", ;e3ehe. 060TEL2 DESCRI PTION EM SUPPRESSI ON COMPONENT AND EM SUPPRESSI ON

METHOD Techni cal Field The present invention relates to a conponent f
suppressing EM (el ectromagnetic interference) and a netho%”ﬂﬁﬂ@ﬂmwmmm%sing
EM in bus lines through which data is passed between data r
bet ween i nformati onprocessi ng devi ces, such as personal conput erdshaving a
CPU and an MPU, and i nput-out put devices. Background Art | i se
is classified into radi ated noi se and conducted noise accoaﬂﬂﬂ@@m@mujgm
nmet hod of propagation. Wth regard j noi se, EM ¢ ssed
with nmetal shielding. Conducted noF%%“?gﬁP3§§ﬂer cl assified i nt"§o0o
_normal - node noi se and conmon- node noi se. I n order to suppress normnal - nbde
noi se, neasures has been taken which includes the steps of providing an
i nductor, EMEPBPPRESSION COMBANENTANDIEMPSEPPRESSION WETHODMDN- npde
noi se i s propagated through a ground Iine and is released into the air
through an interface cable functioning as an antenna. Recently, since
hi gh-speed digital signals and hi gh-frequency signals are often being used,
measur es adechsicakioetdon- node noi se are gaining in inportance.
Conventional ly, neasures are not usually taken against the co nnode
noi se. \Wen sone Thedygsert inventasyialates o anampenent fersuppsessing Mg i n
circuits. Howeve ilter pr ov in ac

circul i dBBoTaanala ) Tereresih) and Buethog ot RusherEs EMhE Hises (or s
many cases WogARMWAIRF gl & Hassed elbSn Ual ok B R Boweh Bomtd L ) 0,
a o1 oul U Syhaliciifanyods WEhIOhSmoRR@rAReroRslRG BNoPRUHEAANPYSUL 1

cannot be repalired. sone space a nes Yor t ter are
reserved i prdMpicsuthlt §8@ceoNduct i ve pattern in consideration of the
occurrence of noise. However, bus lines through which data is passed

bet ween data processors include |lines which are very close together. Thus,
it is very difficult to take neasures against EM. Generally, expertise and
experi ence Backgoowwl Aippression are required in order to take neasures

O probl em i n IREENPIA: BAISSH BaBRPEH LD dodElRE BpRE NPGONMERO IS he
filt islimted,.i t he.. . ' t il t [
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usel oas. t hapt e SEheRsed WRNTRADUA SFENTHGD ERRGuctbd Rt s THier ol .

I f noise i QDQ%orH{é?WnOB@%édfnnﬁnﬁﬁ%dé'rﬂo_ié@vilﬁ%?déﬁ@%dp@&é& smal | in

size and thickness, 1t I1s very difficult to simultaneously take

sat i sf act omorimesddenoige] measomsseagiséarytakenwehich inciudesctbibrstepsesf and to
achi eve conpact el ectronic devices. Accordi n?l_ , It is an object of the
present i nyeaviding awinsiustorde capaciigpro asdtant bivi ﬂgﬁypn@slgngl gaguitand a net hod

of suppressing EM, wherein the conponent has a dead space used far, taking
sati sf act oryOMBAUMOS RIS it P’Eﬂlagg%di througha gfﬁﬂnqﬁm g’PFilssr@?‘?asseHr'B@uced
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has been maqey 188 WJitdi QignREal AgH-FSquency signals are often being used,
measures against common-mode noise are gaining in importance.
Conventionally, measures are not usually taken against the common-
mode noise. When some measures are required, various filters are placed in
circuits. However, when a filter is provided in a circuit, part of the circuit must
be cut away to form a space for the filter, and the filter is then connected to the
circuit. This is very troublesome. In particular, in many cases signal circuits

are arranged as a conductive pattern disposed on a circuit substrate.



