STTELTTVIELTVERIVEEENVELEVELTTTTLETT T SPECE FI CATI ON *159159% COMPOSI TE
MAGNETI C MATERI AL AND ELECTROVAGNETI C | NTERFERENCE SUPPRESSOR MEMBER US| NG
THE SAME Technical Field: The present invéntion relates to conposite
magnetic materials conprising soft nagnetic yowders neaded wi th and

di spersed in an organi c binder and, .in particular, to th
magnetic material excellent in a characteristic of comﬂ“’ﬁlﬂl@@ﬂﬂ&ﬂ@m
perneability effective in suppressing an el ectronagneti e
which is a problemin high frequeppgcerechtr®oNC circuits/ devistés, and to a
met hod for producing the sanme. The present invention further relates to

el ectromagnetic interference suppressor nenbers and electronic parts, such
as printed circuit boards used in electronic apparatus, which use the
above- nenti oned COMRPSITEcMAGNATICCMATERIARI AND BHEGTROMAGNETIC As digital
el ectroni c apparatus which have recently been wi dely used, there are known
logic circuits oFNBEBRRERENCESSURPRES3OR MEBMRERCESENG BB r JAMIRAM) , a read
only menory (ROM),. a mcroprocessor unit (MPU), an image processing

al gebra logic unit (IPALU) or the like. The logic circuit and the logic

el enment conpri se LSle%Ed éC ifclgding a |l arge nunber of sem conductor
el ements of 111 11 e e et *000001 * 2
The present invention relates to composite
magnetic materials comprising soft magnetic powders
" kneaded with and dispersed in an organic binder and, in
particular, to the composite magnetic material excellent
in a characteristic of complex magnetic permeability
effective in suppressing an electromagnetic interference
which 1s a problem in high frequency electfonic
circuits/devices, and to a method for producing the same.
The present inventioh_furthef relates to
electromagnetic interference suppressor members and
electronic parts, such as printed circuit boards used in
~electronic apparatus, which use the above—méntioned

. composite magnetic materials.

Background Art:

As digital electronic apparatus which have
recently been widely used, there are knbwn logic qircuits
or elements, such as a random access memory (RAM), a read
only memory (ROM), a microprocéSsor unit (MPU), an image
processing algebra logic unit (IPALU) or tﬁe like. ‘The
logic circuit and the logic element comprise LSI and IC

including a large number of semiconductor elements of
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active elenments and are nounted on a printed circuit board. In the |logic
circuit and el enent, executing speed and signal processing speed are
increased. In such a logic circuit or the'l{ike, high-speed signals are
acconpani ed by sudden variation of voltage and current, so that the active
el ements generate inductive. noise whixh is high frequency noi se. The high
frequency noi se cooperates wth the other noise, such as crosstal k noi se
and i npedance m smat chi ng noi se. The high frequency noise is mainly caused
by the i nductdbierencs semegenerat®h remdiit et tdn/a ¢ranmeid ciiedirduct i on
noi se induces a high frequency magnetic field on a surface of the printed
circuit boarmpand whiloh the laigmenti iciitpantdedlantnin ke cueipasispeedur f ace.
In addition, electronic devices and apparatus are rapidly inmproved to
decrease i n.2nfeisfnak mrdarssingmpbeed axe Ancoepaeydi.ng Inhisschaadensity i s
extrenely increased in nounting of electronic devices onto the printed
circuit boarl®9is§ fd&irithiaay the dd kset Rdah-speedeisdenadsi @reevi ces nount ed
wi th high mountin ensity or._ w res between nodul es are placed near to
it el
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cooperates with the other noise, such as crosstalk noise
. and impedance mismatching noise. The hiéh frequency
noise is mainly caused by the inductive noise genérated
by the active element. The induction noise inducés.a
high frequency magnetic field on a éurface of the.printed
circuit board on which the element is mounted aﬁd.on the
opposite surface. | |
In addition, electronié devices and appératus_are
rapidly improved to decrease in weight, thitkness, aﬁd
size. Accompanying this, a density 1s extremely .
increased in mounting of electronic devices onto_the
. | printed circult board. $ince printed wires between the
electronic devices mounted with high mounting dénsity or
wires between modules are placed near to each other, and
since the signal processing speed 1is increasedlas
described above, the induced high freqﬁency magnetic
field increases the electromaghe;ic coupling between
wires on the printed circuit board due.to radiétion
noise. | -

The radiation noise as generated is radiated

through an external connection terminal outside the



«devi ges. The harnful influence to the other devices and the nalfunction of
the electronic apparatus are collectively called as an el ectronagnetic
obstacl e. Against the el ectromagneti c obstacles radiated, counterneasure
is adopted in the prior art, for exanple, connecting a filter to a circuit
whi ch generates the inductive noise i the electronic device, separating a
circuit having a problem (which generates the inductive noise) from-:
another circuit. influenced thereby, shielding, or grounding. In a printed
circuit boardevdrcest-hertheprhasmifoil ielfdeteme@e ¢ opahles oithelrudierd cast and

el ements are nounted in a high density, those known counterneasure agai nst
the el ectr dhggmalifunssitoaciaf (b od estipondssiapppriadss direadvant ages, for
exanpl e, that special know edge and experience are required therefor and a
long tine i £Ollefliived ¥ srldadaidls simedecsromagnesdst ebstasiee.
Particularly, the use of the filter as nentioned above has di sadvant ages
that the filter usedJdmsteddd §decigogegnesdicoebsipersisyaadipheda space
nmounting the filter is often Iini%%h that a work of nmopunting a_ filter is

d,
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cost. In addition, préssion agai nst "an-el ec uction and

interferencgpycdndesintgde qheg%goggggggbgiga&gyﬁ?gghSgbgﬁg?ﬂggaged-betmeeh

devices 4 placed in the sane circuit is not su cient I e’prior

circuit having a problem (which generates the inductive
' noise) from another circuit influenced thereby,
shielding, or grounding. “
In a.printed circuit.board or others on which
electronic parﬁs including active.elements are mounted in
a high density, those known countermeasure against the
electromagnetic obstacle (noilse supbression) hee..
disadvantages,'for example, that specilal knowledée and
experience are required therefor and a long time is
required for establishment of.the countermeasure.
Particularly, the use of the filter as mentioned
" above has disadvantages that the filter used for'removing
noises 1is too expeneive, that a space mounting the filter
is often limited, that a work of mounting a filter 1is
accompanied with a difficulty, and that many steps are
required for assembling a device including the filter or
the like to result in high cost.
In addition, suppression against an electro—l
magnetic induction and interference by undesired |

electromagnetic wave which are generated between devices



art. Furthernore, for miniaturization of and ‘lightening the electronic
device, the nethod of renoving a problemcircuit is disadvantageous and it
is required to renove a filter and a nounting space thereof. \Wen a
general printed circuit board, which is wused for an electronic .device, is
used in a |l ow frequency- band, no problgm occurs because the -

el ectromagnetic coupling between signal |ines, such as el ectronmagnetic

i nduction generated in the printed circuit board, is relatively small.
However, in phaekévanethepsamei ogrchiequensyt &$Hef et £6AE OIRINGE | SrLoHp! i Ng
between the signal |ines becones higher to cause the above-nentioned '
probl em Anoagtshi el di ng net hods, as the conductive shield is one of
measures agai nst the el ectromagnetic inter- ference which uses a reflection
of el ectromagnetic wewtthermare, bfor npbubater hiatberhofigamd t h. space, it can
provide the shield effect, but pronpote an el ectromagnetic coupling due to
t he refIecti5%9B¥e%h"%nﬁlé%i?bﬂ°€é@mh¢i@#lVi%' tthe nétdred o3 f eremanises a
secondary electro netic interference. For a neasure against the

secondary el 2ckT eCHEFRLT ntRrdbradieantageons and ekt il xenwikeed he
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used for an electronic device, 1is used in a low.frequency
" band, no problem occurs because the electromagnetic
coupling between signal lines, such as electromagnetic
induction generated in the printed circuit board, ‘is
relatively small. However, in an elevated operating
frequency, the electromagnetié coupling between the
signal lines. becomes higher to éause the above-mentioned
problem. |
Among shielding methods, as the conductiﬁe-shield
1s one of measures against the electrbmagnetié inter-
ference which uses a reflection of electromagnetic wave
' caused by impedance mismatching with space, it can
provide the shield effect,.but promote an electromégnetic
coupling due to the reflection of an undesired radiation
so that there often causes a secondary electromagnetic
interference.
For a measure against the secondary electrbmagne-
tic interferences, it is effective to use the magnetic.
loss of a magnetic substance to suppress the undesired

radiation. That 1is, the undesired radiation can be

suppressed by displacement of the magnetic substance



and the undesired radi ati on source. Herein, the magnetic substance has a
t hi ckness d inversely proportional to ,u " in a frequency region
fulfilling a relation of u > g Therefore, a nagnetic nmaterial is required
which has a large conplex magnetic perneability in order to obtaina thin
el ectromagnetic interference suppressor5 nenber or a conposite nmenber
conprising a shielding elenent and a nmagnetic el enent so as to accommodat e
a demand of mniaturization of and |ightening of the el ectric device.

Accor di ngl y,having aekiglkdmignetihe kbestbarmepetile shteld eswrteamsuppr essor
menber to deal _with the undesired radiation over wde frequency. It is an
obj ect of tHENHrieRemindegbred oradatipn\saeree cofpoegie aynatagnetetceri al
for use in an el ectromagnetic interference suppressor nmenber effective to
i nhibit an eTHRITIIERYMAT i REFkRRThQ Inversely mxpportianandyp of €ct roni ¢
device, typigall #Ifa nobi | e commupi cation device. It is another object of

the present ThvdmtToHTY pFedt e ' Lohpldte & meghfdtian Rl ef i'al > chpabl e of
and adapt abi TS Ror s SRRl G RS LR AR R e The
bresent i NVEON&ifh AL S TPl A QYA NG LIS GURARISG, dragnet i ©
material. It 1s yet another ©0bject of the present invention to provide the
el ect r omagneth tn | s f RS ife SHP P HSSH e Bon B RSP A% JBN niciRd: JI0\ve.
composite member comprising a shielding element and é
'. magnetic element so as to accommodate a demand of |
miniaturization of and liéhtening of the electric device.
Accordingly, it is desired for ﬁhe electromagnetic
interference suppressor member to deal with the undesired
radiation over wide frequency.
It is an object of the pﬁesént invention to
provide a composite magnetic mate:ial for use in an
electromagnétic interference suppressor member effective
to inhibit an electromagnetic inﬁerference within a high
frequency electronic device, typically, a mobile.
' communication device. |
It is another objecp of the present invention to
provide a composite magnetic material capable of meeting
a requirement of severe vibration resistance, shock |
resistance, and adaptability er a complex shape.
| It is still another object of the present
invention to provide a method of producing the composite
magnetic material.

It is yet another object of the present invention

to provide the electromagnetic interference suppressor



it ista further object of the present invention to provide an electronic
devi ce which has a conpact size and a light weight and can inhibit
effectively an el ectromagnetic interference by provision of the conposite
magnetic material. It is another object of the present invention to
provide a printed circuit board which h@&s a sufficient shi el d ef fect

agai nst the transm ssion of electromagnetic wave w thout deteriorating a
shield effect of an electromagnetic shield printed circuit board and which
does not pronerkent asement donednaboeecoupling due to a reflection of an
el ectromagneti c wave. Disclosure of the Invention: According to one-aspect
of the present invenftoh$S atferthes pbiettedf athenpossert nhyvet omat eri a
consi sting essentially of soft magnetic powder and organic binder, and
havi ng el ect }? cPRoRtdendliceliortyonke deyiceahiechohangheronpaetskares due

to at | east tWﬁ aﬂ£sotro§ic magnetic fields (Hk) different in the field
| evel from eX2f dt heFnt Arebelt ndnd ocamot Matb ik e iy RResent
invention, there is provjded, an electro netic interference suppressor
nmenber conpr?g?%br%mc%%%%g?t%npﬁﬁéﬂﬁﬁ?%g é?f%ﬁ%sihﬁd%fdﬂﬁ%ists

essentially pfd LC el ement and an organic binder, and
which has e ég r%c non- ond%%tT%? yfé%he el ectromagnetic 7 interference

suppressor menber hagy af s | &asthd Wi ecRIPAE LSRN CERR SRUSRH (Qyer a

m cr owave frequency ' _
provide a printed circuit board which has a sufficient

. shield effect against the transmission of -'electromagnetic
wave without deteriorating a shield effect of an
electromagnetic shield printed circuit board and whidh

does not promote at least a magnetic coupling due to a

reflection of an electromagnetic wave.

