MAXI MUM COVPLEX PERMEABI LI TY I N QUASI - M CROMVE BAND AND METHOD FOR
PRODUCTI ON OF THE SAME Technical Field of the Invention This invention
relates to a magnetic substance for use in suppressi on19Febhsry@0046n of a
hi gh frequency noise in electric and electronic apparatus and, in
particular, to such a nagnetic substance adapted for use in suppression of
el ectromagnetic interference (Ewh%5§§%§53"2“ an active el ectronic el enment,
a high frequency circuit conponent; i'gh frequency el ectronic
apparatus. Technical Background It is well known in the art that a
cylindrical ferrite core is attached onto an electric power code to an

electroni c appar aly NFICCEREY BINCEHTIAMARINIIM GOMPREXSSI ng a_hi gh
frequency noise fromilowng into, or from the conputer through the

el ectric pover codepHMEABILMTY N GUASRNHORGWANVE BAND ANEjuency noi se
~current flow ng through the power code. The ferrite core used has a |l arge

vol une in conpari son NMETHEDICORIPROBYOTION BF THHE 6AMREe rapi dly been
smal | -sized with electronic circuit conmponents di sposed at a high density.
It is also well known in the art that a concentrated constant circuit such
as a decoupling capacitor is assenbled in a power circuit line in the

el ect r oniTechnjrat Bield of thednveotielippr essi ng undesired radi ati on fromthe
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are dispo I'g nsity 1h a small-sized el ectroni c apparat us.

Theref or & RLFERAIEcamponent Ay £ highrfrequeroy electeenit appaeatusnd
t her eby g?'?é?iégget o?each ot hgr to cause the EM. In order to suppress the

hi gh frequency noi se fromthose sem conductor devices and the EM wthin
the smal |l -sized el ectroni c apparatus, the conventional ferrite core cannot
be used brechnical Backgrouadrel atively large volunme. On the other hand) use of

the concentrated constant circuit, capnot . .sufficient S. t hi gh
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; €3eTTLh6BTZf p19 February 2004 1 DESCRI PTI ON MAGNETI C SUBSTANCE W TH
glnngZﬁdS@g%%ﬁ@teaéﬁﬁgﬁl frequency noise radiated therefrom It is
under st 00fit& iHEREfIEWREThro Rt tHecpowbrtodese The ferdtenaerecssed has a
large volume in comparison with electronic apparatus which have rapidly been
small-sized with electronic circuit components disposed at a high density.
It is also well known in the art that a concentrated constant circuit such
as a decoupling capacitor is assembled in a power circuit line in the electronic
apparatus so as to suppressing undesired radiation from the power line.
It is also another problem that a high frequency noise is often caused or }
induced from a semiconductor or an integrated circuit device of a high speed }

operation type such as a random access memory (RAM), a read only memory |

(ROM), a microprocessor (MPU), a central processing unit (CPU), or an image




substance having the conplex perneability u" is considered as an effective
resi stance added to the circuit generating the noise so that the noise can
be attenuated. The effective resistance is dependent on the conpl ex
pernmeability a of the magnetic substance used. |In det a9IFebpuaryi2004g t hat
the magnetic substance has a constant a&ea, it is certain that the
effective resistance is dependent on the conplex perneability u" and the

havi ng. anPrarasaat BatRRegs B BDTERH T iseallee 4R efi ST R AR

roduced: SERESd Rirgy Iyl Wl Gl coangR iR RBEAT ind ¥ORade R, T 1% °
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ainms to provide a nagnetic substance having an increased conpl ex

per neabi | Bbusiatirﬁa BiviN-dired eftenonictapiafUE. v THeseforeithuse elémentsfariche
conplex pernedability within a quasi-mcrowave range of 0.1-10 gi gahertz.

Accor di ngjigés bFé serfyrolesé toBack ottegantitherebysaffevted & eachliotiwertto agusem 1 can
be obtained. Further, according the invention, the nmagnetic substance
accor di ngtieoENHpendent cl ai ns 2- 15, a noi se suppressor according to
dependent claim 16 and a noi se suppressing nethod according to dependent
claim 17 are obtmorees.tossipprassdhe highhrenueremhaeisadom thoss)SemiGRRdUSIY | oss
and a high saturation

magnetj zation, a M X-Y magnetic co sition (M
magnet i ¢ ﬁﬁvléﬁﬁia@déhér@ﬂ? witkin the sgnalbsized e)@“@'&ﬁéﬁf’a@&“gﬁgﬁents ot her than
Mand Y) is known ip the prior a whi,Gh is inly_produ t he
sputteri nsommwalpefﬂ&ec&mn&ibééﬁ*@?%‘?ﬁ h%%ﬁ 'ﬁ%gvgﬁg?%vﬁn ar
structure \Ap%#g metallic nmagnetic particles of Mare dispersed in a
non- matgnef'?!:l trix (X and Y) like ceram cs. During searching fine

structures of tpg iMobthe ARG Use m%%ﬂr%ﬁgalw’éd&téﬁ&imeﬂdrﬁm

perneability, the present co-inventors found out that the high saturation
magnet i zag{ifigiehlly sRPppresd iheasigh frequBh&yneisecstisedtin tive tirgiibusing M where the
M X-Y magnetic cOnposition has a saturation magnetization of 80% or nore of
that of t biectrohid élements bof tife highspeed operatioratypedvgnausertbe maisehas amhe

M X-Y magnetic conposition has a | ow specific resistance. Therefore, when
it is forinceasedfrequendyaso that she eircuit ling actually astssas ardistibutedised in a

hi gh frequency range, the part permts an eddy current to flow therein. As
4 19 Febr gapstapborcyt.result) the part is reduced in permeability.

Therefore, the nyent | M X-Y magnetic co it Vi hi gh
saturation rragnggl'éjﬁl' Waﬂﬁ@?s%%aé@'%ﬁﬁé}w&ﬂ%h%@%glsed
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magnet i zagigige Andiarb8ipprest Ratighfreglentgholse radiated tiedrefrapmet i ¢ materi al
conprising Malone, the MX-Y magnetic conposition has a relatively high
speci fic resi st fns endbmibod GOmatherecent esearctethatlvseaff the magneticpar t havi ng
a relatively thickness such as several microneters ( am is formed of the
conposi t i substanbe hawingeteczmnplex permeabilityn (ot isgorisideradws an effeciig | oss
due to the eddy current. The core | oss or conpl ex Fermeabil,it a | oss
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due to theesistancaladdeddndhe sircuihgenrgrating the aoigessq thalthe poise %/%B%onpl ex
perneability on a frequepncy axis is narrow. This ans thrlt t he
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eddy curr ina he conpositidon and

having a %G!)?tahé?' yTﬁfé:\ﬁEQPé?n ﬁi%ﬁﬁcﬁiﬂﬁ?ﬁ?hér&a%d@om%&neti c

nmut ual efrec ween particl es becones smnal t he spin heat

fluct uati garrRessIEScdud ?@o\ﬁi@e adigie frequeheyhbize sifppréséorfwittnaendyuced whi ch
the natural resonance of the conplex perneability generates. Therefore, the
conplex perneability u" has a relatively large value over a broad frequency
range. This neans that the M X-Y magnetic conposition with the further
reduced concentration of Mis useful for suppression of noise within a




