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Background of the Invention:

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

Among high frequency electronic equipments which
have been widely used, mobile communication equipments
using a quesi-microwave frequencj band have rapidly peen-
expanded in practical use. In the mobile communication
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,
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gnal processing rateis also increased, so that frequency used is
elevated. As a result, the electromagnetic interference is a serious
probl em agai nst nornal operation of those equipnments, which interference

i s caused due to the el ectromagnetic coupling, the Iine- l'i ne coupling
i ncreased by the el ectromagnetic couplipgg,
2 and noi se radiation. In or8er to suppress the electronagnetlc

inter- ference, an electric conductive shield has conventionally been

used to refl [ romagneti c waves due. to inpedance m smatch
of the condugﬁa HQQ%@ %gﬁigtESB The el ectric conductive shield is

useful for shieldin ntB%d dgalgﬁgﬁabﬁgtiﬂgaQ&%EtQ wgﬁgﬁﬁgﬁg%é t he

reflection of the un e5|re el ectr netic wave aggravates

el ectr orragneféeeﬁeapl hfiYehgtyeeR canaaeweeotsh&aqdund‘as bbﬁ%?xlt.%w net ic
wave and ot her electric circuit elenments. In or er to av0|

el ect ronagnebéénCayeli 88 réd¥tete thGebtibackientebmhbifetidewaved due
el ectromagnetic wave, it is effective to dispose, between the undesired
el ect r onagneté cimpedafiodr atsnatchhefcenduebndactbirechfld 8he space.

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

In order to avoid the electromagnetic_conpling
due to the reflection of the undesired electromagnetic
wave, it is effective to diepose, between'the.nndesiredf
electromagnetic wave eource and the.conduCtive shield, a
soft magnetic snbstance having a large magnetic loss or a
high imaginary part permeability z " | |

Generally speaking,.a-magnetic_substance having
a high magnetic permeability is used ae a magnetic'core
for an inductance element and is.also called soft
magnetic.substanCe. On use in an AC magnetic field of a
high frequency, the soft magnetic material has tne_
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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soft magneti c substance having a Targe magnetic | oss or a high imaginary
part perneability [err] ". General |y speaking, a magnetic
substance having. a high nmagnetic perneability is used as a magnetic core
for an inductance elenent and is also called soft magnetic substance. On
use in an AC magnetic field of a high fyequency, the soft magnetic
material has the conplex magnetic pernéability which is represented by
[err] Areal part perneability [err] relates to an inductance and an
I magi nary pa I Jgty JJ&ard]y . rel W0 | gy loss or a
magneti c ene%tﬁfp"aas%g?%q} t’lyons' @X%{eg;bﬁgﬁu%%%?%gtﬁ? { t he real
part b " ed YR r] is |lowered
but the inag r?gﬁnfapair]’[itype’f _rreaibsl lilr{cyre[aesrerf' é]gf| ncreélfsée%.t[ﬁ#:urt her nor e,
the inmagi nanyaRahta e PRALIJd inedi ity Of 'eb#tasn Ui Bnd WL mepeks at
di fferent frequéncy points on the frequency axi's. This phenonenon is
known as a npgagls at’ AFFYeht Hrddienty pdBPidt tHdStPepgency he
frequency at which the peak is present is referred to as-a magnetic
resonance fragiency Thikb phrndmendn s kit afa neymatiic regmeince
substance is reversely proportional to the : _
of the soft magnetic substance. The frequency at which

the peak is preseﬁt is referred to as a magnetic.
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 pefmeab;lity'u'ﬁ is larger thaﬁ.
‘the real part permeability-ﬂ:'.

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.g “ err a wideﬁfrequehcy -
.range for absorpt;on of the undesired electromagﬁetic
wave. | . ' | | . .

~ 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.
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| ragi nary part perneability [err]" in a high frequency range where the

I magi nary part perneability [err] Is larger than the real part
perneability [err] '. On the other hand, the undesired

el ectromagnetic wave usually has a | arge nunber of frequency conponents
which are within a w de frequency range Accordingly, the soft magnetic
substance is required to have a high imaginary part perneability [err]
over a w de frequency range for absorption of the undesired

el ectromagnet i ¢ WaVgy et romagnet 8 Pfategl2REe LRBEERERES. gm Jaaapr esent

i nventors already pr opose ronegnetic I nte ppressor
using soft ”ﬁﬂnﬁéféraﬁﬁgei H@&énﬁlhﬂﬁ o§h§ﬁﬁt”§8@%thﬁ Qki@tbgﬁﬁefT@%

‘magneti c powder has the high nmagnetic |oss over frequency range

from severaantgpiogedaball zsthe pewaes! habgaheahlsothepwaﬂaghbulcoss i's
supposed to occur due to the.magnetic resonance.

4 fietdrnrepighee thanranothee sphpitealr ppwapesed the Eaimer ence

| uses flaky or flat soft nagnetic powder of an alloy netal. The powder

has an ani soalbpycmetgheti 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.
ﬁowever, the demagnetizing factor N4 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 which
the magnetic resonaﬁce occﬁrs. ' |
In order to resolve the probiem, a known #pproach
"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
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that is, a d

hi gher than anot her spherical powder of the sane alloy netal.
This:is based on the nmagnetic anisotropy due to the flat or flaky shape,

emagnetizing factor Nd. The demagnetizing factor Nd is

determ ned by a shape of a powder particle and an aspect ratio.
t he magneti c resonance frequency is variable by changing the

Accordi ngly,

particle shape and the aspect ratio. HoRever, the denagnetizing factor
i s approximately saturated when the aspect ratio exceeds 10. Therefore

the vari abl e
On the ot her
|nprovenent

That is, the
occurring at
r ésonance oc

approach is ﬁ&gﬂéﬁi&hlfmlfns' 'fﬁ thet hayeebl PREARACLC MheE Ueachlesdhdthe . |

skin effect
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magneti C pernea erior t he<“eddy "current

