;e3e"W't4@6ZTOY .9 February 2004 DESCRI PTI ON SOFT MAGNETI C POADER AND
COVPCSI TE MAGNETI C MATERI AL USI NG THE SAME TECHNI CAL FI ELD: The present
invention relates to a magnetic material having excel | en® hebjuanyi200doss
characteristics at high frequency regions. Mre particularly, the present
I nvention relates to a soft magnetic material having excellent '
characteristics in conplex magnetic perneability effective for suppressing -
extraneous radiation that is a problemin high frequency el ectronic
conponents and el ectronic appliances and to conposite nagnetic nmateri al
using the soft magnetic material. BACKGROUND ART Use of highly integrated
sem conductor el ements that can oféF8ERIBTIONgh speed is wi dely spreading.
‘Exanpl es of such el enents include a random access nenory (RAM, read-only
menory (ROM), mcroprocessor (MPU), and central processing unit (CPU).

Cal cul ati on speedoOfEToMALl ] ' peed are continuously progressing
AR OgRaEk PO

‘in these active el enent signals transmtted through high

speed el ect r oni CCOMROBITE MACSNETTE Mo & Fl current
variations, they are liable to generat eé}?lﬁg‘a'&ﬂﬁe%ﬂlﬁi@@%nd serve as

extraneous radi ati on sources. Making the el ectronic conponents and

el ectroni |ances_| ightweight, thin, and conpact is also a rapid and
never - endicﬁgBFHNéﬁﬁi FABLR r esul t, semiconductor el ements have been hi ghly

i ntegrated and e,lgcérronitc conponents have been nounted on a printed circuit
board in high densiReSentiBvention relalestsoa magnstic ewatesial aying xceNet cr owded
b !

| ntegr at enagndtRUBES Eh&aCHEA St high frequency regions. More particularly, the
present invention relates to a soft magnetic material having excellent
characteristics in compqu magnetic permeability efféctive for suppressing
extraneous radiation that is a problem in high frequency electronic components

and elec;ronic appliances and to composite magnetic material using the soft
magnetic material.

BACKGROUND ART:

Use of highly integrated semiconductor elements that can operafe at
high speed is widely spreading. Examples of such elements include a random-
acc§ss memory (RAM), read-only memory (ROM), microprocessor (MPU), and
central processing unit (CPU).

Calculation speed and signal processing speed are continuously
progressing in these active elements. Since electric signals transmitted
through high speed electronic circuitry accompanies large voltage and current
variations, they are liable to generate inductive noises and serve as extraneous

radiation sources.

Making the electronic components and electronic appliances lightweight,
thin, and compact is also a rapid and never-ending trend. As a result
semiconductor elements have been highly integrated and electrenic

components have been mounted on a printed circuit board in high density.




el enents and signal lines cone into intinmate contact with each other, and
t hereby high frequency noises are nore readily induced in collaboration
with the effect of high speed signal processing. It is aBSehivamap04r obabl e
t hat generation and | eakage of such high frequency noi ses cause

mal functions due to interference anong the el enents. The probl em of

transm ssion of extraneous radiation from power supply lines to the active
el ements has been pointed out in recent years in electronic integrated

el ements and wiring boards. Acounternmeasure conprising inserting a
conponent such as a decoupling. capacitor having a |l unped constant in the
power line is enployed for solving th& probl ens descri bed above. However,

t he signal passage itself functions |ike a conponent having a | unped

constant in thednsghuenaethe plaaraldel ﬁ'tf‘%r‘giéH“EFrrﬂu%@éPecﬁ'ﬁg\@ ring boards

because the generated noise involves har I C conpone refore,

convent i eimheﬂemtdssigaa&ﬁimee&ominmtntme'Béin%th?fﬂﬁ‘?éa&%ﬁfé‘? ghdcuitry
9 Fe

having a | unped constant have becane ineffective. bruary 2004 2a

From E? thessny bigh frequenayceaises areurserarswnily indadR! inccdIRveedtidianimthd WO

ki nds of anisotrcpic magnetic fields having mutually different intensities
can be t §R8F ofilignepeed FEsahpivcessinge Hambiscenighly prebebll thaeans, whi ch
consi st of: ?; usi &he sgft magneti c powder formfox mxing a plurality
of soft HREGHEPE B&S()\’gé 3ge byrhichfiegnenay naisesaaiseanelfamitooschyey of a

shape ma I i 0 a.crystalline magnetic anisotropy, an inductive
magnet i c%;ﬁ&%e[rgabé%h#d%éhﬁfém%&? el astic effect; (b) using a
differentiati erd.i . : owder which i.s obtai ned from
processi ng a ?ﬁg%&@‘gﬁn@tttﬁ@%'%?&Er‘kﬁgf‘%‘?%F%fﬂ?“%rbﬁem PRWELSRRYY on; (c¢)
usi ng a pGesY RhBHG08 M8 ' rind rolling processing of
t he powder by the uIse of g@t %;bgér@téégﬁtﬁegd‘#%qbggﬁgﬁgeé&m e'%&FrPE'cas .

gri ndi ngintegtatediéementd Bndwame; beaf@eWdar BhHsHq the media is
m xed into the process povvolel??&t and (d) u%%gﬁ?%?%%?h@%sgq ng forms of a
singl e KiNsgning poonteprnent sueh asoagese teingptAiddtos habinga Efed7! 183 Aa
simlar process can be taken. DI SCLOSURE OF TEH | NVENTI ON Accordingly, it
is an obF‘éf&tafomﬁ%%PBWééém i eBlsyedifor eolpingthdrableats desgibedi ¢ materi al -

effecti vg fvor counter neasures agai nst extraneous radiation in the
sem cond %?c?r el ements end electronic circuits to be operated at high

magbet i o mat e arons ¥ SihaHast G B ER Rliotan e Cambelapt hevinga
ef f ect i viehbeaiaimstarithn FHeoRiakn n : jaf i r.i.sing in a w de
fr equencyh?pange. sﬂrigt I%Eb?ﬂlgbyﬁgggiﬁégpﬂéé%L%%\%lé %th"ﬁéeﬁtg;&é@ P9 gventi on,

there i sbgardsbeeduse thaf gemargieatialsePivBREsEERIdE BEm@BhERM conposi tion
which has a particle dianeter distribution curve with-a single nmaxinmm.

val ue wi IPBIOTaGORIERSPNPetiiateimeasures against the noise based on the

circuitry having a lumped censtant have became inefective.