Disclosure of the Invention:

According to one aspect of the present inventioh,
there is provided a composite magnetic material
consisting essentially of soft magnetic powdef and

'. organic binder, and having electric non—conduct;vity_and
at least two magnetic resonances due to at least two
anisotropic magnetic fields (Hk) different in the field
level from each other. |

According to another aspect of the present
invenﬁion, there is provided an'electromagneiic
interference suppressor member comprising a composite
magnetic material, which consists essentially of a soft
magnetic powder element and an organic binder, and which

has electric non-conductivity. The electromagnetic



region by at |east two anisotropic magnetic fields (Hk) which are
different in strength fromeach other. According to still another aspect of
the present invention, there is provided a nmethod of producing an

el ectrically non-conductive conposite nmagnetic material having at |east
two of magnetic resonances caused by afisotropic magnetic fields (HkK) with-
strengths different from each other by nixing soft nagnetic powder having
magneti c ani sotropy different in‘level fromeach other and an organic

bi nder to obtiatsrfefexter euppeeesbr meflbe ORRICAHE NYehbe i, ¥tyFe to obtain
the conposite magnetic material. According to yet another aspect of the

present inveaghehictlhesenascpsovadeddaopetnaedicrowaié bpagdenspnpri sing a
board substrate, printed wiring conductors on at |east one of the opposite
surfaces theregionabycahdlieasetsappot setrapiic coagnstie fhghdsi CHkAyers
formed on both surfaces of the conductive supporter, the conposite '
magneti ¢ nat¥Riah angi A§ffasantt Lonstweegeh nfroheeacmposhee. magnetic | ayers
are of a conposite magnetic material_ which consists essentially of a soft
magnetic powder el eMERPTARAT aho of hhhl canpier  aspRCWPENthe Peésontical |y
non-conductiygvgg has ﬁéeleaft t WO é nagFetic reéonances due to at |east
two ani sotropl ¢ et FeEFFe ﬁspf?K? o 13 PRHIOF PERENWAL R AR each
other. 8 Acg 59¥99 1918 L tg ct of the, present invention here is
! o 1)8 o~ 8&hadePf

prOVIded an e?ec T PR e P ve composi&é magnet{E materiaf

having at least two of magnetic resonances caused by
' anisotropic magnetic fields (Hk) with strengths different

from each other by mixing soft magnetic powder having

magnetic anisotropy different in level from each other

and an organic binder to obtain a mixture Lhereof,-and

compacting the mixture to obtain the composite magnétic

material.

According to yet another aspect of the present

invention, there 1is provided a printed circuit board

comprising a board substrate, printed wiring conductors

on at least one of the opposite surfaces théreof, a
‘ conductive supporter and composite magnetic layers formed

on both surfaces of the conductive supporter, the

composite magnetic material having insulation, wherein.

the composite magnetic layers are of a composite magnetic

material which consists essentially of a soft magnetic'

powder element and an organic binder, and which is

electrically non-conductive and has at least two of

magnetic resonances due to at least two ahisotropic

magnetic fields (Hk) different in strength from each

other.



conprising a printed circuit board and an active el enent nounted on the
printed circuit board, the active elenent radiating inductive noise, which
further conprises an insulating soft magnetic l-ayer forned in. the vicinity
of the active elenment, the conposite nmagnetic nmaterial |ayer has an

el ectric non-conductivity, consists essgntially of a soft magnetic powder
and an organic binder, and at |east two of magnetic resonances caused by
at least two of anisotropic magnetic fields (Hk) which are different in
strength from each, BtberdiBgi eé Deferilpéi oaspéct hef ipEsser G 1 is a
cross sectional view of a part of a conventional printed circuit board,
FIG 2 is a trvertieriibharevievwodvidediran oflent raxkmpleviofe a- convent i onal
el ectronic apparatus; FIG 3 is a plan view of a part of another exanple
of the convertTRRhT1RY c?tPBhPte@ppb¥ertiis bordsand jan actdotd mridmeritew of a
part of still another exanple of the conventional electronic apparatus;

FIG 5 is a BUnhedien ks Rrintedval iptitorbeand, thetaghivg elameant

eval uati on of ectro et i nterference suppressor nenber according to
t he present r?ﬁ%@ﬁé??igﬁl ?§£¥Fi29%5%ﬂ Gh 1 EYha YT fpmprisgs an

Koo 1 accor dr g TR s P ARG T ol i 1 b ot ng s
12 -f charagf&rdstie o1 Sn&HTPASId %md& n@n%ﬂiaé n%fteria_l layer

has an electric non-conductivity, consists essentially of
. . a soft magnetic powder and an_organic binder, and ét

least two of magnetic resonancés caused by at least ﬁwo

of anisotropic magnetic fields (Hk) which are different

in strength from each other.

Brief Description of the Drawings:

FIG. 1 1is a cross seétional view of .a pért of a
conventional printed circuit board;

FIG. 2 is a cross seétional view of a part of an
example of a conventionai electronic'apparatus; |

. FIG. 3 is a plan view of a part of another
| example of the conventional electronic apparatus;

FIG. 4 is a sectlional view of a part of still
another example of the conventional electronic apparatus;

FIG. 5 i1s a schematic view of an evaluation test
systeﬁ for use in evaluation of electromagnetic
interference suppressor member according to the present
invention; |

FIG. 6 is a graph illustrating a u« -f

characteristic curve of a composite magnetic material of



anot her test sanple 2 according to the present invention; FIG 8 is a graph
bllustrating a u -f characteristic of a conparative sanple of a
conventional nagnetic material; FIG 9 is a graph illustrating a u -f
characteristic curve of a test sanple 3 of a conposite nagnetic materi al
according to the present invention, FI® 10 is a cross sectional view
illustrating a part of a printed circuit board according to-a first
exanpl e of the present invention; FIG 11 is a cross sectional .view of a
part of theapteatedampleuNp.bdardcardbngi hg teapsesend ktxwemttonpf the
present invention; FIG 12 is a cross sectional view of a part of a
printed circuit. boaF8Gacédol@i Aggraprh ithlustexuimyeat he-fpresent invention;
FIG 13 is a cross sectional view of a part of an el ectronic apparatus
accordi ng t oCR2FRFERTLEREAPI efof Fﬂ@P°ﬁ¥€%eﬂ%gmﬁVb%tm%#ﬁr##ta0@4 is a plan
view of a part of an electronjc._  a garatus according to a fifth exanpl e of
t he present a?ﬂ%@ﬁfibﬁ?tF?@?pgg ?sag QFERI kRt HRMPTEF R of et enof a
conposite magnetic | r of [ FIGS. 13 a 14; 10, FIG 16_is a cross
sectional view of a g%?t gfi%nae?ﬁ%a?ogf%u%%ﬁ%}%T%saaﬁdb#ding to a sixth

Sﬁgnple of t@ﬁar&é@é?ﬂétigvgﬁtgogémﬁggafi&% égﬁﬁfeaofrgséoé&gﬁéfgﬁglViem’Of
magnetic.mate:ial; '

FIG. 9 is a graph illustrating a u -f

. characteristic curve of a test sample 3 of a compdsite
magnetic material according to the present invention;

FIG. 10 is a cross sectional view illustrating a
part of a printed circuit_board according to a first
example of the present invention; | |

FIG. 11 is a cross sectional view'of a part of
the printed circuit board acéording to a second'example
of the present invention;

FIG. 12 is a cross sectional view of a.parﬁ of a’
printed circuit board accordiﬁg £o a third examplé the

' ' present invention;

FIG. 13 1s a cross sectional view of a part of an
electronic apparatus accordiﬁg to a forth e#ample of the
present invention;

FIG. 14 is a plan view of a part of an eiectronic.
apparétus according to a fifth example of the présent
invention;

FIG. 15 is a cross sectional'view of a part of a

composite magnetic layer of FIGS. 13 and 14;



‘conposite magnetic material layer illustrated in FIG. 6. Best Mde for
Enbodyi ng the Invention: For a better understanding of this invention,
description will first be made as regards a conventional. printed circuit
board with reference to FIG 1. Referring to FIG 1, a printed circuit
board 21 has circuit conductors 23 and1®5 forned on both surfaces. The
circuit conductors are nmade by printing, etching, or the like. A through
hole 29 is nade to connect between an upper surface and a | ower surface.
Next, description w FIGbelfade ascregardecttonzbnviewnabfecheparOndf an
apparatus with reference to FIGS. 2 to 4. . Referring to FIG 2, an

el ectroni c appaFhrasiglappanptigeacanrdbng 38onauni sthoexamsle fafethé the
printed circuit board 21. The LSI 33 has a LSI body 35 and contact pin
term nal s 37PT¥RENEOARYERLHPA/ t 8Rf nal s 37 extend to conductive patterns
23, respectively, forned on the surface of the printed circuit board 21.
The LSl body 35 is BFfSpotédifn2aCFPoatFRgtientt vitew @f dtReance | eft

bet ween t he %§I bg 35 andtihe sur%?cg ff t he ﬁrinted %i{cuit bqgrd 21. A
circuit condiiBr-{patPRPRTEISsmrkeitPEal R v Ext bhas IR e Vet B ihe €SI 33 on
the 11 printed circuit board 21. Referring to FIG 3, another.exanple. of .
an electronic apparatus has LSI's 39 and 41 nounted on . the : surface of the

printed circuit boarfedd jiPadheosi Bhbddy1REEE BEl&g fgseribed in
connection with FIG—2—The

For a better understanding of this invention,

" description will first be made as regards a conventional
printed circuit board with reference to FIG. 1.
Referring to FIG. 1, a printed circuit board'él
has circuit conductors 23 and 25 formed on both surfaces.
The circuit conductors are made by printing, etehing; or'.
the like. A through hole 29_is made to connect between
an upper surface and a lower sufface.
Next, description will be made as regards
conventional electronic apparatus with referenee_to FIGS.
2 to 4. |
. Referring to FIG. 2, an el_ectronie. appara_tiis .31' '
comprises an LSI 33 mounted on a surface of the printed
circuit board 21. The LSI 33 has a LSI body 35 and
contact pin terminals 37. Tﬁe contact pin terminals 37
extend to conductive patterns 23, respectively, formed en
the surface of the prihted circuit board 21. The LSI
body 35 1is disposed in a floeting state Qith a distance
left between the LSI body 35 and the surface of the
printed circuit board 21. A circuit conductor (pattern)

25 is wired to extend just below the LSI 33 on the



LSI's: 39 and 41 are connected with each other by circuit conductors
(patterns) 43, 45, and 47 which are formed on the surface of the printed
circuit board 21. Referring to FIG 4, the electronic device shown therein
includes a printed circuit board 21 supporting thereon, an electronic part
49 of an active elenent.- radiating an irduction noise, and a case 51 as a
storage body covering all over the printed circuit board 21. The ' case 51
has a shell portion 53 nade of .resin and a conductive |ayer 55 formed by
appl ying a cpmdotedveipastié boazddelthe shell portion 53. In the case 5.1,
mechani cal parts 57 are nmounted on the printed circuit board 21 in. .
addition to the. el eBefemiréngatp BRIG. D@scanpthen ekhhpbe ofidenas regards an
el ectronic interference suppressor nenber, a conposite nagnetic rmaterial,
and a met hod®bEChFORLE] AGPARaklG hasrbFElend® and £l GEousted aW. the or der
to obtain a conposite_magnetic material which has an ani sotropic magnetic
field (Hk) wPBhtaceqdesi Fga 8FF@ﬁ§9h°éBﬁ‘é§p’6ﬂﬂFﬂg2%oi'a Hagi s bal hagnet i ¢

| oss characteristi which has at | east

f
one anlsotrop?nggfeg?eso éSﬁ??ﬁgté 6EO°°%Bﬁ§?£??hﬁHB? BlGhape mEiffetic
ani sotr opy, ﬁsf‘¥5§§‘| Lh8€412, as«?&%é 851 §9L 1 OBy, hantl'né‘d”lgt' efzf o netic

an|sotropy and a magnetic e IC e ect magne r.c I That

is, in the p&sﬁaeétbpye%aeeerasp' alﬁa'hf,{H ,{xa wgﬂﬁiéﬁ RPYAES S SRV, rPe m xed

whi ch have ani sotropic magnetic field different 1n strength Trom
each the surface of the printed circuit board 21.
. Referring to FIG. 4, the electronic device shown

therein includes a printed circuitnboard 21 supporting
thereon, an electronic part 49 of an active element
radiating an induction noise, ahd a case'Sllas a storage
body covering all over the printed circuit board 21. The
case 51 has a shell portion 53 made of resin and a
conductive layer 55 formed:by applying a conductive paste
inside the shell portioﬁ 53. In the case 51, mechanical
parts 57 are mounted on the printed cilrcuit board 21 in .
addition to the electronic part 49.

. Description will be made as regards an electronic
interference suppressor member, a composite magnetic.
material, and a method of producing them with reference
to FIGS. 5 to 10.

In order to obtain a composite magnetic material
which.has an anisotropic magnetic field (Hk) with a
desired strength corresponding to a desired magneric loss
characteristic, soft magnetic powder may be_used'which
has at least one anisotropy selected from the group

consisting of a shape magnetic anisotropy, a crystalline



other.in order to obtain a plurality of magnetic resonances which are
different fromeach other and a magnetic |oss of an expanded band
corresponding to the magnetic resonances. As nmeans to obtain a plurality
of magnetic resonances other than those descri bed above, it is possible
to positively use specitic properties of2a powder and a conposite powder

or processes of grinding and rolling,. which will be nmentioned below A
first neans is to use a differentiation of properties of the powder which

I S obtained fmagmetgdcoaadsiotgopysi agl dnduediok maynentier aall spagepya specific
condition. A second neans is to positively use a contam nation phenormenon
in the grindiang anmagoletilieg elastdesedfeot t(megpendetrivgtie afeot)soft
magneti c nedia such as steel balls as grinding nedia, where soft magnetic
powder made BYaibd&si dn &het pareseatainyentien, mnpdurhdiproedssed powder. A
third neans is to use different existent forns of a single kind of powder -
in the conpB&PPEtiGt BPWERLS Pay BRampred HWRisBt PBBPcankBghEPPECTi el ds are

di db ti [ [ d i entati behavi

i fforent  bSRRBEN partrens JPEIpEIrERsehrolD RLFEREtBSTEPE $35ha: apor sed
Iha sane ”abihéraianEﬁﬁEytBaEEkghﬁs g?ﬁ a?&@?rogrﬁggnggié'0|es aggregat e
to come into contact with or to be cfoBs to eath®other becduse of

insufficient rokBhahBdk WRkchFULENAIFREGentf r2oR2BRER BRALECLAghZS a thin

magnetic loss of an expanded band correspbnding to the
. magnetic resonances.