&i&ﬁEQHSﬂSKt'EW%EehQa@sadEbeﬂH%BQYOﬁiﬂﬂh‘%&zetB& y@netic
curs. order to resolve the problem a known

into consideration. ~An exanple is a |ayered product which

conpri ses sofis@vgiethe kbR habAstiangowdekesesblvesi Rhki brdbllemeiomt el y

overlaid or

t he

stacked one after another. - However, the l-ayered

product has ahbehéielpcbhlencuhaEnthe drsplacenent current fl ows through

Summary of the Invention-

Accordingly, it is an object of the present

- invention to provide a composite magnetic article for

an electromagnetic interference_suppressor having a high
imaginary part permeability u« " over a wide high )
frequency range and variable_or_adjﬁstable.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 1ovention attempts to ﬁselof soft magnetic
powder having a positive or negetive_magnetostriction Z
which is not 2ero so as to employ-the directioo.of_the
magnetic anisotropy causeo py the straio. | |

Further, the present invéntion 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 inventioﬁ to

provide a composite magnetic article comprising soft



5~ dielectric thin filnms in the product. The displ acenent current
detetiorates the magnetic perneability.. The di spl acenent current is
dependent on the size of the magnetic films in the |ayered product. This
t eaches t hat use of the soft nmagnetic powder resolves the probl em of

the dielectric current. - Summar % of the Invention

Accordingly,.it is.an object of the present I nvention to provide a
conposite nagnetic article for an electronagnetic i nterference suppressor

having a highpg, %ﬂg@g@ qu%r Mk 53; hyl :{dssovaurﬁléqe dhdH Hhe

f requency range an USt a magneti c resonance frequenci ES

within a brOagﬁ@ﬁddEb%ﬁue'&Chig‘ha%%ect ratio sdCQ itdedBthihand ress
strain of the soft nagnetlc powder .caused at the working fromthe

spherical poadfagRatiizdnds faditort bE Naky 19 didtla prRice BHliad es, the
present invention attenpts to use of soft magnetic powder having a

positive or nkggerve magnetostriction [err] which'is not zero so as to
enploy the direction of the mnagnetic anisotropy caused by the strain:
Further, the present Accexrdiog absmhatpmmmanu(inusnyﬂynﬁtaaaampqhkﬂestraln

by anneallng so as to bring
magnetic article is obtained which comprises. soft

magnetic powder of at least one soft magnetic~compositioﬁ
having a magnetostriction constant, each of particles of
the powder being flaky; and orgenic binding agent‘bin&ing'
the soft magnetic powder dispersed therein. |
" The magnetostriction constant may be positise or -
negative. | | |
-The soft magnetic powder is prefereblylone es-'
annealed after being worked flaky. . . |
The soft magneiic flaky patticles preferably have
an aﬁerage thickness less then a skin’deéth within which |
the skin effect occurs'at a frequency Send for which the
composite magnetic article is used. '
The soft magnetic flaky particles are preferably |
oriented in a direction 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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about magnetic resonance frequenci es over a broadened frequency range.

It ks a particular object of this invention to provide a conposite
magnetic article conprising soft 6
magneti ¢ powder which has a thickness thinner than the skin depth, a high
aspect ratio so as to obtain the demagngtizing factor of Nd = 1, and a
surface oxide |ayer. According to the present i nvention, a
conposite magnetic article is obtained, which conprises: soft magnetic

powder of at |east o gogé gq@ﬁégig%apé%elpg ?Pg{épgb%érmgggt&s_trl ction

constant, each of par |cles of in organr ¢ bi ndi ng
agent bi ndi nqyd i Ste ESHES ﬂ?ﬁ@ aﬂﬁé)edﬁﬁfjeféﬂ eﬂl&;netostriﬁ--rhe _
magnet ostriction constant may be p05|t|ve of negative sof t

magneti ¢ powdglorl cdised) Y one as anneal ed after bei ng worked fl aky.
The soft magnetic flaky particles preferably have an average thickness

| ess than a skin deptiheMddEtn m&gﬁu& hsovide 1 @féﬁ@iamyw&n@imeéreﬂuenc'y'
band for which the

or more kinds of flaky particles which have been annealed

at different annealing conditions.

-According to the_present invention, a -method

is previded for pfoducing'a eomposite magnetic article

comﬁrising a soft magnetic powder boand by an.organle-

binding agent. .The_method compfiees steps of: preparing

a flaky soft ﬁagnetic pOwder.by worklng soft magnetic )
powder intq flaky ones; ahnealing the flaky'soft |
magnetic powder-ao as to remove residual etraln_eauaed
due to the_working{-mixing the aanealed flaky soft
magnetic powder with a liguid'of the'bln&ihg agent and a
solvent; and shaping the mlxeure into a shape of the
article. R

The metﬁod maﬁ fufther coﬁprise a etep of, after
the annealing's;ep before the ml#lng Etep,.forming.an.
qxide outer layer of each particle of the flaky-seft
magnetic'powder by subjectlng:the pow@ef to a surfaceg
oxidation by an oxygen containing gas through a vapof
phase slow oxidizatlen-method or a liquid phase'slow
oxidization method.
Alternatively, the oxide outer layer forming step

may be performed after the preparing step but before the

annealing step.
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conposite magnetic article is used. - The soft magnetic flaky
particles are preferably oriented in a direction in the organi c binding
agent . Each of the soft magnetic flaky particles preferably has
an oxi de outer |ayer. The oxi de outer |ayer can be forned by
subjecting the powder to a surface oxidation by an oxygen containing gas
t hrough a vapor phase sl ow oxi di zation bt hod or a | i qui d phase sl ow

oxi di zation met hod. - 7 : The
soft magnetic powder js referab made, of e conpositi.gns _havi ng
di f f erent nagnetostrltp Eﬁ 7%&%ﬁn§$ep' w°rkfn? 8f?ngﬁﬁk£?$cgﬁomder

pref erably cQRRY i385ad 00 o g 5@4&&1 PoilpdL ok 8 Vhgy Eu el BaYg Poer

anneal ed Nt ann |ng co 1 ONS. cOr

present i nveiAlin BEP ddy 0 At Sn Bl OFHCRENGy GEPALHRRTRATC! | ©

article conprising a t magnetic po y~an of ganic
agent. The My NRbOI Y Skeasi EPSy U M&pfés@ﬂtaﬁtfé&@‘o§9£é ﬂ&&ﬂéi%&

powder by worki'ng soft” magnetic “powder into flaky ones; annea I hg t
flaky soft 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'evaiuating-
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. L