9 February 2004 3 troughs, and having two kinds of anisotropic magnetic
fields having nutually different intensities. In the present invention, the
soft magnetic powder has a specific surface area of 0.3 *febrdary®004 soft
magneti ¢ powder has a non-zero nagnetostriction constant at |least in the
vicinity of the surface of the powder particles. The soft nmagnetic powder
may conprise flat shape powder particles. According to the present _

i nvention, there is also provided a conposite nagnetic material conprising
a soft magnetic powder and a binder f%% bi ndi ng the soft magnetic powder,
and having two magnetic resonance poirits in two nutually different
frequency regions. . In the present invention, the soft ragnetic powder may

be orient anqaﬁlggned in_the conposite nmagnetic nmaterial according to the
present i A&t ion: ° BRPEFCBESERIPTRENFTIS THE BPRAVENGSE tFinpgrietiie aapderh

showi ng t ha-gad i dwey diat r d stadduld .cur f .t:he etic.powder to
be used in thegtpresenjt iﬁsﬁticgﬂn; ‘:"Ir:‘&lllggtgt-'lzzkquglJ]Ccuus;{1?a ées"lg:n ?E)%gréaﬁ us}PEf"'c}Pg
eval uat i n§HENEldlVect ¢ ofkrgrRNY ¢ Enterfittese sapprdssi ngakbhect Mfortchec
conposi te, ' i C ding to the present invention; Fig. 3
shows p.-fggﬁggggggmﬁggcéé%) %%% égnﬁFgeﬁSEimﬁﬁ?%HMVQhﬁ%dFﬁﬁﬁ%SBfOFHe
present ireéntisong Ehg. sdfshougnetfc ghawdet efdwst ity ofilibg semheal9e.,2 in
one enbodggqu,gg tgquéﬁsent i nvention; . Fi 6, shows ~-f character|s¥ics
of the sanpl € No: 3%PA-one & Afent SBF Rt R prRieht hatventi okeasy gone

shows ~-fanhaeacteyi sbf Cm ofsHae SAEBhELNE. 4nidbang,enbedi 'E?gtgﬁlm

pr esent iggentLon; .9 Eebruary 2004 4 Fig. 7 shows Bﬁf_chara terlStI%S of
the sanpl E2R0%"51 ATOAE“ERBEdi fEht BT HE"Dr BIBREL i AV emtiserropyFiand 8 shows
p-f charactgnesiccseDistie sammie No. (1 | RisQRg eqbodipept.qt ;LPepr esent

I nvent i on; . . ‘
properties of the powcder which is obtained from processing a
single.'kind of raw material under specific cdndition; {c)
using a contamination phenomenon in the grindiﬁg and reclling
processing of the powder by the use of soft magnetic media
such as steel balls as crinding media with soff magnetic
powder made by abrasion of the media is mixed into the process
powder; and (d) using different existing forms of a single

kind of powder in the composite materials.
From EF C B71 183 A a similar process czan be tzken.
DISCL.OSURE OF THE INVENTION

Rccordingly, it is an object of the present inventicn to
provide a soft magnetic material effective for counter
measures against extraneous radiation in the semiconductor

elements end electronic circuits to be operated zt high speeé.

It i1s ancther object.of the present inventiocn to provide 2
composite magnetic material &s & magnetie loss material that
can simply and effectively cope with hich freguency extraneous

radiation arising in a2 wide frequency range.




Fig. 9 shows p-f characteristics of the sanple No. 7 in one enbodi nent of
the present invention; and Fig. 10 shows u-f characteristics of the sanple
No. 8 in one enbodi ment of the present invention. BEST MSirehroprye3@84py| NG
THE 1 NVENTI ON: The principle of the present invention will be described
first. The inventors of the present invention have invented a conposite
magnetic material having a | arge nagnetic | oss at high frequencies, and
have found a nethod for effectively suppressi ng extraneous radi ation
generated fromthe sem conductor elenents and electronic circuitry by

di sposi ng ﬁW§Q§9W%Eh$EtM@gmams&wmaUQweatlbn t breyéCcibi by oofiatfeaexbraneous
radi ati on §1 LG8S ¢ &%3 L J.€s ect_to the at%enuatlon mechani sm of extraneous

radi ati on ta ing advAntage of "It gt & T 0SSTPPEERHED s fIdFas Mesver shown
that equi valzenticlesidianree rcodponeths iane Added {orhhe eLe éfé’”hﬁ gireuit
that serveg zs an, ﬁgtraneous radi ati on source. The nagnltudé the

equi val ent 'FaSFsFAhBBUE bR TaBG kR Y equency region t hat |s af f ect ed
by the magnitude of the equival ent resistance conponent depend on the
magnetic loss termp" and its frequency dispersion range. A larger u val ue
and di spersion of p corresponding to the nmagnitude of the extraneous

radi ation are required for achieving |arger attenuation of the extraneous
radi ati on. However, since the frequency distribution of the extraneous

radi ati on extends over a w de.frequency range in nost cases, frequency

di spersion of the p" value involved in usual magnetic |oss materials 9
February 2004 5 cannot sufficiently conpensate the extraneous radiation.
The present invention is carried out to solve such current problens as
descri bed above. A soft magnetic powder that offers a required intensity of
ani sotropi c magnetic field (Hk) within a wi de frequency region should be
devel oped in order to. cope with the extraneous radiation extending over a
wi de frequency range. One nethod for obtaining such a nmagnetic powder is to
m x plural magnetic powders each having different intensity of anisotropic
magnetic field (Hk) ‘'with each other. However, the inventors have found a
sinpler nethod for obtaining a nagnetic powder conprising a single
conponent but having two nutually different intensities of anisotropic
magnetic fields (Hk). The soft magnetic powlder according to the present

i nvention conprises a uniformconposition and exhibits a particle dianeter
distribution curve with a single maxi nrum val ue w thout any other peaks and
troughs as well as two anisotropic -magnetic fields with different
intensities with each other. The soft nagnetic powder contains flat shape
particles having a specific surface area of 0.3 m-/g. The conposition in
the vicinity of the surface of the particles has a non-zero

magnet ostriction constant. The conposite magnetic powder. conprises a soft
magneti c powder and a binder, and has two nmagnetic resonances in two
mutual ly different frequency regions. .The soft magnetic powder particles
are oriented and aligned in the conposite magneti c powder. The magnetic
powder according to the present invention is based on the discovery of
differentiation of the powder characteristics (differentiation into
non-uni form particles) obtained by grinding a raw magnetic materi al
conprising a uniformconposition into a powder having a prescribed | evel or
nore of specific surface area. Details of this phenonmenon are reported in
S. Yoshida et. alL, J. Appl. Phys., Vol. 85, No. 8, p4636 - 4638 (1999).