As means to obtain a plﬁrality of magnetic-
resonances other tﬁan those descfibed above, it.is_
possible to positively use specific properties of a
powder and a composite poﬁder or processes bf grinding
and rolling, which will be mentioned below. |

A first means is to use a differeht;ation of
properties of the powder which is_obtained from
processing a single kind of faw material under a.specific
condition. A second means is.to positively use a

. contamination phenomenon in the grinding and rolling

processes of the powder by the use of soft magnetic media
such as steel balls as grinding media, where soft
magnetic powder made by abrasion of the media is mixed
into the processed powder. A third means is to use B
diffefent existent forms of a single kind of powder in
the composite materials. For example, anisotropic
magnetic fields are dispersed becaﬁse magnétic
interaction and orientation behaviors.are different

between particle groups. One group particles are



'shape. or a sheet shape, an effective anisotropic magnetic field is defined
as an al gebraic sumw th diamagnetic field. Therefore, an orientation
control of raw magnetic powder can be positively used. In the present

i nvention, any one of those neans described above can be used to obtain a
plurality of anisotropic magnetic fielids. It is inportant to give a
plurality of anisotropic nmagnetic fields so as to obtain a desired
magnetic | oss band. Particularly, an anisotropic magnetic field which

gi ves a nmagnéispersedohanaesamet hati-bxess prigaeycyarsic¢Eesli rethé o be set
at a value which gives a. magnetic resonance in a frequency region |ower
than a | owerothatrtgspup pastieleschgaregnbgnet i conat tnferemeacuppitEssi ng
frequency band, <considering that a dispersion of imaginary perneability
(magnetic | 03%) teckerslaepehei pachnother ceeeawse reh| ingeffkaignt ty. The
soft magneti ¢ powder used in the present invention may typically be a
powder whi ch!?s®ERRhi®eH- by grinding, drawing, tearing, or atomi ze-corning
of soft magnetic netgl _wth-high., perneabi]lity in hi gh frequency

region, for exanple, ?Vﬁﬁ%ﬁfﬂﬂf%iu s‘?l??:‘%i%llg tj(‘?%%.}gagse?l 5,

i ron-ni ckel l. £. , 14 loy, or the like, It is
pref erabl e t%%%8¥hé£p%m%£§é?§£ﬁ§¥g1e%ﬂ?égggﬁfg%% %.1%?EF%R§ eﬂ%?q%}f%

el ectrical | vej ogul 84 Cae PAEL T £L Oon 01 SOWEIETc T4 0N £AAD IRIgRQ A5 1O ensure
non- conductivity of t%e conposite-nagnetic material, Ichhis an-
essential copfeidaon BRELELD Y, t n LRI BHESEIYn control of raw magnetic

. powder can be positively used. |

In the present invention, any one of thoseVmeans
described above can be used ﬁo obtain a plurality of
anisotropic magnetic filields. It i1s important to give a
plurality of anisotropic magnetic fields so as to obtain
a desired magnetic loss band. Particularly, an
anisotropic magnetic field which gives a magnetic
resonance at the lowest frequency 1is required to be set
at a value which gives a magnetic resonance in a
frequency region lower than a lower limit of a désired

. electromagnetic interference supéressing fréquency band,
considering that a dispersion of imaginary permeability
(magnetic loss) occurs depending on decrgase of real
permeability.

The soft magnetic powder used in the pfesent
invention may typically be a powder which is obtained by
grinding, drawing, tearing, or atomize-corning of soft
magnetic metal with high permeability in a high frequency

region, for example, iron-aluminium-silicon alloy (i.e.

Sendust), iron-nickel alloy (i.e. permalloy), amorphous



‘invention, |
powder used
as a spi nel
and use can

n a state of hi ghl y.- packed powders. As ot her soft magnetic
in the present invention, a soft nagnetic oxide material,

such

type ferrite, a planhar type ferrite, or the like can be used,

al so be nmade of a mxture wth the soft nagnetic netal as .

descri bed above.. Furthernore, the organic binder used .as another.
ingredient in the present invention may be a therno- plastic resin such as
pol yester resin, poly ethylene resin, polyvinyl chloride resin, polyvinyl
butyral resinllopol pur ¢hkandkeesi it ABSpresénabbéet thhe- bhéagoederrudber,

but adi ene rubber, .and copol yners thereof, or a thernosetting

and styl ene-

resin such astepergtreziidizpdensl thel dehfdeertgi aleatnirtieattyi tssuksia,

i mde resin,

the present PAVEAELBA, odnpondansfzam machbethem sedaastofemsyze they- are
used on. the base of properties of the organic binder or an

sel ectively

or the like. For kneadi ng and di spersing the conponents of

easi ness of CPROHGELNHL LY 8fsthenheompPeeitenmgdRettcipabkerirbncehteptessor
h i t i teri f th t i ti h
35 FERPRELRE ARAALHAEn RerEiad touhl BRERet Mnootrongth

menber and t
plurality of
fromeach ot

generated in

Ry e, o) sratal b cFuh Yy ToadRAd b f O TTTORY, %1 00

In. this event,

requenty regi ons ere m eac

the imaginary permeabpki b8y, HoFt Bh&ghOIPL NEGwadPi ¢hedr £n PEgSENt 1N
frequency regions different from S

present invention, a soft-magnétic oxide material; such
as a spinel type ferrite, a planar tyée ferrite, or the.
like can be used, and use can_aléo bé made ofla mixLure
with the soft magnetic metal as described above.

Furthermore, the organic binder used aé another
ingredient in the present 1nvention hay be a thermo-
plastic resin such as polyester resin, poly etthéne
resin, polyvinyl chloride reéin, polyviﬁyl butyral resin,
polyurethane resin, ABS resin,.nitrile—butadiene rubber,
and stylene-butadiene rubber, and copolyhers thereof, or
a thermosetting resin such as epoxy resin, phenol
aldehyde resin, amide serles resin, imide resin, or the
like.

For kneading and dispersing the componéhts of
the present invention, any means can not be limited as
far as they are selectively used on the base of
properties of the organic binder or an easiness of
producing steps. .

The electromagnetic interference suppressor
member and the composite magnetic material of the present

invention have a plurality of anisotropic magnetic fields



‘each -other due to the plurality of magnetic resonances, so that a
characteristic of u " is obtained which is distributed over a w de
frequency band. The inmaginary perneability ,u" is a part representing the
magnetic loss which is required for absorbing an el ectromagnetic wave. A
| arge value of g " and -a wi de frequency5region realize a superior. '
el ectromagnetic interference suppressing effect. Furthernore, the soft
magneti ¢ powder used in the present invention has at |east oxidized
surfaces so f(Hkd dififeredtalinpatreopgth firemebachrothéry ansordiemgleven in a
hi ghly packed ratio, and is therefore little in not only degradation of
.the frequenByPéRupALLEr P§t MagBBbicorenenanddy ketpgngenesatedhieh can be
seen in a conductive bulk, material, but _also a surface reflection of the
el ect r ormgnef FEINADEY dG8ILENENEL FhREBAhCEr A sRRERPHRE T wi t FnatRbBice, to
thereby realize a superior effect of the | ectronpgnetic interference
suppr essi on ?ﬁeﬁghigﬁe #Waagaﬁﬁy P%ﬁ?%ﬂ?i#ﬁéfﬁfe&??oﬁﬁﬁn%??% r¢ferference

suppressor  JRYREr oL LIgsRLeSeRt cLoYSOALoN uhlbobeqlPEe, soncEetel Y

. r
descri bed as WS. I'rs escrip bé Tade™ as red&rds-an

exanpl e of a.gehhgfhet RLEILS] Qﬂetbfufﬁ‘?ﬁ%i&? ig%jh& rdBLeiA&ds and the

soft magnetic powder- as a raw materia r eof , are used or t he
el ectromagnesbCehhpt 8T ERLALACLBUPPIESSET LMBNDEI o9 a1 HEa PhES&Nt 1 4 Nvent i on.

At first, a plurality of iron-alum numsilicon _
distributed over a wide frequency band. The imaginary
" permeability u " is a part representing the magnetic loss
which 1s required for absorbing an electromagneﬁlc'wave.
A large value of ¢ " and a wide frequency region realize
a superior electromagnetic interference suppressing
effect. | |
Furthermore, the éoft magnetic pdwdérﬁused in the
present invention has at least oxidiied surféces éo that
individual particles are electrically insulated even 1n.a
highly packed ratio, and is therefore little in pot'only
degradation of the frequency charactefistic due td ﬁhe
" eddy current loss, which can be seen in a conductive bulk
material, but also a surface reflection of the
electromagnetic wave due to the impedance mismatching
with a space, to thereby realize a superior effect of the
electromagnetic interference suppression in a high
frequency region.
The electromagnetic interference suppréssor

member of the present invention will be more concretely

described as follows.



al | oy powders are prepared by the water-atom zi ng process - to have
different nmean particle dianeters, then spread and ground under various
conditions by use of an attoritor and a pinmll., then put into and
stirred in. an organic solvent of hydrocarbon while introducing nitrogen-
oxygen gas m xture wi th-an oxygen partipé pressure of 35% for 8 hours for .
a |iquid-phase-sl owoxidation treatment, thereafter, classified to obtain
resultant. powders each of which has anisotropic magnetic fields different
from each other. As Fdnsisuldesafrigitrifonc&idnabyz mageofst hregarras%hant
powders, Al-O and Si-O bonds were clearly observed, that ‘i it was
confirmed th&xamplge offi lanmeshqer efepirodmcting $hef a:oe\po%itt.laempgwdelicsarrpl es.
.Q her sanple powders were prepared by drying the spread and torn

i ron-al um ni Mdtsinisdorndl te Fokdemagnet ign pawdespher @ chwamagduded
pressure and then vapor-phase- slow oxidizing themin a nitrogen-oxygen gas
m xture with*heEF@én phichaprsr ssedr £ost the eleghaomagaesiso confirmed to
have Al -O and Si - bonds in the surface layers. Thus, it is noted that the
surface oxi dir?&§~ “ﬁ&gﬁé’?P&esﬁB\ﬁjé‘PmG?éf Gf thet REesrBSeARVEAYEARI On can

b duced 17 th h I he d- d
put "l S0 gas- phase. SAOwEGRaaft BRGPOAIIs Ot SIRBT BB ACEGPL L HGRet i ¢

g2 SOV b Sl o g bR a0
24 hours to @bl @aReddi¢¥eredfPh@ak particle diameters, then spread
' and ground under various conditions-by use of an |
éttoritor and a pinmill, thén put into and stirred in an
organic solvent of hydrocarbon While introducing nitrogen-
oxygen gas mixture with an oxygen partial pressure of 35%
for 8 hours for a ligquid-phase-slow-oxidation treapment,
thereafter, classified to obtain resultént_powders each
of which has anisotropic magnetic fields different from
each other. As a result of surface analyzing of thé
resultant powders, Al-O and Si—d bonds were clearly
observed, that is, it was éonfirmed that oxide film is
.' present on the surface of the powder_samples. |
Other sample powders were prepared by'd;ying the
spread and torn iron-aluminium-silicon alloy powdérs in
an atmosphere of a.reduced pressure and then vapor-phase-
slow-oxidizing them in a-niﬁrogen—oxygen gas mixture with
oxygen partial pressure of 20 %, and were also confirmed
to have Al-O and Si-0 bonds in the surface layers. Thus,
it is noted that the surface oxidized soft magnetic

powder useful in the present invention can be produced



‘The t.est sanple 1 was anal yzed by a vibrating magnet onet er and a scanni ng
el ectron microscope, and it .was thereby confirmed that its nagnetization
easy axis and a particle orientation were in a direction of the film
surface of the test. sanple. TABLE 1 Conponent M xing Ratio Flat Soft
Magnetic Fine Powder (Fe-Al-Si Alloy) Rine Powder A 60 wei ght parts

Ani sotropic Magnetic Field (Hk): 300e Flat Soft Magnetic Fi ne Powder :
(Fe-Al-Si Alloy) Fine Powder B 35 weight parts Anisotropic Magnetic Field
(Hk): 1350e Pbrpught hateoRdyi Bh8 Mggbd-pRasse-stewderiagt AGRNpréssosyanat e
Compound) 2 weight parts Solvent (M xture of Cycl ohexanone and 40 wei ght
parts Tol uehu} Idsal ga45phesghslparosidabtorvproaésag properties for the
el ectromagnetic interference suppressor nenber, neasurenent was perforned
as regards a g -f chéfampéei $dic and the electronagnetlc ~interference
suppressing effect of the test sanple. For neasurenment of u -f :
characteristic, a saﬁpﬁ@ftowaﬁﬁﬁbbglPéshﬁgﬂ%t$h0mmlhm|%¢bhﬁslpr#QWed whi ch
was worked into a toroidal _sha nple was inserted in a test

fixture mhlcﬂa?oPﬁ%pﬁﬁegn@“?uFﬂrE%§Ii%h% %agil%LRWeEQ%dﬂ?%ﬁ%ﬁlWh%%ﬂance
measur ement {Lomyhi elehline 2Pfin LS S8 PEG:e S %’dté‘&eé“er J@Bd the
for 24 hours to obtain a test sample 1.
The test sample 1 waé analyzed by a vibrating
' magnetdmeter and a _scanning électron _microscope, arid it
was thereby confirmed that its magnetization_ea#y axis

and a particle orientation were in a direction of the

film surface of the test sample.

