;e3e{xD4(6"TRZ. 6 February 2004 1 DESCRI PTI ON COVPOSI TE MAGNETI C SHEET AND
METHOD OF PRODUCI NG THE SAME Background of the Invention, This inyention
relates to a conposite magnetic body and a met hod of nanﬁf&éﬂﬁFVﬁBofhe
conposite magnetic body. The conposite magnetic body is usable as an

el ectromagnetic interference suppressor for use in an el ectronic apparatus
to prevent | eakage of an extraneous radio wave to the outside, interference
between internal circuits, and infl udnce of an external radio wave such as
mal function. In recent years) it is a matter of great concern to cope with
a problemas to an el ectromagnetic environment of an el ectroni c apparatus.
In the background, there are vaPERIPddN ement s for an el ectronic

equi pnent such as a digital electronic apparatus-to increase a signal
processi ng speed of a.circuit, to use a higher frequency to .provide

i mproved functions) to@p@ﬁéigwgm&%ﬁghtmﬁkness of a product

design, and so on. To nent's,” the circuit is increased in
density so that activqw§h¢nygq§p¢an@g§§NEpTﬁ§qgﬁmg§, such as semi conduct or
el enments, which emt inductive noise are mxedly used. This results in an

i ncrease in line coupling due to capacitive coupling and el ectronmagnetic
coupling and in occurrence of interference due to radiation noise to often
i nhi bit nor miachgris D f micappar at us. Soneti nmes, such noi se may have

an influence p_n et_er nal apparatuses. As an anti-noise countermeasure in
the el ect r onTOisipanten elates o aerpmpesiesoagretiggbadeand amelber®h, and
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conponen [ pace i's require _ _

made ahpBafRss tpfv@BeldaRagé ¢ BnleXirbRENES rddie waivedo sl oLifsdd, hi ckness.
Therefore, an energent denand can not be net. R
interference between internal circuits, and influence of an ex;ernal radio wave

such as malfunction, . , | o | .

. Inrecent years, it is a matter of great concern to cope with a problem as
toan electromagnetic__anyiroﬁment_ of an electronic apparatus. In the -
background, there are various requirements for an electronic equipment such as
a digital electronic apparatus to increase a signal p__roceésing__ speed of a circuit, _f;o'
use a higher frequency, to provide improved functions, to reduce the size and the
thickness of a product design, and so on. To meet these requirements, the
circuit is increased in density so that active elements and passive elements, such
as semiconductor elements, which emlf ihdqctive noise are mixedly used.

This results in an increase in fine gohpling due to capacitive coupling and
electromagnetic coupling and in _occurrehce_ of interference due to _radiation noise
to often inhibit normal operation of the a‘pbar_atus. Sometimes, such noise may
have an influence upon external apparatuses. |

As an anti-noise chuntermea.sure in .the .electronic apparatus improved in
processing speed, function, and density, particularly, an anti-noise

countermeasure in a submicrometer wave band, it is proposed to mount a low



In view of the above-nentioned probl ens, proposal is made of a conposite
magneti ¢ sheet suppressing the above-nentioned el ectronmagnetic interference
as the anti-noise counterneasure in the subm croneter wa3€QE§ﬁHy%p§ﬂ
exanpl e, proposal is nade of conposite magnetic sheets capabl e of
suppressing el ectromagnetic interference, as described in Japanese

Unexam ned Patent Publication (JP -A) No. HO7-212D79 and the specification
of Japanese Unexam ned Patent Publicaion (JP-A) No. H09-35927. As a radio
absor ber covering the subm cronmeter wave band and utilizing a high teal

part perneability u' and a w despread imaginary part perneability a ",

these caTRafHct BnRGNBLISHALAG! S I ik BMRAbRECIUMEIABARIrObydhe Lse afad at i on
noi se and secondary el ectromagnetic coupling. Therefore; It is possible to

| i ght eryrt A@ditioms comysinest, 4 dumtingripaceds seyutredrscethat asosideratidbrpr oduct
devel opnent and to renove the bar to reduction in size and increase in
densi t ynodt Behmadieratid tesign stage imeordet 1o tedaice the sizesand Wenthirkness. an
anti-noi se conponent which can be conveniently used; |ike the

above- Mhereionecrcemssgentcderagndcan nebBg)yMetn a frequency band al | owi ng the

use of the conponent as the counterneasyre, i.e. roun |.ow frequency
(sever al tensinN@Véoﬁm?d@@ywt'ﬁp?%Pmsﬁﬁ@ssﬂmo%ﬁgﬁﬁ@ae%\?e band and

whi ch can be.nmounted.tq an existir ' &b the

pr ogr e CeTAosE AT S T Rssl PR S Renfichiod BleEReRaghite 7,
nmagnet . iR § sUHPRCAdrReer Sravesdehdyand i s

al so ré@&ﬁ?g%#%egg%g{%e%?ti ﬂ8%Q%§&%®| n {r%_lﬂﬂ_@ﬁess._ 6 February 2004 3 The
above- W@x@ﬁﬂﬁeﬁ&%@?zél‘ignﬁ@dﬁ‘@i d:@mgbﬁtﬁ mizgAgtic shedis capableobmet er wave
band becones insufficient in pernmeability as the frequency is |owered.

Ther ef euppreéssihirtieatromagnietic kintederaree| asidescrikacdin Japaseseddnafaraingdr essi ng
el ectromagnetic interference is decreased, as w || Ee lfj)f]gerstood fromthe

f r equerateat Pulicetion (IPrA)Ne. Ip7-212029 ang the speeifical ¥t Pt o3PRei%har at us such
bi | on i.cation, i C j ion will:be de- of th
count oLnexam 880 HREnLr SPIERRR (P B NG P03 B8R od "because of the
ibility of - | 94 izihgrrite,
5701, s 5 R e e Smarg

which wi |l _ Ken, can rcrently suppress tvhe.n0| se

al t ho“%hhighrfeﬂl{}ﬁér??eﬁﬁéﬁﬁlﬂys LAER £ ideEprsad infadinagr partpehmgalilityf r equency
ranges thdn several tens t0 a hundred M1z, use can be made of those
conponept sthess BoAmosite shagretit sheketd tan supjress dnansmission ol @AREIRN oned
frequency band, any convenient anti-noise cgnponent i s not. quund at

pr esentnoigeyand secomdary electipagnaticRoMpliag c o hpSRRrE; ti2iPRSPBE ©and manhour

are requjred in design dification of a substrate : like. In order ‘
to sol Shf%th&88§§lw&\‘fqm%%eﬁ’%wc@ﬁ? C?H@?Qng%%@gsargd]%gﬁ% for a conposite
magnet i S SJ : SIBBASH kel deMgiteldfi s of
the typ Vggjiﬁ%‘{}%nﬁ@p@wq*ge%ﬁﬁ% ranggﬁ %fs\zeevéeﬁfl{ntzfgeﬁs%?o a ir;[t%ndr ed Miz)
and exﬁhg'cfrbﬂiﬂ. an el ectromagnetic interference suppressing effect even if
the thickness is reduced.