" . against common-node noi se radiated frominterface cables functioning as an
ant enna and agai nst hi gh-frequency noi se generated in recent devices using
hi gh-frequency signals. The present invention provides a conponent for
suppressing EM and a nmethod of suppressing EM in which the conponent is
3 used. The conponent has high effectiveness inproved by applying a bias
magnetic field to a conposite nagnetic material, which has been devel oped
by the inventors, for suppressing EM. That is, according to one aspect of

the presentridiiL! Gibe HBdhdueni pukeiRds 20t HeaoPBEG8paiied CORBASRRL t hat

i ncl udes a conposite magnetic nateri gyer and a conposite permanént
.magnet | ay&fonsk § #n@Minaé fdrane filtepate RisehRRl iAQINAALS i TROSSIduetivat eri al

| ayer. In the EM =suppressing conmponent, the conposite nagnetic naterial

| ayer cont giatierain cowsideation ofehe occureersef of nuigm etiowewdrebualinpewder

di spersed in the organic binder. The conposite permanent magnet | ayer

cont ai ns a thiouggrwhict datp & passedtbetwgantdateprbmesdorsgncludd linas mhicthareder . A

bi as magnetic field is applied to the conposite nmagnetic material |ayer

from the colgsyslase tpgethenenthusadtisvenagifiicultde dareimegstitesaagRineyEMEpect of

t he present invention, there is provided an EM - suppressi.ng net hod that

i ncl udes the stepéemraﬂbmpﬁﬁgep%femer@rménm& PRresSIPRAIS BrAYNeScessi ng

equi pnent with.a conposite nmagnetic eria r i DJ organi c

bi nder and '8 °§%‘FE*°§€=B%£‘E‘?%S%$§9?'QN g@ﬁ&@ﬁ 'G@‘%ﬁ%&%ﬁgﬂhﬁ @eﬁag?gﬁ%i c binder,
and appl vyi I.as i ISk i i rial

| ayer. Bri gﬁ © S@Jgrgi pti O%S%#f%t{}é&@ﬁg\ﬁ%%l@ﬁ} E‘O‘Hﬁpﬁj‘sérg ag%rgglg%’?ﬁ\(é}ghgi ew

showi ng a coRiceddF AHduPling Thaitér i Nndidl i WiayeeRdeROtHEOWBARYuUIrag e di ng to
a first enmbodi ment of theé present invention i's placed on a bus |ine
connect ed traoantdRe filter g det edsy, and thieeaamblel of mzereourstrégquikdd tesfappicatesa ng
conponent is shown in a partly exploded manner. Fig. 2 is a sectional view
showi ng a cdeviceyisrintiemsed nthuisiraisingithEnhasufastusingi east.c oimrartiewlaadiciér di ng to
a second enbodi nent of the present invention is arranged at a posjtion
close to a Waeless that the gpageyis rgseryed anddthedings a&?@ﬁ@\%&ﬁmm@d\@r@@nfﬁ guration
in which an EM ,suppressi ng conponent according to a third enbodi nent of
the present 95 EhPPRroAuced anged at a position close to the bus line. Fig.
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very difficult to simultaneously take satisfactory measures against noise using

conventional techniques and to achieve compact electronic devices.
Accordingly, it is an object of the present invention to provide a
component for suppressing EMI and a method of suppressing EMI, wherein the
component has a dead space used for taking satisfactory measures against
EMI if it turns out that noise is produced after necessary devices are mounted to

form a circuit without taking measures against noise.

Disclosure of the Invention

The present invention has been made in order to take measures
against common-mode noise radiated from interface cables functioning as an
antenna and against high-frequency noise generated in recent devices using
high-frequency signals. The present invention provides a component for

suppressing EMI and a method of suppressing EMI in which the component is




CLan EM - suppr essi ng conponent of the present invention and illustrating the
function thereof. Fig. 5 is a graph showing the reflection/transm ssion
characteristic (S11 ), the perneation/transm ssion characteristic (S21 ),
and the electrical loss factor (P(loss) / P(in)) of the sanple with respect
to the frequency at a bias magnetic fielgl intensity of 0. Fig. 6 is a graph
showi ng the electrical loss factor of a sanple to which different bias
magnetic fields are applied. Fig. 7 is an illustration showi ng a
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Fig. 7. Fig. Is a graph showi ng the relationship between the real part -~

of the per nBalmierityrsafst supprégstqENty, and Fig. 10 is a graph show ng the
rel ati onship between the imaginary part ~" of the perneability and the

f requency, wher eiThatli® goeondingitd ohg aspedeatfdheipnesent liravegitiog, thege it ensity of
a bias magnetic field applied to the sanple. Fig. 11 is a graph show ng
changes i n prioridedaan Bhllisuppressing camponentithatingludes-a campesite megnetidi [ ity
W th respect to, the freguency in such a case that a nagnetic field js not

appl i ed. Figaterial jayen aperasprrppesite ReTERNERB MagNe! lRusdighasgdidhat I8aghi ch an
PR T ey R R RGBS
FU oo <o REHERSimbSa Mkl A RS gt i, e
now be descghdadolhighéticematifal bBwiBPdRPErBPRhE Grgdmbbiliter. The

composite permanent magnet layer contains a binder and a permanent magnet

powder dispersed in the binder. A bias magnetic field is applied to the

composite magnetic material layer from the composite permanent magnet layer.