TABLE 1

Component - Mixing'RatiQ

Flat Soft Magnetic Fine Powder :
(Fe-Al-Si Alloy) Fine Powder A 60 weight parts
Anisotropic Magnetic Field (Hk): 300e '

3 Flat Soft Magnetic Fine Powder _
" (Fe-Al-Si Alloy) Fine Powder B 35 welght parts
Anlsotropic Magnetic Field (Hk): 1350e

Polyurethane Resin | 8 weight parts
Hardening Agent (Isocyanate Compound) 2 welght parts.
Solvent (Mixture of Cyclohexanone and 40 weight parts
Toluene) :

Total ' 145 wéight parté

For evaluating propertiés for the electromagnetic

interference suppressor member, measurement was performed



‘el ectromagnetic interference suppressing effect was carried out in an _
eval uation systemshown in FIG 5. As a test sanple of the el ectronmagnetic
interference suppressor nmenber 61, a conposite nagnetic material 65 was
used which had a thickness of 2 mmand each side |ength of- 20 -cm and was
backed with a copper plate 63. Using ams oscillator for €l ectromagnetic
wave source 67, electromagnetic field radiating and receiving small | oop
antennas 69 and 71 having a |loop dianeter of 1.5 mmwere used for a wave
source el eneas zAdazdseseiwvthgchhraehéristbe amdstuhenehécofomaqoetpid ng
| evel , a network analyzer (an el ectromagnetic strength. neasuring
i nstrument) ¥Btexfergned. spspnpseiny affett afighlkei tepussampbe shown in
Table 2 was prepared fromwhich a test sanple 2 was produced i n the.
manner sinilar to thEo¥afippauremqnt e&s¢ shnphrarachasiahbsy2Eaple
vi brating na?netonetfr and a sganning el ectron mcroscope, and it 19 was
t her eby conf PFnEGTPRS{ LRt BagRGhLT| DAt 6haLae3s RFSPAEeY Wateh Jras
orientation werge iLn,a directio oi the fil surface of the test sanple.
TABLE 2. ConpBRBRESNA R " FERFBLORL oPRGRT 1 NERRCTTEE BF MR PORRRA (90 - §
All oy) Fine 5%‘%3{ P&ng@'»gﬂ]cﬂa%?ms AN SRLLERLS dBEPelNg WA g d (HK):
350e Flat Soft -Magneti ¢ ki ne Powder - - :

subjected to an impedance measurement from which u ' and

1t " were obtained.
'. On the other hand, the evaluation of the.

electromagnetic interference suppressing effecﬁ was

carried out in an evaluation system shown in FIG;.S. - As

a test sample of the electromagnetic interference

suppressor member 61, a composite magne;ic méteriél 65

was used which had a thickness of 2 mm and each side

length of 20 cm and was backed with a copper plate 63.

Using an oscillator for electromagnetic wave source 67,

electromagnetic field radiating and receiving small loop

antennas 69 and 71 having a loop diameter of 1.5 mm were
’ used for a wave source element and a receiving element.

For measurement of a coupling level, a network analyzer

(an electromagnetié strength measuring instrument) 73 was

used.

(Sample 2)
A soft magnetic paste as shown in Table 2 was
prepared from which a test sample 2 was produced in the
manner similar to the sample 1.

The test sample 2 was analyzed by a'vibrating

magnetometer and a scanning electron microscope, and it



‘(Fe-Al -Si Al'loy) Fine Powder B-65 weight parts Anisotropic Magnetic Field -
{Hk): 1700c Pol yurethane Resin 8 weight parts Hardening Agent (Ilsocyanate
Conmpound) 2 weight parts Solvent (M xture of Cycl ohexanone and 40 wei ght
parts Toluene) Total 145 weight parts (Conparative sanple) A soft
magnetic paste as shown-in Table 3 below was prepared from which a
conparative sanple was obtained in the manner simlar to sanple.1l. The -
conparative sanple was anal yzed by a vibrating rmagnet onmeter and a scanni ng
el ectron m oessddEgegnd oSl med itheed its hagmegiehitdahnl gasiysakiepi c. 20
TABLE 3 Conponent M xing Ratio Flat Soft Magnetic Fine Powder (Fe-Al-Si
Al |l oy) Fine RPaRd@antizdewsinfentsddion wamesdnr epidd reegheni ofFtbedfAMr) : 200e
Pol yur et hane Resin 8 weight parts Hardening Agent (Isocyanate Conpound) 2
wei ght - par t s Susdjagen M%@t destomampdeohexanone and 40 wei ght parts
Tol uene) Total 80 weight parts The neasured ,t -f characteristics of
the.test sanples 1 and 2, and conparative sanple are shown in .FIGS. 6-8.

TABLE 2
Component o ' ' Mixing Ratio
Flat Soft Magnetic Fine Powder ' |
(Fe-Al-Si Alloy) Fine Powder C 30 weight parts
" Anlisotropic Magnetic Field (Hk): 350e

Flat Soft Magnetic Fine Powder _
(Fe-Al-Si Alloy) Fine Powder B 65 welght parts
Anisotropic Magnetic Field (Hk): 1700c

Polyurethane Resin ' . _8 weight pérts
Hardening Agent (Isocyanate Compound) 2 welight parts
Solvent (Mixture of Cyclohexanone and 40 welight parts’
Toluene) .

Total : o |1 145 weight par;s

(Comparative samplé)
A soft-magnétic paste as shown 1h'Tabie'3.below
. was prepared from which a comparative samplle'w.as obtained
in the manner similar to sampiezl.
The comparative sample was analyzed by a
vibrating magnetometer and a scanning electron
microscope, and was confirmed.po be magnetically |

isotropic.



‘Referring to FIGS. 6 and .7 showing a _f <characteristics of test sanples 1
and 2 of the present invention, respectively, it is understood that the
test sanples have large values of g " over a wide band:in a - high.
frequency region. On the other hand, the known conparative sanple as
shown in FIG 8 as a conparative sarrpl @0has a non-wi de - range of the a "
di stribution which conposite magnéetic materials generally have. It will be
understood fromthose results that test sanples 1 and 2 of the present
i nvention have a magnetic | oss chardBARBEE s3I ics over a wide band in a high
frequency region. 21 Tabl e 4 shows the powder packing ratio, the surface
resi stance, [the " di stribution, and el ectromagnetic 1 nterference
suppr essi ng e‘f_:‘? ?“%‘F each of those sanpl es. Herein, MhelngRaddo
resi stance g & V8, e neasured b ASTMD257 met hoc, and the
BRI

| ect %Us‘a f ted b $ |
el eclr onmagnseg %%Q%%QT?”E% IEZS refi?‘gj&@e p(%__a |gna

attenuati on
0Ieest sanples 1 and 2. |and

Tabl e 4 teadhes ?%tr%? ec %ne‘d%%cl?jl
conparative e resistance val ues of Q.10 . and
SOy & diY Ene SRLL A B bd O0%aTes |

this neans e_conposiie magnetic material is ve by

the use of the, PRGNELd cA efr n#aﬂga@é cdifinHX di zed wild c%aazq_cg Can

suppress t he—surface | ectl on the electr omagnet ic_wave dus to he
Solvent (Mixture,of Cyclohexanone and 40 weight parts
Toluene)

. Total : _ 80 weight parts

The measured g -f characteristics of the.téép
samples 1 and 2, and comparative sample are éhown in
FIGS. 6-8. | | | |

Referring to FIGS. 6 and 7 showing £
characteristics of test samples 1 and 2 of the present
invention, respectively, 1t is understood thét the test
samples have large values of g " over a wide band in a
high frequency_fegion. | |

On the other hand, the known comparative sampie
as shown in FIG. 8 as a'comparative sample hasla non—widg
range of the pg " distribution which compbsite mégnetic
materials generally have.

It will be understood from those results that
test samples 1 and 2 of the present invention héve a
magnetic loss chéracteristics over a wide band -in a high

frequency region.



i npedance -m smat ching in use of the conductive material or a bul k of
magnetic netal. Moreover, although each of test sanples 1 and 2 Is | owner
than the conparative sanple in the packing ratio, it is excellent in the
el ectromagnetic interference suppressing effect. Therefore, it is.
understood that the extended effect of za" distribution in the present

I nvention is very effective for the electromagnetic interference
suppression. 22 Table 4 Sanple 1 Sanple 2 Conparative Sanple Packing
Rati o 38% 33% 55% Surdiece Ratickis \tihley powdbe7 pRcRXng0£aQidX 18é Q
Distribution wide wide narrow Signal 800 MHz 7.0dB 6. 5dB 4.0dB  Attenua
tion 1.5 GHz s@u(@Rer .rsa8 st.abdie, the addi distridbutfiaae- anddati on of the soft
magnetic materials used in the present invention brings about other
effects than elifgt repagastrdichda terfeaenter supaxgse Lngy effretobfof powder
surface oxide Iayer i n thickness, a magnetic |ayer can be varied in

t hi ckness so S@F& oft thossysamplest-o @65@#8# &heaFuEtare rrelghpBeer opiC

gg?gﬁ}lc fleld gH%%lugS%g%g%r%E %yS%%%MH%QB%EI%e %g%? ggdsgggn in table 5

electromagnetic 1nterferénce suppressing effect is
represented by a signal attenuation value oh the baée of
a copper plate as a reference (O dB) . |
. Table 4 teaches_the effect as described bel_ow._
Test samples 1 ahd 2, ahd compafative.sémple'have
surface resistance values of 107 to 10& Q , and this
means that the composite magnetic material is made non-
conductive by the use of the magnetic powder-having at
least oxidized surface and can suppress the Surface
reflection of the electromagnetig wave due to the
impedance mismatching in use of the conductive material'
or a bulk of magnetic metal; |
Moreover, although each of test samples.l and 2.
. | is lower than the comparative sample in the packing
ratio, it is excellent in the eiectromagnetic
interference suppressing effect; Therefore, it is
understood that the extended effect of g " distribution

in the present invention is very effective for the

electromagnetic interference suppression.



‘was prepared and fornmed into a filmby the doctor blade nethod, then the
filmwas hot pressed and cured at 85 C for 24 hours to obtain a test
sanple 3. In the manner simlar to test sanple 1, the test sanple 3 was
subjected to a neasurenent of ,i -f characteristics, and the. result
obtained is shown in FI-G 9. In additi®@®2 .the test sanple.3 was anal yzed-
by a scanning electron mcroscope and it was thereby confirnmed that a
particle orientation 23 was in a direction of the fil msurface of the test
sanpl e. Table 5 Conponent M xi ng Rati @abEea# Soft Magnetic (Fe-.Al -Si

Al'l oy) 90 weight parts Fine Powder F Mean Particle Size: 45,u.nX 0.5, u nP

Strengt h of gnetostriction 098 —Anneatjny ||caLﬂFﬂ¢*—fE%K%$&€hr Fl at
Soft Magnetic| (Fe-Al -Si Alloy) 10 wErghieparit Samplae2HoGdwpaBattue [Particl e
Size: 20Y mX D.3g m Strength of Magnetostrijcti on: +0.[72 Sﬂmnballng

Tr eat ment : 650§BX ihr Po&éurethane Re5|n 8 Weignt partfs Hardeni ng [Agent
(I socyanate (@ 5k Pght part 383 vent (R@%ture of CycP®hexgnone and

Tt ori gl aceof BUEGSTE PREBEAREY ?Eveaﬁ?%e_aa%“m‘é&”“‘”' 4% 15707

£ " Distribution wide wide narrow
Signal 800 MHz 7.0dB 6.5dB 4.0dB
Attenua- ' _
tion 1.5 GHz 8.0dB - 7.5dB 4.5dB

In addition, surface—oxidatioﬁ of.the sof£
magnetic materials used in the present invention briﬁgs
about other effects than that as deécribed above.