19 February 2004 5 broad frequency range, In a nore reduced concentration
of M particles of Mdo not nagnetically effect to each other so that the
M X-Y conposition exhibits the superparamagneti sm In design of a part nade
of magnetic substance to be di sposed adjacent an el ect H9rHebreary@0084 so as
to suppress a high frequency noise, a walue of a product ( u" - d ) of the
conplex perneability u" and a thickness d of the nagnetic substance is
considered. Generally, ( ;u d) > 1000 u mis required for effectively
suppr essi ey hatrie s pegycatsize imbramant tisknasgambialzCQUIERE. Wien t he
magneti c conposition used has the conplex perneability of about 1000 (
u"=1000) , aéssmbledasitisinEpsmalisizedsappajatused to have a thickness of 1
mcrometer ( u n) or nore. Therefore, the conposition having a | ow specific
resistance is not desired because the eddy current is easily generated but
I's desired to have an increased specific resistance such as 100 u (err) or
nore. |n Suemaseftbedoventiahe above, M X-Y conposition used for the noise

is desired to h . red d ' M X-Y
Taonet o CompoaT BRora NS ISvATHOn SIS HAIREE A EghBfc SpdtanOe haygn M
the metalli¢ bu
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vi ew show'fd a sputtering apparatus which was used in

exanpl es; E%B&B Is a schematic sectional view showing a structure of a
vapor depg atlon'appar at us which was used in exanpl es; 19 Februyary 2004 6
Fig. 3 is a grappieling teis ventionaa magneticoubstanseraasorting te 61giMe
permeability of filmsanple 1 in Exanple 1; Fig. 4 is a graphical view
show ng achhdeushtainedesponse of a conpl ex perneability of filmsanmple 2 in

Exanple 2; Fig. 5 is a graphical view show ng a frequenc of a
conpn}oex pernengunhyr,(ﬁC%OBﬁpﬂﬁ%i@eﬁﬁ%It@eﬂgﬂnmiﬁmé g@?ﬂg@q? Fig. 6
is a schematic and perspective view of a tes r [ an

ngi se supgependent @@P'f'féﬁ: 'h1t§f aRQIRe SHEPESART %%%”ﬁﬁ@%?‘%ﬁ% gﬁgﬁtgélgmﬂ?gvi ew
show ng a transm ssion _characteristi ' ééHB?J i Hi dbthhed.
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saturation magnetization, a M-X-Y magnetic composition (M: magnetic metallic

element, Y: O, N, or F, X: element or elements other than M and Y) is known in
the prior art, which is mainly produced by the sputtering method or the vapor
deposition method and has a granular structure where metallic magnetic
particles of M are dispersed in a non-magnetic matrix (X and Y)like ceramics.

During searching fine structures of the M-X-Y magnetic composition
having the excellent permeability, the present co-inventors found out that the
high saturation magnetization can be realized in a high concentration region of
M where the M-X-Y magnetic composition has a saturation magnetization of
80% or more of that of the metallic bulk of magnetic material comprising M
alone.

The M-X-Y magnetic composition has a low specific resistance.
Therefore, when it is formed in a part having a relatively thickness which is used

in a high frequency range, the part permits an eddy current to flow therein. As




magnetic material as a noise suppressor; Fig. 8Bis an equivalent circuit
with a unit length (err) of the distribution constant circuit of Fig. 8A
Fig. 8Cis an equivalent circuit with a length a of the distribution
constant circuit of Fig. 8A° Fig. 9A is a graphic viewl8lFehruayy 2004 equency
response of an equivalent resistance R®&f filmsanple 1 in Exanple 1; and
Fig. 9B is a graphic view show ng a frequency response of an equi val ent

Eﬁiioéf menerestit 58 Ratt Briecorsain ey SeaBliiccRRpEre fF Fopgefym X Teet-
%éaEEb?La?éégﬁ'%%r&fﬁé%'ﬁW e Be ol Sefr o inighelRaR ChpfamRsed 10

gr anul ar f onposition, particles 11 of metallic
nmagneti c erl a%em%aar@rﬁéﬁ or ?Hor%sgvenl y distributed in a matrix 12
consi sting of résBR{ PvEhftds ‘flﬂtﬁérgouﬁ&ouﬁtmﬁmé M-XPY naagaetic us shown

t herei n was use for producing sanples in the foll ow ng exanpl es and

conpar at i \RnfpcaitidreRaving@ reRutee congentratioradliv Hessarminweased complexst ruct ure
and conprises a vacuum contai ner 20) a shutter 21, an atnospheric gas

sour ce 22 pepmedbliity ai Binoa higlofregsemdyatanges, i hurpdu%d coneentration regiemr get
25 (M) an RF power source, and a vacuum punp 27. The atnospheric %s
er 20.

source 22 chiMiwthieee the MY onagritic:campesition: hag arsatulatiop spagnetization
The substrate 23 confronts to the target 25 on whij h chi, g'ﬁﬁéﬁpﬁio %ﬂ%bsposed
The shut t &0-80%i of thakeltbednetallic ik Oémagi‘@t@lm%ﬁeﬂa gorppr

source 26 3@%?2283&?3 cér(r)\ptogﬁlon%a% a re%aflvely high specific resistance about 100
1 Q - cmormore. Therefore, if a part having a relatively thickness such as
several micrometers ( zm)is formed of the composition with the reduced
concentration of M, it shows a reduced loss due to the eddy current. The core
loss or complex permeability is a loss due to the natural resonance. Therefore,
the distribution of the complex permeability on a frequency axis is narrow. This
means that the M-X-Y magnetic composition with the reduced concentration of
M is useful for suppression of noise within a narrow frequency range.