According to another aspect of the present invention, there is provided

an EMI-suppressing method that includes the steps of covering part of a bus

line of information-processing equipment with a composite magnetic material

layer containing an organic binder and a soft magnetic material powder

dispersed in the organic binder, and applying a bias magnetic field to the

composite magnetic material layer.

Brief Description of the Drawing
Fig. 1 is a perspective view showing a configuration in which an EMI-
suppressing component according to a first embodiment of the present
invention is placed on a bus line connected to a CPU in order to suppress EMI,
- wherein the EMI-suppressing component is shown in a partly exploded manner.
Fig. 2 is a sectional view showing a configuration in which an EMI-
suppressing component according to a second embodiment of the present

invention is arranged at a position close to a bus line.



. Fig. 1 is a perspective view showing a configuration in which an

EM suppressi ng conponent 11 according to a first enbodi nent of the present
invention is placed on a bus line 6 connected to a CPU5 in order to
suppress EM. The EM -suppressing conponent 11 is shown in a partly

expl oded manner. The bus line 6 connectg the CPU 5 and external circuits,
whi ch are not shown. In the first enbodi nent, the EM -suppressi hg conponent
11 functioning as a device for suppressing el ectromagnetic interference has

, i a_device ing ef ect r omagr |

magnot i o mat or af iy seqienal BBsrowite s g IR nIAREREn FMF SnC et o
t ayse ¥ AT & G Pder

“parti cl os bR st SR EeBRing 1S AT BRI oo O T ayer 1

has two di ﬁ,{\%rn(ﬁ%_iggﬁgﬁgé&g(% rrpﬁ%ed{,é@wm@sﬁnél_’he conposi te magnetic

material |ayer inc osite permanent nmagnet |ayer 2 on one face
thereof. The conmpgsid @ PEEHEMSHS viIBRANGStrdtitiged tebting appaeatoy foil evetustingy SnCoS
per manent magnet powder in a organic binder and ,then solidifying the

m xt ure t hemeeil-slippressimgasnhponment of tiea preseghirivehtigeand ihustradingrthesur e
sensitive adhesive |layer 3 on one face other than one face on which the
conposi t e rfangcten theraferi al | ayer is fornmed. The adhesive | ayer 3 contains
pol yvi nyl al cohol as a main conpaonent. The el ectromagnet

i nt er f er ence- supfi@Sisragtaph showingitke geflastiordransayssiag Ch%?qt‘?ﬁi?éicésﬂa}’

i he CP | Ci i ] d i | i
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cont ai ni ng i material powder and the organic binder. The soft
magneti c mi%gér ¥n§€ﬁ%€ﬁﬂe¢ is obtained by oxidizing Fe-Al-Si alloy powder in
an oxygen- ni t r ogetig 08fs & GrESPEIRGWINYithe efettieel i6ss faetdricila gamplsttoaviiéh 20%
Thus, the powder particles are each covered with an oxide coating. The
conposi t e pdifferene blasmaggedtid figlds ae appledpar ed according to the fol | ow ng
procedure: pernmanent magnet powder conprising SnCoS is dispersed in a

bi nder conpri si ngFig. pig ?fpﬂblﬁgﬁmsbﬁwm capfipwatipin which % RRMANeRd. The
conposite magnetic material layer 1 is forned,pn the composite .pernapent
magnet shedhagnatde plagesen B‘%S%PB‘@éﬂﬁﬁe@ddggﬁ? f'%é’BhBE? &Q! 'ﬁigf”@ 'B?ﬁg'a 'ni ng
the m xture,of rr&teri al s shognld'sn Tabl e 1 described below is applied onto

t he conposifPEaBB W&%ma%&&ﬁ F'%heet 2 with a squeegee, and the . applied
paste is suffici | ¥ :dLi r t | Retic
mat eri al sub-| aygfqui hg\'ﬁd%éﬁ %@Eﬁ%&ﬁ@ggeoﬁé%ﬁ%lﬁﬁ s %%Brgcggeggggﬁlisﬁggappl i ed
onto the reﬂ#i?_i-yu_g conposite magnetic material sub-layer, dried, and then
pressed, repeatedly, to forma nultilayer structure of conposite magnetic
mat eri al sub-1 ayefFig, 9\Waryraple showingethetrelztioaskipristeken the neal paiey'afithe | ayer
structure is cured by heating treatnment at 70C for 48 hours to conp|ete the
conposi t e npegmeabilityandrthefrecageey.and hig. d8ipagrash gshgwing theJelationghip