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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magneti c powder so as to renove residual strain caused due to the

worki ng; m xing the anneal ed flaky soft magnetic powder with a liquid of

t he bi nding agent and a solvent; and shaping the m xture into a shape of
the article. The nethod may further conprise a step of, after

the annealing step before the mxing stgp, formng an oxide outer layer of
each particle of the flaky soft nmagneti'c powder by subjecting the powder
to a surface oxidation by an oxygen containing gas through a vapor phase

sl ow oxi di zat,g iR AL L el y HH Iafy L i ' ho

Al ternativel y,n t he oxi g‘eé)oultaaery I(Bgﬂire(%]or m %ﬁgﬁﬁaﬁ%&pﬁﬁ%r red af t er
the preparingosisp dide PP MK & h ML S8y factor Nd about 1. ,
8 In the preparing step, working stress applied to the powder is

preferably control | edHed aepth WIAY @5 dtellerrdd Ad £ tife "Gtk Usdpah”
external frequency of a conplex nmagnetic perneability of the resultant
conposi te nmaghet heredmafitler. The skin @dpth adinedd idigreni ay: t he anneal i-ng
condi tion 1/2
§ = (p/mpnf)’",

where p, s, and f represent resistiyity, ﬁegnetic
permeability, and frequency,.respectiVely. -It_is-noted
that the ekin depth & varies in dependence on the..
frequency £ at which the soft magnetic materiai,is_used.
However, the desired siin depth and.ihe aséeet ratio ean
readily be realized by specifying the'everage.éarticle 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 aéparatue_can be used therefor
which could produce.the_powde; of £he thickness.end the
eséect ratio as described-ebove, and takiné the fesiduel'
strain caused due to wbrking by the_apperatus into
account. o | |

If the start material has a positive magnetostric-
tion constaﬁt A , shape magnetic éa1setropy‘and;strain :
magnetic ahieotropy are present in the common direction
by the rolling and tearing.. Therefore,'eaCh-of-WOrked
_particles has a total anisotropic magnetic field'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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ks preferably controlled to vary the residual strain so as to adjust an
external frequency of a conplex magnetic perneability of the resul t ant
conposite nmagnetic article. Brief Description of the Draw ngs:
Fig. 1 is a schematic view of an evaluating systemfor use in evaluation
of .a characteristic of the electromagpgtic interference suppr essi ng body;
and Fig. 2 is a graphic V|em/|ﬁlustrating magnetic perneability
frequency responses of sanples’ of the present invention and conparative

sanpl e. after]i%s%i{ﬁ'xg@ﬂ #&Af&gofih@”ﬁf s the stak{

enbodi nents 0 resent 1 nven tlon al l oy ("Sendust” mhlch s a
regi stered ?&éﬁ&¥?§i@ Fe-Ni all oy (Pernalloy) anor phous al |l oy or ot her
netallic so magnetic naterials can be used as a start:nmaterial.

The start material ifheuRierdwsl taiindtidgsed 'y | ihe, ERRCLéLRAGNY tO
produce powder of flat or flaky particles. In this way, it is iInportant

that the fl algeatiRirit (65 e \iee ke 650 tdppioEstatetanssaling a

di rension of a depth within which the skin effect occurs

9 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 materiai has a negative'magnetoetriction conetant
(A <0), the.direction.of the strain magnetic anisotropy
due to the residual strain is perpendicuiar'to'that of |
the shape magnetic anieotropy,;so,that the'anisotropic '
magnetic field is relatively iow With a low.ﬁagnetic:.
resonance frequency in'conparison with the magnetic
material with no magnetostriction'(l - 0), |

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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and that the flaky powder has an aspect ratio-nore than 10 in 6rder to

make the demagneti zing factor Nd about 1. The depth will be
referred to as the "skin depth" [err] , hereinafter. The skin depth [err]
i's given by: [err] where [err] and f represent -
resistivity, magnetic perneability, anq frequency, respectively. It is
noted that the skin depth [err] varies tn dependence .on the. frequency f

at which the soft nagnetic material is used. However, the desired skin
depth and th t ' dj b | b Lfyi th
aver age par { RACER AR el LIS REEGR pETRaly TgpRaeY O 1Te

i ndi ng, | t | ' gl |
attori tor, argmeis G i MG RoNA: A qRE, dpelidl TR Canbe used
therefor  whigale cRul:d PIOULES dWLeRUIREyOE {4 Ccdipokessar a@imblis] aspect

rati o as descri bed above, and taking the residual " strain caused due to

wor ki ng by t hgciaRpanatdts 18 formsd BYtsurface oxiddtibe &fapéta®iesi al has
a positive magnetostric- tion constant [err] shape nagnetic ani sotropy and

strain nmgnelaghetlics Yowder Al LRI Madgret e Fowa@n 6if | e£bt odxampléhe
rolling and tearing. Therefore, each of worked particles has a total
ani sotropi ¢ megAdt-iSi falday duchd coxidd hlayes o s apginl Accomplosed yoft he
ani sotropic nmagnetic field is higher in field level and i'n the nagnetic
Alox_and Siox. - : | S _ -
~ 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 composite magnetic

article, the flaky magnetic powder is mixed with and
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resonance frequency than that in use of a nmagnetic
10 s material wth no magnetostriction ([err] = 0) as the start material.

