DESCRI PTI ON COVPCSI TE MAGNETI C BODY AND METHOD OF PRODUCI NG THE SAME,
AND ELECTROMAGNETI C | NTERFERENCE SUPPRESSI NG BODY Technical Field

The present invention relates to a conposite magnetic body in which soft
magneti ¢ powder is kneaded with and dispersed into an organi c bindi ng
agent and, nowosapsei fically, to a conposite magnetic body pegsioresver i n
conpl ex perneability property effective for suppressing electronmagnetic
interferences which is a problemin a high frequency electronic
circuit/device, a nethod of produdluhgtﬁf i?ne and an el ectromagnetic

I nterference suppressing
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body constituted of that conposite magnetic body. Particularly, the
present invention relates to a conposite magnetic body which is excellent
in.fleXibility, stickable to, for exanple, an FPC (Fl exi ble Printed
Crcuit), an FFC (Flexible Flat Cable) or a casing of an electronic

equi prent awd obnussdher excellent in fire resistance, a neyagﬁmﬁkaggoducing
the same and an el ectromagnetic interference suppressing body constituted

of that conposite magnetic body. Background Art ~ As digital
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2 (RAM, a read-only nmenory (ROM, a mcroprocessor (MPU), a central
processing unit (CPU), an inmage processor arithnmetic and |ogic unit

(I PALU)y, or the like. The logic circuit or the logic elenent is
copstituted of an LSI or IC conposed of a | arge nunmber of sem conduct or
devi ces bei ngwoagheqee €l enents, and nounted on a printed cirpcwipotrospsd. | n
the logic circuit or the logic elenent, the speed-up of the operation
speed and the speed-up of the signal processing speed have been achi eved.

Since a signal n eed in such a logic circuit or the Iike
goes with abwgﬁ‘%g %@?%ﬁ&éq«%%nd current an active el errent
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frequency magnetic fields are induced at the sane surface as an el enent
nmounting surface of the circuit board and an opposite surface thereof.
Further, the reduction in weight, thickness and size of the electronic
equi pnents and the el ectronic devices has been rapidly advanced. Fol | ow ng

this, the Rpybvdrioss density of the electronic conponents patgpedriaseP’ | Nt ed
circuit board has also been rapidly enhanced. Due to the foregoing induced
hi gh frequency nmagnetic fields, since the crann1ng|y nount ed el ectronic
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descri bed above, not only the inter-line coupling due to the

el ectromagnetic coupling is increased in the circuit board, but also the
interference or the like due to the radiant noise is generated.

Furt her, when the radi ant noise generates, it is possible that the radi ant
noi se is radiwosd/1e09t he exterior via external connecting tgtHiromhsesi O
adversely affect other equipnents. The mal function of the electronic

- equi pnrent and the adverse influence to other equipnments due to the

el ect rorragng if%'\ﬁﬁ¥es as descri bed above are generally called
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shielding or to carry out grounding. For efficiently dealing with the
foregoing electromagnetic interference in the printed circuit board or

- the li'ke on which el ectronic conponents including active elenents are
nmoented in high density, the conventional counternmeasure (noise

suppr essi nowg94ARsY has drawbacks that expert know edge pgyfosRsdsyence for
the noise counterneasure are required and that it takes tine for the

4 count erneasure. Particularly, the foregoing filter nounting has
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difficulties, and that, since a filter or the like is used, the nunber of
requi red processes for assenbling an electronic device is increased to
cause -an increase in cost. ' Conventionally, the nethod of suppressing
the mutual interferences due to el ectromagnetic induction between signal

| i nes gener at {eh ogR4a96eN €l ectronic conponents in the same cpcgspoinzsed due
to undesired electromagnetic waves is not sufficient. Further, for
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t he operation frequency increases, the electromagnetic coupling between
the signal lines are strengthened so that ‘the foregoing problens are
rai sed: Further, in the foregoing shielding, since conductor
shleldlng s an el ectromagnetic interference counterneasure