EM suppressi ng conponent sheet having the conposit netic materi.al |ayer
and the conbeveed theimaghary ﬁﬁgr#thflt’g?E?”H?%%B@&quW@r q”@’oﬂbgfeﬂn@d by

the ab d - it IWC. ' I ansiy f
osi stance B8 AETeapy S SASRHEL R e AELS, 2 e megigue iol | U0

adhesi ve aggndi ttﬂia@aﬂ'gp@o' yvinyl al cohol onto the back of a face on

whi ch the conposite nagnetic material layer is disposed. [Table 1 ] Soft
nmagneti c powder Fep@)l 4 §ijg 3l i hahglek SRS ke padtr (i’ iabidethdiimangirary
10pmAspect rati o: F@S?é%ﬁidég%ﬁgggﬁlﬁuﬁt hane resi r?g V\l/j(;éi ght s

part sl socyapag " o i pedReasiiitg withoassbe Solotbetf@omeacy ch sticit pcdaskdkatr®e and

t ol uene40 wei ght partsEthyl cellosol ve65 weight parts Fig. 2 is a sectional
vi ew showi nghagnetiofiieblisatot applied.whi ch an EM suppressi ng conponent 12
according to a second enbodi nent of the presen

{ 2 . . t iﬂven lon ig\a_ﬂqiranged at a
posi tion close toFig. B@ds pinpsspectivge/iewshoui 8 SOPHgUAIRPJRLHYC 3N
functioni ngEﬁl-s%p%?gslsﬁneg Lgrrnp%lrjlgﬁ{ aegc%rgi%g%eexcftohﬂﬁ%qﬂl%&i&ent of the present

invention is placed on a bus line in order to suppress EMI, wherein the
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" interference has a double layer structure in which the conposite nmagnetic

material layer 1 is disposed at a position close to the bus line 7 and the
conposite permanent magnet |ayer 2 is disposed on the conposite magnetic
material |ayer 1. The conposite magnetic material layer 1 and the conposite
per mmnent magnet |ayer 2 are prepared in5the same manner as that of the
first enbodi mnent. The conposite nagnetic nmaterial layer 1 is arranged at a
position close to the line. Fig. 3 is a sectional view show ng a
‘configuration in which an EM suppressi I’_l'? conponent 13 according to a third
embodi nent Wl‘ﬁHﬁpﬁﬁség@rﬁomp@qrﬁxbgﬁlﬂ‘P‘Uﬂ i & parfluaxRiaded MANKE tion close to
_the bus line 7. In the EM suppressi ng conponent 13, each conposite nmagnetic
material layer 1 is disposed on both faces of the conposite permanent

magnet | ay , i ] ort. In order to evaluate an
EM - suppr egé?%dw_@@%%né#ﬁhbméﬁ%r@’sﬁgﬂi nvention, a device described
bel ow I's used. Figmbdiniedts of id!pleseht PivehlisiiBnawtRSdéfdibRaRAHA us T or

eval uating an EM -suppressirig conmponent of the present Invention. Wth

reference tfdrefice 4o tie a66shpai\aigdrdwWhgsuppr essi ng conponent 20 (that is,
a sheet having only a conposite nmagnetic material |layer), which is a sanple

to be neasured, iBiganisageispettiae view shewirga lconfigiration imwhich aiEdi- part of
this line. The EM suppressi ng conponent 20 is not equi pped with a permanent
magnet | ayesuppressing coamppniend 1 20cendingatond first esnbatiment obihe prepenight of 0.5
mm An adhesive |ayer 3 is disposed on the conposite magneti c materi al
sheet, whi chvertigmisriacedoniacbys line 6 copnestedie adREL? Yrordgrde syppress

Ut <1 de. BYLandng EMGs RAreRpsSRTPaNSER 1L e SAHN &Rl Srgids = e "
| nput and Oéﬁggggrt@fﬁg Baé ﬁrﬂgbgﬁ%ﬂae@%s%@e Fafid 8&@%'%9&3%@%%! eads