" In the market, there arises a demand for an anti-noise component which
can be conveniently used, like the above-mentibned‘ composite magnetic body, in
a fréduency band allowing the use of the component as the countermeasure, i.e.,
around a low frequency (several tens to a hundred MHz) within the |
submicrometer wave band and which can be mounted to an existing apparatus.'
Furthermore, with the progress of miniaturization of the electronic apparatus, the
cemposite magnetic sheet adapted to the above-meﬁtibned submicrometer wave

band is also required fo be further reduced in thickness.



To neet the above-nentioned demand, it is essentially required to inprove

- the perneabilities u" and u' and to | ower a nmagnetic resg gce flrzgg ency of
u'. In response to these requirenents, for exanple, the &;a? Feary groposed

a conposite nmagnetic sheet which is inproved in el ectromagnetic

I nterference suppressing effect in a FM band (around several tens to a
hundred MHz) and adapted to reduction in thickness. By the use of the

t echni que 6 February 2004 4 descri bed in the above-mentioned appl i cation;

the i nprovenment_inj electromagnetic interference suppr ing effect and the
reduction in tRNEIGREYE-RMEVKOTHELFPARAT IR/ DASNERT ﬁﬁ’?ﬁ% L&%ﬁﬁﬁb@l on will be made

e, OB G LB P S R,
o S T TR et et PR At L o
oL cer 8l Resldel Lol seplanannt e dagesedie Wi antenad 2 cd (o

doct or b+r89§thteeﬁé(;tﬁ]eg+ﬁ-at'v{?hiémeudﬁ!eﬁ@b.hom akhafl-sodd ehagoeld appavamer and a

bi nder are knead a kneader to obtain a m xture which is formed by

roll's. |gu@ BEeEhR8bld cRrPtuNitatreamyarpus| tensiggnatioh ovibbeynade of i bed in the
' above-nenti oned Japanese Unexani ned Patent Publication (JP-A

) . No:
20004097andthat ceoftermegsets. c Howeier, ferie candiat beraeyniad bacause oy and
formed into asheet by the wet nethod S not t ive the. s Sstrain to
t he powdeessibifityef frafdureand Hip Rica|EM PE&@QFW%, O‘i‘ﬁ%"%’ﬁ&@'{ E-i%ﬁ"éﬁié ed by

i g derseicy Be Frgken s i SEH i RBPRTH g Hot oo B RBBRG 0 1201 1T

the FM band is ] ed and the reduction in thickness Is achieved. As
descri be adcn?ogeé,sgw]%dconventional -met hod of producing the conposite

magneti ¢ body €RIPIihbWEr ARe@hignar freghiendpemges chavseesrabiedsttba bi nder is
classified into the wet nmethod using the solvent and the dry nmethod bring

no sol vemindredMEZesdedn ol rpade ot thugetdeepuants sveh Aagrraliandaleidescri bed
e However, in the above-mentioned frequen_cy band, any convenient‘anti-noise
component is not found at present. Even if there is such adaptable component,
much cost and manhour are required in design modification of a substrate and
the like. . , , _ _ ,

in order to solve the above-mentioned problem, there arises a demand
for a composite magnetic sheet for suppressing electromagnetic interference,
which is of the type adapted to a lower frequency range {several tens to a '
hundred MHz) and exhibiting an electromagnétic interference suppressing effect
even if the thickness is reduced. ,

To meet the above-mentioned demand, it is essentially required to
improve the permeabilities &'and £"and to Jower a magnetic resonance

frequency of u'. inresponse to these requirements, for example, the applicants

proposed @ composite magnetic sheet which is improved in electromagnetic
interference suppressing effect in a FM band (around severai tens to a hundred

MHz) and acapted to reduction in thickness. By the use of the technique



Japanese Unexam ned Patent Publication (JP-A) No. 2000-4097 adopts the
above-nentioned wet nmethod. However, a sufficient value Qf u' ca t be
obtained by filmformation al one and, therefore, pressi nB Fﬁy”‘fﬂgﬂgg of the
pr ess 6 February 2004 5 is perforned to achieve high perneability.
Therefore, it is difficult to reduce the cost in case where the production
anount is increased. In order to perform mass-production by the use of this
nmet hod, a large-scale plant investnmegt is required. In the above-nentioned
dry nmethod, various external forces are often applied to the flat soft
magneti c powder during the machining process. in this event, nechani cal

stress d?%&’iﬂf%’ insth%r @Hleﬁggﬁéln%gﬁg{k%gmw He W,—bygﬁ,‘gﬁpm c powder free from

stress SO tha esire characteristics can not be obtai ned.

Pract i %?d[dtbb’ ARSBdErERES L SresSng AR e aht Bne eetiuctibn imthickresseal part
perneabiTity ~t' and decrease in the values of u" and u' have been

conf i r pagde HeepradHverhove nentioned reasons, a nunber of probl ens exi st
when the conposite nagnetic body adapted to the band between several tens
and a hundr e¢Heviin, despriptibrcei v triadetod mmmtqf@mwwgammge February
2004 Sa From EP 0 854 669-Al a nethod of producing . a copposite nagnetic
body c#me BboverReantionesnarsperite: Magaetigpaogy.: ‘Brc'@ﬁﬁrgqf%e BBYe'soft magnet i c

LR R
wher ef P RRARRGABAPE of Auti PERd srila BRO A So R e e ot o
. e TR Gt AR R gy it e 2
i nt er f gfpiTars WIRES 9l agiRfed® biblama whirphlileomprtumsewhishds freroiad 0 support
and a soft magnetic material |ayer containing soft na ngtfiia(i sggwder ~and
or gani a fiimislethe use of the doctor blade technique. Inthe dry method,
magnetic powder and a binder are kneaded by a kneader to obtain a mixture
which is formed by rolls. " |
In a method of producing a composite magnetic body described in the =
above-mentioned Japanese Unexamined Patent Publication (JP-A) No: 2000-
4097, flat soft magnetic powder free from stress straiﬁ is used and formed into a
sheet by the wet method so as not to give the stress strain to'the powder during
the forming step. Furthermore, the sheet is pressed by the use of a press in a
direction perpendicular to a sheet plane to realize high density. -Thus, the
electromagnetic interference suppressing effect in the FM band is improved and
the reduction in thickness is achieved, R |
As described above, the conventional method of producing the composite
magnetic body comprising the flat soft magnetic powder and the binder is
classified into the wet 'méth'od"usin'g the solvent and the dry method using no
solvent. S |
The method of producing the composite magnetic body described in
Japaneséﬁuhexamined Patent Publication (JP-A) No. 2000-4097 adopts the -
above-mentionéd"wet'methéd. However, a sufficient value of 1" can not be

obtained by ﬁlm formation alone and, therefore, pressing by the use of the press




6 February 2004 Sb Summary of the Invention It is therefore an object of

- this invention to provide a nethod of producing a conposi magnet.l.¢ sheet
which is inproved in el ectromagnetic interference supprebﬁﬁb“%ygéhg in a