In a further reduced concentration of M where the M-X-Y magnetic
composition has a saturation magnetization of 35-60% of that of the metallic
bulk of magnetic material comprising M alone, the M-X-Y magnetic composition
has a higher specific resistance about 500 # {2 - cm or more. Therefore, the
loss due to the eddy current is further reduced in a part made of the
composition and having a relatively thickness such as several micrometers
(zm). Magnetic mutual effect between M particles becomes small so that the
spin heat fluctuation becomes large to cause fluctuation of that frequency at
which the natural resonance of the complex permeability generates. Therefore,
the complex permeability x” has a relatively large value over a broad

frequency range. This means that the M-X-Y magnetic composition with the

further reduced concentration of M is useful for suppression of noise within a




Referring to Fig. 2B, a vapor deposition apparatus shown therein was al so
used anot her apparatus for producing sanples in the foll ow ng exanpl es and
conpar ati ve exanpl es. The vapor deposition apparatus has a conventi onal
structure and has vacuum cont ai ner 20, atnospheric gas 19dFebcear§2004nd
vacuum punp 27 sinmilar to the sputteri®bg apparatus but has a crucible 28
including materials (X-Y) in place of chips 24, target 25 and RF power
source 26. Athin filmof MX-Y nmagnetic conposition was made on a gl ass
pl ate by hre@ddrequencyfai@@ri ng apparatus shown in Fig. 2A at a sputtering
condition shown in Table
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The film S anal'yzed by a fluorescent X-ray spectroscopy

and confi ' f a conposition Fe72Al 11017. The film sanple 1 had
2.0 m cro%&ee%g%ﬁa%ét%t hi ckness) 530 mcro ohmcentineters (,u (err) cm

in DC specific rnegés?,?@apg, aHomBde iof neayrretit rsubgtaricel to kertisposedl 16, 800 Gauss
in saturation nagnet zatlc?n (Ms). A percent ratio of the sat urati?n

magnet i Zﬁgjgaeﬁ\[f ah Brcirohid ciruitisd 3s tonsuppress athigh&§eaueasy neisaf @ M
itself { d2!\/#X—Y)/I\/ls(|\/p} X 100 was 72.2% In order to rpfea:ure a(sn

per meabi | pf i piecapt¢ncy B tines complex permeabilityl & BNFR NIRRT | o ribbon
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per neabi | PEY r the ‘fraxi mum val ue ( u "max) and rapidly

falls eit g&nﬁiﬁgh.?{seef 1 mikiofndieAky rst mMate!r Aherefeathecdmpagition #aying u

"max)) sh maxi mum value ( u "max) is about 700 MHz, Fromthe u" -f
response, 3o pdtiftesitsiveds mobdesived beleausenihecerdysCuTerie €a6HYe ratio of
bandwi dt h between two frequency points which shows tgi: conpl ex qrgeabi lity
as a hal f ggpérsted bubi desiretdormaveraminareasgd)spesificgpiBlaness Eg 8P sai d
bandw dth. The rel ative bandw dth bw was 148% Exanple 2 In a condition
simlar tqsth@tormoanple 1 but using of 150 A1203 chips, a filmsanple 2

was formed on a glass plate. ,The film . eed by a
f1uorescent X-r H}/t@p‘é@ﬁ’ﬂ%'&'o?ﬂnﬁﬁb%ﬁnmgoé\ga %Wﬁﬁﬁ%ég}% gt%ﬁgosi tion
Fedan Zz%ﬁbprmgont I Msire o FeReUrfeduc88 oncentration of M where the M-X-Y

magnetic composition has a saturation magnetization of 35-80% of that of the

metallic bulk of magnetic material comprising M alone.

Brief Description of the Drawing
Fig. 1 is a schematic view showing a granular structure of M-X-Y

magnetic composition;
Fig. 2A is a schematic sectional view showing a structure of a sputtering

apparatus which was used in examples;
Fig. 2B is a schematic sectional view-showing a structure of a vapor

deposition apparatus which was used in examples;




sanple 2 had 1.2 mcronmeter ( u n) in thickness, 2400 m cro ohmcentineters
(u(err) cm in DC specific resistance, 120 Ce in anisotropy field (Hk),
and 9600 Gauss in saturation magnetization (Ms). It will be noted that film
sanple 2 is higher than filmsanple 1 in the specific no¥ebruarg004 percent
ratio of the saturation nmagnetization & the filmsanple 2 and that of the
netallic material Mitself {Ms(MX-Y)/Ms(M) X 100 was 44.5% The a "-f
response of film sa

Beanpl o 1 and shoed 17 gaphice! View sEowaocTeRden ERES oSl BPERIES i o
beak. or PRESAIY A IDSSAIES I KAAE, 1 s about 7 Gz and ¢ he compl ox
Fesponse has a Bt ddn 5 er2bhEELENFtnauils SirebiEnefRisdheltlia iR (| |
Compar at 1 DT RaRHI Y S i IR R el o T That T Exampl e 1 but usi ng
of 90 AI203 ChiP@é 53s araphiRl VRwshoWwiRgla Bguéntyrskpunse ofl sempleat e. The

conparative sanp 1 produced was anal yzed by a fluorescent X-ray
spectr 089%@5&1@%%@&@ garhplem if Comparablei Examplee86Al 608. The
a

conparative sanplé 1 h 1 (2 mcroneter ( am in thickness, 74 mcro ohm
centimeters ( UFige6ri$ acsohemmatidCamsgperspective view afiadesbapraratus fofi sot r opy
field (Hk), 18,800 Gauss in saturation magnetizatjon (Ms), and 85.7%in a
per cent rtsting@h ndise suppressingeffes) ofmagnetissamplese conparative sample 1

and that of the netallic material Mitself {Ms(M X- Ve X and.
was 44.5% The big: 7A is 8g/aRbic \eWShowing & W%“%’gﬁﬁf@@‘?\'@%%'g %8?% ned in
the simlar nmanper as in Exanple 1, and is shown in Fig. 5. It will be
noted frof@PPK 155 that the conplex permeability u " of the conparative

nple 1 h ' .19 ,sz ﬁé‘m@scﬁ @ﬁ% icgyout 10 MHz
Eﬁt rgpi dl ssrgdﬁf@ggae{?%[%é%mdgﬁé%’ r&éﬂé%c@grangel gﬁs l ItuE:an be
. . : . of
Supposed tbaldle sERHE bt BombdsAa et ARHIAShBLOT eddy current due {o

t he | ower ITIcr stance. Itron simlar to that in Exanple 1

but using of Zoleirg.ABAqg’acdléﬁﬁutién%ﬁﬁﬁrn@hirbﬁit&ﬁﬂ%%ri?gtwaessl'fmiﬁgCh on a gl ass
pl ate. The conparative sanple 2 produced was anal yzed by a fl uorescent

X-ray spegidgpetio pyatenal asainoiseesuppressdn; | m of a conposition Fel9A 34047.
The conparative sanple 2 had 1.3 mcroneter (a nm in thickness, 10,500

" mcro ohm cent i Figt 8Bds @nequivalpnteijcuitwitlc asyrit jength r A< efitha distribrioBagnet i ¢
characteristic of conparative sanple 1 exhibited superparamagnetism A thin
filmof Monstantejrriticef Fi8n$Asition was nade on a glass plate by.the -

reactive sputtering nmethod using,the spytterin R . in Fig. 2A
at a sputteri ngF@og@! 'Fi%he%ll'\'lﬁlﬁ%f ﬁ"%l@wﬁhﬁ {eﬁﬁg" g&&?\[@?ﬁ?i@%e ratio. ~:'
lﬂﬁn was ggr?@tar-&h&rctuli}'&ﬁib.l gA;vvas heat-treated at a tenperature of 300C for

Fig. 9A is a graphic view showing a frequency response of an
equivalent resistance R of film sample 1 in Example 1; and
Fig. 9B is a graphic view showing a frequency response of an

equivalent resistance R of comparative sample of a composite magnetic

material sheet.