22 and 23, ctively -'sSuppressi ng conpon I's placed in
Hel mhol t z cRif shorth. Which are indicated by the twodotted chain line, such
that a bias nmagnetic field having an intensity of 0-1 kCe (about 0-79.6

KA/m is applied iothelfiestembodiptentpthiel EdI-8lippressimg dommpdrienttipftinctiordeg i on
(in the Hz direction). The transm ssion characteristics and the el ectri cal
| oss ar e obasardavide/forsapprassing ¢lectremagpetip inderfereace hasraegeopositeof 1 MHz
to 3 GHz. Fig. 5 is a graph shovvi_nﬁ_t he refl ection/transm ssion .

char act er i stiagnetic materiabayeret.hich ismsheelrshapsdi od herrpmpesiie agaelics2y )

e
Ch( ossy ) 1+ BSRAS BRELE pSBEBRNR M ofdhrfiC Bl e Mheiliés patticRlhavingah | o5
the coeffi C'biipta é&fatihgf ! ?ﬁ%{&@#ﬁgﬁ ﬁ?éticzﬁa{é?&ﬂ%yeﬂ HRPKRS@REferithe

coef ficient of perneation cal loss tfactor corresponds to the

amount of  ehfpyntic absditame fritfueherd. bTHcompogiteemanetidiveatedatpayer 1t i s
clear that the electrical |oss factor

includes a composite permanent magnet layer 2 on one face thereof. The
composite permanent magnet layer 2 is made by dispersing SmCos permanent
magnet powder in a organic binder and ,then solidifying the mixture thereof.
The composite permanent magnet layer 2 has a pressure sensitive adhesive
layer 3 on one face other than one face on which the composite magnetic
material layer is formed. The adhesive layer 3 contains polyvinyl alcohol as a
main component.

The electromagnetic interference-suppressing device 11 is disposed
over the bus line 6 for connecting the CPU 5 to external circuits, the adhesive

layer 3 being located between the composite permanent magnet layer 2 and the



. genhtly increases as the frequency increases. Fig. 6 is a graph show ng the
electrical loss factor of the sanple to which a bias magnetic field is
applied. In Fig. 6) the curves 42, 41) 43, and 44 represents the
rel ati onship between the electrical |oss factor and the frequency when bias
magnetic fields having intensities of 0, 100, 500, and 1000 Ce (0, 7.96,
39.5, and 79.6 kA/m respectively), respectively, are applied in the Hz
direction. As shown in the figure) it is clear that each curve sharply
ri ses and Qﬁg a sharp peak in a high frequency region. As shown in Table 2,
the hal f-val'te width decreases as the electrical |oss factor increases. The

.hal f-value width i ﬁg@h iNgRt , that
is) the frequenc;/rlﬁngrh;%t %’@?ﬁg‘é‘ﬂé?rﬂ%ﬁ% anéﬁfvg\h}vﬁ%ggigﬁ\?i%eés)&o rg)‘aégggk at
hal f of theepgpk height in this case. [Table 2] H Ce] Hal f-Val ue Bandw dth
MHz011501009005003501000250 Fig. 7 is an illustration show ng a
confi guration i nTablechshowsthaseniposiionasf tBé compsite ethgnetichmatesiep! e
i nstead of the Helnmholtz coils 28 shown in Fig. 4 for applying a magnetic
field. As siootaining softenagoeticmatérial pewdenand thegnganiébirdes. aThelsofte of 1
cn8 (10-6 nB) and bias nmagnetic field intensities Hx, Hy, and Hz of 3 kCe,
1.5 kCe, ar@agnegicyuateriebppweer isePtaineddy axidizingnle-Ad-pi allay prdey in an

respectivel in the Hx, and Hz djirections, respectivel (EJ g. 8is a

o aph ShowidaeaIEas §a% GimpSers MR GXeTLPRSADPESSHIRS 2002 o 7

wh [ he f ' bt ai.ned [ h i h in Fig. 4.
R L e
and 5 permanent - M EiBagtd Behaitaitmatiielibr 2 BRAELR SAEDRING 1T . 'or

obt ai ned ugbiswihg precadnei t peragneit magnetgsovedenddnnoriging SmQo4 ke per manent
magnet. The curves 52 to 54 represent the electrical |oss factor obtained
usi ng t he alispersed i atbimddriconprising alpolypopyiene polmnemandraghett isithbna bi as
magnetic field applied in the x, z, and y directions, respectively, from
t he per mandatmesgnet. It is clear that the curves 52, 53, and 54 sharply
rise at about 2 G4z, as conpared with the curve 55, wherein the intensity
Hx is 1.5 kOe (1ldecanpagite magnetie spieral layer tisfopmed opdbecampositend t he
intensity Hz is 1.5 kO (119 in the curves 52, 54, and 53