Ut"'Z'Qﬁ%Bﬂﬁu focfl ection of electromagnetic waves i ndupefiypodnadsrpedance
nlsnatch e space, even if a shield effect is achieved, the

el ectromagnetic coupling due to the reflection froman undesired radiation

source is onDted @i a result, not a few cases have occurred where the
secondary g c interference is induced. As a secondary
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utilizing a magnetic loss _of a nagnetlc body Is effective. Specifically,
by di sposing a nmagnetic body magneti c | oss between the

foregorng shield body an S|red radlatlon source, the undesired
radi ati on can be suppre MIHMMQ ﬂlnl kness d of the magnetic body is
in inverse nﬁgggﬁggpn toferr]|L uency band sati sf \Hcigpdnesosr

rel ationship of [err] ">[err]", a nagnetlc body with a large imaginary
part perneability J[err]" is reqU|red for obtaining a thin el ectromagnetic
i nterference suppressing body satisfying the foregoing demand for the
reduction in size and weight of the electronic equipnent, that is, a
conposi te body conposed of a shiel Y, (ﬁ%éﬁ gnetic body. Further
since conponents of the foregoing” ndssi iation are often spread
over a wide frequency range, it is sonetines dlfficult to specify those
frequency conponents that relate to the el ectromagnetic interference.

Accordingly, 1it mxmwﬁmmaﬁammmmmmmmf erence
suppressi ng body can al so dea
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wi th the undesired radi atomover—wi-derfrequenci es.
ﬁm .fnvention is to provide a conposite

6 An obj ect of the
magnettc body used in an e[@ Hurﬂu"nterference suppr essi ng body
which is effective for el ) erference suppression inside a
high frequgifen ctronic device, particlilarly, a robile L.gation
devi ce, and a net gd of producing the sane. In[xutﬁéﬁwgy@bgﬁe
present invention is to provide a conposite magnetic body excellent in

flexibility and fire _resistance, and a nmethod of .producing the sane.
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I'n'particular, the present invention is to provide an electromagnetic

i nterference suppressing body which is excellent in flexibility, stickable
to, for exanple, an FPC, an FFC or a curved surface of a casing of an

el ectronic equipnment and further excellent in fire resistance.

Di scl osure of the Invention According to the present invention,
there is obtained a conposite magnetic body conprising an electrically
non- conductive magnetic material substantially conposed of soft rmagnetic
powder and an organi ¢ bindi ng agent PESORERTIONI zed in that the nagnetic
material has a plurality of magnetic resonances appearing at nutually
different frequency regions, and that the organic binding agent is

chl ori nat ed ol yvet hyl ene.
C8MP&SIT£ MAGNETIC BODY AND METHOD OF PRODUCING THE SAME,

AND ELECTROMAGNETIC INTERFERENCE SUPPRESSING BODYX -

Technical Field

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

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

of that composite magnetic body.

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

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



7 - Further, according to the present invention, there is obtained
the foregoing conposite magnetic body characterized in that the plurality
of magnetic resonances appearing at the nutually different frequency
regions are induced by a plurality of anisotropic nmagnetic fields (Hk)
havi ng nutual ly different strengths. 2 Further, according to the
present invention, there is obtained an el ectromagnetic interference
suppressi ng body substantially nade of a conposite magnetic body, the

conposi t e NtRAM] j caboegdbenhy meématyi (ROMY, @ microprocessonn(MPU) , a
substantial ly coqgosed of soft magnetic powder and an organic binding
agent, chareentrakcprogesaingt vnitec(CRY) pnamynimage | PreEeSS@NCe Suppressi ng
body has at |east  two magnetic resonances anDng a plurality of magnetic