Embodiments of the invention

At first, description will be made as to granular structure and production

methods of M-X-Y magnetic composition.




hours in vacuum under magnetic field and obtained a film sanpl

Vacuum degree before sputtering<l x 10's TorrAt rmsphereAr+Nr2rpg:séi e-(l:-?lr)!g ’

Power RF TargetsFe (dianeter of 1 OCOnm and Al chip (150 pieces) (chip size:
5m x 5nm x 2nm) The properties of filmsanple 4 are sHoWebruargl2004 3 11
Table 3 19 February 2004 Filmthicknesdl.5 a m{Ms(M X Y)IMs(M} X 10051. 9%
m~520f ( a ~~nmax) 830MHzbwr 175% A thin filmof M X-Y nagnetic conpositi on. was

made on a gl |late b [ ' | |
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producing samples in the following examples and comparative examples. The
sputtering apparatus has a conventional structure and comprises a vacuum
container 20, a shutter 21, an atmospheric gas source '22, a substrate or a glass
plate 23, chips 24 (X or X-Y), a target 25 (M), an RF power source, and a
vacuum pump 27. The atmospheric gas source 22 and the vacuum pump 27
are connected to the vacuum container 20. The substrate 23 confronts to the
target 25 on which chips 24 are disposed. The shutter 21 is disposed in front
of the substrate 21. The RF power source 26 is connected to the target 25.
Referring to Fig. 2B, a vapor deposition apparatus shown therein was
also used another apparatus for producing samples in the foliowing examples
and comparative examples. The vapor deposition apparatus has a
conventional structure and has vacuum container 20, atmospheric gas source
22, and vacuum pump 27 similar to the spuﬁering appératus but has a crucible

28 including materials (X-Y) in place of chips 24, target 25 and RF power

source 26.

Example 1

A thin film of M-X-Y magnetic composition was made on a glass plate

by use of the sputtering apparatus shown in Fig. 2A at a sputtering condition

shown in Table 1.

Table 1
Vacuum degree before sputtering | <1 % 10" Torr
Atmosphere Ar gas
Electric Power RF
Fe (diameter of 100mm) and
Targets Al O, chip (120 pieces)
(chip size: 5mm X 5mm X 2mm)




| 2 19 February 2004 A thin filmof MX-Y nmagnetic conposition was nade on a
glass plate by the reactive sputtering nethod using the sputtering
apparatus shown in Fig. 2A at a sputtering condition shown in Table 6. The
partial pressure ratio of N2 was 10% The thin fil m wa4q9Rebruanye2804d at a
tenperature of 300C for two hours in va8uum under magnetic field and
obtained a filmsanple 6. Table 6 Vacuum degree before sputteri ng<l x 10's
Torr At nospher eAr +N2 _gasEl ectric Power RE Tar get sCo gﬁll anet er 100mm and
Al chip (170 pi edesfiimsampleilzrodeaed wasan HOEﬁSGEQF ‘@é/ of film

%.r“@'(f”.?ﬁfﬁ?’%5’2353§9?2%5%%§t'?§5*"'%‘h Hbtn Zoi o
fﬂengfﬂe t éﬁ“ﬁ@eﬁpﬁﬁgg@@'gmﬁg ”ri‘)g'gqﬁwﬂa?g%?&;ﬁ@? ngﬁégncﬁ% Egeg% &sor;(r)v\?m
s S T e £

P TS gaslﬂ% g%\%’é{%) i [ :

Tor r At nos Target sNi (di aneter of 100mm) and
Al 203 chip (140 pheedsht ratio of the saturation magnetization of the film sample 1 and

that of the metallic maferial M itself {Ms(M-X-Y)/Ms(M)} x 100 was 72.2%.

In order to measure a permeability frequency response, the film sample
1 was formed in a ribbon like form and inserted in a coil. Under application of
a bias magnetic field, an impedance variation of the coil was measured in
response to frequency change of AC current applied to the coil. The
measurement was several times for different values of the bias magnetic field.
From the measured impedance variation in response to frequency variation, the
complex permeability frequency response ( 2 "-f response) was calculated and
is shown in Fig. 3. It will be noted from Fig. 3 that the complex permeability
has a high peak or the maximum value ( ¢ "ng,) and rapidly falls either side of .
the peak. The natural resonance frequency (f( &2 "max)) showing the maximum
value (1 "may) is about 700 MHz.  From the 1 "-f response, a relative bandwidth
bwr was determined as a percentage ratio of bandwidth between two frequency
points which shows the complex permeability as a half value 1", of the
maximum #"..,. to center frequency of said bandwidth. The relative
bandwidth bwr was 148%.

Example 2

In a condition similar to that in Example 1 but using of 150 Al,O5 chips,
a film sample 2 was formed on a glass plate.

The film sample 2 produced was analyzed by a fluorescent X-ray

spectroscopy and confirmed as a film of a composition Fe,Al;,054.  The film



(chip size: 5mm x 5mm x 2mm) The properties of fil [
Table 9. Table 9 Fil mthicknessl. ? apm~|\/B( M X-Y)/ N&:@agrpi(elgogrsezos/go!vn;)r:
280f { a m-) 240MHZbwr 169% A thin filmof M X-Y magnetic conposition was nade
on a glass plate by the reactive sputtering nethod using Febeuarp2004ri ng
apparatus shown in Fig. 2A at a sputtePing condition shown in Table 10. The
partial pressure ratio of N2 was 10% The thin filmwas heat-treated ai a

tenperature of 300C for two hours i u | ' d
oot s et B SRR e TG B A0 RIS et Ate!
. * r i r : .

A'ﬁ ochl 'I[D (&@& plcé@ég)ﬂéaﬁﬁgfﬁgi’?g'?g@% i&f %nbregﬁ’ @%ﬁ%%p%gélgebr u’;ar'?/d ggggm& ‘?’Ecei

pr oper ! | eéagé%[ﬁ%f%@l @aﬁﬁ/gﬁf'oﬁ@m! nitahlbe Adted THst fimidarhpien? is

thi ckness? L PPRBLRA ) X 10076. 2%" m-410f ( a ~ max) 170MHzbwr 158%
. 'ﬁi@h@?t{t‘%\&ll% SRAPRL 1 th HREpRifld esist@ceTade on a gl ass plate by

Uﬁl ng the Sputtering apparatus shown in Fig. 2A at a sputtering condition

fS own in Tabl e A§erddif rafib of fiid saturstionenagneteation cftthe filra peerie & @néf 300C
or two hours in vacuum under magnetic field and obtained a film sanple 9.

Tabl e 12 YaedfiReetalc hefterial Mtself élisdd-XYYMs(M} ¥J00 w 0
gasEl ectri c Power RF Target sFe (di anet eﬁmof 100nm) and -ﬁ@ﬁﬂsqyﬁereAr
The u"-f response of film sample 2 was also obtained in the similar

manner as in Example 1 and shows in Fig. 4. Itis noted that the peak has also
a high value similar to that in film sample 1. However, the frequency point at
the peak, or the natural resonance frequency is about 1 GHz and the complex
permeability gradually falls either side of the peak so that the i "-f response has
a broadband characteristic.