-

The residual strain caused by the flattering treatnent can be rel axed by
an appropriate annealing, treatnent. Therefore, the soft nagnetic powder
as being annealed has a nmagnetic reson$%pe at a frequency fr which is
dependent on the. annealing condition. e-magnetic resonance- -frequency fr
is lower after the annealing than before annealing and i's higher than that

in use of a ELESd”ELeihélo%%&?i@obfﬁﬁggtgﬁhrESE?%P ﬁkggr%yﬁeghre

Therefore, the gnheti1c resonan requency can be ust .control of

the anneal i nGagP@iti Bhapel ! ¥HE mPkehy HRACEhabiNgSa®eN8d3ki¥8 out by
magnet ostriction constan? ([err] < 0); the diréction of the strain

nmagneti c ani s@sé 0pF pHopetkOapparatasdyalesteal Bxbm RABNANALEY M aha t hat of
t he shape magnetic anisotropy, so that the anisotropic magnetic field is

relatively | oshapihgaapparatgseti c . resonance frequency in conparison wth
the magnetic material wi-th no magnetostriction ([err] = 0): -
Therefore, by conbi nalnobhef compositpemagneticcarticle, the magnetic
powder is oriented in a direciion. The orientation:caﬁ
bé performed by'use of a shéaring-force or a magnetic
field. | o o
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 inio whiéh:ainitrogen-oxygen ﬁixtufe gas
" with 35% oxygen éartial pressure Qas inﬁrodﬁded,'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 inert gas into

which a nitrogen-oxygen mixture gas with 20% oxygen
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ani sotropy, the positive or negative magnetostriction constant, and the
annealing condition, it is possible to provide various conposite magnetic
articles having different nmagnetic resonance frequencies within a

relatively wi de frequency band. . In the conposite magnetic article
of the present invention, the soft naqgetlc powder is provided with a
dielectric outer surface Iayer so as toelectrically - | sol ate

each powder particle from adj-acent powder particles even in high powder

| oaded dens'ﬁﬁt?fbf %P%QQEELrh&sOELEgo&HéEQCEf%SMQFlEE 627BRIAd ¢l13 metal

oxi de which 1s tornme y surface oxidation magneti c powder. In

the magneti ComouReroRfer SireXaaPbe. thEeséinpﬁé Bbba¥r iWhs axse&e ayer 15
mai nly conposed of AlO[err] and Sigerr] , surface -oxi dati on

of the netalddweimge®ti ¢ powder, known I|qU|d phase S|OMIOXIdI2atI0n
met hod and gas phase sl ow oxi di zati on nmet hod can preferably and ' .
al ternatively be useThesmpnsomiposie casyneher aktickésbwkirbypeodusatety. In
t he both nmethods, nitrogen- oxygen mxture gas with a controlled oxygen
parti al using the powder samples and were subjected to measure- '

ment of the magnetic permeability frequency (u - f)

_response and examination of the electromagnetic B

interference suppressing ability. |

In measurement of the ¢ - £ response, a test ring

of the composite magnetic article of the-present

invention was prepared and was inserted into a test

fixture having a one-turn coil,- The impedances of the

coil were measured at various frequencies of the AC

'current flowing through the coil to obtain_ﬂ-':and-u_“.

~ The examination of the electromagnetic inter-

ference suppressing ability was carried out. by use of the

evaluating system shown in Fig. 'l.' A test_sample 2 of

the composite magnetic article of the'present'invention ”

was a square plate of 20cm x 20cm'mith a.thichness of :

2mm. The testlplate 2 was backed with a copper plate_a

to form a test piece of the'electromagnetic:interference

suppressor. An electromagnetic wavé,generator 6 and a.

network analyzer 6 were connected to transmitting and;

receiving loop antennas 4 and 5, each having a fine loop

of a diameter of 1.5mm, respectively. The electromagne-

tic wave was emitted by the generator 6 through the.

antenna 4, and the electromagnetic field strength

received at the receiving antenna 5 was measured by the
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pressure is introduced into an organic solvent of hydrocarbon-in the
for,mer nmethod but into an inert gas in the |atter nethod. The
surface oxidation and the annealing can be carried out in the order as
described, but they may be in the reversed order, and can be perforned
si mul t aneousl y. As the organicypinder. or binding agent used in _
the present invention, there are recommended pol yester resin, polyethylene
resin, polyvinyl chloride resin, polyvinyl butyral resin, polyurethane
resin, cellu% §§yzé§55Q1 ABS resin, nitrile-butadi ene rubber, stylene-

but adi ene rubber; epoxy resin, phenol resin, amde resin, . imde resin, or
copol ynmers thereof. mpxampre il n order to produce the conposite magnetic
article, the flaky nagnmetirc powder is mxed with and _ :

12 dispersed in tha goganmaghietde’ pardel WaiEpridpared dAidiEhadid icle
shape. The m xing and shaping are carried out by wuse of proper apparatus

sel ected frocokpostition &g Fodlowkapi ng apparatus. _In the:
conposite magnetic article, the nagnetic powder is oriented in a E
direction. The ori enFaatosofdnmagnetic powder A 95 weight parts

COmpoéitiogz Fe-Al-81 alloy
Average particle diémeﬁer: ¢ 20#;#X-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

given by (dl/1) x 10_-6

. The répreséntation.of'?dl“_is é
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 B
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:



-

be perfornmed by use of a shearing force or a magnetic field. Now,
several exanples will be denonstrated bel ow At first, a plurality
of start powder sanples of "Fe-N alloy and Fe-Al-Si alloy which sanples
have different magnetostriction constants were prepared by the water

atom zing nethod. The start powder sanRges were subjected to grinding,
rolling and tearing processes at -differént conditions, respectively, then
subjected to the |I|iquid phase slow oxidizatio treatnment where each of the

sanpl es was agit at ed Mtsgftgh{l%%i 5 @%\A@dﬁ ocar bongg o;,ggﬂ,lea?gwgnt

into which a nitrogen-oxygen m th 35% oxygen p pressure

was introduced, and thefGridSleides pddLCied dmgyassification. Thus, a
plurality of sanple powders were obtained which have different anisotropic

magnetic fields Hk. AveragdGd P51t 11 AVOEF : SaPPies MRre. 3anhieyed to
have oxide filmon the outer surface of each powder particle, by surface

anal ysis of each particlgagnetostrictitonise ©f.2he gas phase sl ow

oxi di zati on nethod where the sanple. powder was put in an inert gas into

~whi ch a nitrogen-oxygen Anngakingmas 680°6 2026oyxmn

13 : : , _ : .
Polyurethane resin: o _ 8 weight parts

Hardening Agent : ) - ) L .