resonances. %’E)b'é‘&‘f‘?ﬁbca?nﬁq 1PgHa 8t o (ERAEY) 1 BF oRRe ahitke ge il P at

least two a@iégﬁigp Eﬁgn é&fcfé lggnékkg 'constituted of an LSI or IC

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

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

wiring of the signal lines and the like or the inter-module



t he ani'sotropic magnetic fields having mutually different strengths, and
wherein chlorinated polyethylene is used as the organic binding agent.
Further, according to the present invention, there is obtained the
foregoi ng el ectromagnetic interference suppressing body characterized in
that the conposite magnetic body has a g urality of magnetic resonances,
the plurality of magnetic resonances appear at nutually different
frequency regions, respectively, corresponding to the anisotropic nmagnetic

fields of theimiumguasixtreticliye appiroasihesn ghittialdyd anke fudwbelr @ificaTRhe t he
plurality of magnetic resonances exists in a frequency region |ower than
I

8 a lower P &f dhsignddnpriocassiod epeece is achieved as

described above, not only the inter-line coupling due to
the electromagnetic coupling is increased in the circuit
board, but also the interference or the like due to the
;adiant noise is generated.

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

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

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

countermeasure are required and that it takes time for the



suppressi ng frequency band generated by the conposite nagnetic |ayer.

Furt her, raccording to the present invention, there is obtained the

f oregoi ng el ectromagnetic interference suppressing body characterized in
that the soft magnetic powder is a m xed body of soft magnetic powder of
at least two kinds having magnetic anisgtropies of different strengths.
Further, according to the present invention, there is obtained the
foregoi ng el ectronmagnetic interference suppressing body characterized in
t hat the sofPuRkgrmepsurgewder is provided with oxide |ayers on surfaces

t her eof . Further, ~according to the present invention, there is
obt ai ned a met hodPBFEaEFYAAELYy kheofpsegeingafidter mouptingahasterized by

ani sot'ropi S BMBRGE. FRY s Frafer B8 benyPRe AaowRPDRINar chBBH SBERDI ene
used as an o@tgANk%iBtItRE 39R%tatdBH EUPLAE! hBANLIRY BaRHARLA0,SO aS
filter, that a mounting operation of a filter goes'with
difficulties, and that, since a filter or the like is'used,
the number of required processes for assembling an
electronic device is increased to cause an increase in cost.

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

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

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

Further, in the foregoing shielding, since conductor

shielding is an electromagnetic interference countermeasure



to obtain the conmposite magnetic body being electrically non- conductive
and having at |east two magnetic resonances induced by ani sotropic
~magnetic fields (Hk) of nutually different strengths. Furt her
according to the present invention, there is obtained the foregoing nethod
of producing the conposite magnetic bOdF characterized in that the soft
magneti ¢ powder has oxide |ayers on surfaces thereof. . .

9 Further, according to the present invention, there is obtained
the foregoi W§ikienog theprefiliectjonhofcedpotiromagnagiet wavesdynduced
characterized in that the soft magnetic powder is surface oxidized by an
oxygen cont§¥n?ﬂ§eﬁFﬁ€8 mi gwatghawithgEher ppaces evenngfwat dhidddor ganic

bi ndi ng effect is achieved, the electromagnetic coupling due to the
reflection f;om an undesired radiation source is promoted.
As a result, not a few cases have occurred where the
secondary electromagnetic interference is induced.

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

with the undesired radiation over wider frequencies.



agent or during mxing, using a gas phase acid renmoving method or a liquid
phase acird renovi ng net hod. Best Mdde for Carrying Qut the Invention

For obtaining a conposite nmagnetic body which provi des an anisotropic
magnetic field (Hk) of a necessary strength corresponding to a desired
magnetic | oss characteristic, soft nagngtic powder nmay be used which has
one or nore of a shape magnetic anisotropy, a crystal nmagnetic anisotropy,
an induced magnetic anisotropy and an anisotropy due to a magnetic elastic
effect (nmagneto- Astebjectndf Ehecptesahtyinventilénpiesestpisveasi an, for
achieving a plurality of nagnetic resonances of mutually d[fferent
frequenci esCafBogdtrcBpgRethg haduecused| dnsan ehechirbmagnehig band

extended, a.plurality of nmagnetic powders having anisotropic magnetic
fields (Hk) 15+‘e Fﬁ§¥9$ SyPPresanngsPra¥grhichaisheffieetiivei £areach ot her.