9 February 2004 6 Two nmutually different intensities of anisotropic
magnetic fields (Nk) are exhibited when the raw nagnetic nateri al
conprising a uniform conposition has a prescribed evel &FeRsHaYApecific
surface area. The reason will be described below. ' The intensities of the
di amagnetic nmagnetic field and eddy current flowng in the particles anong
the magnetic factors in the soft magnetic powder depend on the
configuration of the powder particles. For exanple, it is difficult for the
i sotropic magneti c powder prepared by an atom zing nethod to obtain good
magneti c prtp#?%r]_’ti es in.a high frequency regi on because the ferromagnetic
magnetic fiel 0 aseM RS Bva Hedcofamisptionic roagetictilai sy mBRsLly cl es
becones iS(ﬂjﬁé}Qhﬁn%g&i@s exhi biting eddy current magnetic |1 oss at a
relatively | ow frequency region. Wen the powder having an isotropic
configuration of |ithe | idrs mechani cal |y .groupnd, on the other hand,
magneti c per meabi | i typ@?ietn:t g]lrvgztfdyn'si npr oved as tﬁge éB@ﬂa@L‘]‘ﬁm pewdef the
powder par ﬂ’liaélaesgaebkﬁc;sudgmesmia\cebm rﬁwp@fot-ﬁflﬁg by nechanical grinding. This
is; because éhe di amagnetic magnetic field along the flatten8tf surface of

the particP8 MASNPUNRP NI hasracnhreretp teonetgeiitian cbﬁstbh‘%}t'ié‘%ﬂ%}h reduced
shor

eddy curr e a. surface filmeffect due to the I'engt h across
t he flattenﬁg@jtgﬁﬁh%gsé",ﬁafﬁ OE@&R?MW RRdikie8ss, of the powder particles.

| nprovenent of peHg@AYRLLAHi] i.dered to _be the synergetic effect of
the two effects above. C?a%i?ﬁgggpégﬁéﬁoﬁ}p@éeﬂﬁf $haPefnosdes pedicfesr t i cl e

surface to chandecbhdingiwHebhrdsaho; tJne comprising flat particles,
when thi s nmechani cal _gg;)i ndi Eg of tnﬁeeﬁﬂ[?@' [ee?gﬁgﬁ#%ﬂ%’?damm. The

speci fic STUPPRRIE ’H?féﬁab?fcﬂ!m’mqgca/\mmiagﬁét%ﬁﬁcﬂs?deirEnBraO&?R&érif?Pbihﬁi éhe gri ndi ng
time when he fl?ﬁf% .ﬁarti cles are flattened by nechanical Qr A ing. This
means that & 1 atoamey BPYVEemalfibavina v magnelid fesomaricegigms i sy ur f ace area

can be obtmhﬂ@%@ﬁfa@'ﬂ@ﬁ@éﬂ#ﬁ%}gﬂ ndi ng tine. 9 February 2004 7

Al ternatively, 31 flat po ing a different specific surface area can
be al so obt ai neth thg pedsEmginventidmet ' ' r or the specific surface
ar ea. of thﬁ Qsé&arthng powder rraterripi%éﬂ ﬁrhgn%ﬁﬁc%ggnagquﬁ%e FRaBMHt

i nvent i on 8V iRdhe Ferapasitaneanstiousatetialtaceomutey 5 theBtdanf B9RRRI ve specific
surface areas- with respect to representative soft nmagnetic powdérs of
Fe-Si-Al and N -Fe alloys, and they have investigated their magnetic
properti eSRIFADHSTRIPLIANY d]ﬁyﬁEfmﬂll&ést- addi tional magnetic resonance
appears at higher frequency regions wheh the surface area exceeds a :
prescribed | evefig. 1is glagh sv\owﬁg,thérpgﬂ;@rei&aﬁ,g@pggg}%ﬁg”g L9 larger magnetic
ani sot ropy, %ggears in addition to existing nmagnetic res H%’ﬁcoé ré\‘%peari ng at

a frequenty %W‘#@ 13 Re e Bhp Psesenbimveptiort i cl e confi guration, and

residual stresg | sion of this phenonenon is facilitated to a

certain extent bl?/'\p‘{]?{ie'ﬁrr?g%}g%'f%%Peararﬁ‘stf‘Ffee"@ﬁ@rﬁféﬂé’iﬁelchrtbmagmmmstant arising

from t he iotemzeeride spBpAssihh @ IR S ial . it can be recognized at a

specific surface ar eg of g 3 n?l ggéogoﬁésgtreirﬂaqrf?é‘cf'rﬂaé?”%(ﬁﬁééfﬂlm toh a

conposi t i 18R Pegsepbingeatiin; and Ni - Fe as a .representative soft magnetic netal.
Thi s phenorre?on 15% essentially different fromthe phenonmenon observed

when a confi guf & PRROVE erichasasieristics df thersample NB. 0in siCeRBblihfde di aneter

or aspectof b br‘és@rﬁt iﬁ\ré%tigﬁ”i cles in the flattened nagnetic powder is
represented by a binomal” distribution for sonme reasons, for exanple when

two kinds of pBlgtessoRayifgarastdiak (fferent anjsotropic magneticg fields
(Hk) are m xed toget her?’l1 I n ot ei?h\&/\%?ﬂs? SFW@%%F%W@MWW‘IQ to the
pr esent Phihemressntinventia; each of curves of conpl ex perneabilities u' and
u" has two pe?}]_kls in u-F characteristics. The phenonenon is al so essentially

di fferent from BheShishuhshamcieppie: ofige bympleNdQ ih\bﬂe“eirﬁtgo%n%ntpo"‘ders
havi ng db{tﬁjgrpgggen?wv%ﬁﬁoe_corrp05| tions fromeach another, becalse the volune
inthe vicinity of t durface of the powder particles is not negligible
relative to timgtoémwsQF K ; wder . 9 February 2004 8 The
proportion of the sur“%salge %gggﬁge&%fﬁi © $RfdR/e Nor 4timang pabiotlircergur f ace

of the present invention:




area, is a predom nant factor far expressing two nagnetic resonance points
conjectured to be ascribed to surface magnetic ani sotropy._However, the
extent of the surface area for expressing the two resonaﬁcF@bﬁB?Wt%ooére

di fferent depending on the other factors that cause surface nagnetic

ani sotropy such as the magni tude of magnetoel astic effect or

magnet ostriction constant, and the degree of residual stress in the powder:
Accordingly) it is difficult to identify the critical surface area.
However, the surface area that pernmt the two nmagnetic resonance points to
appear seens to Pﬁkr uced ZS the powder has a | arger ani sotropic

magnet oel astic e t SNOE Gliaraatssistica of theosaraplendo cB ipeh b mbaE/matit en

observed afyfghd | Il surface area since a substantially |arge
resi dual stressﬁel’g%hl\é@k%{netc Ured to be caused by grinding in the

mechani cal |y gr opgpc = FealN SU ry,. two different
intensities of an@ggmb'{sc‘?ﬂsgﬂ@ﬁe?%%PEQ‘%%&’)‘W&wrmbaﬂmmde band
p" - di sper spbthegitasanttinvergioncs are obtained in the present invention, by
specifying a Criltf'i cg;hsurfaé:e area in the soft magnetic powder having a

uni f or m conposi tFignSshdwpar-f cldracidiristies 6f theissit bR Wid g LN

mat eri al s tPthbe used.in the present invent ?S?Hﬁ'wdbgn’aél%‘?’ﬁég‘g'}“eng

her ei naf t eP! VRAFILUMVBNLIOB: 89Ginpl es of the soft magnetic powder to be used
in the present ifﬂéeﬁzisﬁn cor?ri ses a powder of a netallic soft magnetic
material such as & FeSAPWSH-Tfharscteusinsaiithe semplé Nal Bay ogeer mal | oy) or an

anor phous @hbey¥imEne B : ting by grinding processing, extension
' ’ﬁpp,@éemlﬁoﬁtﬁnow Powder s of oxide soft nagnetic

processing, or atom zation granu
materials such as spinet type ferrite, planar type ferrite, hematite,
magnetite,_and nmaghem te may be al so used in the present invention. 9
February 2BB4T MODE FOR EMBODYING THE INVENTION: :

The principle of the present invention will be described first.

