;e3eNN\ X| 6To}v26 July 2004 1 RADI ATOR CAPABLE OF CONSI DERABLY SUPPRESSI NG A
HI GH FREQUENCY CURRENT FLOW NG I N AN ELECTRI C COMPONENT Background of the

I nvention' This invention relates to a radiator which is for radiating heat
generated by an el ectroni c conmponent upon energization to pEﬁWEQ}2§Hl
increase in tenperature of the electronic conponent and which TS attached
to the electronic conponent itself or to a circuit board or a housing with
the el ectronic conponent nmounted thereon. In the field of electronic

comuni cation, use is made of el ectronit apparatuses and data processing
apparatuses with various el ectronic conponents nounted thereon. These

el ectroni c conponents are generally nounted on a circuit board provided

with a conductive pattern. These el ectroni c conponents nay be various
sem conduct or active deWARIATOR GARARLE ORe@iwidcRABLYenmory (RAM), a

read-only nmenory ( @ m'crg&gocessor FﬁNP& a central processing unit
(CPU), and an image p?eCESESING Al REQUENGY ICYRBENY) . General |y,

t hese sem conduct or acti i.ces, ar d at_a high frequency and
operated at a high speew-&ygm{d;lﬁg' @ﬁﬁéﬁﬁﬂgﬁ%@\ﬂﬁ&&%? active devices are
highly integrated in accordance with a circuit |ayout and provided wth a
plurality of termnals (generally called a |ead franme) for use in signal
processing to be forned into a chip of a sem conductor integrated circuit
| arge-scale integrated circuit device (LSI).
aclsgraung of ued Riveatbhve devi ce of the type described has an
operation speed and a signal processing speed each of which i5 very high.
In order to perf bRigiaventin refaies to paadiaterwhichis forfradiating heat ggneraget
structure, the device is designed to be used 2t a high frequency in a
frequency BuAB %?W\‘/EBHCQB\P&'T&%" VRAR epRIBZation adveyemt aHncrerssondi ngly, a
radi at or 0.the sem conductor active device is required to be
Further | ETOOa 4 I0F BEB G F9rEp e and ik raliawhed & e Sleck®nia: i gh
frequency mhtRi - - |Fi‘1at§t§% Al ; yer al
Giz is use(\é}b@k3 bﬁ ﬁéﬂgseefrﬁ @gg?ugi Cor ac rp\%\%@é\f%@g%ﬂﬁpé%ﬁqemgﬁ%ﬁé}&p?ﬁ‘ﬁﬁ%ni C)

current fl gusintdd HegBohhe term nals of the sem conductor actNe device 2nd
the radiator itself. The high-frequency current may be conducted to other

el ectroni ¢ conpohetiesfield o sRIctpald o mmeuhitdtiog, tseistpadt Mkfoct@hiappar at uses
and devices with the electric/electronic conponents nounted thereon. The

~ hi gh- f r equapRdratusescand dat@opnesessing@pparaitisesawith vgrielis eleammimet i ¢
interference which adversely affects the operation of the electronic
conponent sCHPPBENISt MPHNigH %E@Qﬂ-i drieserelectanigwpaponents argrganssalbasi c

functions cf the electronic c onents.. Therefore, such high-frequency
current nmudloYueq Bﬂcﬂ/@&c%‘rb%gﬁ%‘@%@w'ﬁh@ eQndiGtiyg RANEERr oni ¢ conponent's or

é?;ifn?teflﬁéasE?ﬂ@’éf*ﬁé%‘%S#%%Lﬁaéc%ﬁf@?i@%uﬁﬁte@f 6 VPERES SeifurRRiEietr daiVe
fesul t1ng PEUEES YithaingS, REEMN SEERsThelrefy BYARAT SFBERBRI kR ISORTS,
ther ef or e airhicARlREEsSr (MPL), Ibehitial Bodes R RUT 2R Pmafe 2 hi g

trequency current suppressing type I ch 1s”capa ntly and

consi der aob;bc,_‘zasapr adsinngliclobicainif (IRALENCYGEHEIBPIHthESe BERVESHJURESHHCtOBC e of
el ectromagnetic interference even if an el ectronic conponent is used at a
hi gh ~equedeyicet tahé used fat adugin énegbencly et weeratee aenaligh epsedii Heo giigl sever al
GHz, or to at |east provide a useful alternative. 26 July 2004 -3

Accor di ng €8dathsregraiceaduetopastiveotievipes praskighty integsatieddn  acchestasce svipir ovi ded

a radi ator for ﬁe in radiati ng heat generated by an el ectronic conponent,
the radiat Brc”ﬁéﬂ\ﬂi APH Bﬁa m&v@&% Wity ?&Jgéahtacqfﬁgrmlﬁélsfa(éﬁﬁfailMiC@"@@@ﬂ@a@nt ,

th di at [ S hi ghf t . t.t to th

or ne, par Sartas bt MEoBunl AReRETHER ribisneting “RRin %8 seruR TR A% ough
th di at [y : i1 i t I
tens. iz el gaug oI Cap eI sdinlechRutor B REA Bl R g “race

of a magneiegiceUpsiance of a map etc conposition conprising M X and Y,
where Mis a netallic magnetic material consisting of Fe, Co, and/or N, X
being el enent or elenents other than M and Y, and Y being F, N) and/or Q
the M X-Y nagnetic