As means OtgféckpgﬁagﬁgtggrEgg;ggeigﬁcgcghsnggsgon inside a high
frequency electronic device, particularly, a mobile
communication device, and a method of producing the same.

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

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

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

equipment and further excellent in fire resistance.

Disclosure of the Invention

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

polyethylene.



plurality of nmagnetic resonances, it is possible to positively utilize
properties peculiar to powder and a powder conposite body, or a

m | 1ing/spreadi ng process of the powder, which will be descri bed

her ei nbel ow. | 10 Speci fically,
firstly, there is a method of utilizing -differentiation of powder
characteristics obtained by processing a material of a single kind under a
specific condition. Secondly, there is a method in which mlling nedia
used in the mll| Fugthereadcegrdingete thepprespnitsinvehtisngnehegentdi a,
such as steel balls, so as to positively utilize a so-called contam nation
phenonenon oRit@ieeds therfgregod nah campesisenmagnieticnbedimed due to

. _Furth thirdly, there is a nethod
abrasi on Ofcilara ergzeﬁ in %Lat the plurality of magnetic resonances

appearing at the mutually different frequency regions are
induced by a plurality of anisotropic magnetic fields (Hk)
having mutually different strengths.

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

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

magnetic resonances exists in a frequency region lower than



of-utitizing a difference in existence manner of single kind powders in a
conposite body. For exanple, anisotropic magnetic fields are dispersed due
to a difference in nagnetic interaction and orientation behavior between
particle groups. One particle group exists in the same matrix as primry
particles. In another particle group, p?rticles are agglonerated with
wetting therein being insufficient and Therefore are extrenely close to
each other or in contact with each other. Further, if-the shape of
a sanpl e i saalbwer flilmttobfaanskdectronaghbestl Yatariceebhesi C magnetic
field becones an algebraic sumwth a diamagnetic field due to the sanple
shape, so t Ruppaessingnfrequencynbaold genematedabymthactompophvder can al so
be positively used. As a means for obtaining a plurality of

ani sot r opi c"2FRGHEC 4aWP&E-ds to be used in the present invention, any of

these met hods may_be psed. It ig.inportant to provide a plurality of-
ani sot r opi ¢ nagneFPftH?EVd§°§8r§§n90t3cﬁP@vErﬁgent invention, there is

obtained the foregoing electromagnetic interference
suppressing body characterized in that the soft magnetic
powder is a mixed body of soft magnetic powder of at least
two kinds having magnetic anisotropies of different
strengths.

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

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

'induced by anisotropic magnetic fields (Hk) of mutually
different strengths. -

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

powder has oxide layers on surfaces thereof.



desired magnetic loss band. In particular, anong them with respect to an
ani sotropic magnetic field which provides a magnetic resonance appeari ng
at the lowest . frequency side, it is necessary to set it to a value which
provi des a magnetic resonance at a frequency region’lower than the |ower
limt of a desired el ectromagnetic interference suppressing frequency
band, considering that dispersion of an”imagi nary part perneability
(magnetic |oss) occurs follow ng reduction of a real part perneability.

As soft nmagnetic Fuwtheryhiatitordinge tustlel preBentPiaveRtibRYCthbel id

metal soft magnetic material, such as an Fe-Al-Si alloy (Sendust), an

Fe-N al | oy obtaimeld dhe foregoing method of producing the composite
magnetic body characterized in that the soft magnetic
powder is surface oxidized by an oxygen containing mixed
gas in a stage prior to mixing with the organic binding

agent or during mixing, using a gas phase acid removing

method or a liquid phase acid removing method.