For example, by control of powdef SQrféce oxide
layer in thickness, a magnetic laYer can be varied in
thickness so that it is possible to control a vaiue of
the anisotropic mégnetic field (HKk). |

(Sample 3) |

A soft'magnetic paste as shown in table 5 bélow.
was prepared and formed into a film by the doctor blade
method, then the film was hot pressed and cured at 85 ?C
for 24 hours to obtain a test sample 3. In the manner
similar to test sample 1, the.test sample 3 was subjected
to a measurement of g -f characteristics, and the,reSu1£ )
obtained is shown in FIG. 9. In addition, the test
sample 3 was anaiyzed by a scénning electfon microscope

and it was thereby confirmed that a particle orientation



‘el ect:romagnetic interference suppressor nmenber using the sane have a
plurality of anisotropic nagnetic fields (Hk) different from each other
to. thereby cause a plurality of nmgnetic resonances in different
frequency regions so that the g " distribution can be obtained in a w de
band. Since the imaginary perneabilitg3g " is a termof the nmagnetic |oss
required to absorption of the electro- nagnetic wave, the excellent '

el ectromagnetic interference suppressing effect is brought about by t he

| arge val ue @fs2iin aldiregtionhefwibe Hhlwl. susface esfil the tthest

el ectromagnetic interference suppressing nenber of a thin filmcan be
obt ai ned whi 8amMP4eeffective for suppressing interference of the

el ectromagneti ¢ waves within high frequency electronic devices including:
nobi | e conmuni cation termnals. Furthernore, the conposite magnetic
material and the el ectromagnetic interference suppressor nenber using the
sane of the present invention can easT?? %esprOV|ded mnth flex1b|I|ty as

will be easily understood fromtheir structures, so that. is p055|ble to
deal with a C@?ﬁﬁ% nehape and severe vibration or sh %ﬁ@%ﬁg{

description e hade as reqards exanples of el gct

interference FEADEESEUSHIGnL OE ide fic matgy il ARC to
the present | i nvention. Q%&anp es ar hEb I BF i nYe &ﬁgircdﬁ% &Iafg€

First Exanplle Med@rsdr0idPe FE{zel0, 49,135k NG e_:ﬂ”q‘l,ﬂ cyit board is.
Strength of Magnetostriction: +0.93
. Annealing Treatment: 650_C X 2hr

Flat Soft Magnetic (Fe-Al-Si Alloy) -10 welight parts

Fine Powder B E

Mean Particle Size: 204 mX 0.3 m

Strength of Magnetostriction: +0.72
Annealing Treatment: 650°C X 2hr

Polyurethane Resin _ | 8 welght parts

Hardening Agent (Isocyanate Compound) 2 weight parts

Solvent (Mixture of Cyclohexanone and 40 weight parts
Toluene)

As mentioned above, the composité magnetic
material according to the present invention and Lhé'
electromagnetic interference suppressor member using the
same have a plurality of anisotropic magnetic fieids (Hk)
different from each other to thereby cause a plurality of
magnetic resonances in different freqhency regions so
that the g " distribution can be'obtéined in a wide band..
Since the imaginary permeabiiity.u " is a term of the
magnetic loss reduired to absorption of the electro-
magnetic wave, the excellent electromagnetic interference

suppressing effect 1s brought about by the large value of



‘used-which is applied with .-the electromagnetic interference suppressor
nmenber using the conposite magnetic material of the present invention. The
printed circuit board are provided with the conductive circuit patterns
23, 25, and 29 and others thereon, which are omitted in the figure, in the
simlar manner as the. .-conventional pr2gited circuit board showmn in FIG 1.
The printed circuit board 2la of a first exanple, ‘itself, has.a different
structure fromthe conventional 25 one. That is, the first exanple of the
printed circutt" dvear dhxlavitks bmmenndwed iavaesulpQr tthel @lecdromagaedyet i ve
soft magnetic support plate 75 with soft nmagnetism The printed circuit
board 21a, f umtexfe deasea paipressingnmemdeimefsaf thitagifdilinc chaybes 77a on
both sides of the conductive support plate 75. The insulating soft

magneti c | ay @b taimnesombrliche d ss stfif eeddivet ifo rpenteresgdng dnderferendean
organi c binder_81l. The soft magnetic powder particles 79 have fl at
particle shaPd dh§ Slecieomagnseide wayeshydshds dighn firgeawgbr¥ 1 and have
ani sotropi c rg%?: tic fields different. fromeach other. The organic binder
i s contained orticngeyiors dnelgding,gopdds sormyndsptirggnetic | ayer
77a. Second g Referring to FIG 11, a second exanple of the printed
circuit board-conpriseés a conductive support plate 75 and insulating soft
magnetic | ayers 77b I bo Si h nduct |- 0 pl at e
75. The printed ci rfgﬁir{[%%génr% e21tl%nfeuﬁgﬁgfg 5’% g'a%g?(ré-!%f l“g%eﬂgg Gha -

the electromagnetic interference suppressor member uéing'
" the same bf the present inveﬁtion can easily be provided

with flexibility as will bé easily understood from their'
structures, so that it is possible to deal with a céﬁplex
shape and severe vibration or shock pfoof.

Now, description will be made as regafds examplés
of electromagnetic interference memberé using the o
composite magnetic materiai_according to thelprésent
invention. _ | | |

(Examples applied to a_pfipted clircuit board)

First Example

" Referring to FIG. 10, a pfinted circu1£ bo@rd is.
used which 1s applied with the.electroﬁagneﬁic
interference suppressor member using the qomposite
magnetic material of the present invention. The pfinted
circuit board are provided with the conductive qircuit
pattérns 23, 25, and 29 and others thereoh, which are
omitted in the figure, in the similar manner as the
conventional printed circuit board shown in FIG. 1.

The printed circuit board 21a of a first example,

itself, has a different structure from the conventional



‘dielectric layers 83 on both si-des of the insulating soft ‘magnetic |ayers
77b in a different structure fromthat shown in FIG 10. Accordingly, the
second exanple of the printed circuit board has a structure wherein
insulating soft nmagnetic layers 77b are interposed between the conductive
support plate 75 and. each of dielectri@slayer 83. The insulating soft
magnetic layer 77b is simlar to the first exanple and contains soft
magneti ¢ powders of the flat particle shape and/or a needle particle shape
26 whi ch havenéif f Enaht iani tber Hpret nexpraple of ellds. prified herrmrg, the

i nsul ating soft magnetic |layer 77b also contains an organic binder 81
formng its nRPRrd. 2kEachasod cordutel eetsURPOHYy PSS eomrigehictive

di el ectric powder 85 and an organic binder 81. The organic binder 81 is
cont ai ned forSPht Magnathat FRRPOFL dabht &f 71 Hel teh 3@kt magnetdams &he Third
Exanpl e Referri to FJG 12, a third exanple of the printed circuit board"
conprises a c%ﬁﬂ%tc?‘?v%. reRbhor?ard sk 7 EReT ndiAdsitd RRS0AE magnet i ¢

| ayers 77c foymed. _op both. sides of the con tive support.layer 75. Each
of the insula ri’?fél%top'[‘g nhbtTRIRSNAS sLa¥RT % oht i My Bt cﬁ‘jtderfad?étﬁ}@ powder

75 of a flat ggﬁﬁ*%&gh@aﬁ?%dﬁ ate {y;.edlﬁé)a{r}ﬁiulaetiisnhapseoqu two ki nds of

powder havi ng er ent pi ¢ naghetic fields in si'm | ar manner

to the first ,ﬁg%étgf\%ise D Bxanles, 1 e %ﬁulﬁél{&i(‘s?ﬁ%nétic | ayer

77c al so contains ectric powder an ‘organi r 81.
particles 79 and an organic binder 81. The soft magnetic

' . powder particles 79 have flat particle shape and/or
needle particle shape as shown in fable 1 énd.have
anisotropic magnetic fields.different from each other.
The.organic binder is contained for forming a.métfix of
the insulating soft.magnetic'layer 77a. | |

Second Example

Referring to FIG. 11, é second examplé of.the
printed circuit board comprisés a conductive sﬁppqr;
plate 75 and insulating soft maénetic.layers 775 formed 
on both sides of thé conductive support plate 75. The

. printed circuit board 21b further has a palir of .
dielectric layers 83 on both sides of the insulating soft
magnetic layers 77b in a different structure from that
shown in FIG. 10. Accordingly, the second example of the
printed circuit board has a structure wherein insulating
soft magnetic layers 77b are interposed between.the
conductive support plate 75 and each of dielectric'léyer
83. The insulating soft magnetic layer 77b is similar to
the first example and contains soft magnetic powders of

the flat particle shape and/or a needle particle shape



In the first to the third exanples as nentioned above, the conductive
support plate or conductive soft magnetic support plate 65 may be, for
exanpl e, a conductive plate, a conductive nmesh plate, or a woven fabric of
conductive fibers. The conductive soft mnagnetic support.plate 65 may be,
for exanple, a nmetal plate such as a cper thin plate, stainless steel
thin plate, alum numthin plate and others, or a so called . punched netal
pl ate having fine holes forned in them an 27 expanded met al pl ate forned
by fine-sl it #hdghahaien ddifflerendndntikonroppantaggetic Gleadsetal lic netting
plate fornmed_ by weaving thin netallic wires into a net. In the sane
system if t 8 rihesreze, i $heedngedatipg soft magnetic pereml Fop aiso
iron-silicate ste is expected to i nprove el ectronmagnetic:
interferencecogﬁﬁgPéséPn&rQPPéEtbFHdSrrEPaFPV@Fygléhﬁfméeﬁéhey Eeghon.
d,be_carr out in, dependence of the use. On

Therefore, selectio

t he ot her haﬁg %%ﬁeQ&SEﬂﬁ&fﬂﬁelgﬁﬁﬁﬁrg3b8899755e§o? déplBctFie Boyder
magneti c supper o] e eet . .nmade, from a. et p such as
si I ver, coppgs EBQ %é %§Q“2||?é8§ stgér §H8 8Fﬂ3?ge giﬁéﬂﬁugrdgﬁ -car bon
bl ack, or co t n d a S o]
organi c blndggHg%&Kg? Eg?tgggggﬁge mg@@@g ?fm@gg?hggt ?%rﬁ?%fgghggé,
formed on theagaesogsboth. surfaces of an insulating substrate such as
pol yi mi de substrate by neans of the doctor blade treatnment, a gravure
coating, a reverse coghiipg ggahbgellke : :

' ' Referring to FIG. _12_‘, a'thilrd example of the
printed circuit board comp;ises a conducLive_supporL
layer 76 and insulating soft magnetic layersl77c_formed
on both sides of the conductivé support layer.75. Each
of the insulating soft magnetic layers 77é contains a
soft magnetic powder 75 of a flat particle shape and/or a
needle particle shape of twb kinds of powder having
different anisotropic magnetic fields in a similar ménner
to the first and the second examples. The insulating
soft magnetic layer 77c also contains a dieléctric powder

. 85 and an organic binder 81. .

In the'first to the third examples as mentioned
above, the conductive support plate or conductive soft
magnetic support plate 65 ﬁay be, for example, a
conductive plate, a conductive mesh plate, or a woven
fabrié of conductive fibers. The conductive soft
magnetic support plate 65 may be, for example, a metal
plate such as a copper thin plate, stalnless steel thin’
plate, aluminum thin plate and others, or a so called

punched metal plate having fine holes formed in them, an



‘Furt hernore, the conductive support layer 75 nmay be one in which a
conductive layer or a conductive soft magnetic layer is.formed on one or
bot h surfaces by evaporation or plating. Mreover, the dielectric powder
85 used for formng the dielectric layer 83 or the soft magnetic |ayer
77c is preferably one which has a highadielectric coefficient.in-a -

hi gh-frequency region and has a relatively filat frequency response of the
dielectric 28 characteristic. Typical exanples are preferable. barium
titanate ceranpasdedi mebniluplaibafiarmedebpnt ise-abhiltt eng apehiyskiiee
ceramics. As the two kinds of flat or needle-like soft nmagnetic powder 79
havi ng di f f eRBft thAansexpapiéngaghet Pt afmetallic omeththg ophete i fomtedngt h,
the ones shown in Tables 2 and 4 can al so be used as well as one shown in
Table 1. As PRev"BRYARFctBiRdEPtBlligeWires imtaiagneke - insul ating soft
magnetic |ayers 77a,_77b, and 77c, use can be made of a thernoplastic
resin such as pol yestBrtheesane 8¥sieMnyif cHhermafee¥al nis pe#BARS84 but yra

in, I ' | [ ul ip,nitrile-butadi ber,
Syl one- but 20T chart ndReCr “Eopte by % Deotet [Ligace | faebectd i esin
] T uBBE? BVREr " thERCl, Ut P Rbsctt i |
Fur thor mor o, S 5REGL P, P oFRBroh et e CRUMESAFE| d L A RIRE TOUTE boara,

gfetLZ made 9fpPrPSPehgPaELec iRl d 8l SULYe B ié&nf¥éhﬁgﬂg¥’régfg&.paper!
Therefore, selection shouid be carried out in dependehce |

‘ of the use. | |

On the other hand, the conductive sﬁpport boay 75

(or conductive soft magnetiq support body) déh be.a sheei'
made from a metallic powder such as silver, éopper,
permalloy, silicon-steel, and others, a-conductive:carbon.
black, or conductive titanium oxide, kneaded with and..
dispersed into organic binder 71, or,_altérnati?ely, a
film, without forming.sheet, formed 6n the one or both 
surfaces of an insulating substrate such as polyimide |
substrate by means of the doctor blade treétment, § -

. gravure coating, a reverse coating or the like. |
Furthermore, the conductive support layer 75 may be one
in which a conductive layer or a conductive soft magnetiq
layer is formed on one or both sﬁrfaces by evaporation or
plating. |

| Moreover, the dielectric powder 85 héed for

forming the dielectric layer 83 or ﬁhe soft'magnetic
layer 77c is prefefably one which has a high_dieleqﬁric
coefficient in a high-frequency region and has é

relatively flat frequency response of the dieléctric.



‘li ke, a gl ass base material.s such as gl ass cloth, gfass mat, gl ass paper,
or the like, and a plastic fiber substrate such as pol yester
fiber or the like, fromwhich selection should preferably be

gquartz fi ber
fiber, am de
nmade consid
under st ood 'f
i nvention ca
conpl ex shap

ering the electric or other characteristics. As will be

romthe conponents, the prested circuit board of the present
n easily be provided with flexibility to thereby deal with a
e form 29 As described above, it is possible according to

this inventi ophavaptevigeia. hi hpicakléxdmpl e | it prafgralgl daarumi ch has

el ectromagneti ¢ wave shi el di ng

effect and vikhlednabe cepprbes, t hkr¢orniurendt afatdecerdmlaml and lead

el ectromagneti ¢ wave and radi ati on of the el ectro-

circuit. The
circuit boar
formed on bo
conductive p
present inve
sides of the
at | east one

In detail, t

magneti c wave fromthe

effect and el ectromagneti c wave absorption

PRI &8 reeramb®ard of the present. invention is a printed
d having a structure wher e |nsulat|ng soft nagnetlc | ayers are

th sidedft QF(ﬁ&HHdE%WQ&a%ﬁuﬁkﬂ RﬂzﬂQ?dkﬁTRMﬁQﬂ¥QH ing

circuit board of the

HAGHIEE ol SErorh v AT sdranl S SRR arwgmtbtah
ffﬁw%f%‘? %Ose%ﬁh aitr{e sfu}de tq'l E't%ct rdne4 o §4 ormed

ayers to formthe

printed circuidnhaars s Wit theo Wd Ima:omwmveasoq,tntee@ﬁ%mq for med. .

surface o I nsul at1 ng

he conductive support plate which
Table 1.