Fespect | velRETRRSEbAIAGaSt et B<Eng o fuRdipifie déeoritiey BYSwe  Pagteon
show ng the At j t . : ' . EWE iy and
t he frequenccd;p?é'ghgqﬁlagb &H'Egio\i%gé%b%%k#h?ﬂdgv&ﬂﬁgbgﬁg dreg g‘i’?&;ﬁg I'p g%dvl\}!eegn t he

i magi nary Raith tive co o&ﬁ@g@ﬁﬁaﬁéﬁ’ﬂ mbgietshbet Rawith adiRBEYee VAT fig) the

perneability 1s determned by varying the intensity of a bias nagnetic

field appl isggsplied paste sasufficiehdy dnedahd themprssel to form aaopepasite0- 400 Ce. As
shown in Fig. 9, it is clear that the real part ~' of the pernmeability
gent | y i ncrroagesticamatédrial subdayerdiaving a dhickaesmaf @.AanmealThesabove pastais s to
decrease at about 1 GHz as the frequency increases. In contrast, the
i magi nary pRRRlied-onte theyeegydiingeampesiie Bpgnetc matenglsybylayai diigdeand apout
0.5 Gt as thgﬁ pfrés?s%%?rr]g ea'tgg{)l,e%s%?m a multilayer structure of composite magnetic
material sub-layers. When the entire thickness reaches 1 mm, the multilayer
structure is cured by heating treatment at 70°C for 48 hours to complete the
composite magnetic material layer on the composite magnet sheet. The EMI-
suppressing component sheet having the composite magnetic material layer
and the composite permanent magnet layer disposed thereon is obtained by the

above procedure. The composite magnetic material layer has a surface

resistance of 1 x 107 Q.



Y Fig. 11 is a graph showi ng changes in the real part ~' and the inmagi nary

part

conpari sons anong Figs.
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is clear that the imaginary part
which is a factor effective in suppressing el ectronmagnetic
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interference) sharply increases and thatyel ectromagnetic interference can

be effectively suppressed at a particular frequency (for exanple,
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invention is arranged at a position close to a bus line 7. The EMI-suppressing

component 12 functioning as a device for suppressing electromagnetic

interference has a double layer structure in which the composite magnetic

material layer 1 is disposed at a position close to the bus line 7 and the

composite permanent magnet layer 2 is disposed on the composite magnetic

material layer 1.

The composite magnetic material layer 1 and the composite

permanent magnet layer 2 are prepared in the same manner as that of the first

embodiment.

position close to the line.

The composite magnetic material layer 1 is arranged at a

Fig. 3 is a sectional view showing a configuration in which an EMI-

suppressing component 13 according to a third embodiment of the present
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' permanent magnet layer 2 in the same manner as described above, and the

sane effect as descri bed above can be obtained. [Table 3] Soft magnetic
powder Fe- Al - Si al | oy80 wei ght partsAverage particle dianeter: 45pmAspect
ratio: >5Annealing: Ar atnosphere650C x 2 HrOrganic binder ABS resin20
wei ght parts As described above, accordgng to the present invention,
effective neasures to suppress EM can De readily taken for bus lines

wi t hout reserving a space, which is wasteful. In particular, the present
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arranged on a micro strip line 21 so as to cover part of this line. The EMI-

suppressing component 20 is not equipped with a permanent magnet layer and

has length of 20 mm, a width of 20 mm, and a height of 0.5 mm. An adhesive

layer 3 is disposed on the composite magnetic material sheet, which is joined to

the line 21 with the adhesive layer 3 therebetween. The micro strip line 21 has

an input terminal located on an input side 31 and an output terminal located on

an output side 32, the input and output terminals are connected to a

microanalyzer 24 with leads 22 and 23, respectively. The EMI-suppressing

component 20 is placed in Helmholtz coils 28, which are indicated by the two-

dotted chain line, such that a bias magnetic field having an intensity of 0-1 kOe

(about 0-79.6 kA/m) is applied to the micro strip line 21 in the input/output

direction (in the Hz direction).