FM band (several tens to a hundred MHz) w thout decreasing a high
perneability of flat soft magnetic powder free fromstress strain and at a
|l ow cost. It is another object of this invention to provide a conposite
magneti c sheet which is inproved in el ectromagnetic interference
suppressing effect in a FM band wi thout decreasing a high perneability of
flat soft magnetic powder free fromstress strain and at a | aw cost. O her
object of this invention will becone %Iear as the description proceeds.
According to the present invention, thHere is provided a nethod of producing
a conposite nmagnetic body, conprising the steps of preparing flat soft 6
February 2004 6 magnetic powder subjected to annealing to be free from
stress strain, mxing said flat soft magnetic powder, a binder, and a

PR e e A e et e I
Phe. pr oSGt M AsenthaR e ACRBere) BBRTHEN Geata LA E e R b oduced
by the abover JBAtiONEY tEPLPE this method, a large-scale plant investment is

required.

In the above-mentioned dry method, various external forces are often

applied 1o the flat soft magnetic powder during the machining process. In this.

event, mechanical stress strain is prcduced again in the flat soft magnetic powder

free from strass strain so that desired m_a'gnetig: charactaristics can not be

obtained. Pracﬂcally. decrease In magnetic resonance frequency ir of the real

part permeability #'and decrease in the values of 1'and u®have been

confirmed. |
From the abovementioned reasons, a number of probiems exist when the

composite magnetic body adapted 1o the band between severaltensand a

hundred MHz Is produced with the above-mentioned method.




Accordi ng to another aspect of the present invention, there is provided a
conposite nmagnetic body which conprises flat soft magneti owder. bj ect ed
to annealing to be free from stress strain, and a bindep$wg?§ﬂy€@ﬁgaid
flat soft nmagnetic power. According still another aspect of the present
invention, there is provided a conposite magnetic nmenber which conprises a
pl anar conductive material having both surfaces, and conposite nagnetic
bodi es according to claim 12 arranged in said both surface of the planar
conductive material: The flat soft magnetic powder used in this invention
can be obtained by nechanically grinding and m|1ling spherical or anorphous
rough powder to flatten the powder: In the grinding and mlling step,
stress strain is produced in the powdar to cause deterioration in
characteristics. However, by carrying out annealing, the above-nentioned
stress strain can be renoved. In order to obtain the flat soft magnetic
powder having desired characteristics, the annealing is essential. The
anneal ing condition is Sﬁg{opriately determ ned .i n dependence upon the

mat eri al oframeERd t8 T ¢ PoTBEROC The PFOCHGARET 2f 6P PP the sheet from
the mxture, of {; f grebi Ceomowdanandet Beabi ngler difegak-asgi fied
into the cff?/&n%%hh%cgda% %}qle%v?en? metho%. as desg?i bed above. In order fo
reduce t hefloadsdst trmgrettier pakvceor sekiafpes he af RGBCsBE €5 HRgjHetSoc PBowder |
the wet method js suitable. By.film fofnnation.usi he Jl-ade

t echni que, T¥ % %Eﬁﬂxﬁﬁﬁ%fﬁﬂagﬁéﬁpg g%%yfggg(ﬁgziiﬁgggfkﬁﬁh %ﬁgggflgttened
direction windde S tedmgngt icceppidesre sirdra entfédmwi t hi n the sheet plane.

6 February 2004 7 In order to obtain the conposite nagnetic body having a
hi gh permeability, it is effective.to inprove the density of .the conposite

magneti ¢ bedy, J@%&&{k densdd osap BetsdicEv edtolycpressi nggidisicskeet af ter
filmformation and renoval of the solvent. To this qughin he t hod of
[

produci ng tém oonpusin eshmrpict it8ebBaAF Ao mARG Tt Y58 RS eMT 01%° £he
conposite nagnetic. sheet_i.s Qr d fr mBe=prese me-dhe rolling
mll conpr?% %gpﬁiﬁﬁ$f%|%&fﬁf%feg?géﬁ??%ﬁpgé?gﬁkg?éﬁ|3? tg t he plane of the
conposi te maﬁﬁ@ti@ phesdr sihefameessi agr S Uree l@dsOyspdraeyl ¥1F ect  of

i ncreasing the degree of orientation of the flat soft magnetic powder.
However, tﬁ%e%6nposite magneti c sheet nmay be decreased in density follow ng
the | apse of tine. Presumably, this results fromperneation of humdity

into th it tic body.i dditi th h | ed
L0t Lhe Fomesibe TIRrely s, eun stiLil s d g shenergne gl o0

Leq_uij_r ed t ?uﬁgﬁé%e@rt@@n (07871 a_tgﬂﬁint wh]t;imded:odf;imatfmpemaﬁuceiamdsm;girt
umdity. I'nthis invention, the so netic er, i.s.supj to
surface traaenenschy %ﬁ%ﬂ?ﬁ&?.mfﬁeFﬁéacggﬁh1rﬁf3§§$ﬁ “50585Segﬂ§?%55he
above-nentggaggrpgﬁglgg%aggbtgy%dgunface treatment using the coupling agent,
affinity between the soft magnetic powder and the binder is inproved to
prevent the perneation of noisture between the binder and the soft magnetic
powder and to inpart hydrophobic nature, i.e., water repellency to the
surface of the soft magnetic powder. Thus, durability under high
tenmperature and high humdity is remarkably inproved. The coupling agent
may be a conpound including a metal atom such as silicon, titanium

al um num and zirconiumw th a functional group such as an am no group and
a carboxyl group added thereto and is appropriately selected in dependence
upon a material to be subjected to surface treatnment. According to the
result of testing these coupling agents, those containing silicon or
titaniumare nost effective in the conposite magnetic body of this

i nvention. Thus, the 6 February 2004 a




coupling agent used in this invention is a silane-based or a titanate-based
coupling agent. As the binder used in this invention) usgt txaﬂﬁﬂe of
various thernopl astic macronol ecul es and vari ous thernos %ﬁ%ﬂa“' ’
macronol ecules. It is required to be rich in adhesiveness for high-density
charging of the powder, to be rich in flexibilty in view of the node of use
of the product, to be soluble in the solvent at the roomtenperature taking
into account the production process, and so on. Taking these requirenents
into consideration, usable binders are automatically restricted.