Thg inventors of the present invention have invented a comﬁosite
magnetic material having a large magnetic loss at high frequencies, and have
found a method for effectively suppressing extraneous radiation generated from
the semiconductor elements and electronic circuitry by disposing the composite
magnetic material in the vicinity of the extréneous radiation sources.

With respect to the attenuation mechanism of extraneous radiation
taking advantage of such magnetic loss, recent studies have shown that
equivalent resistance components are added to the elect;'onic circuit that serves
as an extraneous radiation source. The magnitude of the eqﬁivaier;t
resistance component and the frequency region that is affected by the
magnitude of the equivalent resistance component depend on the magnetic loss
term p” and its frequency dispersion range.

A larger u” value and dispersion of 1" corresponding to the magnitude of
the extraneous radiation are required for achieving larger attenuation of the
extraneous radiation. However, since the frequency distribution of the
extraneous radiation extends over a wide frequency range in most cases,

frequency dispersion of the " value involved in usual magnetic loss materials




9 Chlorinated polyethylene that is excellent in flexibility and fire

resi stance may be used for the binder as a sub-material for obtaining the
conposite magnetic material according to the present inv@fhabsuarydd4use t he
conposite magnetic material is used in the vicinity of the electronic
circuitry. Oganic binders avail able other than the chlorinated

pol yet hyl ene i nclude thernoplastic resins and thernoplastic el astonmers such
as a polyester resin, polyethylene resin, chlorinated polyvinyl resin,

pol yvinyl butylal resin, polyurethane résin, cellulose resin, ABS resin,

et hyl ene- vi ngdnnabgjfﬁéi@-;t@% RS r nitril ebutadi ene based rubber,
st yrene- but adi ene based rubb%r atnec}ﬂgi%rg%o‘ﬁ@lg{ﬁ“,o”and heat curabl e resins

such as an epoxy rb8eipreseat piventidn QS ' resin, and an inide resin.
The resins gother. thégqgt hose descri bed gb%‘i\}eta%@gﬁgc FUBeRiRsableqs ashe bi nder
according t etsﬁrébe&r Bt invention, so long as the resins are thernoplastic
resins and heat cHrggl e re§i ns havi n? appropriate adhesi ve property and
flexibility. .The RnedfGUSRawdesHat effery aveghivets indnsitor soRskA LYt | on
el ements ar mmbﬁ@ﬁé,gim @irﬂl‘ix Er"ﬁatri cted for obtaining the conposite
magneti c mai erial in the presén ?ﬁ@@HF?%’n(eme‘pﬁ@m@rmdevmmddw be
sel ected, it0 eapeasitathg exiragest . rty of the binder used and the
ease of theggg%?c‘té%ri Bgémsjt epés)@dgxﬁgprp%x%z’%g’fa?‘f?éap‘f"ggéfﬁﬂ”ﬁ'ﬁﬁ\‘beﬂﬂﬂbmn will be
descri bed het'&iMRe@ior optaitieg sudh a fefic br 24k QY ri sing, by weight)
9.8% Si , 58%%& aﬂ?hbal ance of .th@and ?bg@\%gtbo lxﬁﬁiggﬁfga%e%a | oy
conpri si ng, PV RFE ,a‘ﬂ@/ﬁﬁier%mmfem}tyﬁﬁam@wop&aﬂ%@%tkh@u‘r#ﬁt)%aped sof t
magneti C POYEHRArihdM Hgﬁgge‘eﬁfeﬁgl est. An attriter and a pin- re used
for elongating and grinding 4N197S RAYE TPrRG afsiraplesimatred fopustaintq The
magnet i t e pomdgnetivasowtRedodri f.an_jrregul ar-shaped soft
magneti c poywer. For _.repa??ﬁgm?%%%g&qoé’e %ﬁﬂ@gmtualb{Jmthe sof t
magnetic p fil intgngdes ef awsotfapisinagaémmegkiBy (8 ghi ng and mi xi ng 90% by
wei ght of the ‘?h Febfguar% 2004 10 soft magnegi “powder, 10% by wei ght of
chlorinated pol yet hy{'eREIN8Ys powderaaspreing tcemmd';ﬁ@%nbm\féﬁii&hﬁorgﬁﬁéegl uene.
Then, the ;aaﬁ-ﬁfgnﬁx@gm%gﬂiér@g t"jl%xﬁ‘ filmby a doctor blade nethod, and the
filmwas cu'regr at 85C tor 947 REIPLS aPeBiclediameteratistiibigtion dixveratie al) Thr ee
ki nds of p&iRglermaximutrine e whho arR1 ' ifferent specific surface
areas with_the conpositions descr@baéggra%%vwg%ﬂguﬁﬁéﬁéw.aWé specific
surface ar 835°%9PIt R@geetinlighiewita difeeerstunteds Bys Wﬂﬁe?gﬂ_ ﬁ[FEtrh were 0. 67

S

n2/g, 1.33 angd 7 JeJ respectively. Fig. OWS t' ?)Oaﬂrticle

di anet er df’?%ﬁi&bﬂ{. é’%r%?ntﬁﬁg‘%é5ﬂ?9@afﬁpkawapmg@speﬁﬂdbmﬂee%Fgaf&rce area of
0. 67 nRJg.03me/parthed ' (F i.stribution curve shown in the graph has
a single naxi rrugr% val ugﬁvﬁsﬁgﬁtlﬁghneswg%ﬁ%Pp{g'éa%gfa&ﬁ@fth@ﬁgﬁ@les hagla cat i ng t hat
the al | oy POWAE Resetosinietidalcopatantcl e di ameter distribution. The
particle dianet i{‘ di stribution curves of the other alloy powders al so show
sinilar patterns!®ANMASYE Magneticppudmiennsigas stod iy Lhe surface of the
: . ) h et % w?%hargg

particl es hingdieady ,g‘.%%/ owder contains an excess ampunt of i conpar ed
With the bulk conposition e %lrdeserancendn v ety difeee flgbeycypowder s
wer e for meegiomd. o Thagehk i i.te magnetic materials by t'he nethod
as described above to gﬁﬁ”e%‘?%toﬁgﬁpﬁimg@ﬁlElﬁgtof'éﬂtegfaﬂﬂlﬁéigned:mﬂhact eristics.
The sanpl &8MEBHE Megnadictdvevdelrl oy powders with the specific surface areas of
0.67 n2/g, 1.3 nﬂlggand 1.33 nm2l g were terned as the sanple Nos. 1, 2, and

3, respectivel yl&BRINESK\ROWden eecor@ingse toe BRI SR it Mﬁérﬂioﬂ%%%&r usi ng, a
e

vi brat i ontreadyd yRe: et.oneter and a scanning type e Oh mecr oscope.
The easy axis Sgeﬁaﬁﬁgﬁ?%ﬁﬁ'%o HE Ravedediohecactenistiod (ddremtabh e Of t he

arti cl esnoweusidne ; I ; he .s |le face fromthe assay results. For
5eri fying the per %ﬂ%@%ﬁ'ﬁﬁ@§”'&‘§H£6§?Wema@r@ii@tmaiemmmp§mg magnet i c
per neabi |3 ¥yifamapomosifiof inth)a SO HaGllgSt bt a0k Ruppr essing effects of

el ect ron‘%%ré%tfd:cs;u}fnt erference of these ormere o
ace ar j i
ea. Details of this phenomenon are reported in S. Yoshida

et. al., J. Appl. Phys., Vol. 85, No. 8, p4636 - 4538 (1999).