(Isocyanate coﬁpound)" B 2 weight parts-

Solvent (Mixture of _
cyclohexanone and toluene)

- 40 weight.parﬁs.
From the paste; a-fiim_sample“2_was fbrﬁed by a
doctor blade process followed by.hot-p:essing-and theh
curing at 85%: for 24_hours, | |
Film sémple 2_was #na1ysed by'usé of a 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:' ¢ 30 mX 0.4z 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



n

partial pressure was introduced, formation of -oxide film on the outer
surtace of the sanple powder was al so confirned. Then, conhposite
magnetic articles were produced wusing the powder sanples and were

subj ected to neasure- nent of the magnetic perneability frequency ([err]-
f) response and exan nation of the‘elegh;onagnetic I nterference
suppressing ability. | n nmeasur nt .of the [err] - f response, a
test ring of the conposite nagnetic article of the present invention was

d and inserted | ' ipg a_ope: coil. Th
pedances of the  caioerie maRTe L8 FERTY, LouinoPTheR pReaac
t flow t [t | . . Th
exani nati on IHC o] digrees SR pErios BEeagLie eng tBEP 1y s
carried out kg SRy e td¥2C St URf iRsuSystem shown in Fig. 1. A test

sanple .2 of the conposite nmagnetic article of the present invention . was a

square plate of 20cmpy ZPHAMBLS B Wk céem-:ﬁfsé\i by Wae dPeat8ehnRiage 2 was
a tes

backed with a copper plate 8 to form pi ece of the el ectronagnetic

i nter f er ence elutRHcIP W crodiopd efrid ONBGMES | CheelSy IEHRE Pinéd 6tRat Bhe
networ k anal yzer 6 were connected to transmtting and "receiving |oop

ant ennas 4 addrectdants el inggretfinpdrniclefakighment ciref id. then .
respectively. The el ectromagne- tic wave was em-tted by the generator 6
t hrough 't he. surface of the sample. ' . :
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 | .
Average particle diamet,er:. | ¢ 20 mX 0.3p¢ m(t)'
Magnepostrigtioni fQ.fZ _ . |
Annealing: No ..  _ _
Flat soft magnetic powdele _ 35-weigh?-par;s
Compositioﬁ: Fe-Al-§i 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



antenna 4, and the electronaghetic field strength received at the
recei ving antenna 5 was neasured by the :

14 anal yzer 7. EXAMPLE 1 A soft magnetic paste was
prepared which had a conposition as foll ows: Fl at soft magnetic -
powder A 95 wei ght parts 1 Conmposition: Fe-A-Si alloy
Average particle dianeter: [err] 20[err1 nmX 0.3[err] n(t)

Magnet ostriction: +0.72 Anneal i ng: No . Pol yur-ethane
resin: 8 [ Hardeni ng Agent ' (I socyanat e
conpound) Wl Plee Ut s"he saﬁ“tpl arts - ~ Solvent (M xture of

cycl ohexanone and to@u@mﬁtg 5 40 weight parts - It is noted here
that the magnetostri CTtrom s~ -6 given by (dl/I) x 10

[err]  The represenpatherofscfd maghet icsigadite Was! priepfardd WhleH a
magnetic field of H= 200 oersted. This is also sim+t‘ar in sanples 2, 4,

5,.and 6 hehaﬂnafbomposition asFfaoblidws :paste, a f||n1sanp|e 1 was forred
by @ Spherical soft magnetic powder D 95 weight parts_
cOmposition- e-Al -Si alloy
Average particie diameter: ¢ 15u m
Polyurethane:resinz : o 8 weight parts

Hardening Agent - - _
(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 diameter: ¢ 20n1mx 0 40 m(t)
Magnetostriction: O

Polyurethane resin::. . 8 weight parts

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

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



doctor bl ade process followed by hot-pressing and then curing at 85[err]C
for 24 hours.. Filmsanple 1 was anal ysed by use of a scanning

el ectron mcroscope and it was thereby confirned that the directions of
magnetic particle alignnment are in the surface of ‘the sanple.

EXAMPLE 2 Anot her soft nagnethg paste was prepared which  had a
conposition as foll ows: Flat soft magnetic powder B-
95 wei ght parts Conposition: Fe-A-Si alloy

Aver age particle dlQFESﬁ”the[ﬁﬁéde2qg€$6%£é@%£ﬁ@%6§%%err%%plﬁ RLEE

Magnetostriction: +0

Pol yur et haneEcmetdd :in the similad mEHisdY éE”iﬁ‘ExAMpLE ffar deni ng Agent
(I socyanat e conpound) : 2 wei ght part Sol vent (M xture of

cycl ohexanone and t clompedative 401 MeisHipRArd Swas confinlfé&”ﬁ%h@sgaéfe a
filmsample 2 was fornmed by a doctor blade process foll owed
hot - pre55| n@ mmﬁmg aledtmpmimitafeyddge fmaﬁ%ﬁwtaﬁrections of
magnetic particle alignment is in the surface of the
sample.
Table 1 shows a real magnetic permeabiliﬁf'u ’
and a magnetic resonance frequency fr of each of:thg