Chl ori nated polyethylene is nost suitable. . In this invention, the sheet
after filmformation nust be pressed in the direction perpendicular to the
sheet plane in order to increase the desfsity of the conposite nagnetic
sheet. As a pressing technique, a press-working nmethod using the press is
nost conveni ent. However, the press-working nethod can not perform
successi ve processing. For mass production, use maybe made of a rolling
mll conprising a plurality of rolls and a rolling m |l conprising a
plurality of rolls and an endl ess belt supported by a plurality of pulleys.
As described above, In order to avoid the deterioration in characteristics,
it is required Eompeasstthemeniesi te magneti c sheet w thout causing stress
strain in the soft magnetic powder In this inventjon, this,is achieved by
the use of a roltlis trevéface @@8@5@@"‘@%‘}9@8@%@ provides methegq’ %O@F’”g rol |

made of a rubber or a macronol ecul e .nater] j : dness of 90
or nore a& WQ@&&m%t’&sﬂeﬁgwﬁ‘gb&@%‘g\%@hreg‘ala# do%gmew*ﬁ?#ﬁeé ribber

har dness | in! wiraltBes {08 RiRdrel AMad) witleber hardness in
t he rubbeg&ﬂ%#§%@g§m?égpiifﬁ%%%#ﬁ@%ed in JI'S K6253. In)case where the
above- mentigedingad highsarsrdbiltyhsnat saft magtaticaumatsr fresthoresicdssaimir are
brought into press contact, at |east one roll 'is.elastically deforned at
its surfaapdpbetiowmosb produce a depressed portion to be engaged 6

February 2004 9 with an outer periphery of t QPROosi te_r qAS a
consequence, a Bongaethesobipscdf th‘ﬁ\'/ﬁ"ﬁﬁ{’é‘ﬁr%@gg% Oﬁ%sﬁ?g%qhguﬁr med
between the_ t Lol | . ‘ it e i eadind SidBes t 0 pass
bet ween tﬁgeeft\\%h?@ﬁ @Prwga]‘c”é%%%*m tg m'tﬂi%ﬁ]é%??@%@@%éeg%pﬁ?s prdeséed to be

i ncr easedg| Sith¥uiiddiesing BUSIHEriHRabISty o iat sdit miagn el ddveses 6B magnet i ¢
powder . Iﬁ”gggﬁ?ioﬁ g?nce th% gﬁ% er is ﬁgde of chlorinated pol yethyl ene
havi ng t hfreApgtrast dtedit undtdhe leffcestt of pressing can be increased by heating
upon pressing. To'this end) it is required to feed hot vagor into a press
plate or the roDkhasrobjectmdthis inveniea i beeeme £1a7g 28 leR #23€FIS" such as

i nduction heating. By layering a plurality of the conposite magnetic sheets
and pressPH§SEREse sheets to forman integral structure, pernmeability

characteristic ég?%ﬁﬁ%%%ﬁﬁg}-%a%’&@%y GAHSE: &5 gﬂé@%iatrﬂetﬁfgd Lhe conposite

magneti c body i ayerin ressi ng and because the
degr ee of j i - f: hesimowdenehdof drep s =t ptfane 1 s

i ngr easedpéaédugmri‘éﬁﬁﬁmgghéE?@gé%?éﬁgngﬁgﬁm%sul ttie;?]g fdpo?n gﬁglssipng. In the
filmformation by the above-nenti oned doctor bl ade technique, the sheet

t hi ckness obtained by a single filmformation step is restricted.

Therefore, layering and pressing descri bed above are useful also in

adj ustnent of the thickness of the conposite magnetic sheet. In the

el ectromagnetic interference suppressor, it is effective to interpose

i nside the conposite magnetic body a planar conductive material, such as a
netal foil, a netal plate, a net conprising a netal wire, and a nonwoven
cloth of carbon fiber. In this invention, by pressing the conposite
magneti c sheets with the above-nentioned conductive material interposed
there between to forman integral structure, it is possible to easily
obtain the conposite magnetic sheet with the conductive material interposed
i nsi de. 6 February 2004 10 Brief Description of the Drawing: Fig. 1 is a
vi ew showi ng the result of neasurenent of characteristics of




conposite magnetic sheets obtained by nethods according to various

enbodi nents of this invention; Fig. 2 is a view schematically shawing a
rolling mll used in a first exanple of the methods, in ®iiePRUAYEIRBosite
magneti c sheet is pressed between rolls with resin layers; Fig. 3 is a view
schematically showing a rolling mll used in a second exanple of the

met hods, in which a conposite nmagnetic sheet is pressed between a netal

roll and an endless belt; Fig. 4Aisg view schematically showing a rolling
mll used in a third exanple of the nmethods; in which a conposite nagnetic
sheet is pressed between a netal roll and a rubber roll; Fig. 4Bis a view

hemat i cal | ' i ng ik L used e of e
et hoad Fanei At et A Rklrig HERE fee forh Bels SHERTIMER S0 1)
For 1 ng B e B Aok BT X conpos  t o
magnet kgmg Q%%rril-fﬁkéﬁﬁiﬁﬁjl?é, Rymirtpsaigenisfurasitala fileh,|ahdrethering said bel ts; Fig.

6 is a view schematically showing a rolling mll used in a sixth exanple of

t he nesbpést from shidciimatogropose Besheey obsaid coemasiiesnpgreticbotet ween net al
rolls; Figs. 7A through 7C are views for describing a net hgd of producing a
conposi te nadweprdingttean adpest af herpresentisvertics, thereis PEeyidedd. Now, an

enbodi nent of this invention will be described in detail with reference to
the dr samppsite reagestic/Regy pshiced bA(sthPIajc}o@dT’F”?W?gmieb‘?%ﬂmder) pr epar at i on

de of dust - (Fe-Si - Al I | + O A ' f
55 a m and aRcoabe tpErPUesesst SHipBBIE SRR kTS BRI dEde” 7 OF, ©
the fl %épgooéasﬁtegﬁ*gaﬁé%w@‘ﬂ@FchV@o?REHQseﬁét%ﬂtrﬁa@HBﬁ@béwaet Suljedledrtogen

at nosp urs. asurenment waS nmade of 85 wt % of the flat
of t ”a%rr‘lﬁbbﬁnqwﬁérfréé {8 dthasannedldritDa birdenniixed te baidrfiaiablid pol yet hyl ene
as a bi nder, wt % of a coupling agent, and 20 wt % of toluene as a solvent.