9 February 2004 11 sanples were investigated. In the neasurenents of the
~-f characteristics, ~' and Vii' of the conplex perneability were

det ernmined by neasuring i npedance of each sanple of the 8diRhsHanye20@dgneti c
material fornmed into a toroidal shape after inserting it into a test
fixture for formng a one-turn coil. As shown in Fig. 2, an evaluation
sanpl e 15 was prepared by supporting a square sheet of the conposite
magnetic material 11 with a dinension & 2 mmin thickness and 200 mMmin
the length of edge with a copper plate 13. For eval uation of the

suppressi ng ef f egb ALt 6 peti.c interference, fine | oop transm ssion
and reception antennas 18%51938@%%#&'&3 9f 385 OHPRicemagnatic fields (i) aes e used

as a waveexhbitedwbleanthatradndagndt ' usi. a el ectromagnetic
wave source oscillator 17, r'e?pe%tqﬁ{a/e r@?‘“ﬁ“ﬁﬂ%ﬁ@wn&ﬁgﬂﬁmosrnon

(el ect r onB@amresaribsctieveramote ofegedri u s used for
measur i ngd%tﬁbq%ﬁ(éa% ng | evel of the peﬁgglrr%gﬁ%g@%f S@%eé%égﬁwm% magneti c

mat eri al . ¥nce to Figs. 3 and 4, both of the sanple Nos. 1 and 2
show | arge u" u t... i frequency regions throughout a wi de band ow ng
to realizing a@ﬁ ﬁ%ﬂas"ﬂ% 188 SRIRRGREtRIMagaetifiel8and 3ddy BugERKes of wand

u', respegdwiN, : the ~" value of the sanple No. 3 does
not spread i'ngﬁ)ryﬂ?? %&Iggsﬁ%{ ﬂ%gﬁﬁwtf%faﬁ%s. insthes0f resgneticpowder

char act erdepend omsthescoifidaldtis | he conmposite magnetic materials.

These rezulnéﬂs _shtow t hat |,§ whi Pcebtf‘c{)ﬁ és\gﬁépPé@B'ﬁéngg%%‘ﬁwp’?slf odifficultd in the

conposi t é0hAgrisetrepiontagriest povided r_.havi relatively small

specific surface area) two r;'a@g.‘net P?brﬁg%%gr??g%g@f!#%?e%ﬁwb@@ are

clearty §098MANatic RIRBERisR IO High fraguen dycre éﬁlusgﬁé&%n%ﬂg%ﬂeg@f powder
er DIt

havi ng a J | arge, surface area, although the po S a
uni nodal "é%r@?'é?ﬁgi%?ﬁr KEg to dhe configuration otithecponden parietsst haponidie Magnetic

| 0ss t er Botropit RIS i ' rsjons ranging over a wde band. -

Expr essi on 01P the t%%’@%&ﬁkyﬁﬂt%gﬂﬁﬁ%%@ atgrrelabvelddow i n the all oy
powder hfrequenay regiger 9 February 2004 12 specific surface s-area in

ot her words, the sanple Nos. .1 and 2 using an alloy powder with a specific

surface area ofVhenthepbwder having anaystrimh; ' ic |loss .

charact egistics btn t he high freguencyr%gﬁg%g@%@h?ipﬁﬁ'ﬂq’s ISi* and the
suppr essGH2FIFRI 9roung) @R thevetignband, ragesticaseraabiify 18 e@ﬁrrpl e will be
describ | l ev of the suppression effet f

el ect roerrigjgdgg%%cglgme:{:?neﬁyﬁit naéjt{]g@gnﬁ@f éaﬁi?:les isl @fogreskilsly flagesepnal

at t enuatbyomechagibalr gindfing/ e h the copper pfate (zero dB). Table 1
shows these resultsiﬁi g€ Tifs |s"Beclsd 8 ’a’ﬁggm’-‘t'c nagnetic field along

the flattened surface of the particles is remarkably reduced, in addition to the

largely reduced eddy current loss by a surface film effect due to the short length
across the flattened surface, or reduced thickness, of the pbwder particles
Improvement of pemmeability is considered to be the synergetic effect of the two
effects above.

Cracks are generated on the flattened particle surface to change the

powder into a finer powder comprising flat particles, when this mechanical

grinding of the powder is further proceeded. The specific surface area of t'he

powder increases in proportion to the grinding time when the powder particles
are flattened by mechanical grinding.  This means that a flat magnetic powder

having a different specific surface area can be obtained by changing the
grinding time.




.TABLE 1 Sanple 1Sanple 2 Sanple 3u" distributionw dewi de narrowSi gnal
Attenuation Level 800 MHz 7. GdB 6.5dB 6.9dB1. 9 GHzB. GdB7.5dB ~ 2. 5dB Tabl e
1 dearly shows the following effects. Wile the sanpl e NS ebruapyR084snow
good suppressing effects of electromagnetic Interference at both the 800
MHz band and 1.9 GHz band, the sanple No. 3 shows substantially poor
suppressing effects of electromagnetic interference at 1.9 GHz band.
Accordingiy, it can be appreciated that the expanding effect of ~"

di stribution according to the present imvention is quite effective for

suppressing the eous_r.adi atlon over a wi de range of frequencies.
(Exanpl e 2) An e%#ﬁﬁfgwgrél % et IRwces hRying Bl differpolatecifissuaasebreaegnet i c

b epared i nth e e o By D o8 e R Retreis o recsemspices tsae e t he al | oy

prepared in this exanpl €
powder s cortine stagirfd mw@m@memrtlcl es with the specific surface areas of
0.13 n2/g, 0.47 9 February 2004 13 nelg and 0.61 nRl g, respectively. Al

t he powders are Ebﬁflﬂvemsbbtrsmammimdﬁdn ﬁé\!etrhﬁh@faﬁt'u?%@&ﬁ A tt“ but:con
e speci |c sur f ace

curves. % %%% r|S|ng the all oy powders wt
areas of 0PP¥ @ﬁv"@g PRBliVE Sé’ﬁ@!f(-)s@riamargawtb redpet tereppebedsativBe sanpl e

Nos. 4, 5, !
s. s8Rt Lynetie SBREL I & PL 51 ang ?"F%”é:%?g Sand they have investigated

their magnetic properties. The inventors have found that additional magnetlc
réesonance appears at higher frequency regions when the surface area exceeds
a prescribed level. In other words, magnetic resonance due to larger magnetic
anisctropy appears in addmon to existing magnenc resonance appearing at a
frequency depending on the composition, particle configuration, and residual
‘stress.  While expression of this pheﬁomenon Is facilitated to a certain extent
by the magnitude of the !Ta;netostncum constant arising from the composition
of the magnetic material, it can be recognized at a specific surface area of 0.3
m%g or more in the flat powder with a composition of Fe-Si-Al and Ni-Fe as a

Tepresentative soft magnetic metal.