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 frequency fr; while sample 6, in which the

magnetic powder having a magnetostriction of zero, has



Filn1sanp|e 2 was anal ysed by use of‘a'scanning el ectron mcroescope and it
was thereby confirnmed that the directions of magnetic particle alignnent

are in the surface of the sanple.. EXAMPLE 3 Anot her soft
magneti c paste was prepared which ‘had a conposition as foll ows: o :
Fl at soft magnetic powder C 95 | ght parts . Conposi tion:
Fe-Ni alloy Average particle diameter: [err] 30[err] mx O.4g
mt) - Magnet ostriction: -1.03. Anneallng No Agent :
Pol yur et han e % rdeni ng- Agen

(1 s)c/)cyanat eélclgrrggglr}ga real magneti% &Erg'%t%bg'eairt Sample ?ca)lluife%ﬁ (M xture
of €nel ﬁagnéﬁQGepéﬂﬁeﬁ:‘ObﬂQEﬁ) is 1m11%‘} Q.'htaé_pafnt Ssama: e A .
16 .Fromthe paste, a filmsanple 3 was forned by a  doctor bl ade

process f0|b@medsbSuBQEcQéaSibnﬁhénanhaﬁﬂinﬁur'QQ %bd%ﬂd@“ﬂ&EfC” 24 hours.
Fil msanple 3 was analysed by use of a scanning electron m croscope and it
was therebymagnéticﬁﬂebbﬁanbbefrequency fr and the real magnetic -
permeability ¢ ', sample 2 has intermediate values
between those in samples l-and 6. _. ' |
On the other hand, it;is notedafrom Table 1 that
the magnetic resonance freqnency fr of sample 3 having a
negative magnetostriction is lower than that of sample 6,
‘but the real magnetic permeability n ' of sample 3 is
higher than that of sample 6. .-
Comparative sample 5 using spherical magnetic
powder is quite low in real magnetic permeability-ﬂ ;,t_
comparing with any other samples 1-4 and comparative
sample 6. . e o
It will be understood-from the examples'as.
described above that the magnetic permeability of a
composite magnetic article can be controlled over a broad
frequency band by use of the magnetic powder having the
magnetostriction of zero and by changing the residual :
strain of the powder by annealing.. In:addition} it is
noted that the composite magnetic'article can be prQVided_
with a high magnetic permeability at a high freghency
region by specifying a thickness of the magnetic
particles of the powder and by forming 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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directions of magnetic particle alignnment are in.the surface of the

sampl e. : EXAMPLE 4 Anot her. soft magneti c paste was
prepared which had a conposition as follows: Flat soft magnetic
powder A 60 wei ght parts Conposition: Fe-A -Si .alloy
Average particle dianeter: [err] 2 [err] mk 0.3[err] n(t)

Magnet ostriction: 0.72 Anheal ing: No Fl at soft
magneti c powder B 35 wei ght part's Conposition: Fe-Al -S
al | oy Aver age particle mﬁyﬂ%gwé [err] 20[err] mX 0. 3[err]
mt) ' ~Magnetostriction: +0. Anneal i ng:

650[err]C, 2 hoprs Pol yuret hane resin: 8 wei ght -
parts rdeni ng Agent (ugﬂaﬁgmge c

2 wei ght parts Solvent l Moxtute of h\J/hI nhnvsan_c ne and

t ol uene) %w@:gmogwd ERate Froag t he|pastes3g fillm sanpl e S4
was formed in he—s+t+-ar—raRrer—as——p—=xXAMRLE-1 E"nrsanple 4

was sinmlarly cpnisunfate IResiistancdi r eft imsr(gr"_s-z rrhgnet*mmamt i ¢l e alignnent
are in the o

£ " Distribution broad . . narrow
Attenuation | 800MHZ | 6.5dB | = 3.84B
'1.5GHz | 7.74B 4.3d8

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
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 u " distribution is effective for the | |

electromagnetic interference suppressing effect;
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JI7 surface of the sanple. - EXAMPLE 5 Anot her soft

magheti ¢ paste was prepared which had a conposition.as foll ows:

Spheri cal sott—ﬁagﬁetrc—powder D 95 weight parts

Fe- Al - Si

Polyurethan
(I socyanat e

_____LhﬂposLtten;——
IIIHIIIIl!lIIlIIIIIlII e par&'ef'gﬁtdb?l??ts” " ittt mm« -_
cycl ohexanone and toI uene) . . t paagswel ght partgm .‘“\m m

the paste, a conparative filmsanple 5 was fornmed in the simlar manner as
I n EXAMPLE 1. Filmsanmple 4 was simlarly confirmed by use of the
scanni ng elygidopgntEAGREAPEst hat the directions of ~nagnetic particle
alignnment are isotropic EXAMPLE 6 Anot her soft magnetic
paste was prepared yhich cBﬁEoQi’é@nﬁaéhétQB a§t‘18|lleo"\ﬁhich Flat soft
‘magneti c powder E° 95 wei ght part Conposition: Fe-Al-S
al | oy ‘comprisdéwerage particle dlaneter: [err] 20[err] mX.0.4[err]

mit) Magnet ostri-ction: O Pol yur et hane resin:

8 weight parts 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

.powder dispersed therein.

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. | | | |

4. A composite magnetic'article as claimed in

claim 1, wherein said soft magnetic powaer'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 difection 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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Har deni ng Agent (1 socyanat e -conpound) - 2 méight parts:
Saj vent (Mxture of cyclohexanone and toluene) ' 40 wei ght

parts 18 From the paste, a
corrpar at'V‘Hm!J "ﬂl ,ma formed in-the simlar manner as in EXAMPLE

ive T+ 1 msanple g was confirmed by.use of - a scanning
electron m croscope that the directio of magneti-c particle alignnent .is

in the surface of the sanpl e. Table 1 shows a real nmagnetic

gg;gegglHl%gaLgiéiesaﬂgsaagaggeﬁgcoa 2gn$nce frequency fr of each of Lgﬁder

*Real Magnetic Nhgngtlc com osite magneticL3§ ﬁglf @E%H |It& Resonance
Rat e Freqtency . 14

50MHz le 2 1 anple 3
33 cf@fﬁ ¥, whereig %agﬁ oxide guter 1ay er is. %gwgérmeg by~ E3%

%gNPE subfecé?ﬂ&tsaid poGﬁgﬁatéthVEurfaceSBHEhStﬁon by an31% __17
oxygen containing gas through a vapor~phase slow.
oxidization method-or a liquid 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 E
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 C

"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.