For ti reagrieticopoeer.and sil ane- based coupling agents, individual sanples
were separately prepared. Next, the flat soft ma n_eti%qrigwder was,fed into
a pl anetary hocordingratilangtiarasprat ofithe RIBseNtiIRYERRBNINGRALS Q[ﬂﬁ‘f%a. :

Agi tation was perforped for five mnutes, T , lL.onLLpat ed
pol yet WW“&@PQW&&M%@’%@BV \98513"%?8 @gﬁg@%@ﬁ%ﬁﬁgﬁ%ﬁﬂﬁ*m of the
sol ven Pl | nd.a 'Frﬁ’:tcjs“ "\{% 'Hdi6ds & ' WHaifoT2 30 m nut es.
Thus, i\a&ﬁfgfgé'tﬁnp%.'rﬁ#re%. ?P@%bm Xt Ege / séﬂgbt al nsegeédé?/ﬁg ﬁgtt?:i%ctor bl ade
techni %@n@%n%ﬁoﬁ%ﬁmtﬁéﬂaﬁa cergubtvemmiténidlo a fil m having a

0

t hi ckness .1 mmusing as a base material a polyethyl ene.terephthal ate
(PEA sheet wiTie #atsoft magnetiepowdepusedin this ioventiorhean beiebtaiBed &Yt was
Conpos Mechanjeal GiB8 EnAGh T REEARNRRREL¢F STOTOBPHERBRPKEY AatER  af ned.
T O & TP Ol RS b PnlRh§ SR5S, bbb it & fHback 480 m |1

powder 1o éausé deterioration in characteristics. However, by carrying out |

annealing, the above-mentioned stress strain can be removed. ~ In order to

obtain the flat soft magnetic powder having desired characteristics, the a‘nne'aling'

is essential. The anneallng condition is épprbpriatély'détémihéd in dependence

upon the material of the soft magnetic powder. |

The method of forming the sheet from the mixture of the flat soft magnetic

powder and the binder is classified into the dry methbd and the'-wet method as

described above. In order to reduce the load by the external forces upon the fiat

soft magnetic powder, the wet methed is suitable. By film formation using the

doctor blade technique, the composite magnetic body is obtained in which a

flattened direction of the soft magnétic powder is oriented within the sheet plane.




illustrated in Fig. 2. Each roll 20 had a dianeter of 150mm and was
provided with a resin layer forned on its surface. The resin |ayer had a
rubber hardness of 90. Herein, the surface tenperature of Rehguary| 200455 set
at 50°C. The traveling speed of the conposite magnetic sheet | 0 passing
between the rolls was 80 cmim n The space between the two rolls was
substantially equal to O mm For conparison, preparation was al so made of a
conposite nmagnetic sheet pressed by fetal rolls havi ng no resin |layer as
illustrated in Fig. 6. 6 February 2004 12 Fig. 1 is a view showing the
result of neasurenment of the perneability of the cqn’gposi,te magneti c sheets.
Ref er ence nunkrerder 1o obiain the casppesiiernagneticledy havipd iR onposi t e magneti ¢

sheet before pressjng, respectively. Referen nuneral.s 13 4.1represent
o Cand barmeaty ki eastus ve agEhe Oenant e LomPaRye mao At B oF |
illustrated.in Fig. 2 re f] : repr esent
u ana BhS i sty s A BRRELA Bl Bre B BNl AL finy oo aHu T PP
illustr i i 0., re o el Yo ' TolVIMaTRY- 3¢ & e 4d he
el at i viErigva Bt fesoifent TR 1 bR chEduGGME bompbete T it e
magnet i ﬁaﬁﬁ@ﬁé bB&Y aEEomirRStal tid invenkitng theschippasienidaaetit sheeist magneti ¢
powder can be charged at a high density without causing the stress strain
as a repgstedby fihé Usbof ths pressiar théeollimg mitecdroprisisgibe edilsdniznat ed

pol yethyl ene as the binder. This value is as large as 1.5 tinmes as conpared
wi th t hdirentiongerpendiculgr taithet plame ehthe erinpoRitegREANEYE Sh9e). Thejt s

under st ood that the conposjte nej.ic sheet, pressed Lthe..rol i mill in

oo 5 Massing aisn BRe ¢ DS ETEDG NIREE A B RD cagh cre b8 s A

frequen % fft bef*orteBregsi ng to the high frequency side and w t hout

decr eastH§FC Heagraeifs POY %’errreab‘i lities u' and a ". Let the space between

the rol I's ingever Bﬁ}@&HS{a?iwmlé@h@ﬁc Jhet mayBe GeeRRictdn RasRy i ¢ sheet is
‘the rolls.

made to pass betweeh Nn.this event, a part of the resin |layer of

the r 0|fb||6ﬁin$&ﬁéﬂ@@§b bhlirher MPeeguinsably, Shistrbstlisromrpasneationefhiurtidithe sheet
is widened. Therefore; pressing in a very narrow lLinear zone | % a%/\gi ded and
no ext enttathefaonueosite Mmagneticbagyini asditian thespangmensn caliggRringbathder .

St i n GtFerYed el biess (ORORST 116 pove . BFreipt i dea R RABTe  mgnet i ¢
lo)??gn}tMa}bg(9hp%l%ﬁ‘ﬁﬁ‘qqﬁd@%eﬁ%ggﬁgﬁgﬂmﬁgﬁlﬁsﬁ? nt Pﬁed'&g;ﬁg |Ofs I.mproved.
Presumabl y, 4RigisahoehtoANtHd St faghetié Bewder Is subjected to surface
' " treatment by the use of the couplihg agent to r‘clope' with the abové-rpentiongd
problem. By the surface tré'atment_ ﬁéihg 't’n'e’coupling ageht. afﬁhity:bet\'_rv-een the
soft magn'ét.lic»bowde'r and the binder is improvéd vt_o'y pkevént the permeation of
moisture between the binder and the soft magngﬁc pbwdér:ahd toimpart
hydrophdbicrhat'ure, le., water repeliency 'to'the 'sfl‘Jr'facejof the soft maghefic
powder. Thus-,' durability under high te'mpéréfUre and high hum\'i'diity}ié' .
remarkably improved. - | . -
The chplin'g agent rhay be a chnpou_nd including a metal atom such as
silicon, tifaniﬁhi,'aluminum, and zirco.nit-im w'rth a fu'nctibh{a'l group such as an |
amino group.and a carboxyl group added thereto and is appropriately selected in
de;ﬁehdence upon a material to be éubjected. 1o shrfacé treatment. According fo
the result of testing theée coupling agenfs, those cbntaining sil?con or titanium are

most effective in the composite magnetic body of this invention. Thus, the




6 February 2004 13 inprovenent of u'. Herein, various roIIing mils are
illustrated in Figs. 3 through 5. For exanple, as |IIustr |n g:

the other of the netal rolls 31 nay be an endl ess belt 3% Yt 8 by a
plurality of pulleys 33, instead of a roll shape. In this case the belt is
preferably nmade of rubber or other nacronol ecule materials having
flexibility. For exanple, as illustrated in Fig. 4A use may be nmade of the
metal roll 31 on one side and a roll 41 of rubber or a macronol ecul e
material on the other side. As illustfated in Fig 4B use may be nmade of the
metal roll 31 on one side and the roII 20 having the resin |ayer on the
other side. As illustrated in Fig the endl ess belts 32 may be

i nt er posewpling agent ysad 'ﬂéh&l'nlf@iﬂ'fl@ |§P silanerbaspdypia titanate-Haged ot her