A relative bandwidth bwr of film sample 2 was also confirmed as 181%

by the similar way as in Example 1.
Comparative Example 1
In a condition similar to that in Example 1 but using of 90 Al,O; chips, a

comparative sample 1 was formed on a glass plate. -

The comparative sample 1 produced was analyzed by a fluorescent
X-ray spectroscopy and confirmed as a film.of a compbsition FeggAlgOg. The
comparative sample 1 had 1.2 micrometer ( «m) in thickness, 74 micro ohm
centimeters (z Q + cm) in DC specific resistance, 22 Oe in anisotropy field (Hk),
18,800 Gauss in saturation magnetization (Ms), and 85.7% in a percent ratio of
the saturation magnetization of the comparative sample 1 and that of the
metallic material M itself {Ms(M-X-Y)/Ms(M)} x 100, and. was 44 .5%.

The u-f response of comparative sample 1 was also obtained in the
similar manner as in Example 1, and is shown in Fig. 5. It will be noted from

Fig. 5 that the cdmplex permeability «” of the comparative samble 1 has a high




Ti 02 chip (150 pieces) (chi size: 5mm X 5mm X 2m) The properties of film
sanple 9 are show in Table 13. Table 13 Filmthicknessl. 4 a

M Ms(MX-Y)/ Ms(M3 X 10043. 6% nmax 920f( a ~~max)1l. SGHzbwr ~188% 19
February 2004 15 A thin filmof M X-Y.magnetic conposi 19@ebrneay200& on a

gl ass plate by the reactive sputteringl®ethod using the sputtering
apparatus shown in Fig. 2A at a sputtering condition shown in Table 14. The

t’gg{);?'a; Eﬁaéfa_ lfat e%‘ét}%}c‘;vga%ﬁ?f@ﬁ%’@%‘ﬁwﬁxhiﬁ%?s%Sﬁ%p@%?{f%@%hﬁﬂ o
obt ai ne I . . [ <1l X ~
‘g)r r ﬁ{t msgﬂ@%gﬁaﬁg@b@éﬁ e%}%cb%%@%%&wﬁ?g@%%d@@%{’ érag%(? syoggmjl ané0

: ) : . .

onmpl e 10 ERERARIoN eddi uftretifie e ToweEfocifEhedicnebopel t es of Tiim

m~-Ms (M X-Y) / Ms( o max 920f ( a "m~) 1. 2GHizbw 182% A thin film
of MX-Y magnetic conposition was nade on a glass plate by using the
sputtering_appajabupnstMsitialtdthat Exampieutbarusig 6PPO0 AL, ctiipyn i n
Table 16. The t?ﬂ n firﬁﬂm mshﬂeat-treat ed atpsa terrpe}ﬂgﬁ ure of 2%00 fp?)v? t wo
hours in wasomparatidesargde2twas foraletl oma glassiplate. a il m sanple 11.

The comparative sample 2 produced was analyzed by a fluorescent
X-ray spectroscopy and confirmed as a film of a composition Fe,gAl3,047. The
comparative sample 2 had 1.3 micrometer ( # m) in thickness, 10,500 micro
ohm centimeters (« Q - cm) in DC specific resistance.

The magnetic characteristic of comparative sample 1 exhibited
superparamagnetism.

Example 4

A thin film of M-X-Y magnetic composition was made on a glass plate
by the reactive sputtering method using the sputtering apparatus shown in Fig.
2A at a sputtering condition shown in Table 2. The partial pressure ratia ¢! N .
was 20%. The thin fim was heat-treated at a temperature of 300°C for two

hours in vacuum under magnetic field and obtained a film sample 4.

Table 2
Vacuum degree before sputtering | <1 X 10°® Torr
Atmosphere Ar+N, gas
Electric Power _ RF ,
Fe (diameter of 100mm) and
Targets ' Al chip (150 pieces)
(chip size: 5mm X 5mm X 2mm)

The properties of film sample 4 are show in Table 3.




19 February 2004 16 Table 16 Vacuum degree before sputtering<l x 10's
Torr At nrosphere . Ar gasEl ectric Power RF TargetsFe (dianmeter of 100mm) and
Hf 03 chip (100 pieces) (chi size: 5nm x 5mm x 2my) The properties of film
sanple 11 are show in Table 17. Table 17 Fil mthi cknes49 Fébeauary 2004
MMs(MX-Y)/Ms(M} x 10077. 4% ~nmeX18Q0f ( a nmaX) 450MHzbwr 171 A thin film
of MX-Y magnetic conposition was made on a glass plate by using the
sputtering apparatus shown in Fig. 2A at a sputtering condition shown in
Table 18. The thin filmwas heat-tre?ake 3at a terrperature of 300C for two
hours i n vacuum under etd—andobt frTmsanple 12. Table
18 Vacuum degree beforgmﬂgﬁﬁ(gﬁénqd x_10-s orr trmqnhe eAr gasEl ectric

. Power RF Tar get sFe (di pyims(84-XoY) /w&mx araD BN 5:1h9% (130 pi eces) (chip size:
5mm x 5mm x 2mm) The properti-es—ef—+H+msany OLg are—stow i n Tabl e 19.

17 Table 19 19 Februayw Q,QD4 F|Imth|cknesslg u fM(MX-Y)/Ms(M} X

. 10059. 3% Hmax 950f ( x 630VHzbwr 185% A tgaomﬂzl m of |M X-Y magnetic

conposition was nade org am3'ass plate
bwr 175%

Example

A thin film of M-X-Y magnetic composition was made on a glass plate
by using the sputtering apparatus shown in Fig. 2A at a sputtering condition
shown in Table 4. The thin film was heat-treated at a temperature of 300°C for

two hours in vacuum under magnetic field and obtained a film sample 5.

Table 4
Vacuum degree before sputtering | <1 x 10°® Torr
Atmosphere Ar gas
Electric Power . ‘ RF :
Co (diameter of 100mm) and
Targets Al,O, chip (130 pieces)
(chip size: 5mm X5mm X 2mm)

The properties of film sample 5 are show in Table 5.