As the organic bindér 81 used for-fofming thé
insulating soft magnetic layers 77a, 77b, and'77c, usé

can be made of a thermoplastic resin such as polyester

resin, polyvinyl chloride resin, polyvinyl butyral resin;

polyurethane resin, cellﬁlose resin, nitrile—butadiene
rubber, or stylene—butadiene.rubber, or copoljmers
thereof, or a thermosetting resin such as.epoxy resin,
phenol resin, amide resin, and imide resin.

Furthermore, as a reinforcement materials of the
printed circuit board, use is made of a papér base
materials such as linters paper, kfaft paper, or the

like, a glass base materials such as glass cloth, glass

mat, glass paper, quartz fiber or the'like, and a plastic

fiber substrate such as polyester fiber, amide fiber or

the like, from which selection should preferably be made
considering the eléctric or other characteristics.

As will be understood from the COmponénts,_the
printed circuit board of the present invéntion can easily
be provided with flexibility to thereby deal with a

compléx shape form.

‘on



‘former a part of the printed circuit board functions the . shielding effect
simlar to the el ectromagnetic wave shielding circuit board substrate at a
surface opposing a surface of the circuit board which plays a part of the
noi se source, and therefore, the electromagnetic interference can. be
suppressed. Further, a.secondary el ectzgomagnetic coupl ing due-to undesired
radi ation generated by reflection which is caused at the side of. the -
printed circuit board which has a noise source is 30 suppressed by the
insul ating soft nagnasi deksaydbedhabbvecotpriseposssbié avgoedisg powder and
organic coupling agent. Further, the soft nmagnetic powder has the flat
shape or nee&hés| ikeeskips, tooprhutdehe khabby naghtabte pnisoedopy occurs
to thereby increase of the conplex nagnetic perneability based on the -
magneti c res¥hEARE PRArHi Whigk hagheleehtenagnetds onaverskbekding he soft
magnetic po is flat or needle-like and, therefore, the shape magnetic

ani sot r opy oE?GthaﬁB tﬁéeﬁﬁﬁﬁWEQnetﬁérﬂéﬁﬁl?P%?rﬂhéoﬁoeffﬁp?ﬁﬂﬂﬂn|c

resonance is_jncreased in_t uenc so t hat the undesired
radi ati on canhﬁgge??gc?PQBFﬁsﬁbghgbéﬂggqﬂngﬁgﬁ e %dex terRAl nsul ating soft

e o | YBipERDoREBITC L BUL and "RAUELLYS, o0F L IBARELL G A1 21 by

grinding into Fr he en kneadi n spersed into a
i nsul ati ng Oﬁggﬂbgigoygbéngrggegﬂetgiggﬁp%an |nsulat|ng | ayer. Further,

the m xture of "the insulating powd th the insulating soft. magnetic

ma;terl al enabl es to.rhéepligesat BEréaPENSHEES IGE ChdpMeddht he space, so -

ib invention is a printed circuit board having a;structure
where insulating soft magnetic layers are fbrmed.on both .
sides of a conductive support plate, on which wiring
conductive patterné-are formed. 'In anothef pfinted 
circuit board of the present_;nvention, insulating sofﬁ
magnetic layers are formed Qn'both sides of the N
conductive support plate and a dielectric layer is formed
on at least.one surface of those insulating soft magneiic
layers to form the printed circuit board on which_ﬁhe
wiring conductive patterns are formed. |

. In detail, the conductive support plate which
forms a part of the printed circuit board functions the
shielding effect similar to the eleptromagnetic wave
shielding circuit board substraie at a surface opposiné a
surface of the circuit board which plays a part of the
nolse source, and therefore, the electromagnétic
interference can be suppressed. Further, a secondary
electromagnetic coupling due to undesired radiation

generated by reflection which is caused at the side.of

the printed circuit board which has a noise source is



‘the reflection can be suppressed on the surface of the insulating soft
hagnetic | ayer. (Exanples applied to electronic- apparatus) Next,
description will be nade as regards exanples applied to el ectronic devices
of electromagnetic wave suppressor nenber according to the present _
invention wth referenee to FIGS. 13 t®015. 31 (Fourth Exanple) Referring
to FIG 13, an electronic apparatus 87 of a fourth exanple differs from

t he conventional one shown in FIG 1 in the follow ng point. Between the.
surface of tHaRRYeRSRA Y e arld t2haa s fithemagueddres Uafyere whfL chSl  devi ce
35, an insulating soft nmagnetic layer 89 is printed on -the surface of the
printed circAAHIEF 25,595t tgredrich povdedi madt ogigemic icouplldngl3, the

i nsulating soft magnetic layer 79 is |located just below the LSI device 35.
The insul ati A§e™of t Faghas ¢ the &ofdo magaetie pawdear basashehdlpsl devi ce

35. . Wien the insul ating soft nmagnetic layer 89 is nounted as descri bed
above, the i QﬁiQﬁ;QﬁﬁalqnﬂiﬁﬁE%?aﬂeayéP gdatotibec shapggmagnreticruxes due

to high fre el ectromagneti ¢, fields generated by.the LS 35.. As a
o e Bese IRl Rarebye thaTerseans The CFPLEE

result, an inductive i'ng b_ _ _;cirpuit
B3 oy SAARAAL 3Rt 19,9 0 S S5 ML b RRGRARED (P11
within the high frequency region. Moreover, the soft
magnetic powder is flat or néedle—like.and,.thérefore,
. the shape magnetic anisotropy occurs and f_he compiex,' |
permeability due to the magnetic resonance is increased
in the high frequeﬁcy region,-solthat the uﬁdééiréd
radiation can be effectively.absorbed énd.suppresséd.
The insulating soft magnetic layer can be made from a
conductive soft magnetic metal by grinding into fine
powder and then kneading with and dispersed into a
insulating organic coupling agent to form anlinsuiating
layer. Further, the mixture of the insulating pbwder
with tﬁe insulating soft magnetic material.enablesnto_
: . realizes the impedance_ matching with the space, so that:
the reflection can be suppressed on the surface of the
insulating soft magnetic layer.
(Examples applied to eléctronic apparétus)
Next, description will be made_as regards
exampies applied to electronic devices of elédtromagnetic

wave suppressor member according to the present invention

with reference to FIGS. 13 to 15.



‘a fifth enbodi ment has the structure alnost simlar to the conventional
bne in FIG 3, but the electronic apparatus 81 differs fromthe
conventional one in the following point. On the surface of the printed
circuit board 21, the insulating soft magnetic |ayers 89 are printed
between the circuit conductors 43 and 4%; and between the 32 circuit
conductors 45 and 47, respectively. As described in conjunction with FIGS.
2 and 3, the insulating soft nmagnetic |ayers 79 attract magnetic fluxes of
high frequency wave @antttormangile) fi el ds generated fromthe - circuit
conductors 43, 45, and 47. As a result, a crosstalk anmobng the circuit
conductors 43, 45, aRefrmdmg tsuRIGsdad. ahhe lieatioatiicngppafratosgBset i c

|l ayer 89 will be described in detail with reference to the FIG 15. As
shown in Fl Gofi® favertimanamnlyy didifiensadivom ¢heayonvédtionadr oses a sof t
magneti c powder 79 and an organic binder 81. In detail, the soft. magnetic
powder 79 is ShtfoddhddiFsl V dins pdies &@Lilewd nghpodingani Beyvegar tBe as shown

in the figure. ﬁ%*ﬁin, the soft magnetic powder 79 conprises two kinds of
powder havi n§ gt &f thenirdditSs Ciksydét Peardei2ds aRdi ¢heare in a flat:

Feapect | vely et B CX A A ssuder 79 (086 1PTREABOR & powder
shown i n Tab'm%% bt 1% 1308 :480T1G §r930G Bn"YRE SBEeTRY BE gnbhermoplastic
resin such as polyester “resin, | e - |
printed circuit board 25. 1In the forth embodiment shown
" in FIG. 13, the 1lnsulating soft magnetic'layer-79 is
located just below the LSI device 35. The_ihsulating_
soft magnetic layer 89 has Lhé same area as the LSIT
device 35. |
When the 1nsﬁlatin§ soft magnetic layér 89.18
mounted as described above, the insuiating sthlmééﬁetic
layer 89 collects magnetic fluxes due to high_frequency
electromagnetic fieldé generated by the_LSI 35. As a
result, an inductive coupling between the-LSI 43 and the-
printed circuit board 1 is deéreased so that noise 6an
. effectively be suppressled.
(Fifth Example)
Referring to FIG. 14, an electronic apparatus of
a fifth embodiment has the structure almost similar to
the conventional one in FIG. 3; but the electron;c
appafatus 81 differs from thé conventional one in the
following point.. |
Oon the surface of the printed circuit board 21,

the insulating soft magnetic layers 89 are printed

between the circuit conductors 43 and 45 and between the



‘pol ywi nyl chloride resin, polyvinyl butyral resin, polyurethane resin,
tellulose resin, nitrile-butadi ene rubber, styrene-butadi ene rubber or
copolyners thereof, and a thernpbsetting resin such as epoxy resin, phenol
resin, amde resin, or imde resin. An exanple of producing the
above-described electronic device wlI32be described in the sinple manner.
33 On a part of the circuit board on which an active elenent is nounted
and on another part of the circuit board between the circuit conductors in
paral | el to €AhERuibt Repduckersofp apgnéli crespeettneln. i PATadésctihed

printed, thereafter dried and cured. As a result, the insulating soft
magnetic | aytPsC8BIURFELPB, HAEDWFIRSa 2t AndkAeskhefinsulaping €L print ed

circuit board.. %g 'nsulatg g soft magnetic |layer 89 is anal yzed by use
of a vibratTRA§" gﬁeiaﬁﬁfﬁr gnﬁtﬁrgﬁb poRetlecttures REREFpe, and it

bar i cro. orf SRTRPRER bpEe, RlgeurPaRTeh o Pl 05 afie rfod Arduriie. on
th inted gi ' ' j i py ic | thus f d,
he of ect r ont b o £ Zage o thkS BIE 457040 4P TR Gar U IR Ll

operated. |@8r$88t£PRUih6ERE tRe SELLAQLD chnéxﬂ};]@éfgtiﬁ,”a&i‘?tér?q £l e Was
y the _

nmeasured under the printed circuit board spectrum anal yzer-to
confirma supgpgsssseaef fect of an electromagnetic interference. As a _
result, it was understood that the use of printed circuit board with the
insul ati ng soft magnehé CihsyEBitiBg SoPPrmsmest B layer 89 will be

. described in detail with reference to the FIG. 15. “As
shown in FIG. 15, the insulating soft magneﬁic layer 89 -
comprises a soft magnetic powder 59 And én orgahic binder
81. 1In detail, the soft magnetic powder'79 is
homogeneously dispersed ihto the organic biﬁder 81.és
shown in the figure. Herein, the soft magnetiq powder 79
comprises two kinds of powder having differenﬁ
anisotropic magnetic fields which are in a flat shape or
a needle shape, or in the flat shape and the ngedle
shape,.respectively.