met hods th n the bove- nenti oned net hods. For exanple) pressing nmay be

per f or neeH *space between two-axle rolls adjusted in dependence upon

Hovever . ¢ ﬁZSaOf Db et Rt RS EAREN < BB a8 B ot Viistncn The
thi Ckneﬁ%rﬁé&léﬁrc%ﬁ@tomaecﬁl 8298 aribh rtﬁér‘?ﬁr?set’éﬁg dEr ek dufesN Ot ,sadapt ed

to mass pro s al so possible to per mpressing wth a | ower

pr essur il 18thP AEMRL AR ESvémddsSfor highPdéntiy dhasging e tise Bpagiet, aortrgnet i
sheet is repeatedly made to pass between the'rolls In order to obtain the

desi r edricthitr Betibilitysin view ofiehé mddmohaseaobthbe:roﬁmteto be sbkibie intire obt ai ned
was exam ned for the durability under gh ten{p]erature and hi'gh humidity:
Under t $@lveninat thegroot tetnmeeraerrpéabmgmeto(ﬁccean grifoduRtionepEcess, #fhi dity of
85% neasurenent. was made of the variation from tqaﬁée thr ckness of 1 nmm after

| apse of0 95- hdakifgd thgse FemyERM RIS, intpgAnSideratiRih! BEAIR &% or the cases
R e e T e e
increase in tfy ﬁt@ﬁﬁr%ntron %E@%@%‘éﬁe?ﬁ%&ﬁlaﬁ@ﬁ’ 'n‘ihé be pressed in the
drrectron perpendrcular to the sheet plane in order to rncrease the densrty of the
composrte magnetic sheet As a pressing technlque a press—workrng method
using the press is most convement However, the press working method can not
perform succeserve processrng For mass produc’aon use may be made of a
rollmg mill comprising a pluralrty of rolls and a rollrng mrll oompnsmg a pluralny of -
rolls and an endless belt supported by a pluralrty of pulleys |
As described above in order to avord the detenoratron in characterlstrcs
itis requrred to press the composrte magnetrc sheet wrthout causing stress strarn
in the soft magnetrc powder In thrs mventron thrs is achreved by the use of a
roll having a surface subjected to resrn coattng or arolt made of a rubber ora
macromolecule material havrng a rubber hardness of 80 or more as at least one
of the rolis of the rolllng mill. The rubber hardness mentroned here isa value of
the international rubber hardness in the rubber hardness test standardrzed ln JIS
K6258.
In case where the above mentroned roll is used when two rolls opposrte
to each other are brought rnto press contact at least one roll is elastrcally

deformed at its surface portion to produce a depressed portron to be engaged




Coupl i ng Agentvariation Rati o/ Thi sTitanat e-based

. 36l nventi onsi | ane- based32Conpar ati veNone39Exanpl e From ‘g le 1 , 1t
understood that the use of the coupling agent inproves ebruary 2004
hi gh-tenperature/ high-hum dity durability by t 0% or mare as conpared with
non use. Next, description wll be made of an enbodi nent in which conposite
magneti ¢ bodi es and a conductive material interposed there between are
integrally formed. At first, a fil m Por mi ng m xture as nentioned above is
formed into a filmby the doctor blade technique with a planar conductive
material used as a substrate to obtain the planar conductive material wth
the conwiths aneulergrrsinhery otithe:epresHedol.o A2 CaNBRIUERS: RerOMt@fiposi t e

tic sheet is attached to the ot ide and,,i ly f d by th

 Above. raaceaying:a peeceteTIRR e S e e WETH I MLl of ot hr ce- | ayer

e ! Hoptu ALl S ! =
2 unt num pl a08hon e SRrRoRTE mapEit nERUPipadEitptdsbeeR he obd- 7A an

i verirs 15 P ] ! :
sur f acd Ol oo T G B R e et e o e eat t o
anot herﬁ%!@%b%ﬁré@%ﬁ fo #ReRt mBghetc peweered Imadtiitienpsihee tisaur f ace and

y forne

I ntegra by the above-nentioned manner. At this tine, integration
of the weWEAsimadeBDEsbiivatediohethdene hatiag tsermapiastisitydtheiedfechef hol es
formed on the alum numplate: If necessary, a plurality of congosi te
magnet ipessingcantmyinbeaseddidiratingdipaacoressinge B this R0 Bratesw#ed use may
be made of a mesh 74 conposed of an alum num w r.e maferi . 6 February
2004 130 AgediBabyaRstdniona PERSSRIBIS iR r&&‘t‘ﬁi@"?%ﬁeﬁ?ﬁ%,ﬁl@“?s possible to

obtain the.c osite, et i et inproved in relative perneability by
t he us@rl%ﬁ”?lﬁgaf‘ﬁh?sﬁ@ﬂﬁﬁﬁ‘%éﬁiﬁi powder free fromstress strain without
changi ng the (%gg&ﬁ;bga[;ﬁgﬁplmhérc%ﬁiﬁ%@ﬁé(nﬁgn'fehéshééisMbrd@erﬁgeabi lity u'

. This is be Il mformation in the wet method using.

chl or i ARéSsisHEBtEeb forhe BA iRegtd) etrutiee rpeameabilipsehargctenistic isciproyed.he
rolling mll having elastic rolls, the density of.the conposi'te magnetic
body caAhibis hemrausadbe denstiy of thgi aamppaitesnagnaticdhadyis furthey IDFEaFPYt sof t

magneti ¢ powder. 1'n addition, under the effect.of i auplisog agent, it is
possi blb¥ l@ﬁ’ﬂ%@@ﬂpr@ﬁﬁniéﬂa@@?‘@ 973?8?_)896_'35 {'Qfogﬁ%g%‘%fpng from bei ng
varied with |apse, of. ti ARRASIst 'theaps88RkmEfion Mpr oved
in el eé??w&nc&y%eri 'H#‘égggﬁg%énesh%@ﬁesm ﬁ%‘seﬂeg’gtﬁ %?E t%e FM.rBan%. 6

Febr uar, @.E@S 1. A method of producing a conposite nmagnetic body,
conpri é%(sntgﬁiﬁ)iga&_ps E)@ —~preparing flat soft nmagnetic powder which is

subj ect ed t o el fgmiadiohey theabovemmentionsd doctatibladeteahmique, the subj ect ed
to surface treatment by ha use ofa‘co-agr being one of a ﬂ)l ane- based
coupl i sheatthitkresd czbtai_hed_rha{taa_sIbabefﬂﬁﬁéﬁpﬂ'%ﬁ&@é%fes'“’"c‘e’d- erefore,

layering and pressing described above are u_séful also in adjustment of the

S

thickness of the compoéite fnagnetic éheet. | N | 7 ‘_
In the electromagnetic interference suppfessor% it isr_eff'ect‘iv_e to Vinferpose
inside the ;I:o'lmpos_itle magneﬁb body a plénar cbrjdubtiyé matgrial,"sluch a§ a
metal foil, a”metéil pllate., é néf comprisiﬁg a météi wire, arid a nonwoﬁén cloth of
carbon fiber.  In this invention, by pressing the composite magneﬁc s‘h'eé‘ts with
the above-mentioned condUcﬁve fnaté?iél ihterposed therebetWeen to form an

integral structure, it is 'possible to easily obtain the composite magnetic sheet with

the conductive material imerposed inside.