Table 5§
Film thickness 1.1 um
{Ms(M- X-Y)/Ms(M)}x 100 64.7%
U max 850
f(u max) 800MHz
bwr 157%




by using the sputtering apparatus shown in Fig. 2A at a sputtering
condition shown in Table 20. The thin filmwas heat-treated at a
tenperature of 300C for two hours in vacuum under nagnetic field and
obtained a filmsanple 13. Table 20 Vacuum degree bef on® Fepruarg2Ddg<1 x
10'i Torr At nosphereAr gasEl ectric Power®RF Tar get sFeSOCo~ (di anmet er of
100nmm and Al zO3 chip (130 pieces) (chip size: 5mm x 5mm X 2nm) The
properties of filmsanple 13 are show in Table 21. Table 21 Film

t hi ckness1.6 a -Y)IMs(M} X 10059.3%1 max 720f( a " rrax)l. 1

GHzbw 180% 18 Exanpl 14 19 Feb 2004, A thi fi,l - ti
COWp\(I)\gI tion wash mgéllr@(:pfd\/l@{ Xs@gﬂ'ir‘%{aqrag PRPESHIAG V’(%?Q"‘@QBOE"O%@E% Ia{(;g;gne °

as heat -y e @acive é%yg%f?@?tga%p%é’ﬁ?f%% P g a1
magnet i Créflkgl g an %?\tgac!fo&%ﬂg film ﬁla.g% §814Th£3¥rﬁ?|2%eggﬁéq@uge&fwe before
sputteri r rate sccnEl emrents in

bl h
Tabl e 25, WaagPe 55 e Fifi i inessﬁt‘*‘fﬁt‘eb%‘%ﬁﬁﬁﬁ%}gﬁ‘é{%%&8%”9'()?( a
m-) 520% A0 Vublglin dRAEThAYAER fiély lanbeoBtamedasfinpsamplo6r el ating to

noi se eSsing e ct of mple films and conparative sanples) using a
t est apparatus shovvn

Table 6
Vacuum degree before sputtering | <1 X 10 Torr
Atmosphere Ar+N, gas
Electric Power RF
Co (diameter of 100mm) and
-Targets Al chip (170 pieces)
(chip size: 5mm X 5mm X 2mm)

The properties of film sample 6 are show in Table 7.

Table 7
Film thickness 1.2 um
{Ms(M-X-Y)/Ms(M)} < 100 32.7%
H nmax 350
f( 1" max) 1GHz
bwr 191%
Example 7

A thin film of M-X-Y magnetic composition was made on a glass plate
by using the sputtering apparatus shown in Fig. 2A at a sputtering condition
shown in Table 8. The thin film was heat-treated at a temperature of 300°C for

two hours in vacuum under magnetic field and obtained a film sample 7.




in Fig. 6. Atest piece was filmsanple 1 with di nensions of 20mm x 20mm X
2.0 a m For a conparison, a sheet of known conposite magnetic materi al
havi ng di nensi ons of 20mm X 20mm X 1. Omm The conposite magnetic materi al
conprising polymer and flat nagnetic netal powder di sp48Februaryi2004 pol yner.
The magnetic netal powder conprises Fel3Al and Si. The conposite nagnetic
mat eri al has a conplex perneability distribution in quasi-mcrowave range
and has the nmaxi nrum val ue of the co Iex ernmeability at a frequency about
700 19 February 2004 19 MHz. Table ows magnetic properties of both

of the test pireceang —Ton aratlve Tes |c $ahl e 24 Filmsanpl ¢
1Conpar at i ve V@gtﬂurﬂﬁg&; EIEMRHIS b gé?pwpmﬁ%"?enhwmmog As—deen from

. Tabl e 24, theaf rhbg[} fergpl e 1 |s about 600 Arigass nore than conparative test

pi ece in theptmex-rom-vatbe—of—conplex—perneabitTty—SImce the noi se
suppr essi ng eEfestic Powggneral |y eval uat ¢ roma value of a produgt ( u
“max x (err) ofthe maxi mum conpl ex pemNTgaianetey ofi100mm)aand t hi ¢kness  of

the piece d the t hi ckness of the conpargathyv UoRjieEes of the gonposite
magneti c mat 1388 heet was sel ect ed 1rrrpa® EhIP Fﬂg ) ast pi eces
havethe5|mlar values of ( a'' m—xa\( ; 2 test

apparatus conprises a mcro-strip fine 61 havi ng two ports coaxi al cabl es
62 connected to the two ports, and a network anal yzer (not shown) connected
across the two PRgiFopdifiesBf filrA-sahiple 4 areesholv meSablefi.ne | ength of 75nm and
a characteristic | edance of 50 ohns. The test piece 63 was di sposed at a
region 64 on the mcro-strip line 61 and the transm ssion characteristic
S21 was neasured. The frequency response of

Table 9
Film thickness 1.7 um
{Ms(M-X-Y)/Ms(M)} x 100 | 58.2%
1" max 280
f( " max) 240MHz
bwr 169%
Example 8

A thin film of M-X-Y mégnetic compoéition was .made on a glass plate
by the reactivevsputtering method using the sputtering apparatus shown in Fig.
2A at a sputtering condition shown in Table 10. The pértial pressure ratio of N,
was 10%. The thin film was heat-treated at a temperature of 300°C for two

hours in vacuum under magnetic field and obtained a film sample 8.

Table 10
Vacuum degree before sputtering | <1 X 10 Torr
Atmosphere Ar+N, gas
Electric Power RF
Ni (diameter of 100mm) and
Targets Al chip (100 pieces)
(chip size: 5mm X 5mm X 2mm)




S21 are shown in Figs. 7A and 7b for filmsanple 1 and the conparative
sanpl e, respectively. Wth respect to use of filmsanple 1, it wll be
noted fromFig. 7A that S21 reduces above 100 MHz, becones to the m ni num
of -10dB at a frequency of 2 GHz and then increases ab¢9FeBruarg 200h t he

ot her hand, with respect to use of congafative sanple, it will be noted
fromFig. 7B that S21 gradually reduces and becones to the m ni mum of -10dB
at a frequency of 3GHz. _ 20 19 Februarg 2004 The‘fﬁ?ﬁf denonstrate that
S21 i s dependentThenpropertiexgl Ertsampa 19 e shawdp 1a mpl ex perneability
and that the noise suppressing effect is dependent on the product of ( u
"max X a ). Now) providing that the magnetic sanple forns a distribution
constant circuit having a | ength of a\.&?eﬁuown in Fig. 8A, an equival ent
circuit was calculated for a unit |len Da fromtransm ssion
characteristics S11 and SgAthigRnédown in Fig. | 88 en, {he equival ent

circuit for the length ,——v\e-s—eb&a-r—ﬁed—f—rﬁ-m—(—hf——e%?—va-l—ew circuit for the
unit length D ~) as sholMs(M-Krg/MsM)Phe0@qu| 18émt circuit of the

magneti c sanpl e conprisgs,Series I nductance L fﬁ'ﬁi resi stance R and parall el
capacitance C and conducfamee G as shown in Flg. 8C Fromthis, it will be
under stood that the chan@g”of)transm ssion chata@Meizi sti¢ of the
mcro-strip |line caused te" o sposttTomof [THg, magneric substance on the
mcro-strip line is mai PPl det ermi ned by the h]ggé’al ent_¥esistance R added
in series. In view of the above, a frequency response of the equival ent

resi stance R was neasured. The neasured data were shown in Figs. 9A and 9R

for the film sang| d the conparative sanple, respectively. It will be
noted fromthes that the equival ent resistance R gradual ly reduces

in the quasim Cngqmrhadm-ﬁvdnh?néﬁmu@m@asmbmas meduieuon @ gliis platei s seen
that the frequency dependency of the equivalent resistance Ris different
fromthat gf uéihg tﬁé@bﬁériﬁghﬁpaﬂitm showhiinFia2A aha spatteringhropaditionat  about