Best Mode for Carrying Out the Invention

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

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

the powder, which will be described hereinbelow.



anmor phous alloy or the Iike having a | arge high frequency perneability,

whi ch has been powdered by mlling and draw ng-tearing processes,

atomi zing granul ation or the |like, can be typically cited. For ensuring
non- conductivity of a conposite magnetic body, being a necessary el enent
of the present invention, even in a highhg filling state of the soft

magnetic powder, it is preferable that at |east the surfaces thereof are
oxi dized so that the individual particles are electrically isolated.
Further, as the s&pPecifdselly, pfintetlyl thergr éscatmethodnoEontipibwmileg of
an oxi de soft Eggnetlc hody, such as spinel ferrite or planar ferrite, can

be used. Itd&§ eotiafdons of RQ"SSFn&hﬁFﬁgﬁeﬁFFﬁlFﬁe°P§ﬁé§9ﬁn§YnetaI sof t

magnetic pogg%céss1ng a material of a single kind under a specific
condition. Secondly, there is a method in which milling
media used in the millling/spreading process of powder is
soft magnetic media, such as steel balls, so as to
positively utilize a so-called contamination phenomenon
where soft magnetic abrasion powder is entrained due to
abrasion of the media. Further, thirdly, there is a method
of utilizing a difference in existence manner of'single
kind powders in a composite body. For example, anisotropic
magnetic fields are dispersed due to a difference in
magnetic interaction and orientation behavior between
particle groups. One particle group exists in the same
matrix as primary particles. In another particle group,
particles are agglomerated with wetting therein being
insufficient and therefore are extremely glose to each -
other or in contact with each other.

Further, if the shape of a sample is a thin film or a
sheet, an effective anisotropic magnetic field becomes an
algebraic sum with a diamagnetic field due to the sample

'shape, so that an orientation control of material magnetic
powder can also be positively used.

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

plurality of anisotropic magnetic fields so as to achieve a



12 ’ On the other hand, as an organic binding agent to be used as a
secondary material of the present invention, chlorinated polyethylene is
used for obtai.ning an effect the present invention ains at, that is, for
obtaining excellent flexibility and fire resistance. There is no
particular limtation to nmeans for obtajfing a conposite magnetic body by
kneadi ng and dispersing the foregoing constituent elenents of the present
i nvention. A preferable nethod nay be sel ected based on a property of a
bi ndi ng agediesiFeige magmetie losecbiandat | n partigubaessamong theiihe _
conposite magnetic body or the el ectromagnetic interference suppressing
body of -t he &esRadteta R FRd-sotrepdicamagpedicafiiedd, (Vbillslhmagn?t ic
fields (Hk) _of ual_| di ff.erent strengths so.that a plurality o
magnetic rEECYANESs aaé'&%’iet&tc MASERARCS APPEREATNS Aty Jo¥egitons.

frequency side, it is necessary to set it to a value which
provides a magnetic resonance at a frequency region lower
than the lower limit of a desifed electromagnetic -
interference suppressing frequency band, considering that
dispersion of an imaginary part permeability (magnetic
loss) occurs following reduction of a real part
permeability.

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

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

magnetic powder.