‘. For the soft magnetic powder 79, use 1sfmadé_pf a

| powder shown in Tables 1, 2, and 4. The 6rganic'binder
81 may be a thermoplastic resin such as éolyester resin,
polyvinyl chloride resin, polyvinyl butyral resin,.
polyurethane resin, cellulose resin, nitrile-butadiene
rubber, styrene-butadiene rubber or copolymers theréof,

~and a thermosetting resin such as epoxy resin, phenol
regin, amide resin, or imide resin. .
An example of producing the above-described

electronic device will be described in the simple manner.



el ect--rorragnetic field over a wi.de band at an opposite side of the printed
tircuit board with active elenent (LSI) nmounted, as well as reduces a
crosstal k between conductors adjacent to each other. Thus, the 3

el ectromagnetic interference can effectively be suppressed by |ocating the -

insulating magnetic layer on a part of3she circuit board where a 34

probl em of undesired radi ation occurs. In addition, it will be noted from

t he above- described exanples of the present invention that a flexibility
can be given to the 93 ardny shitheraginetuidc Heapet o wad dho asnaleitd vieo
deforminto a conplex shape as well as resist against mechani cal shock. By
formng the ihstment nks sepuntedrand ©n lanpdheh@amewt Hbeactiirgmidl enent and
the printed circuit board and by form ng the insulating soft magnetic

| ayer bet weerPPa%th REYWERP diRi Lt iGdueteo s ian paradiledndgnepich
coupling due tq undesired radiation is suppressed by the insulating soft
magnetic | ayet .eqﬂer%\%,s‘T'{]te RYENALG RS tSohawyddt iTablgydr was

non- conduct i i ndi ng saf t tic metal, which is conductive,

sur f ace- oxi d;ﬁ%i%t,e%’anrlg‘ecﬁ%sap%esﬁ rﬁigli%%ec?“ SV §8 ¢ A RudeSUte §'th |
magneti c po 1S, ¢l i r ' th shap l.e ti.cl e shape
and ther epymﬂg{sSdal%sthi.glp?: én‘i}gtnéﬁgg{etgg{ _slg?regfﬁy%S%e%aatf%?ﬁ%dcgﬁgﬁe? :
per meabi | ity NGRS o UL 3 ulTREANGHEC PrATRRANCATAYR" bRaRagh iheauency

region to thereby effectively absorb and suppress an undesired radiation
conponent of ielseQlatAMRORRIALC Méyr_tic layer 89 is analyzed by use of a
. vibrating magnetometer and a scanniﬁg electron
microscope, and it was thereby confirmed that the
magnetization easy axis and the magnetic par;icle-
orientation are in a direction of a surface of tHe
sample. On the printed circuit board'withlphe 1hsulat;ng
magnetic layers thus formed, the electronic parts were
mounted to form a circuit which was, in turn, operated.
In the condition, a strength of an electromagnetic.field
was measured under the printed c;rcuit board by the |
spectrum analyzer to donfirm a suppreséing effecL of an
. electromagnetic interference. ~As a result, it was
understood that the use of printéd circuit boafd wiﬁh the
insulating soft magnetic layers 89 suppresses an
electromagnetic field over a w;de band at an oéposite
side of the printed circuit board with active element
(LSI’ mounted, as'well as reduces a crosstalk betweén
conductors adjacent to each other..
Thus, the electromagnetié,1ntérference can
effectively be suppressed by locating the insulating

magnetic layer on a part of the circuit board where a



‘In the present invention, the insulating soft magnetic materials are

ti sposed between the active elenent as ‘a noise source and the printed
circuit board and also the insulating soft magnetic materials are, if
desired, disposed between the circuit conductors, as described above, so
that a nutual interference caused by 3@ el ectromagnetic induction and an
undesired 35 electromagnetic wave are effectively suppressed w thout use
of filters or the like to thereby enable to advantageously realize

m ni at uari zaPrehlamdofieigfesiredhtadl agioMsoecuesul t, an el ectronmagnetic
interference can be suppressed in high frequency devices including nobile
communi cati on term ndhsadgdstken, Bkanpi k) WRefrotedgf tam R Idhovtdie '
el ectronic ap ar at us shown therein has the structure simlar to the
convent i onal é?%ﬁ{?%ﬂi%xéﬁﬁb?élﬁg ShRvirte e G nvertceptthat gt ruct ur a

di fference o; tgg ggse. In detail, the case 91 has an el ectromagnetic

i nterferencet \eHPPELELY GRALRE 9HYER g dehq HenBikakingeief b ;agne e

el ectronic device, the electronic interference suppressor nmenber 93 has a
t hi ckness ofP 'St © 19° t he %'I’%%f‘? ofr? cé%{ﬂ)'ﬂ‘? a{]’U‘s" ael‘gﬁﬂ](ﬁ?hggr_ﬁﬂec as

| mter fer ence, oiPRESE0E. JETDEL A HIORRISIPAELe 1 wxes due to a high

frequency el ectronagnetic fi enerate y an tronic-part 49 and

Ot her el ectron ¢ part s e Na Beere s S e R R T e
between the active element and the printed circuit board
" and by forming the insulating.soft magnetic”layér between
the wiring conductors, increase of an electfomagnetic
- coupling dué to undesired radiation is suppfesséd by thé
insulating soft magnetic layefs. Hereih, the insulating
soft magnetic layer is non—condﬁctive.by grinding soft'
magnetic metal which 1is condﬁciive; sufface—oxidizing,.
and dispersing into an orgaﬁic binder. The.soft |
magnetic powder is in either flat particle shape or
needle particle shape and thereby has a shape magnetic
anisotropy, so that the complex permeability incréases
.' due to magnetic resonances over a high fréquency region
to thereby effectively absorb ana suppress an undesired
radiation component of electromagnetic wave. |
In the present invention, the insﬁlatingfsoft
magnetic materials are disposed between the active
elemeﬁt-as a noise source and the printed circuit'board
and also the insulating soft magnetic materials are, 1if
desired, disposed between the circuit conductors,.as

described above, so that a mutual interference caused by

an electromagnetic induciion and an undesired



‘printed circuit board 21 to suppress generation of an induction noise
Which is an undesired el ectromagnetic radiation. As a result, a nutual
interference between the parts and a nmagnetic induction between power.
lines and signal lines are restrained in the circuit on the printed
circuit board 21 to prevent an el ectrondfnetic obstacle such as erroneous
operation. 36 FIG 17 is a partially cross sectional view of a basic
structure of the electromagnetic interference .suppressor nenber 93. The
el ect r omagnetgke¢tmandanehioe wawg @ s s f argritverl yo 3 uppmesisees wi thouduct | ve
or insulating support 95 and an insulating soft magnetic |ayer 97. The

i nsul ating, b8 Yadghetters Smeerthyy lddeprtiosdhenebyr gmabde HWionder 81 and a
soft magnetic powder 79 dispersed in the organic binder 81 which powder
consi sts of t3 H4TREEVIS LRk ataitiiy admiaddizaddion raghaeighti-el ds
different from .each other. The soft magnetic powder 79 is honmpgeneously
di spersed i n'?loig[hnee ni EDihdSdt z?g‘ Sl§GtroragRetic Jaterterense

el ectromagnetj ¢ i,nt ce ressor._ nenber 93, .when  th ort body
95 is conductdla\%]e,%t ﬁsrer%glﬁppsoer(fqngé]yg%"sfr?éaﬁuﬁenca'ngeg'élcggt é&cﬁﬁglﬁghe group’
of a conductyjys 1R %tcﬁmmﬂxfd%&ql&{'it\é%qﬁ%tﬂsi,”g plate, and a conductive fiber
textiles. In the case, It Is preferable that the case 91 may be forned of
a non-netallic materiglxtrsySdangadiesin or the other. On the other hand,
when the support body 95 is of ‘“insulator in the electromagnetic: ' '
interference suppresfReferring to FIG.16, the electronic apparatus

. shown therein has the structure similar to the
conventional electronic apparatus shewn in FIG. 4 except
a structural difference of the case. 1In detail,_the case
91 has an electromagnetic interference suppresso: member.
93 inside the outer shell 53. In the_electrohic'deyice,
the electronic interference suppressor member 93 has a
thicknesslof 0.5mm.

In the electronic apperatus, electromagneﬁic
interference-suppressor member 93 attracte magnetic
fluxes due to a high frequency electromegnetic field

. generated by an electronic part 49 and reauces an outwexd
radiation noilse and/or an indudtion_coupliné tq.phe cher
electronic parts mounted adjacent to each other onlthe
printed circuit board 21 to suppress generation_of an
induction noise which is an undesired electromagnetic
radietion. As a result, a mutual'interference between
the parts and a magnetic induction between'pOwef,iines
and signal lines are restrained_in the citcuit on.the
printed circuit board 21 to prevent an electromagnetic

obstacle such as erroneous operation.



-substrance 93, the support body 95 may be one selected fromthe group of an
Insulating plate, a insulating netting plate, and an insulating fiber -
textiles. In this <case, it is preferable that the case 91 may: be fornmed of
metallic material, coated with a. conductive paint, or fornmed with a
conductive filmby vaporizing depositi®a. 37 For the soft nagnetic powder
79, use will be nade of one shown in Tables 1, 2, and 4. Furthernore, for
the organic binder 81, use of made of a thermal plastic resin such as

pol yester resin, pdI&vinyl fish gramddaldyl yWndsy alegtdsinal pdlewuiost ane
resin, cellulose resin., nitrile-butadiene resin series rubber, and

st yr ene- but At steryatsureherthe el eadopuiagnetd o Herteoffe rence

t hernosetting resins such as epoxy resin, phenol resin, amde series
resin, in dEYRRFGSEOT d8mPeR e [Thee eliestmmagnediicoding egdeireacss

menti oned above, an induction noise is restrained between a nmount portion

mount i ng an ARELE e ML AR GT R 1ises fdfandrstiyiesor dngud akdngi ng
bod i { t ti ~.t.h | tro ti i nt erf
oot esaor Rl A Whea Vot Ot magR ety Lty S2or ¢ Thag

suppressor er conprising e supp ftT ghetic

mat eri al . Ehﬁﬁﬁ%ﬁgﬁﬁ%§&ﬁﬂf%%%A@lﬂq;1%§%E°@W?%o%}523%%dhﬂt%ggaRQESG'

radi ati ng from unt port’ on, ual” i nte rence ween the parts

in the circyitnd¥t tghe sRUH RFH hRynatAd Fsb%eqi Fz@uh&sggg@gh 1andhan

el ectromagneti c i nducti on between power [ines and sig I'tnes, so that

el ect r omagnetriganalks hadlde 15 8ah Wi @ HONARYS cOR@ialisOBfCaWo kinds of
" powder having anisotropic magnetic fields different from
each other. The soft magnetic powder 79 is Homogeneously
dispersed into the organic binder 81, as shown in the
figure.
In the electromagnetic_interference suppressor
member 93, when the support bpdy 95 is condﬁctive, the
support body 95 may be one selected frdm the gfoup 6f a
conductive plate, a conductive netting plate, and a
conductive fiber textiles. 1In the case, it 1s preferable
that the case 91 may be formed of a non-metallic -
' material, such as resin or the oﬁher.
On the other hand, when the support body 95 is of
insulator in the electromagnetic interference suppressing .
substance 93, the suppori body 95 may be one selected
from the group of an insulating plate, a lnsulating
nettiﬁg plate, and an insulating fiber textiles. In.tﬁis.
case, it is preferable thap the case 91 may be formed of
metallic material, coated with a conductive paint, or

formed with a conductive film by vaporizing deposition.



-be renoved. Furthernore, in the electronic apparatus, an insulating soft
hagneti ¢ substance of the el ectronmagnetic interference suppressor nenber.
conprises an organic. binder and two kinds of flat and/or needl e-1ike soft
magneti ¢ powder being dispersed into the organic binder 38 and having .

ani sotropi ¢ nagnetic fields different f8@m each other, while the support
body of the el ectronagnetic interference suppreSSOr-nenber i s made of an.
insulator or a conductor. Therefore, a great perneable attenuation can be
ensured without incrdaxe Yie asoff Iregneain ofpowdedesir,edigendiidili de emdecd by
insertion of conductor. In addition, the electromagnetic interference
suppr essor rﬁﬁﬂﬁﬂel%hqyﬁrﬁﬂ1?ﬂhﬁQ§ kM)&Juﬁnd|41 conparison with the prior
art, mniatuarization and |ight-weight can be realized as a whole of the-
appar at us i ncl ud| ng FaritdqnoLg ;s dihen aigandics &ingerh 84 .r aggced cost . |
Furt her nore, e el ectromagnetic interference suppressor nenber is easily

gi ven fl exi blnla} § 9 axlltéWrd‘fa]t Rt At (s n Sch e B9y viss teas mepin,

def bl t d.t d dit f
eavy vl br at RS AT Ae TE R, Bt st a%[}ygﬁ%%nhegﬁ' lity.
fecordi ngly, rddi elaaliAide JRRANE! %aeﬂa' 9 4128 ORI SeQINI cati on

termnals can sta Iy suppress electrona netic intérférence even in use

under a heavyrupsyad I IHE Wt yAuh L YMIdd 1QUhe %%41@% b, O | MProved in
useful I ness. I ndustri al Applicability:

copolymers thereof, or a thermosetting resins such as

. epoxy resin, phenol resin, amide serie's.' resin, imide—
series resin or the like. | |

In the electronic deyiee as menriened above, ah

induction noise is restrained between a.mount portion
mounting an active element radiating the inductiQe'noise-
and a housing body wrapping the mount portion, by the
electromagnetic interference suppressor member eompris1n§
the support and the insulating soft magnetic material.
Therefore, suppression is performed.of a radiation hoise
radiating from. the mount portion, a mutual interference

. _ between the parts in the circuit on the mount portion
(printed circuit board), and an electromagnetic induction
between power lines and signal lines, so that
electremagnetic obstacle such as erroneous operation:can
be removed.

| Furthermore; in the elecrronic apparatus, - an

insulating soft magnetic subetahce of the elechQmagﬁetic'
interference suppressor member_comprises an organic
binder and two kinds of flat and/or needle-like soft

magnetic powder being dispersed into the organic binder



As nentioned above, the conposite nmagnetic material of the present
invention is used for an electronmagnetic interference suppressor menber
and is nost useful for reduction of noises in a printed circuit board for
electric parts and in electronic parts using a 39 printed circuit board
havi ng active el ements -rounted thereod8 .40 CLAIMS + 1. A conposite
magnetic material consisting essentially of a soft magnetic powder and-an
organi ¢ binder, said conposite nagnetic material having electrical
non- conduct i My haNdnFadndgosropdgsmagnetiaafhelils dé§bamantstromf r equency
regions differepnt from each other. 2. A conposite magnetic material as
claimed in EP§PnPihefnelBildeskhe FuBRErtcbPd¥onfinthe ehettromamegticegi ons
di fferent frgg@ggﬁh ot her are caused by ani sotropic magnetic fields (Hk) -

S

different in grREcer PURPEGERCGL HEPPes. 1anmafecef ordgheentat ek eP¥ er ence
cunpressor SEBRAGONRT! R B ReIOT b RS AR L PSPl
O L o0, cERAbLhhbukary Sohbu s TRIDELL £ ROROR o PG AL prgen bl nder
undesired radiation caused by insertion of conductor. In
addition, the electromagnetic interference,suppfessor
member is a thin plate, so that, in comparisén with the
‘. prior art, miniatuarization and lightfweight can be
realized as a whole of the apparatus ihcluding parts 1n
suppression of noise, with a feduced cost. Furthermore,
the electromagnetic intefference suppreséor meﬁbéf is
easily given flexibility in view of the structﬁre, to
thereby be easily deformable into a cbmplex Shape'Aﬁd-to
be usable under a cdndition of heavy vibration and.shock
to be extremely excellent in applicability. chdrdingly,
the electronic apparatus including tﬁe mobile |
communication terminals can stablylsuppress'the
‘. | electromagnetic iﬁtefference even in use uﬁder a'heavy

environment and condition, and is, therefore, improved in

usefullness.