1 GHz. It wll Dbe supposed that this difference will be based ogn tgg
gradual i neiicwas Table 12at iThecthirt filen paschest-teeaded at asampesatuse f 0Pt he
wavel engt.h. Production method of the ma,g&egsch éga%iet,anée f this igventi on
has been destwo hotrain vacuume usget Magney an ined 3 AMSaBRIGHE; t i on

met hod but they do not restrict the production nethod. Any other film
produci ng nmet hod such as ion beam deposition nethod and gas deposition

nmet hod can be used for production of TtatB‘?e lﬁgneti c substance of the present
i nvention if 19 February 2004 21 they can evenly produce the pagretic
substance of [\pe~RirAdYred Béméisgnﬁeﬁugtheﬁ,xw'é‘nmat treatnment aftler film
producti on i.sHret—reeessar-y—+—the—f++masproduced—tras—a sufiici ent
property. | ndultmosphexgpl i cability Accor df®@% the present inventilon, the

magneti ¢ subs IR hi gher conpl exgpperneability in a high firequency
such as a quas%m_r_awa- nge—Fherefore—he—rpaghretic—substgnce

according to the present invention can pr;f\ﬁ @éa'ﬁef%iq‘jéopﬂﬂ'ﬂyéggor which is
useful in the) vargets si zed el ectronic ci rcﬂﬁ(f)zehimﬁlﬁ@splaﬁeﬁ)el ectronijc
appar at us. (chip size: 5mm X 5mm X 2mm)

The properties of film sample 9 are show in Table 13.

Table 13
Film thickness 1.4 um
{Ms(M-X-Y)/Ms(M)} X100 | 43.6%
7 920
f( 1" max) 1.5GHz
bwr 188%




Cnetal lic #AghasSRY

19 February 2004 22 CLAIMS 1. An el ectromagnetic interference suppresser of
a magnetic conposition conprising M X and Y; where Mis a netallic
magnetic material consisting of at |east one of Fe, Cc, and Ni, X being

el enent or elenents other than Mand Y, and Y being at 19 Febiua¢p2004 F, N,
and O, which is characterized in that 3&id M X-Y nmagnetic conposition has a
concentration of Min the conposition so that said MX-Y magnetic
conposition has a saturation magnetization of 35-80% of that of the

metal lic bul k dExample10c material conprising M alone, said magnetic

conposition having the maxi pum u"max of conpl e oIy ' nihfe a
frgguency rangeA(ﬂ%ndﬂm—@d\’l‘@ﬁ'&dﬁéﬁiﬁwpo%oﬁﬁ@%s@%???g{séfgya.ééa?:lcb:gér ding to

requency T angeA Hiing SaRavREts X - atcor
*Tmgno i 2aby the, aasbvesAuBRIES Mein PENahs SEDTFTAS eRpefis ol i Fio

magneti zati on whi ch %qu%g@ﬁ%%§°%ﬁ HAhdvati ehe st preabuRratib ofl@,

€ suppresser according to claim2, which

has a conplagé\ﬁp rﬁﬁ%ﬁ;},?@%@?&%‘eé@é%@ gnfferature @1 300CE fortwb where a

relative ¥ Bt | 'ess, said relative m\#ﬂdth bw is

det erm ne i héticofiel® andvebiaineta fileesa equency points
whi ch shoﬁgﬁrgﬁgvgg%ﬁggﬁﬁrﬁr}g%%ﬂﬂy as a half value u "50 of the maxi mumu
"max, to center frequency of said bandwi dth. 4. The suppressor according to
claim2 or 3, wherein said nagnetic conposition has a DC specific

resi stance of 100-700 u (err) cm  TeDled#ruary 2004 23 5. The suppresser
accordi ng t o—etatm2—sata—retal-tic TTEONME] C t.lerl al Mhaving a gaturation
magnet i zat i griyaGuuen dﬁ@f%Pﬁfoﬁ%lﬁﬂ'ét@?r@gconnﬁ'ls%(f' on'¥hs a saturation ’
magneti zati O”ﬁﬁ%éf@ 35-60% of the satjg@ig,qjagregneti zation of the
metallic mag i lal—M—5—t-he—stppresser—according to claimb5, which
has a conpl e)xElpefricRbwerty frequency resd%'ﬁse of a frequency band where a
relative bandwdthbw 15 145% or nore, |98 (Hiamleten ofel 0Qmoh)iamdh bvx(r is
det er mi ned asF?gg rcentage ratio of bandvgiditip pE30wisTes)o frequency points
whi ch shows [t 19 | ex permeability as g izdabmen X 5ned 502mid)e jmaxi mum u
"max to cent } . — raccording to
claim5 or 6, wherein said nagnetic conposition has a DC specific

resi stance of 500 u (err) - cmor nore. 8. The ,su_F res§er according to any
one of clains 1TRe prbperies offitmisagpie 10e1gtShoMEINoTaRE B, si, A, Wy, Ti,
Zn, H, Sr, Nb, Ta and rare-earth netals. 9. The suppresser according to
any one of clainms 1-8, wherein said netallic nagnetic material Mis
distributed as granular grains in a t|§1i1§ conposi t.ion consisting of X and
Y. 10. The suppresser according to c . i id granul ar grains
have an average grain S'lziﬁnﬂflicﬂﬁ nrn. 11. Thessyppresser according to any
one of clainms 1-10, whefrelRsa-d—raghret+e—eonposi{ oM flas an ani sotropy
field of 600 Oe or Iess.{Ms{M-Xh\é)/Maé\ﬂ}}éS%%Q ADPd ng to any one of clains
1-11, wherein said nmagngti;c conpositron is.a [cgyposition represented by a
formula of FeQ Al ~ O . | H max

bwr 1 820/0
Example 11

A thin film of M-X-Y magnetic composition was made on a glass plate
by using the sputtering apparatus shown in Fig. 2A at a sputtering condition
shown in Table 16. The thin film was heat-treated at a temperature of 300°C

for two hours in vacuum under magnetic field and obtained a film sample 11.




