IO?Q'
£ " Distribution broad . . narrow
Attenuation | 800MHZ | 6.5dB | ~ 3.8dB
1.5GHz | 7.74B 4.3a8

In Table 2,lthe surface'resistance values were
measured by the ASTM-D-257 method,_u ":distribution-is
based on the mutuai comparison of'samples 4 and S,jand i
attenuation values were based on the value of copper as
‘the reference ‘and represent the'electromaénetic' |
interference suppressing effect._ _- . | _

It will be understood from Table 2 that both of
sample 4 and comparative sample - 5 have surface resistance-
values of 10 —10 Q . This means that the composite
magnetic article is made non—conductive by use of
magnetic powder oxidized at at least the surface. Thus;.
the article can suppress_the surface reflection.of the'
electromagnetic wave which is usually preseht by and
impedance mismatch in use of a conductor or a magnetic -
metallic bulk. Further, it will be noted that sample 4
is lower than comparative sample 5 in the powder loading
rate but is superior to in the electromagnetic ‘
ipterference suppressing effect. This means that the

broad g " distribution is effective for the

electromagnetic interference suppressing effect;



WHAT IS CLAIMED IS:

‘comprises-

.powder dispersed therein.

I

LT i iii\fﬂfi\ifﬁird

1. A composite magnetic article, which

soft magnetic powder’ of at least one soft
magnetic composition having a magnetostriction constant,'
each of particles of the powder being flaky, and

organic binding agent binding said soft magnetic,

2. A composite magnetic article as claimed in
claim 1, wherein said magnetostriction constant is
positive. | | | |

3. A composite magnetic article .as claimed in .
claim l,'wherein saidimagnetostriction constant“is .
negative. | | | o
4. A composite magnetic'article as claimed in

claim 1, wherein said soft magnetic poWder'is as annealed

.after being worked flaky.

5. A composite magnetic article as claimed in
claim 1, wherein said-soft magnetic flaky particles have
an average thickness less than a skin depth. within which
the skin effect occurs at a frequency band for which sald
composite magnetic article is used. ‘

6. A composite magnetic-article as claimed in
claim 1, wherein said'soft magnetic flaky particles are
oriented in a direction in said organic binding agent.

7. A composite magnetic article as claimed in

claim 1, wherein each of said soft magnetic flaky
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particles has an oxlide outer layer.
8. A composite magnetic article as claimed in

claim 7, wherein said oxide outer layer,is.as formed by

‘subjecting said powder to a surface'oxidation by an

oxygen containing gas through a'yaporiphaSe'slow.
oxidization method-or a liqnid phase slow oxidization
method. R ' . | |

9. A composite magnetic.article as claimed in ﬁ'
claim 7, which is electrically non-conductive.

10. A composite magnetic article as claimed in |

claim 1, wherein said soft maqnetic powder is made of two'

or more compositions having different magnetostriction-

constants.

11. A composite magnetic'article as claimed.in :

"claim 10, wherein said soft magnetic powder comprises two- .

or more kinds of flaky particles which has been annealed
at different annealing conditions. - |

12. A method of a composite-magnetic article.-
comprising a soft magnetic powder bound by an organic
binding agent, which comprises steps of:

preparing a flaky soft magnetic powder by working
soft magnetic powder into flaky ones"

annealing said flaky soft magnetic powder so as
to removing residual strain caused due'to the wOrking;

mixing said annealed flaky soft magnetic powder
with a liquid of said binding agent and a solvent; and

shaping the mixture into a shape of the article.
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13. The method as claimed in claim 12, which

further comprises alstep of, after said anneéiing step
before said mixing step, forming an oxide outer laye? of
each particle of‘said flaky soft nagnetic powdef bf -
subjecting said powder to a surface oxidation bj an
oxygen containing gas through a vapor phase slow
oxidization method or a liquid phase slow oxidization
method. _

' 14. The method as claimed in claim 12, which .
further comprises a step of, after said pfeparing'step
before said annealing_step,iforming'an oxide-oqté: Iayer- 
of each particle-OE said fiaky'soft magnetic . powder by -
subjecting said powder to a ourfaoe oxidation by.an
oxygen containing gas throngh_a vapor pnase'slow
okidization method or a 11quid phase olon oxidiéation
method. ' |

15. The method as claimed in claim lé; Whefein,_
during said_prepafing stop; an oxido onter_lajer.of eaoh:
particle of oaid flaky soft magnetic;powder,is fofﬁéd by -
'subjecting said powder to a snrface oxidation by an
B oxygen containing gas_tnrougn'a vapor phase slow
oxidization method or a 1iqui& éhase slow oxidizétion-
method. | o

16. The method as claimed in claim 12, wherein,
in said prepariné step, working stness apblied to said
powder is controlled to vary £he residual strain so as to
adjust an external frequency of a complex magnetic

permeability of the resultant composite magnetic article.
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17. The method as claimed in ciaim 12, wherein,
in said annealing step, said annealing condition is '
controlled to varf the residual strain so as to adjust an
external frequency of a complex magnetic permeability of
the resultant compositée magnetic article.

18. An electromagnetic interference suppressing
body, which is made of.said composite magnetic-article as

claimed in claim 1.
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