m xing said flat soft magntic powder, a binder, and a solvent for
di ssolving said binder to forma slurry-like mxture saigap'nder %Slng made
of chlorinated pol yethylene yes; formng said mxture i nPd® "F?"lyr?l 4nd
removi ng said solvent fromsaid filmto produce a sheet of said conposite
magnetic body. 2. A nethod as clainmed in claim1l, wherein said sheet (10)
Is pressed in a direction perpendicular to a plane of said sheet (lo) . 3.
A nmethod as clainmed in claim2, wherein said sheet (10) is pressed by the
use of at least one of a hot press, 3%olling mill conprising a plurality
of rolls (20) between which said sheet (10) is pressed a rolling mll
conprising an endless belt (32) and a rolt (31) between which said sheet
(10) i5 , . It yaming plurality of endless belts (3z)

ol ai'm 2, whor 6n’ Ss%ﬁz"fé&s&p»ﬁe hsge@h%ifﬁé’ésragenaét Fargrteragosel| T "
o Pt iiRBsBh MEBRYE sPbels iR SR R g B Bl ) o P50y
havi ng %}5‘ anéﬁts ?%gqﬁ%q}ybﬁrrea n coating and 2 surface-deformable roll

(20) one o uary 2004 17 rubber and a macronol ecul e
material havipg aig whkew sﬁﬁéﬁﬁ%él!wshcﬂﬂin@ra FONITRy APusRVinnefitsur f ace
portion el astically de; deformablé€ 5. met hod as. clainmed in clainms 2,

wher ei nexganplesdfané nfdtbbds snmrﬁs!sectdwposne magnemc ghealli$ prassed| | conpri si ng
a plurality of rolls between which said sheet .is pressed) at (east one of
sai d r dveteeepOpli$ withrrgsin Ieylerrsace portion elastically deforned-e) said at
(east one having_.an outer peripheral surface vvhlcﬂ IS press contacted with
the ot her rolFigi3is-atviewschen E@We%%@’d’“ﬁ@r’tq ke @ b'éiféﬁ“vﬁ BEFANe outer

peri phef almgllérgf%ﬁg n?éthogs? u?tw ich raoclom;:gosn)e magnetlc sheet is pressed

between a metal roll and an endless belt
F"g 4A is a view schematrcally showmg a rollmg mlll used | ina thlrd
example of the methods, in Whlch a composrte magnetic sheet is pressed |
between a metal roll and a rubber roll: ' B
| Fig. 4B |s a view schematrcally sho\mng a rolllng mrll used ina fourth
example of the methods in which a composrte magnetlc sheet is pressed |
between a metal roll and a roll with a resin tayer |
. Frg 5isa vrew sohematrcally showrng a rol[mg mill used ina fifth
example of the methods in whlch a composrte magnetlc sheet is pressed by the
use of metal rolls and endless belts; F
Flg Bisa v:ew schematlcally shovwng a rollmg mil used ina srxth
example of the methods in whlch a composrte magnetlc sheet is pressed |
between metal rolls | - ‘ |
| Frgs 7A through TC are vrews s for descnbmg a method of producmg a
composite magnetlc sheet wrth a conductrve matenal mterposed
Descrintion of the P [ I Embodi X

Now, an embodiment of this invention will be described in detail With'

reference to the drawing.




6. A method as clainmed in claim11, wherein said sheet is fornmed by |ayering
and pressing a plurality of sheet elenents (10) of a co Le ma I ¢ body
to forman integral structure. 7. A nmethod as cl ai ned iﬂgﬁ’?ﬂ'ﬁ %%erein a
conductive material ('n) is interposed between sheet elenents (10). 8 . A
conposite magnetic body conprising: fiat soft magnetic powder which is
subjected to annealing to be free fromstress strain and whiewhichh is n
acted to surface treatnment by the usklof a coupling agent being one of a
si | ane- based coupling agent and a nit-n-te-based coupling agent ; and a
bi nder al a of chlorinated pol yethene and m xed to said flat soft nagnetic
powder ; wher ehgfiahsoff hrigneté powden eréparptiowlams rhace bi Séadystaire-&i-A9| vent
~were mxed, the mxture was formed in a film and the solvent was renoved
agai n. alidy pretmierdvavirkDad avsrage grarosipasf 88 uragndtarcaspam saticehPiarsi ng a
pl anar conductive material having two surfaces; and conposite magnetic
bodi es @Ot®r dnrigdentociemavesstErss the figbseft ﬂmneﬂﬁppg})@@f&rﬂ& he pl anar
conductive materi al

_ALS. Aptiliegied iR anRealingin aniogen AYMasehera a§R0ke 188 2RQURS-A A( . AHITF: XuQ'np

L R

the annealing, 14 wi% of chlorinated polyethylene as a binder, 1 wt% of a

coupling agent, and 20 wi% of toluene as a solvent, . For titanate-based and
silane-based coupling agents, individual samples were separately prepared.
Next, the flat soft magnetic powder was fed into a planetary mixer..
While agitating, the coupling agent was supplied. Agitation was performed for
five minutes.. Thereafter, chlorinated polyethylene preliminarily dissolved into a
predetermined amount of the solvent was supplied and agitation was:_further L
carried out for 30 minutes. Thus, a uniform slurry-like mixture was obtained. .
By the doctor blade technique, the above-mentioned mixture was formed
into a film having a thickness of 0.1mm using asa base material a polyethylene -
terephthaléte (PET) sheet with a parting agent applied thereto. Then, the .
solvent was removed. By layering 10 composite magnetic bodies thus obte_ained,
a composite magnetié sheet for measurement of the permeability was obtained.
The composite magnetic sheet was pressed by the use o‘f' a rolling mill |
ilustrated in Fig. 2. Each roll 20 had a diameter of 150mm and was provided
with a resin layer formed on iis surface. The resin layer had a rubber hardness
of 90. Herein, the surface temperature of the roll was set at 50TC. The
traveling speed of the composite magnetic sheet 10 passing between the rolis
was 80 cm/min. The space between the two rolis was substantially equal to 0
mm. For comparison, preparation was also made of a composite magnetic

sheet pressed by metal rolls having no resin layer as iliustrated in Fig. 6.
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compared with the conventional product. - ‘

" Comparing the data in Fig. 1, it is understood that the composite
magnetic sheet pressed by the rolling mill in Fig. 2 was integrally formed without
shifting the magnetic resonance frequency fr before pressing to the high-
frequency side and without decreasing the relative permeabilities £ and 1.