Thus, imaginary part permeabilities [err]" appearing at nrmutually different
frequency regions following the plurality of magnetic resonances are
superinposed so that a w deband [err]" dispersion characteristic can be
achieved. The imaginary part perneability [err]"” is a magnetic loss term
necessary for absorbing el ectromagnetic ves so that if values of [err]"
are large and extend over a wide band, & excel l ent el ectromagnetic
interference suppressing effect appears. Further, since the soft
magnetic powder uged thie idtherPhand)t asnuanbirganie bindingdagenltesst ben the
surfaces thereof, the individual particles exist as being
13 electri ased) asse atesmbrelamy aateriali gif fthid prgseatte igirenitdonpowder .
Accordingly, not only deterioration of a fre uenc¥
chlorinated polyethylene is used for obtaining an effect
the present invention aims at, that is, for obtaining
excellent flexibility and fire resistance.
There is no particular limitation to means for
obtaining a composite magnetic body by kneading and
dispersing the foregoing constituent elements of the
present invention. A preferable method may be selected
based on a property of a binding agent to be used and
facilitation of a process.
‘The composite magnetic body or the electromagnetic .
interference suppressing body of the present invention has
a plurality of anisotropic magnetic fields (Hk) of mutually
different strengths so that a plurality of magnetic
resonances appear at mutually different frequency regions.
Thus, imaginary part permeabilities y" appearing at
mutually different frequency regions following the
plurality of magnetic resonances are superimposed so that a
wideband y" dispersion characteristic can be achieved.
The imaginary part permeabiiity u" is a magnetic loss term
necessary for absorbing electromagnetic waves so that if
values of y" are large and extend over a wide band, an
excellent electromagnetic interference suppressing effect
appears.
Further, since the soft magnetic powder used in the

present invention is oxidized at least on the surfaces

thereof, the individual particles exist as being



characteristic due to an eddy current |oss as observed in a -conductive
bul k body.is small, but also the reflection of electromagnetic waves on
t he surfaces due to i npedance msmatch with the space becones reluctant to

occur, so that

an excellent el ectromagnetic interference suppressing

effect can be achieved at a high frequenqg region. Her ei nbel ow, an
exanpl e of a conposite nmagnetic body by '%e present invention wll be
shown. Exanpl e First, as shown in Table 1 bel ow, 80 wei ght

parts of soblectgieallypdsdtateBeedenSataltheyhighafipaihgciratedofineher :

35[err] m aspect

ratio: not less than 5) and 0.8 weight parts of a

titanate coupPwAdgragehccordingly atret bynly dekerievaticn aofea strequenpretic
powder is subjected to the coupling in advance. Then, as shown in Table 1,

80 weight p&

agterdstiss fuss§Re BN SPSNIEPTERBt4P8E B8 PhESE¥AG| 1Rg2 and

20 wel Gt baLLs oLraeoLadn 8caget (GG Bated: JBOLNS IebRagk;ghe neaded

electromagnetic waves on the surfaces due to impedance

mismatch with the space becomes reluctant to occur, so that

an excellent electromagnetic interference suppressing

effect can be achieved at a high frequency region.

Hereinbelow, an example of a composite magnetic body

by the present invention will be shown.

Example
First, as shown in Table 1 below, 80 weight parts of

soft magnetic powder (Fe-Al-Si alloy, mean particle

diameter: 35um, aspect ratio: not less than 5) and 0.8

weight parts of a titanate coupiing agent are agitated by a

mixer so that the soft magnetic powder is subjected to the

coupling in advance. Then, as shown in Table 1, 80 weight

parts of the soft magnetic powder subjected to the coupling

and

20 weight parts of an organic agent (chlorinated

polyethylene) ére kneaded by a kneader to obtain a

composite magnetic body.

Then, the obtained composite magnetic body is passed

- through between rolls arranged.in parallel to be rolled and

thus formed into a sheet. Through this, an electromagnetic

interference suppressing body having excellent flexibility

and

fire resistance can be obtained.



conposite magnetic body. Then, the obtained conposite nmagnetic body
I s passed- through between rolls arranged in parallel to be rolled and
thus forned.into & sheet. Through this, an electromagnetic interference
suppr essing body having excellent flexibility and fire resistance can be
obt ai ned. 14

-Table 1 Soft magnetic powder 14 go wei ght parts Fe-Al -S
al | oy Mean particle diameter: 35[err]m Aspect ratio: >5 Titanate
coupl i ng agent 0.2 weight pagbie 1