ThlS Sheet Has Been Reila ce
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= [err] at f 10MHz ** Magnetic resonance IS"UHthdI

Ftg. 2 shows [err] -f characteristic curves of sanples %ﬁﬂaﬂ{mmxd
conpar at i As wi.ll be understood fron

in  whi chmllmmmmml ")I"Ider having the positive magnet T“ I‘E E‘“
used, has Phechlghestsnagnetlc resonpnce frequency fr,

mhlch the nagnetic powder having a rnagnetostriction of zero, has

19 t he hi ghest real nagnetic perneablllty Sanpl-e 2 uses t he magnetic
powder which is sighlar ﬁhg h@‘ﬁxodﬂ 232 RS mba 1RU a3 Y e%ﬁ% to the

annealing. As regards t netlc résonancé frequency fr ané’the rea

magnetic fﬁﬁtﬂﬁﬁbbb giikggrh steﬁagﬁlea%tgqssa Hﬁ dfiﬁd’ bet ween

those in sanples 1 an t he ot her S no ed from -

Table 1 thaéfokaesa&anﬁtimgegeagnceof:magelae.yofxria@f o%a.@@! Qaydia\gsg a
" negative magnetostriction is ower than that of sanple 6, but the real
nmagneti ¢ peaghapakrtiylkebi] saidsgnaky @oift magaednct b@lﬂzd@iatbyof sanpl e 6.
Conpar ati ve sanple 5 using spherical nmagnetic _
subjecting said powder to a surface oxidation by an

n..

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 preparing'step.
before said annealing_step,iforming'an oxide-oqter Iayer-h
of each particle-OE said flaky'soft magnetic . powder by -
subjecting said powder to a surface oxidation by.an
oxygen containing gas throngh_a vapor phase'slow
okidization method or a liquid phaee elom oxidiéation
method. ' | _ _
15. The method as claimed in claim lé; Wherein,_
during said_preparing step; an oxide onter_lajer.of eaCh:
particle of eaid flaky softimagnetic;powder,is formed by -
'subjecting said powder to a snrface oxidation by an

B oxygen containing gas_through'a vapor phase slow
oxidization method or a liqui& phase slow oxidizatiOn-
method. | o

16. The method as claimed in claim 12, wherein,

in said preparing step, working stress applied to said
powder is controlled to vary the residual strain so as to
adjust an external frequency of a complex magnetic

permeability of the resultant composite magnetic article.



-powder is quite lowin real nmagnetic perneability [err], conparing with
any other sanples 1-4 and conparative sanple 6. It wll be
understood fromthe exanples as " descri bed above. that the magnetic

per neabi | i t mﬂmmﬂlﬂ” magnetic article can be controlled over a

br oad freq of the npgnetic powder having the

magnet ostriclio Zerd ahd by changlng the residual strain of the powder
by annealing. In addltlon it is noted that the conposite nagnetic

article can be proyided pn Wathdd 9 PAGNGIdS RESRAH |14 dlefedti gh

frequency region by specifying a thickness of the magnetic particles of
the powder 1andaltd fa@m@aldny @t@pe,ctsrdﬂa G al iy ordl b U Lr surface of
t he magneti c powder. |l e 2 shows various data of sanple 4 and
conpar at i veohdtpllaed to vary the residual strain so as to Zdjust an
" Table 2 - Sanpl e 4 Sample 5 - Powder
Loaded Rat external E:b:%quency of AB3%omplex n&grfeatde: Iitﬂ'mabﬁelty o®X 10[ er]
4X 10 [err

| Lhe resultant composite magnetic article

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

claimed in claim 1.

This Sheet Has Been: Reilace
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~ferr] " Distribution br oad - narr ow Attenuation 800MHz
. 5dB 3.8dB ' . 1.5GH# 7.7dB 4. 3dB
In Tabl e 2, the surface resistance val ues were neasured by the ASTM D- 257
- method, [err] " distribution is based on the mutual conparison of sanples
4 and 5, and attenuation values were 1based on the value of copper as the
reference and represent the electronagnetic interference suppressing

ef fect. It will be understood from Table 2 that both of sanple 4
and conparative sanple 5 have surfg resi st ;galues of
10[err]-10[err]. This neans t gt gnetic article is made

non- conductive by use of magnetic pgowder oxi dli zed at at | east the surface.
Thus, ‘the article can suppress the(surface re¢flection of sye

el ectromagneti ¢ wave which is usuallly present {by an inp J nce m smatch in
use of a conductor or a magnetic gtallic bullk. Furth it will be noted
that sanple 4 is |lower than co 'er | oadi ng
rate but is superior to in the Suppr essi ng
effect. This neans that the
the electromagnetic interf
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~WHAT | S CLAI MED | S: 1. A conposite article formed of soft
magnetic powder in which particles thereof conprise at |east one soft
nmetal conposition having a magnetostriction constant which is elther
positive or negative, said particles being in the formof flakes dispersed
t hrough an organic binder, said magnetic flakes having an average '

t hi ckness of less than a skin depth within which a .skin effect occurs at a
frequency band at which said conposite nmagnetic article is used.

2. The conposite nmetal article as in claim1, wherein said soft nagnetic
powder is anneal ed after being worked to formfl akes. 3. The
conposite magnetic article as clained in claim1, wherein said soft
magneti c powder is conprised of - two or nDre conpositions havi ng different

magnet ostriction const a@:bﬁPOSITE GN TP € magnetic article
"as clainmed in claim3 wherei salgA P nagnetlc particles are oriented

ELECTROMAGNETIC INTERFERENCE SUPPRESSOR

Abstract of the Disclosures:

A composite @agnetic articie for uee as an
electromagnetic ihterference suppreesing body, which
comprises soft magnetic powder of at 1east one soft
magnetic composition having a magnetostriction constant,
each of particles_of the-powde: being flaky, and organic
binding agent binding seid soft maénetlc powder dieéersed .
therein. The soft magnetic powder-is es_ahnealed,after
being worked flaky. The flaky particles of tﬁe eoft

~magnetic powder have aﬁ avefage thicknesslleSS-ﬁhan'a;
skin depth within which the skin effect occurs . at a
frequency band for which said composite magnetic article

is used, each having an oxide outer 1ayers.'