Industrial Applicability:

As mentlioned above, the_éomposite magnetic
material of the present invention 1is used for an
electromagnetic interference suppressor member and is
most useful for reduction of noises in a printed circuit

board for electric parts and in electronic parts using a



.l east’ two nmgnetic resonances i-n a mcrowave frequency region by at |east
two ani sotropic magnetic flelds (Hk) different-in strength from each.
Other. —--- e o - - 4. An el ectromagnetic

i nterference suppressor nenber as clainmed in cIa|n13 ~wherein said
conposite rmagnetic material has a plugality of -magnetic resonances, said
plurality of magnetic resonances occurring in different frequency-regions
corresponding to the anisotropic nagnetic fields of different strength of
TH' S SHEET. HASLNBdd ' ¢ reREPLFO&Xd having .actilve axl ednitapinouragnet i c fiel ds,
respectively, the |owest one of said nagnetic resonances occurring in a
frequency r%&ﬁ%ﬁpmomer than a lower Iimt of the electronagnetlc

i nterference suppression frequency band caused by said magnetic’
interference suppressor nmenber. 5. An el ectromagnetic interference
suppressor nenber as clainmed in claim4, wherein said soft nagnetic powder
is a mxture of at |east two kinds of soft magneti c powder havi ng
different anisotropy in strength fromeach other. 6. A nagnetic

i nterference suppressor nenber as clained in claim5, wherein said soft
magneti c powder has surface oxide layer. 7. A method of producing a
conposite nagnetic nmaterial- conprising the steps of, mxing at |east two
ki nd of soft magnetic powder having the magnetic '



-a isotropy different in strength fromeach other and an organic binder,
and shaping the mixture to produce said conposite magnetic material which
is electrically non- conductive and has at | east two magnetic resonances -
given by anisotropic magnetic fields (Hk) with strengths different from
each other. 8. A nethod-as clained in d0ai m?7, wherein said soft nagnetic
powder has surface oxide layer. 9. A nethod as clainmed in claim7, further
conprising a step of oxidizing said soft magnetic powder infan”gas

at nosphere contai ni ng oxygen by use of CRAIM8ocess of

vapor - phase- sl ow oxi dati on or |iquid-phase TjgjS SHEET HAS BEEN REPLACED

ore or during the step of the mxing  said soft

ni d organlc bi nder. 10. A printed circuit board
i Bi AGMBOBLEE PRINGH 1¢ e koRtRb 1 @PRs bet 10d | east one.

surface ther ductive_ s port and |layers of _conposite soft
nmagneti c natgglaPe%o g%d %n bﬁ? sﬂ??%%%gc ggéﬁﬁ WHRRI¥E Y Hport, said

composite MgngkLE, UBIATLAhoDRY DG 0SM A1 Bl o £ED O, A3 J. composi Le

magnetic | ayers cohprising a composi nag het "%hhi ch consi sts

essentially efestspéil nﬁ&ﬁlﬁéb&a@@!\@'ﬂtﬁ%a A P AR E DINUET and has

el ectrical non-conductivity, and ['east two nagnetic resonances caused

b%/hat | east mayweaNE: Sﬂéémma@gﬁ@tfﬁe&m{@kﬁ £$&<1)or¢é fd £F £ite ¢ OFR&GRCH.
ot ner.

42 sl ow oxidation,
magneti c powder wi §
conprising a printv

each other.

‘. 2. A composite magnetic material as claimed_in_”
claim 1, wherein said magnetic resonances in freqnency.
regions different from each other are caused by
anisotropic magnetic fields (Hk) different in strengtns.
from each” Gther.

3. An electromagnetic interference snppressor
memberagomprlsing a composite magnetic material, said
composite magnetic material_haVing electrical non-
conductivity and consisting essentially of a soft

~magnetic powder_and an organic binder, said

" "}{ electromagnetic interference suppressor member having at

least two magnetic resonances in a microwave frequency

o —
different in strength from each.other

—— T

4. An electromagnetic interference suppressor
member as claimed in claim 3, wherein said composite
magnetic material has a plurality of magnetic'resonances,
said plurality of magnetic resonances occurring in
different frequency regions corresponding to the

anisotropic magnetic fields of different strength of

THIS SHEET HAS BREN
_REPLACLD j



*11. ‘A printed circuit board as clained in claim 10, wherein at |east one
of said layers has a dielectric |ayer on the surface. 12. A printed
circuit board as clained in claim 10, wherein at | east one of said | ayers
contains a dielectric powder. 13. A printed circuit board as clainmed in
claim 10, wherein said-conposite nagndtlic material has a plurality of
magneti c resonances, said plurality of nagnetic resonances occurring in
different frequency regions corresponding to anisotropic magnetic fields
di fferent in2BifehgPRicrvagpathcofheldst heespaesivehy, ot he Showkesmgnes i C'
resonances being In a frequency region lower than a lower |imt. of
el ect romagnePf cSphd cPREPEhie TERONTREET GASIBEING 1REPLAGqEndy .. J 43 ..
suppressi on freguen band caused by said conposite nagnetic naterial.

14. A printeﬁe%g?%ufgw%BaPHa%sacl%Y%€d14WF%I ntha selegleremagneti it sof t
magneti c pom?g{eé a mxture of Igast two kinds of soft mmgnetic powder

havi ng magneti ¢ a%’f%%‘f?o?)‘flpﬂf??%i%t FeAwerehdiand reaneag ibotsrkd 15, A

printed circyi d lmed inclaim 14 erein said soft nagnetic
powder is at.é %ggggo%@ée%%gie?%es%ﬁ%ﬁf%§F?FcWﬁ%ﬁéFgroup of Sendust,

(ron-nickel alloy, 5. eladyfolefdhddnedild MANREIIRG TEIILIL 0. AN
pparatus conprising a pr nt_e Clrcus and an n ac e el enent
nmount ed on s@éber as claimed in claim 4, wherein said soft
magnet ic powder is a mixture of at least two kinds
. of soft magnetic powder having different. anisotropy in
strength from each other. - |
6. A magnetic interference suppressor member as
claimed in claim 5, wherein'said.soft_magnetié powder has
surface_oxide layer.
7. ‘} method of producing a composite magnetic

« rd
materlal-€omprising-the—steps—of, mixing at least two

kinds6f soft magnetic powder havi the magnetic
1\/s T - e

A{fj//a isotropy different in strength from each other and an

organic binder,. and shaping the mixture to produce said
. composite magnetic material which is electrically non-
conductive and has at least two magnetic resonances given

[
by anisotropic magnetic fields (Hk) with strengths

different from each other.
L
8. A method as claimed in claim 7, wherein said
soft magnetic powder has surface oxide layer.
9. A method as claimed in claim 7, further
comprising a step of oxidizing said soft magnetic powder

in an gas atmosphere containing oxygen by use of a

process of vapor-phase-slow-oxidation or liquid—phasé4

iTns SHEET HAS BEEN
REPLACED




‘printed circuit board, said active elenent radiating an inductive noise,
Said el ectronic apparatus further conprising an insulating soft magnetic

| ayer formed around said active elenent, said conposite magnets: ° _
material |ayer consisting essentially of -a soft nagneti¢ powder and an:
organi ¢ binder, and having electrical ngn conductivity and at |east two
magnetic resonances which/ are caused by at |east two .anisotropic nmagnetic
fields (Hk) different in strength fromeach other. 17. An electronic

appar at us as sdlcai-med dat idmibefd®e, orh@ueiihgsahé AERPOBIFt €heBgARing Materi al
has a plurality of magnetic resonances, said plurality of rmagnetic
resonances oc@ld isofti magneduenppwdesywdnd sdiildf ereganiftr bindaeh ot her
correspondi ng to anjs jpi ¢ magnetic fields different in strength from .-
each other, the | one oe pafl ndgidd chagndti bomgdocamped shegng priatéd7 | !

' TH' S SHEET HAS FN.REPLACES 44 frequency region lower than a lower limt
of an el ect MdFdgFe s sitrader e Wdrdads eophustoss PnegtieAepsbande caused by
sai d conposite netic material |ayer. 18. An el ectronic apparatus as
claimed in clséi‘ir%% £7 thGFECEI n 2 §PRINGHL VRa§HBPPE tpBRdetaveTs Afxt ure of at

| east two ki f.saft tic,powder havi tic, anisot
i 1Toront i nColFBRALA PPOT BRORSHERePa-E8 L ahn oPBERT bR LoLBpaRaF AEvas

clainmed in clgi

Uhid conductive support, saidhcomposite magnetic
material having insulation, each of said'compbsite

. magnetic layers comprising a composite magnetic ._materi_al :

which consists essentially of a soft magnetic powder and
an organic binder and has electrical hon—conductivity,
and at least two magnetic resonances caused by at least

two anisotropic magnetic fields (Hk) different from each

other.

11. A printed.circuit board as 61aiméd.1h claim
10, wherein at least ohé'of said layers has a diélectrié
layer on the surface. _ |

12. A .printed circuit'board és claimed in claim:

‘. 10, wherein at least one of said layefs contéins a ”

dielectric powder. |

13. A printed circuit board as claiméd in claim '
10, wherein said composite magnétic material hés a |
plurality of magnetic resohances, sald plurality of
magne£ic resonances occurring in différeht frequency
regions corresponding to anisotrépic magnetic fields
different in strength from each.other,'thé lowest one of
sald magnetic resonances being in a frequenéy region

lower than a lower limit of electromagnetic interference

BN

[ i1s SHEET HAS BE
REPLACED
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*18, wherein said soft nmagnetic powder is at | east one powder selected from
the group of Sendust, iron-nickel. alloy, spinel type ferrite, and pl anar
type ferrite.. 20. An electroni.c apparatus as clained in claim 16, wherein
sai d conposite magnetic material layer is forned between said printed
circuit board and said -active elenent.421. An el ectronic apparatus as
claimed in claim 16, wherein said printed circuit board has a plurality of
conductive patterns on the surface thereof,. said conposite nmagnetic

mat eri al | ay Suppaiess oo e dueneoye bandaicduseddbyt isaddpabmpoeste2?2. An

el ectronic apparatus as clained in claim 16, wherein said conposite .
magneti c nmat &agReYigy&atiegriaflor red i nsi de 'a cover, said cover covering said

active elenent together with said printed circuit board. TH S SHEET H-~. S
r?E[: ~~ REPLACED _ 34. A printed circuit board as claimed .in claim

13, wherein said soft magnetic powder is a mixture of at
least two kinds of soft magnetic powder havipg magnetié
anisotropy different in strength from each othé£. ;
15. A printed circuit boérd as claimea in élaim
14, wherein said soft magnetic éowder is at.léaSt 6hé
. powders selected from the group of Sendust, iron-nickel '

alloy, s el type ferrite, and planar type ferrite.

An electronic apparatusICOmprisihg a printed
circui ard and an active element mounted 6n said
printed circuit board, said active element radiating an

inductive noise, said electronic apparatus further

74

comprising an insulating soft magnetic layer—formed

around said active element, @aid composite magnetd:

material layer consisting esse%fTElly of a sofL magnetic;.

/

powder and an organic binder, and having eléctrical non-=

— T .
. conductivity and at least two magnetic resonances which
e
are caused by at least two anisotropic magnetic fields
— ~

(Hk) different in strength from each other.

17. An electronic apparatus as claimed in claim
16, wherein sald composite magnetic materiallhés a-
pluraiity of magnetic resonancés, sald plurality'of
magnetic resonances occurring in fréquency_regidns_
different from each other corresponding to anisotropic

magnetic fields different in strength from each other,

the lowest one of said magnetic resonances being in a

REPLACEL
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frequency region lower than a lower limit of én
electromagnetic interference suppression frequenéy band
caused by said composite magnétic material'layer.

18. An electronic apparatus as claimed in.claim
17, wherein said soft magnetic powder is a mixture of at
least two kinds of soft magnetic powder héving maénétic-
anisotroéy different in strength from each other.

19. An electronic apparﬁtus as claiméd in élaim
18, wherein said soft magnetic poWder-is at least one
powder selected f:om the group of Senduét, iron-nickel
alloy, spinel type ferrite, and_planar type férrite,

20. An electronic apparatus as claimed in claim
16, wherein sald composite magnetic material layer is
formed between said printed'circuit board and said active
element. | o |

21. An electronic appératus as claimed iﬁ claim
16, wherein said printed circuit board has.a plurality of
conductive patterns on the surface thereof, said
composite magnetic materlal layer being formed between
sald conductive patterns. -

22. An electronic apparatus as claimed in claim
16, wherein said composite magnetic material layér is

formed inside a cover, sald cover covering said active

element together with sald printed circuit board.
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