This phenomenon is essentially different from the phenomenon
observed when a configuration factor such as distribution of the particle
diameter or aspect ratio of the particles in the flattened magnetic powder is
répresented by a binomial distribution for some reasons, for exampie when two
Kinds of powders having mutually different anisotropic magnetic fields (Hk) are
mixed together. 'In other words, the phenomenon according to the present
invention is that each of curves of complex permeabilities ¢'and " has two
Peaks in y-F characteristics. The phenomenon is also essentially different
from the phenomenon appesring by mixing two kinds of powders having
different surface compositions from each another, because the volurme in the

-vicinity of the surface of the powder particles is not negligible relative to the total

volume of the powder.




The results of evaluation of the magnetic perneability characteristics of

the sanple Nos. 4, 5, and 6 shown in Figs. 6 , 7, and 8, _respecti y) will
be di scussed bel ow. Wile only one resonance point is ob%EPégﬁ"¥h¥&¥e
sanple No. 4 using an alloy powder with a relatively small specific surface
area, two magnetic resonance points are observed. in the sanple Nos. 5 and 6
using all oy powders having relatively large specific surface areas,

al t hough they have a uninodal particle diameter distribution curve. In
addition, the two resonance points bec&res nore evident as the specific

surface clearly i d nt | t he magnetic |oss term ~" extends
over a w de band'rg‘la hgge{ |{'D%%ﬂgﬁ%g?%ﬁé%ﬁ?%ﬁ”ﬂdﬁﬁ?%.OVGIE@PRH'QP fyfacge of the
flat shape af@gnehiptedmiBht NP oK I ! es Land 2.
However, since engeessi on of the tm@%&éﬁe@?%%@%n@ﬁg@'%erﬂ%ﬂ?s t hought
due to mageerjectuaed tohe egyibeti to berfsty imaeRedd ahibStrGWe, fitﬁé es) the same
phenonenon may be expressed when the powder conprises non-fl'at particles.
The exanpl &¥iedt gkl sUFaee Beadiar expreagingthe tvd fEa302) cepuirer are e Ny

i rregul ar particles and a uninodal particle dianmeter distribution
curve was §E§%§4‘@%°3§“%H eﬁ&(’jﬁﬁ?E@atﬁéHﬂ%FUﬂ%fﬁégn@@@m@r@wﬁmh aspecific
surface argas 3 were also used, and the sanples
conpri si ng th@% g@p%g?fﬁé%g%g?%g er@?t:?f a dCosigRtsaRd Hied i n

Exanpl e 1 wegreetoerrmasnémin&mbﬂrdéps-Ac%o?d?@g}git SSAREM lo\iBkalry 0T e

results of evaluation of nagnetic perneabilit har eri st t he

sanpl e NosCritcahperiaestiean in Figs. 9 and 10, it can be seen that two 9
February 2004 14, reson ﬂce oints are expressed in the sanples using the
magneti ¢ powder SHWBFI& P &M 8¢ aI8R t9akpermitibeitvp cnagnetiacesameas, al t hough

the powder §,RAVS appear seems to be reduced as the powder has a larger anisotropic
magnetqelastic effect. Cohsequently, the two resonance 'poihts are often
observed at a relatively small surface area since a substantially large residual
stress'is conjectured to be caused by grinding in the mechanicélly ground and
flattened powder.

In summary, two different intensities of anisotropic magnetic fields (Hk)
are expressed and wide band p"-dispersion characteristics are Sbtained in the
present invention, by specifying a critical surface area in the soﬁ magnetic
powder having a unifonn'composition and particle diameter distlfibution.

The starting materials to be used in the present invention will be
described hereinafter. Representative examples of the soft magnetic powdef
to be used in the present invention comprises a powder of a metallic soft
magnetic material such as a Fe-Al-Si alloy (sendust), Fe-Ni alloy (permalloy) or
an amorphous alloy prepared by granulating by grinding processing, extension
processing, or atomization granulation.

Powders of oxide soft magnetic materials such as spinel type ferrite,

planar type ferrite, hematite, magnetite, and maghemite may be also used in the

present invention.




uni nodal particle dianeter distribution curves. The exanples as hitherto
descri bed show that additional nmagnetic resonance points appear at high
frequency regions even in the nagneti c powder having a uﬁﬂﬁﬁ*“@%@ﬂﬁ%sition
and uni nodal particle dianeter distribution curve, when the specific
surface area of the magnetic powder reaches a prescribed | evel. This neans
t hat nagnetic resonance poi nts based on magneti c ani sotropy appear in
addition to the conventional magnetic Pesonance points that depend on the
conposition, shape, and residual stress. The nagnetic powder also has a

uni form particl ' | | d | sEribution curve in
the present i nvgr?ﬁ} g%?eogjg@n%é’@(/%ﬁggﬂglg &Fﬁl!aeenft ﬁaﬁ%%'ﬁ{geaqﬁﬁ{g ’§§FFP8?es of
the soft myies Lsedrtdrahe bitlee asT Sltymaberl idrbotBRingTREEbARse! the present
i nvention. However, two magnetic resonance points dppearing I n the powder
conpri si ngagngtic materialacoorling tmtherprebentinestioh, bevRieiths corpoghs O
‘expressed in a ,nan%qr;et,i G Bovvder conpri si n% i rregul ar-shaped particles with a
magnet ost M3ATEHE MRIRUalds used in thegdeinibneftheelestronis ciesuitnp| €iganicagnet it e,
when the gurfac reaches certai evel . Wde band di spersion

charact er ?s}ﬁdfegssg\@a}{agﬁ %tﬁﬁr E"@nJEFéﬁ%FPé'HaFerJ RYfkethyiene inglvda thermepiastic and in
the conpogdd; fdrin Lk | er, accordin t he present

i nvent i on,?éét’)rgscgﬁdge tmpﬁngfdﬁg,{a%oﬁégsg%ach%% %§WF§teémrpq'%tWF%I ly

di ff er ent rdsire QheFRteCEOIPIRYIQESH, wwn?mt _Qrééﬁrij‘bo%\f‘é*ﬂ%ﬂ&?ég? | ses_a

uni form conposition and particle dianmeter distribution. 'S canposite

per meabi | telulese iesina ABSgnesin, ethyberse-viayinadetste sopolymet! adtPRARkend
el ectromagneti c waves. A good noi se suppressing effect appears when the
conposi t ePy@riepghased yubber; stylanejoutadiene basedsulbardand sikcoRetnbber y 2004 15

The presept . L.aventLon pr.ovides a thin conposite magnetic naterial effective
for suppr%‘é%l"ﬁ%I %%‘@&%u’? ﬁFﬁ‘ AP G- §ROXY [8$iBya PhepelTesincan gMifarmsés such as
a nobi | e §edENHhRBlkER, devi ce by taking advantage of w de band conposite
pernmeability ~", ' .