(Fig. 1)
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i N a ‘direction in said or gani ¢ bi nder . 5. The conposite Begpretdss
artch§“aS“rﬁ,;f’“nml“gmhgfe%ﬂmeaeh of the soft magnetic flakes has an

oxi deogt o SHEE Ry er® | 6. The conposite magnetic
artlcﬁ s ¢l A TedP Y - qi‘eﬁ ?ﬁuﬁ'ﬁ mherel n . said b2 de l.ayer formed b

oxXi daﬁib"ri Ok ‘71 Th@’a’@érﬁaosa te r‘?é M&ﬂa&%&éﬁ&s’éﬁ@ﬁ&l—
mhereﬁn_lf ;” T’GH“rs Bapagedd. out I n an oxygen-containing gas or a
liquid.’ Absiract  : peged Thaocpgpdsi-t d magneticarticre as in claim 7,

wherej n said artlcle S electrlcally no - 9. The
conposi féiMagifeRECTAFT ., ?F/Qf‘ﬂs clai mﬂw '"n‘mm'll n said soft
magnet’i ¢ POVERF 1sSCLAED ROr e nds of powder flakes which

have been anneal ed under dlfferent anneallng condltlons

1. A composite article formed of soft magnetic
powder in which particles thereof comprise at least omne
soft metal composition having a magnetostrictién.constant
which is either positive or negative, said particles being
in the form of flakes dispersad through an organic hinder;
said magnetic flakes having an average thickness of less
than a skin depth within which a skin effect occurs at a
frequency band at which sald composite magnetic article is

useaed.

2. The composite metal article as in claim 1,
wherein said soft magnetic powder is annealed after being

worked to form flakes.

3. The composite magnetic article as clajimed in
claim 1, wherein said soft magnetic powder is comprised of
two or more compositions having different magnetostriction

. constants.

4. The composite magnetic article as claimed in
claim 3 wherein said scft magnetic pérticles are oriented

in a direction 1o said organic binder.

5. The composite magnetic article as in claim 1

wherein each of the gsoft magnetic flakes has an oxide outer
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10. A nmethod for producing a conposite magnetic article conprising a soft
magneti ¢ powder dispersed as particles through an organic binder agent,
sai d sofeltlmnﬂmellll ll (mma havi ng a nmagnetostriction constant of either
negativ n ﬂ d met hod conprySidigl. ..

particl es* of¢ s&i d*soft tmagnetic powder jéﬁé&whs}h%t 3Q dé%gﬁﬁ‘% %gV' ng

an averagé”rhlckness of less that a skin depth Wi t hi n whi ch a skin effect
occurs at a frequency band at which said conposite nmagnetic arcticle is

used; Aver. anneal ing said flakes to.renmove residual strain

pr oduced &Uﬂ ng wor ki ng; m xi ng sai d anneal ed fl akes of soft
magnetic powder with a |iquid conprising said organic binding agent and a
solvent to forma m xture thereof; and shaping said m xture

into an article. 6. The compgositiecmagnetdt articly asnclaimgdeini n

Surf ace oS 31 BReiR e rald; fplacave %S&Hﬂaﬁ i pdgeion” ' °

7. The composite metal article as in claim 6,
. wherein the oxidation is carried out im an

oxygen-containing gas or a liquid.

8. The composite magnetic article as in claim 7,

wharein said article is electrically non-conductive.

9. The composite magnetic article as claimed in
claim 8, wherein said soft magnetic powder is comprised of
two or more kinds of powder flakes which have been annealed

under different annealing conditions.

16. A method for producing a composite magnetic
article comprising a soft magnetlé powder dispersed aé
particles.throuqh an organic binder agent, said soft
magnetic powder having a magnetostriction constant of
either negative or positive, said method comprising:

working particles of said soft magnetic powder
and forming flakes thereof having am average thickness of
less that a skin depth within which a skin effect occurs at
a frequency band at which said composite magnetic arcticle
is used;

annealing said flakes to remove residual strain
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‘oXi'di zing i quid. 12. The method as clained in claim 10, wherein
wor ki ng' stress applied to said powler to produce flakes is controlled to

vary the rEIMm”mMﬂmlm as to adjust an external frequency of compl ex
magnetic p e resultang,c | el L el e.
13. The net hod® ast cl*ai fed*in claim 10,53% tt Hegt 3 pakbibief1997 of
the powder is controlled to vary the residual strain to enable the
adj ustment of external frequency of a conplex nagnetic peneability of the

conposi t eprednetdcdaringl working; 14. An el ectromagnetic interference
suppressing body forned of said conposite nmagnetic article as clained in
claim 1. mixing said annealed flakes of soft magnetic

powder with a liquid comprising said organic binding agent
and a solvent to form a mixture therxeof; and

shaping said mixture into an article.

11. The method as in claim 10, wherein following
the annealing of said flakes, the flakes are subjected to
surface oxidation by an oxidizing gas or by contaci'iith an

oxidizing liquid.

12. The method as claimed in claim 10, wherein
working stress applied to said powder to produce flakes is
contralled to vary phe reéidual atrain so as to adjust an
external frequency of complex magnetic permeability of the

resultant composite magnetic arxticle.

13. The method as claimed in claim 10, wherain the
annealing condition of the powder is controlled to vary the
residual strain to enable the adjustment of extexnal
frequency of a complex magnetic permeability of the

composite magnetic article.

14. An electromagnetic interference suppressing
body formed of said composite magnetic article as claimed

in claim 1.
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