The transmission characteristics and the electrical loss are obtained by
measuring the test sample 20 at a frequency of 1 MHz to 3 GHz.
Fig. 5 is a graph showing the reflection/transmission characteristic (S11),
the permeation/transmission characteristic (S21), and the electrical loss factor

(P(loss) / P(in)) of the sample with respect to frequency at a bias magnetic field

intensity of 0, wherein the electrical loss factor corresponds to the ratio of the



" 14 CLAIMS 1. A conponent for suppressing EM conprising a conposite
magnetic material |ayer and a conposite permanent magnet | ayer di sposed on
at |east part of the conposite magnetic material |ayer, wherein the
conposite nmagnetic material |ayer contains an organic binder and a soft
magnetic material powder dispersed in thg organic binder, the conposite
per manent nagnet |ayer contains a binder and a permanent magnet powder

di spersed in the binder, and a bias nagnetic field is applied to the
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[Table 2]
Half-Value Bandwidth
H[Oe] [MHZ]
0 1150

100 900

500 350

1000 250

Fig. 7 is an illustration showing a configuration in which a permanent
magnet 35 is placed on the sample instead of the Helmholtz coils 28 shown in
Fig. 4 for applying a magnetic field. As shown in the figure, the permanent

magnet 35 has a volume of 1 cm3 (106 m3) and bias magnetic field intensities

Hx, Hy, and Hz of 3 kOe, 1.5 kOe, and 1.5 kOe, respectively (239, 119, and 119




" . 12. The method according to Cl aim 11, wherein the pernmanent nagnet powder

I ncl udes SntCo particles. 13. The nethod according to Caim 10, wherein the
soft magnetic material powder includes magnetic netal particles having an
oxi de coating and the conposite magnetic material |ayer has a surface

resi stance of at least 103 SZ. 14. The jywthod according to any one of
Clains 10 to 13, wherein the conposite nmagnetic material |ayer has at | east
two magnetic resonance frequencies resulting from ani sotropic magnetic

fields havi di ff hod
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conposite magnetic ter| al layer I's a formed body having a substantially C
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magnetic materi al I ayer is covered with the conposite permanent nagnet
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using the composite magnetic material without using the permanent magnet.
The curves 52 to 54 represent the electrical loss factor obtained using the
composite magnetic material and the permanent magnet with a bias magnetic
field applied in the x, z, and y directions, respectively, from the perrﬁanent
magnet. It is clear that the curves 52, 53, and 54 sharply rise at about 2 GHz,
as compared with the curve 55, wherein the intensity Hx is 1.5 kOe (119.4
kA/m), the intensity Hy is 3 kOe (239 kA/m), and the intensity Hz is 1.5 kOe
(119 KA/m), in the curves 52, 54, and 53, respectively. In contrast, the curve
51 gently rises.

Fig. 9 is a graph showing the relationship between the real part p' of the
permeability and the frequency, and Fig. 10 is a graph showing the relationship
between the imaginary part p" of the permeability and the frequency, wherein
the permeability is determined by varying the intensity of a bias magnetic field
applied to the composite magnetic material in a range of 0-400 Oe. As shown
in Fig. 9, it is clear that the real part p' of the permeability gently increases as
the frequency increases and the real part p' starts to decrease at about 1 GHz
as the frequency increases. In contrast, the imaginary part p" of the
permeability starts to sharply increase at about 0.5 GHz as the frequency
increases.

Fig. 11 is a graph showing changes in the real part ' and the imaginary

part u" of the permeability with respect to the frequency.
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invention. As shown in Fig. 12, in this method, an EMI-suppressing

component 15, which is the device for suppressing electromagnetic interference
according to the fourth embodiment, is placed on a bus line 6. The
electromagnetic interference-suppressing device 15 is equipped with a
composite magnetic material body 1' having a substantially C shape. The
composite magnetic material body 1' contains an organic binder and magnetic
metal powder, including particles each covered with an oxide coating, dispersed
in the organic binder. The composite magnetic material body 1' has two
magnetic resonance frequencies. The electromagnetic interference-
suppressing device 15 has a composite permanent magnet layer 2 on a face of
the composite magnetic material body 1'.

Table 3 shows the soft magnetic material powder and the organic binder
contained in the composite magnetic material body 1' of the electromagnetic
interference-suppressing component 15, wherein the soft magnetic material
powder includes a magnetic metal material comprising Fe-Al-Si alloy. In Table
3, the soft magnetic material powder obtained by the oxidation in an oxygen-
nitrogen gas atmosphere with an oxygen partial pressure of 20% includes
particles each covered with an oxide coating.