" Let the space between the rolls in Fig. 2 be equal to zero. - Then, the
composite magnetic sheet is made to pass between the rolls. - In this event, a
part of the resin layer of the roll is deformed to form a :plane so that a contact
zone with the sheet is widened.  Therefore, pressing in a very narrow linear zone
is avoided and no external force is locally applied to the flat soft magnetic powder.
Therefore, the sheet can be integrally formed without causing the stress strain in
the flat soft magnetic powder. |

By pressing the composite magnetic body with the plane havinga
predetermined area, the degree of orientation of the flat soft magnetic powder

within the plane is improved. Presumably, this also contributes to the
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improvement of ',

Herein, various rolling mills are illustratedl in Figs. 3 through 5. For
example, as illustrated in Fig. 3, the other of the metal rolls 31 may be an endless
belt 32 supported by a plurality of pulleys.33, instead of a roll shape. In this
case, the be‘It is preferably made of rubbér or bthef macromolecule materials
having flexibility. - -

For example, as illustrated'in Fig. 4A, use may be made of the metal roll
31 on one side and a rofl 41 of rubber or a macromolecule material on the other

‘ side. As illustrated in Fig. 4B, use may be made of the metal roll 31
on one side and the roll 20 having the resin layer on the other side. As
ilustrated in Fig. 5, the‘endless belts 32 may be interposed between the metal
rolis 31. S o

Itis pbssible‘ to use other methods than the above-mentioned methods.
For example, pressing may be pérformed with the space between two-axle rolls
adjusted in 'depéndehce'upon the thickness of the composite magnetic sheet
inserted therebetween. However, the adjustment of the space is required every
time when the thickness of the sheet is changed. - Therefdre, this method is not
adapted to mass production.

Itis also possible to perform pressing with a lower pressure applied
between the rolls.  In this case, the composite magnetic sheet is repeatedly
mads to pass between the rolls in otder to obtain the desired characteristics.

Next, the composite magnetic sheet thus obtained was examined for the
durability under high temperature and high humidity. Under the condition of the
Vtempejraturéof 85C and the relative humidity of 85%, measurement was made
of the variation from the thickness of 1mm after lapse of 96 hours. For
comparison, Table 1 shows the results for the cases where the titanate-based
and the silane-based coupling agents were used and no coupling agent was used.

The values illustrated are ratios showing the increase in thickness.
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Table 1

Variation Ratio
(%)

Titanate-based .| 36

Coupling Agent

This :

Inventioﬂ : si_lane-based 32
Cdmpérétive ” 13
Example None >

From Table 1, it is understood that the use of the coupling agent improves
high-temperature/high-humidity durability by 10% or more as compared with non-
use.

Next, description will be made of an embodiment in which composite
magnetic bodies and a conductive material interposed therebetwsen are _
integrally formed. At first, a film-forming mixture as mentioned above is formed
into a film by the doctor blade technique with a planar conductive material used
as a substrate to obtain the planar conductive material with the compaosite
magnetic body attached to one side. Another composite magnetic sheet is
attached to the other side and integrally formed by the above-ment_ioned manner.
Thus, the composite magnetic sheet of a three-layer structure is easi_l_y obtained.

Specifically, as illustrated in Fig. 7A, an aluminum plate 71 is provided
with circuiar holes 72. - Next, as illustrated in Fig. 7B, a composite magnetic
sheet 10 is formed on one surface of the aluminum plate 71 by the doctor blade
technique. Theréaﬁer, another corhposite magnetic sheet 10 was located on the
other surface and integrally formed‘ by the above-mentioned manner. At this
time, integration of the composite magnetic bodies is further strengthened via the
holes formed on the aluminum plate. If necessary, a plurality of composite

magnstic sheets may be stacked.” Instead of the aluminum plate 71, use may be

made of a mesh 74 composed of an aluminum wire material,
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As described above, according to this invention, it is possible to obtain

the composite magnetic sheet improved in relative permeability by the use of the
flat soft magnetic powder free from stress strain without changing the magnetic
resonance frequency of the real part permeability 1.’ . This is because, by the
film formation in the wet method uéing chlorinated polyethylene as the binder and
pressing the sheet by the rolling mill having elastic rolls, the density of the
compaosite magnetic body can be increased without giving the stress strain to the
flat soft magnetic powder. In addition, under the effect of the coupling agent, it is
possible to prevent the composite magnetic body after pressing from being varied

with lapse of time. Thus, the composite magnetic sheet Is improved in

electromagnetic interference suppressing effect in the FM band.
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CLAIMS

1. A method of preoducing a composite
magretic body, comprising the steps of:
preparing flat soft magnetic powder which 4s

subjected to annealing to be fres from stress strain apd.
o

+ - I :

’ mixing said flat soft magnetic powder, a bindez, and
" a solvent for dissolving said binder to form a sluxry-like
mixture., said binder being made of chlorinated
Dolyethylepa;
. forming said mixture into a £ilm: and
removing said solvent from said film to produde a
sheet of said composite magnetic body.

2. A method as claimed in claim 1, whereain said sheat (10) is messed in a
direction berpendicutar to a plane of said sheet (10).

3. Amethod as c!ai_med in clafm 2, w.herein said sheet (10) is pressed by the
use of at least one cf 2 hot press, a rolling mill camprising a pluraiity of rolls (20)

between which said shest (10) is pressed, a rollirg mill canprising an erclless kelt (32)
and arsl! (31) ketwesn which said ghest (10) is pressed, a rolh.rg mill amrising a

| plurality of endless belts (32) betwesn which said sheet (10) is pressed.
4. A method as cfaimed in claim 2, wherein said sheetis pressed by the
use of a rolling mill cemprising a piurzlity of rolls betwean which szid sheet (10) is
pressed, at least one of szid rclls being one cf a surface-deformable rcll (20) havirg a

surface subjected tc resin coating and a surface-deformable roll (20) mede of are of a
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5. A mathod as claimed in claims 2, wherein szid shee? (10} is pressed by
tha use of a rolling mill comprising a piurality of rolls between which said shestis
pressed, at least one cf said rclts (20) bavirg a srface pordan elastically deformeble,
said at least cne having an outer paripheral surface which is press contacted with
the other roll (31) to have a depressed portion engagad with the outer peripheral

surface of the ciherrall (31).

6. A methcd as claimed in claim 1, wherein said sheet is formed by
layering and pressing a plurality of sheet glements (10) of a comprsite megretic body

to form an integral structure.

7. A method as claimed in claim 6, wherein a concuctive material (7) is

interposed between sheet elements (10).

8 .. A composite magnetic body

comprising:
flat soft magnetic powder which is subjected to
annealing to be free from stress strain and which 1s

1

to said flat soft magnetic powder:

wharein the flat soft magnetic powder, the bindex,
and a solvent were mixed, the mixture was formed in a f£ilm,
and the solvent was removed again. '
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g. A composite magnetic member comprising :
a planar conductive material having two surfaces; and
composite magnetic bodies according to claim 8 arranged in said both

surface of the planar conductive material.