Soft magnetic powder 80 weight parts

Fe-Al-Si alloy
Mean particle diameter: 35um

Aspect ratio: >5

Titanate coupling agent 0.2 weight parts

Organic binding agent - 120 weight parts

(chlorinated polyethylene)

Industrial Applicability

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

Further, the composite magnetic body of the present

invention uses chlorinated polyethylene as an organic



Or gani ¢’ bi ndi ng agent 20 wei ght parts (chlorinated

pol yet hyl ene) I ndustrial Applicability As descri bed above, the
conposi.te magnetic body of the present invention or the el ectronmagnetic
interference suppressing body using it has a plurality of anisotropic
magnetic fields (Hk) of nutually differen{sstrengths so that a plurality
of magnetic resonances appear at nutually ~different frequency regions.
Thus, a wideband [err]" dispersion characteristic can be achieved. The

i magi nary paindifigagent 8 [ag th' haved efegldent Flexibalitycandsfiyef or
absor bi ng el ectromagnetic waves so that if values of [err]" are large and
extend over xesiscabpmed, Thusxctheéecelectremagnethijneinterfiexefheeence
suppressing effect appears. That is, there can be provided a_ thin

el ect r onagne SUPPIEISANGe bose ofu hee PFesgriodpvemitden dscptickabder §p.

suppressin | ectromagneti c ve i nterferences inside a )
PP g %or example, an FPC or FFC and even to a casing, having a

complicate shape, of an electronic equipment, and further

can respond to a strict reqﬁirement for fire resistance,



high-frequency el ectroni ¢ equi pnment including a nobile conmmunication
equipnenL,____ﬁ_h_EgLLn§La~the conposite magnetic body of the present
i nvention uses chlorinated pol yet hyl ene as an organic

rlgsi s?gzﬂmﬂumﬂgnmmlgmﬁfrQ?r;gngi(lcgl : ﬁtn%é; Lre)éinlgial ! tsﬁpgpgsfs: :13 body of the

present irveftibn ¥s sstixckable to, for exanple, an FPC or FFC and even to
a casing, having a conplicate shape, of an el ectronic equipnment, and
further can respond to a strict requi reogmasfor fire resistance,

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

cond&étive maénetic material substantially composed of soft
magnetic powder and an organic binding agent, characterized
in that said magnetic material has a plurality of magnetic-
resonances appearing at mutually Qiifferent frequency

R 2

n—c,

regiogg;land said organic binding agent is chlorinated

-

é;iyethylene.
N
~

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

Y

H

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

having mutually different strengths.

An electromagnetic interference suppressing body
substantially made of a composite magnetic body, said
composite magnetic body‘g;;;;~;I;;€;EE§iI§“;;;:;;hductive
and substantially composed of soft magnetic powder and an
organic binf}ggﬂgggEEA characEEEE;SE“EH‘EEEE"EAid
electgg;;;;etic interference suppressing body has at least
two magnetic resonances among a plurality of magnetic
resonances appearing at microwave frequency regions and

Ly ~ —

generated by at least two an ' magnetia fields (Hk),

i, said anisotropic magnetic fields having mutually different

L e

I strengths, and that chlorinated polyethylene is used as

T

said organic binding agent.'



16 - <« T CLAIMS - 1. A conposite magnetic
body of an non-  conductive magnetic material substantially
conposed of gm”'mm powder and an organi c bindi ng agent,
characteri ze magnetic material has a plurality of nagnetic
resonances appearing at nutually differe L,frequency regi ons, and said

organi ¢ bi nding agent is chlorinated | yet hyl ene. 2. A
conposite nagnetic body as recited in claiml, characterized in that

said plurality of gugn islécersdsastic APROMdithdd duppradsiald body
different frequency regions are I nduced by a plurality of anisotropic
magneti c fi eadsréélited ihacilagmnB8f uchhyadtéfrizedt int thayt 83id composite
magnetic body has a plurality of magnetic resonances, said
plurality of magnetic resonances appear at mutually
. ,Sfffeffff_fffﬂESES! regions, respecéz;;z;j\ag;;;;;onding to
f;ff theN;nlsotroplc mag;;EI;~E;;Ia;Hof the mutually different
(\./' strengths, and the lowest one among said plurality of
magnetic resonances exists in a frequency region lower than
a lower limit of an electromagnetic interference
suppressing fféquency band generated by said composite

magnetic layer.