19 February 2004 24 13. The suppresser according to any one of clains 1-11,
wherein said magnetic conposition is a conposition represented by a formula
of FeQ Sis-Or. 14. The. suppresser according to any one of clains 1-13,
wherein said magnetic conposition is a thin filmfornmed9lFebamaryi2004 ng
process. 15. The suppresser accordi ngl®o any one of clains 1-13, wherein
said magnetic conpositionis a thin filmfornmed by vapor deposition
process. 16. The suppresser accordug&)J ny one of claims 1-13, which is
formed as a plate having a thickne »3-20 u cmfor use as hi gh
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UU]UU[ {/\/\/]VV\/LV\Y/\Y/\]tupo a{ %rﬁﬁlggﬁl'é% Fa{ r‘a% r:a_%_(;a, £ %E/\'] cal] ca] ca] ca]ca]ca] c
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Vacuum degree before sputtering | <1 x 10°® Torr
Atmosphere Ar gas
Electric Power RF
Fe (diameter of 100mm) and
Targets BN chip (130 pieces)
(chip size: 5Smm X 5mm X 2mm)

The properties of film sample 12 are show in Table 19.
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Example 13

A thin film of M-X-Y magnetic composition was made on a glass plate
by using the sputtering apparatus shown in Fig. 2A at a sputtering condition
shown in Table 20. The thin film was heat-treated at a temperature of 300°C

for two hours in vacuum under magnetic field and obtained a film sample 13.

Table 20
Vacuum degree before sputtering | <1 x 10 Torr
Atmosphere Ar gas
Electric Power | RF
Fes,Cos, (diameter of 100mm) and
Targets Al,O chip (130 pieces)
(chip size: 5mm X 5mm X 2mm)

The properties of film sample 13 are show in Table 21.

Table 21
Film thickness 1.6 um
{Ms(M-X-Y)/Ms(M)} 100 | 59.3%
U max 720
f( 17 max) 1.1GHz
bwr 180%
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A thin film of M-X-Y magnetic composition was made on a glass plate
by using the vapor deposition apparatus shown in Fig. 2B at a condition shown
in Table 22. The thin film was heat-treated at a temperature of 300°C for two

hours in vacuum under magnetic field and obtained a film sample 14.

Table 22
Vacuum degree before sputtering <1x10® Torr
Atmosphere flowing rate O, at 3.0 sccm
Elements in crucible 28 and 29 Fe and Al

The prdperties of film sample 14 are show in Table 23.

Table 23
Film thickness 1.1 um
{Ms(M-X-Y)/Ms(M)} X100 | 41.8%
1" ax 590
f( £ "max) 520MHz
bwr ' 190%

Now, description will be made as to tests relating to noise suppressing
effect of sample films and comparative samples, using a test apparatus shown
in Fig. 6.

A test piece was film Sample 1 with dimensions of 20mm X 20mm x 2.0
um. For a comparison, a sheet of known composite magnetic material having
dimensions of 20mm X 20mm %X 1.0mm. The composite magnetic material
comprising polymer and flat magnetic metal powder dispersed in the polymer.
The magnetic metal powder comprises Fe, Al and Si. The composite magnetic
material has a complex permeability distribution in quasi-microwave range and

has the maximum value of the complex permeability at a frequency about 700
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As seen from Table 24, the film sample 1 is about 600 times more than
comparative test piece in the maximum value of complex permeability. Since
the noise suppressing effect is generally evaluated from a value of a product
(1" max % 0 ) of the maximum complex permeability ul”max and thickness of the
piece &, the thickness of the comparative test piece of the composite magnetic
material sheet was selected 1mm so that the both 6f test pieces have the
similar values of (£ "max ¥ 0 ).

Referring to Fig. 6, the test apparatus comprises a micro-strip line 61
having two ports, coaxial cables 62 connected to the two ports, and a network
analyzer (not shown) connected across the two ports. The micro-strip line 61
has a line length of 75mm and a characteristiq impedance of 50 ohms. The
test piece 63 was disposed at a region 64 on the micro-strip line 61 and the
transmission characteristic S21 was measured. The frequency response of
S21 are shown in Figs. 7A and 7b for film sample 1 and the comparative sample,
respectively.

With respect to use of film sample 1, it will be noted from Fig. 7A that
S21 reduces above 100 MHz, becomes to the minimum of -10dB at a
frequency of 2 GHz and then increases above 2 GHz. On the other hand, with
respect to use of comparative sample, it will be noted from Fig. 7B that S21

gradually reduces and becomes to the minimum of —10dB at a frequency of

3GHz.
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R was measured. The measured data were shown in Figs. 9A and 9B for the

film sample 1 and the comparative sample, respectively. It will be noted from
these figures that the equivalent resistance R gradually reduces in the quasi-
microwave range and is about 60 ohms at about 3 GHz. It is seen that the
frequency dependency of the equivalent resistance R is different from that of
the complex permeability which has the maximum value at about 1 GHz. It will
be supposed that this difference will be based on the gradual increase of a ratio
of the product and the sample length to the wavelength.

Production method of the magnetic substance of this invention has
been described as to the sputtering methoc and the vapor deposition method
but they do not restrict the production method. Any other film producing

method such as ion beam deposition method and gas deposition method can

be used for production of the magnetic substance of the present invention if
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range. Therefore, the magnetic substance according to the present invention
can provide a noise suppressor which is useful in the small-sized electronic

circuit elements and electronic apparatus.
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magnetization of the metallic magnetic material M. |
3. The suppresservv according to claim 2, which has a complex

permeability frequency response of a frequency band where a relative

~ bandwidth bwr is 200% or less, said relative bandwidth bwr is determined as a
percentage ratio of bandwidth between two frequency points which shows the
complex permeability as a half value ¢ "5q of the maximum  « "z to center
frequency of said bandwidth.

4. The suppresser. according to claim 2 or 3, wherein said

magnetic composition has a DC specific resistance of 100-700 ¢« Q - cm.
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magnetization of the metallic magnetic material M.

6. The suppresser according to claim 5, which has a complex
permeability frequency response of a ffequency band where a relative
bandwidth bwr is 148% or more, said relative bandwidth bwr is determined as a
percentage‘ ratio of bandwidth between two frequency points which shows the

complex permezbility as a half value 1 "s5 of the maximum - 1 "n,,0 to center
frequency of said bandwidth.

7. The suppresser according to claim 5 or 6, wherein said

magnetic composition has a DC specific resistance of 500 x Q- cm or more.
| 8. The suppresser according to any one of -claims 1-7, wherein X being

at least one of C, Bi, Si, Al, Mg, Ti, Zn, HEf, ér, Nb, Ta and rare—earth metals.

8. The suppresser according to any one of claims 1-8,
wherein said metallic magnetic material M is distributed as granular grains in a
matrix compesition consisting of X and Y.

10. The suppresser according to claim 9, wherein said
granular grains have an average grain size of 140 nm.

11. The suppresser according to any one of claims 1-10,
wherein said magnetic composition has an anisotropy field of 600 Oe or less.

12. The suppresser according to any one of claims 1-11,

wherein said magnetic composition is a composition reprasented by a fomula of

Fea'Alﬁ'Or.
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wherein said magnetic composition is a composition represented by a formula
of Fe,-Siz-0,.
14. The suppresser according to any one of claims 1-13,

wherein said magnetic composition is a thin film formed by sputtering process.
15. The suppresSer according to any one of claims 1-13,

wherein said magnetic compbsition is a thin film formed by vapor deposition

process.

16. The suppresser according to any one of claims 1-13,
which is formed zs a plate having a thickness of 0.3-20 zcm for use as a high

frequency noise suppressor.