The resins other than those described above may be aiso used for the

binder acco'rding to the present invention, so long as the resins are
thermoplastic resins and heat curable resins héving appropriate adhesive
property and flexibility.

The kne.ading and dispersing methods of the constitution elements are
not particularly restricted for obtaining the composite magnetic material in the
present invention. . A preferable method may be selected, if necessary, based
on the property of the binder used and the ease of the manufacturing steps.

Examples of the present invention will be described hereinafter.
Powders of the Fe-Al-Si alloy comprising, by weight, 9.8% Si, 5.9% Al, and
balance of Fe, and a powder of the Fe-Ni alloy comprising, by weight, 80% Ni
and 20% Fe were used as the flat-shaped soft magnetic powders in these
examples. An attriter and a pin-mill were used for elongating and grinding
these alloys into flat-shaped powders. The magnetite powder was used as an
example of an irregular-shaped soft magnetic powder.

For preparing the composite magnetic powder from the soft magnetic

powders, a paste was first formed by weighing and mixing 90% by weight of the




The conposite magnetic material using the soft- magnetic powder according to
the present invention can be readily nmade to be flexible due to th
characteristics of its constituting el enents. Accordingl§F°PH€"¥3H§65ite
magnetic material can be formed into conplex configurations and can conply
W th severe requirenents against vibration resistance and i npact

resi stance. | NDUSTRI AL APPLI CABI LI TY: As hitherto described, the soft
magneti ¢ powder and the conposite magnet®c material using the powder are
effective materials for suppressing radiati on of extraneous el ectronagnetic

waves. The by |t ffecti or. protecting electronic

conmponent sssggﬁé?'iélﬂcﬁqwl 1591 °s e‘éfa’gﬁgf’} QQOQP%tﬁﬁrﬂ%’e%?ﬂerﬂﬁ wsiryas at egr at ed
printed w bint@r apdaB0Ys byl i ruary 2004 1 Al 1 A soft
magnet i ¢ povvder: acorrpri syrr’ggghttﬁit?@rgpneboﬁgg'?%?&?s \iii! aﬂa@&ﬁaﬁmaye

di anet er dastoctdrnblade rmathow anidt the Jilrpiviiad BurdR>dt @5%%4 i"‘?i‘ﬁﬁ'sfts%i@ff rl?gge';ut ' ot her

peaks and troughs two kinds of anisotropic nagnetirc fre ual ly
different PHSSHG.ties a frequency .n v Pof 4 3 m/c~ or nore and a non
zero nagnetostri@:_ftion iqitant at least in the vincinity of the surface of
t he powder parti Xample soft magneti c powder according to claim

| . conprising fl , er, particles. 3 A soft magnetic powder
according to an?%%gqﬁﬁdsgﬁﬁwqgﬁp%@%gﬁﬁﬁ%iaHQYzljlaMiBgaiiff&rentssﬁaciﬂmgnet ic
mat eri al og e0rle f b erial . 4- A soft magnetic powder
accor di ng t%rﬁ%: ai mgg vﬁﬁ'et?‘ggéﬁ ﬂEeE 'tFr%'chquFEgg%PPOY%&ﬁ& PeErsiEriHI® i s any one
of a Fe- Al sgiicifid $urfaceFarelh ofiHek. 0 nd,the oxide soft
magnetic material is an one oe?léasas |I§€F§{ﬁ§%atem" éejépﬂie METZSP%WBE W&Be
ferrite) HOFAIMY@, 1.33gnfég ane Ocr7 mﬁghmgﬁeetiveq?’_corrposi te magnetic nmateri al

conprising a sofl. rriaggetic powder with a uniform conposition having a
particle di anet er'ddt S0PWHING Rartisierdiametenuistsibatiors ofthe flesARBKAIBYM val ue

i t hout : t d a_binder f bi ndi th ft
magnet i ¢ ey PRSI E0R 21t 2Bz sl e Pegioeudiamiatersiot bt 1 opi c
tic fd lj | l: t. int ities, the ¢ | t
Tagnet | ¢ et b conme et e b0 fRim R SRk uitun abkathasieats
magnet i c. onpr | S1g To i . ¢
pect 11C Sy 1ace at 65 o 0oy ooy Poueetfas ARG R EIARR L cui on

specific surface area of 0.3 ni or nore. and a non-

const ant &¥strigutian.i Therearticle ididmeteotistiibutionXcUTebs bRthE ciRéKIiby Sur f ace of
t he powder g@rtichgs. A conposite magnetic material according to Caim5
wherein t R 330 oW Smignpriterpas t Anlassap pbther posrdezduggestatiitaated.

the surface of the particles of the alloy powder contains an excess amount of
iron as compared with the bulk composition of the starting material.

These alloy powders were formed into sheets of the composite
magnetic materials by the method as described above to shbject thern to
evaluation of their characteristics. The samples comprising the alloy powders
with the specific surface areas of 0.67 m?/g, 1.33 m?g and 1.33 m%g were
termed as the sample Nos. 1, 2, and 3, respectively, for convenience.

These samples were assayed using a vibration sample type
magnetometer and a scanning type electron microscope. The easy axis of
magnetization and the direction of orientation of the particles were found to lay
on the sample face from the assay results.  For verifying the perfarmance of
these composite magnetic materials, magnetic permeability-frequency (u-f)

characteristics and suppressing effects of electromagnetic interference of these




A conposite magnetic material according to any one of claiml or2 V\,her ein
the soft magnetic powder conprises flat shape. powder particles.

conposite nagnetic material according to any one of d ai ﬁbl:eé’"c'%ryﬁooﬂherel n
the binder is an organic binder. .AOImAH M A Aq 3. AH M Al . Apl 5. Au. Al e. A8-
.Axa-.Al.Al].AJ. A a. ADa}. Ax. Apl .A(a&5 qGv-LsG ! $
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0- used for measuring the coupling level of the performance of the composite

magnetic material.

“With reference to Figs. 3 and 4, both of the sample Nos. 1 and 2 show
large u” values at high frequency regions throughout a wide band owing to
realizing a pair of two resonances 31,32 and 33, 34 in curves of y'and (',
respectively. On the co.ntrary, the " value of the sample No. 3 does not spread
into the wide band as shown in Fig. 5, and shows a p—f characteristic as is
usually observed in the composite magnetic materials.

These results show that, while only one resonance point is observed in
the composite magnetic material using an alloy powder having a relatively small
specific surface area, two magnetic resonances 31,32 and 33, 34 are clearly
observed in the corhposite magnetic material using an alloy powder having a
relatively large surface area, although the powder exhibits a unimodal particle

diameter distribution curve. Consequently, the magnetic loss term p” also
shows two dispersions ranging over a wide band. Expression of the two

resonance points becomes more evident in the alloy powder having a larger
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specific surface z-2a. In other words, the sample Nos. 1 and 2 using an alloy
powder with a sg=cific surface area of 0.1 m%g or more have wide band
magnetic loss chzracteristics in the high frequency region.