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

?::at least two kinds having magnetic anisotropies of

——.

dlfferent strengths

6. An electromagnetic interference suppressing body
as recited in claim 4, characterized in that said soft
magnetic powder is provided with oxide layers on surfaces

thereof.

A method of producing a composite magnetic body

characterized by mixing soft magnetic powder of at least

two kinds having magnetic anisotropies of mutually
different strengths and cﬁ;;;;ZQEgg_gglyethylene sed as an

organic binding agent, and subjecting them to shaping so as




3. - An'electronagnetic I nterference suppressi ng body substantial ly nmade

of a corrposummm'n; , said conposite magneti c body being
el ectrijcall mu‘w @ , and substantially conposed of soft magnetic
powder and an ° organhi ¢ brndi ng agent, characterized in that said

electronagnetlc interference suppressing4@ody has at |east two magnetic
resonances among a plurality of magnetic resonances appearing at
m crowave frequency regions and generated by at |east two ani sotropic
magnetic fietdsobthin thei dompbsbteopagnetjocbodyfbeing aiechgicallwl |y
different strengths, and that chlorinated pol yethylene is used as said
organic b|ndnqg—gggﬂuct1ve and having at least two magnetic resonances

- -

induced by anlsotroplc magnetlc fields (Hk) of mutually

different strengths T . e e,

8. A method of producing a composite magnetic body
as recited in claim 7, characterized in that said soft
magnetic powder has oxide layers on surfaces thereof. /f

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

removing method or a liquid phase acid removing nethod.

s



4. -An -el ectromagnetic interference suppressing body as recited in claim3,
characterized in that said conposite nmagnetic body has a plurality of
magnetj c resonances, said plurality of nagnetic resonances appear at
mutual ly, different frequency regions, respectively, corresponding to the
ani sotropic nagnetic fields of the mutualdg different strengths, and the
| onest one anong said plurality of nagnetic resonances exists in a
frequency region lower than a lower limt of an el ectronagnetic
interference suppressing frequency band generated by said conposite
magnetic | ayer. 5. An el ectromagnetic interference suppressing
body as recited in claim4, charact e®B&IRAQY t hat said soft magnetic
powder is a m xed body of soft nmagnetic powder of at |east two kinds
havi ng magnetic anisotropies of different strengths.

A composite magnetic body usable as an
electromagnetic interference suppressing body over a wide
band in a high frequency region is essentially composed of
soft magnetic powder and an organic binding agent. For
providing excellent flexibility and fire resistance,
chlorinated polyethylene is used as the foregoing organic

binding agent.



6. An electromagnetic interference suppressing bcrdy ﬁ@g@ @4 claim4,.
characterized in that said soft magneti c powder oﬁ d™wi oxi de

| ayer sson surfaces thereof. d of produ a conposite

ne/c body characterized by mxﬁ%%% ti c powder“of~at | easiipg
two ki ndp@gi ng magnet I A ' st r engt h\&aHeg
chl ori nated pol yet hyl enﬁ%@ﬁ“%@gm hﬁ%gﬂﬁnd subj ectIT g
themto_shapi ng so _as 18 to obtain the

| east t Y %6 r esonances | nducedAlb /orESeMBBHi ¢ magnetic fi el IKOP8AG439
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(57) Abstract

A composite magnetic material which is used as an clectromagnetic interference suppressing material over a wide band in a
high-frequency regien is substantially made of powder of a soft magnetic material and an organic binder. In order to give high flexibility and
fire retardancy to the material, chlorinated polyethylene is used as the organic binder.
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