In the fourth embodiment of the present invention, the composite

magnetic material body 1' can be manufactured by a dry method as described
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thickness of 1 mm and a substantially C shape. The composite magnetic

material body 1' has a surface resistance of about 1 x 106 Q. The composite
permanent magnet layer 2 is then formed on the composite magnetic material,
wherein the composite permanent magnet layer 2 contains a binder and SmCos
permanent magnet powder dispersed in the binder. A bias magnetic field can
be supplied to the composite magnetic material body 1' from the composite
permanent magnet layer 2 in the same manner as described above, and the

same effect as described above can be obtained.

[Table 3]

Soft magnetic powder
Fe-Al-Si alloy 80 weight parts
Average particle diameter: 45um
Aspect ratio: >5
Annealing: Ar atmosphere
650°C x 2 Hr

Organic binder
ABS resin 20 weight parts

As described above, according to the present invention, effective
measures to suppress EMI can be readily taken for bus lines without reserving
a space, which is wasteful. In particular, the present invention provides an
EMI-suppressing component and an EMI-suppressing method, wherein the
EMI-suppressing component and method can be used at the high frequencies
recently used for signals and can reduce radiated noise without causing

secondary radiation at high frequencies and over a wide band.
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- 10% & () - the present invention further functions as an inductor (L), such the devices can
reduce different noises having different properties. Thus, the present invention
provides a significantly effective EMI-suppressing component and method.

Furthermore, the present invention provides such an EMI-suppressing
component and method that are effective in reducing the size and cost of
electronic devices and have the following many advantages: there is no need
to take measures in advance, less time is required and there is no need of

expertise in order to take measures, there is no need to reserve a particular

space, and the component is inexpensive as compared with filters.

Industrial Applicability:

As described above, an EMI-suppressing component and method
according to the present invention are extremely effective in suppressing
electromagnetic interference caused by electromagnetic noise of electronic

devices and electrical equipment.
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contains a binder and a permanent magnet powder dispersed in the binder, and
a bias magnetic field is applied to the composite magnetic material layer from
the composite permanent magnet layer.

2. The component for suppressing EMI according to Claim 1, wherein
the component covers part of a bus line for information-processing equipment.

3. The component for suppressing EMI according to Claim 1, wherein
the permanent magnet powder is a Sm-Co permanent magnetic one.

4. The component for suppressing EMI according to Claim 1, wherein
the soft magnetic material powder includes magnetic metal particles having an
oxide coating and the composite magnetic material layer has a surface
resistance of at least 103 Q.

5. The component for suppressing EMI according to any one Claims 1
to 4, wherein the composite magnetic material layer has at least two different
magnetic resonance frequencies resulting from anisotropic magnetic fields
having different intensities.

6. The component for suppressing EMI according to any one of
Claims 1 to 5, wherein the composite magnetic material layer has an adhesive
layer containing, as a main component, one selected from the group consisting
of gum, dextrin, and polyvinyl alcohol.

7. The component for suppressing EMI according to any one of

Claims 1 to 8, wherein the composite magnetic material layer is sheet-shaped.
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9. The component for suppressing EMI according to Claim 8, wherein
the composite magnetic material layer is covered with the composite permanent
magnet layer.

10. A method of suppressing EMI comprising the steps of:
covering part of a bus line of information-processing equipment with a
composite magnetic material layer containing an organic binder and a soft
magnetic material powder dispersed in the organic binder, and
applying a bias magnetic field to the composite magnetic material layer.

11. The method EMI according to Claim 10, wherein the bias magnetic
field is supplied from a composite permanent magnet layer that is disposed on
part of the composite magnetic material layer and contains a binder and a
permanent magnet powder dispersed in the binder.

12. The method according to Claim 11, wherein the permanent
magnet powder includes SmCo particles.

13. The method according to Claim 10, wherein the soft magnetic
material powder includes magnetic metal particles having an oxide coating and
the composite magnetic material layer has a surface resistance of at least
103 Q.

14. The method according to any one of Claims 10 to 13, wherein the
composite magnetic material layer has at least two magnetic resonance
frequencies resulting from anisotropic magnetic fields having different intensities.

15. The method according to any one of Claims 10 to 14, wherein the
composite magnetic material layer has an adhesive layer containing, as a main
component, one selected from the group consisting of gum, dextrin, and

polyvinyl alcohol.
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