Distributicn of u” and the suppression effect of electromagnetic
interference in ezch sample will be described hereinafter. The level of the
suppression effect of electromagnetic interference as used herein is defined by
the signal attenuztion ievel relative to that of the copper plate (zero dB). Table

1 shows these resuits.

TABLE 1

Sample 1 | Sample2 Sample 3
©" =istribution wide wide ' narrow
800 MHz | 7.0dB 6.5dB °  6.9dB
1.9 GHz 8.0dB 75dB = 2.5dB

Signal Attenuazion Level

Table 1 ciearly shows the follbwing'-effects..

While the sample Nos. 1 and 2 show good suppressing effects of
electromagnetic ~terference at both the 800 MHz band and 1.9 GHz band, the
sample No. 3 shows substantially poor suppressing effecté of electromagnetic
interference at 1.2 GHz band.

Accordingly, it can be appreciated that the expanding effect of p”
distribution according to the present invention is quite effective for suppressing
the extraneous rzdiation over a wide range of frequencies.

(Example 2)

An examdle using the Fe-Ni alloy powder as a soft magnetic powder will
be described below.  The composite magnetic materials were also prepared in
this example by toe same method as in Example 1 using the alloy powders

comprising flat srape particles with the specific surface areas of 0.13 m?/g, 0.47
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The samples comprising the alloy powders with the specific surface

areas of 0.13 m?/g, 0.47 m%g and 0.61 m?/g were also termed as the sample
Nos. 4, 5, and 6, respectively, for convenience.

The results of evaluation of the magnetic permeability characteristics of
the sample Nos. 4, 5, and 6 shown in Figs. 6, 7, and 8, respectively, will be
discussed below. While only one resonance point is observed in the sample
No. 4 using an alloy powder with a relatively small specific surface area, two
magnetic resonance points are observed in the sample Nos. 5 and 8 using alloy
powders halving relatively large specific surface areas, although they have a
unimodal particle diameter distribution curve. In addition, the two resonance
points becomes more evident as the specific surface clearly is larger.
Consequently, the magnetic loss term 11" extends over a wide band since it has
two dispersion points.

.(Example 3)

Use of the fiat shape magnetic powder have been described in
Examples 1 and 2. However, since expression of the two magnetic resonance
points is thought due to magnetic anisotropy of the surface of the powder
particles, the same phenomenon may be expressed when the pbwder
comprises non-flat particles. The example is described below. A magnetite
(Fe;O,) powder comprising irreguiar shape particies and a unimodal particle
diameter distribution curve was prepared as the magnetic powder. Magnetic
powders with specific surface areas of 0.20 m?/g and 1.3 m%g were also used,
and the samples comprising the composité magnétic materials prepared as
described in Example 1 were termed as the sample Nos. 7 and 8, respectively.

From the results of evaluation of magnetic permeability characteristics

of the sample Nos. 7 and 8 shown in Figs. 9 and 10, it can be seen that two
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The examples as hitherto described show that additional magnetic

resonance points appear at high frequency regions even in the magnetic
powder having a uniform composition and unimodal particie diameter
distribution curve, when the specific surface area of the magnetic powder
reaches a prescribed level. This means that magnetic resonance peoints based
on magnetic anisotropy appear in addition to the conventional magnetic
resonance points that depend on the composition, shape, and residual stress.

The magnetic powder also has a uniform particle shape and unimodal
particle diameter distribution curve in the present invention.

Some examples of the flat-shape fine particles of the soft magnetic
metais were mainly shown in the embodiment of the present invention.
However, two magnetic resonance points appearing in the powder comprising a
uniform compbsition in the present invention are also expressed in a magnetic
powder comprising irregular-shaped particles with a magnetostrictive constant
of larger than zero, for example in magnetite, when the surface area reaches a
certain level. |

Wide band dispersion characteristics of p" can be obtained in the soft
magnetic powder and in the composite magnetic material using the powder
according to the present invention, because two magnetic resonance points
appear in mutually different frequency regions even when the magnetic powder
comprises a uniform composition and particle diameter distribution. This
composite permeability 1" is a magnetic loss term necessary for absorbing
electromagnetic waves. A good noise suppressing effect appears when the

composite permeability 11" is large over a wide band.
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As hitherto described, the soft magnetic powder and the composite
magnetic material using the powder are effective materials for suppressing
radiation of extraneous electromagnetic waves. The material is quite effective
for protecting electronic components, particularly high speed active elements

and highly integrated printed wiring. boards, from noises..




' ' () () %RE () -
H10% &&' ()- J@0% &&' ()- J!'10% &&' ()-10&10&10& JxlO%&& ()-HJ10
b 0I I(’?’|[ZVU410 J J<ph %W0%& ()--J Txph %40%$ & ()--J.> BxprzJ %40% 0%
orpplqq . 04 (0.9 Fgbruary 2004
& ()-- P ph %W0%.& & ()-- b ph %40%L# & ()-- 2!oh /4.0%°. g
& ()--r{u]utu~uuuu*vv410 J(HIO% vV "& ()- (HIO® & ()- J 10%v "& ()-
JI10% vV "& ()-10J Vod

16
CLAIMS
1, A soft magnetic powder comprising; a

uniform compesition which has a barticle diameter

distribution curve with a single maximum value without any
“other peaks and troughs: two kinds of anisctropic macnetic
fields having mutually different intensities: a freguency
vaxiance of imacinary permeabilitv realizing a bimodal form

in a freguencv-permeabilitv curve: a specific surface area

of 0,3 m*/g or more: and a non-2exro maanetostriction

constant at least in the vicinity of the surface of the

powder particles.

.2, _ A soft magnetic powder
according to Claim 1. comprising
flat shape powder particles. .

3. ' A soft magnetic po#der
-according to any one of Claim 1 oxr 2,

comprising a metallic scoft magnetic material or an oxide
soft magnetic material.

4. A soft magnetic powder
according to Claim 3, wherein the metallic soft
magnetic material is any one of a Fe-Al-Si alloy, Fe-Ni
alloy, or an amorphous alloy, and the oxide soft magnetic
material is any one of a spinel type ferrite, a planar type

1 ferrite, hematite, magnetite or maghemite.

5 A composite magnetic material
comprising a soft magnetic powder with a uniferm
composition having a particle diameter distribution curve
comprising a single maximum value without any other peaks
and troughs, and a binder for binding the sof+ magnetic
newder, said soft magnetic powder having two kinds of
anisctropic magnetic fields having mutually different

intensities, the composite magnetic material comprising two
magnetic resonances in two matually different freguency
regicns, wherein the soft magnetic powder has a specific

surface area of O.Brf/g'or more. &nd a non-zero
magonetostriction constant at least in the vicinity of the
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surface of the powder particles.

6 | ‘

. A composite magnetic material |
acco?dlng to Claim =2, Wherein the soft magnetic powder
particles are oriented and aligned.

7

A composite magnetic m
aterial
according to any one of Claim 1 or 2

wherein the soft magnetlc powder comprises flat shape
powder particles. |

8
A composite magnetic materi
erial
2ccording to any one of Claims £ to 7, wh i
‘ : . erein
the binder is an organic bhinder.