10 conposition having a concentration of Min the conposition so that the
M X-Y nmagnetic conposition has a saturation magnetization of 35-80% of that
of the nmetallic bulk of magnetic material conprising M alone, the magnetic
conposi tion having the nmaxi numvalue ,u"nf; of an inaginary,g3y 04 Of
relative perneability in a frequency range of 0.1-10 gigahertz (GQue). 15
According to one enbodi nent of the present invention, the radiator further
conprises a heat-conductive sheet excehlent in heat conductivity and forned
on the highfrequency current suppessor. According to another enbodi nent of
tyre present invention) the radiator further conprises an insulating sheet
excel | ent in ellé&tservuPONIHSAr actvh davigerd the tvperdesssibeddzoat opgratinry
current suggressor. B%Lef Description of t | A is a side

. Br) e Drawin~ Fjig.
vi ew of &PFEAPRCGH SENaLPIRSER=E c?/a%‘r"]lr]‘@w%é%ﬁﬁ‘ryet%@hng'@ fpéerss
accordin L1t I : [PRSIRTRO\Y: Lon-y Ei S si.de view
show ng g ﬁ!ﬁpgq&; g@r—sﬁq%ﬁ%%%? éﬁ%#%ﬁ%@%A&%#%Bgtsgugmr e?FHeesP%\”EEg%unt ed
on a cirgekignBaaptie fisdy aPa highrireh@endy) pvd ﬁéq@eﬁ@ﬂb@fwﬁe@&e@} Sbgdkaf requency
current suppressing type a.ccording to a second énbodi nent of this
i nvent i otenanMiizstadl sewtrat GHA. | Acamdimphd agadai@taitdaohedito theard; Fig. 3 is a
side view of a radiator of a hjgh-frequency current suppressing type 26
July 2008emicebibien agverlayignisrewrsddp Rerfvriteer imprevedbRIdYCO Fig. 4 is a
si de vi e%e&}; adi ator of a high-frequency current suppressing type
according to a'fourth enbodi nent of this invention; Fig, 5 is a schematic
vi ew showi ng almgtienteatwdtiepid suck aobighdqdenag ndthirctHe fceqposivtbaon] Pig. 6A
is a schematic sectional view showi ng a structure of a sputtering apparatus

whi ch wabetresn FRVeRehkIsddHz antssoNgrsl SPE4s prgd 3bEe SericrRAT #CtyBet i onal

et o elits! a Sl e RRD, CERER I ARA B Pt Ry

r esponsesghifdddiciametifelddvit EXAIRhE rddiatot self | PhahhapbhGaicyvi ew show ng

"a perneability frequency response of
curent may be conducied to other electronic componenss, signal paths

including the terminals, or apparatuses and devices with the electric/electronic
components mounted thereon.  The high-frequency current becomes a factor
of causing electromagnetic interference which adversely affects the operation of
the electronic components 10 result in an operation error or which deteriorates
basic functions of the electronic components, Therefore, such high-frequency
current rust be removed or suppressed.

In existing electronic compoenents or radistors, however, consideration
is not sufficiently made of the counl-ermeasure against the high-frequency
currenit. Therefore, it is difficult to prevent the occurrence of the
electromagnetic interference resulling from the high frequency current.

It is therefore an object of this invention to provide a radiator of a high-
frequency current supprassing type which is capable of sufficiently and
considerably suppressing a high-frequency current 1o prevent accurrence of

electromagnetic interference even if an electronic component is used at a high
frequency within a frequency band between scveral tens MHz and several GHz, or to at

least provide a useful alternative.



filmsanple 2 in Exanple 2; Fig. 9 is a graphical view show ng a
permeability frequency response of conparable sanple 1 in Conparable
Exanple 1; Fig. 10 is a schematic and perspective view of a test apparatus
for testing a noise suppressing effect of magnetic sanples;ZEUgh,ﬁiﬁ_is a
graphic view show ng a transm ssion characteristic of filmsanpl'e 1; Fig.
11 Bis a graphic view show ng a transm ssion characteristic of conparable
sanpl e of conposite magnetic material sheet; Fig. 12A is a distribution
constant circuit with a length ~ showi ng_a nmagnetic material as a noise
suppressor; Fig. 12B is an equivalent circuit with a unit length D ~ of the
di stribution constant circuit of Fig. 12A; Fig. 12C is an equival ent

circuit with aAesgiy o &f ,teﬁgr i L,but ion_const.ant .circuit of Fi.g. 12A;
Fig. 13Ais_a gr aphiri(;g vi ewpshovagnggp%&f ?%g%eﬁﬁeggnr‘el%%rﬁ?g’ Tan® SFides ent

r esi st anc &dRter for iuperingadiplies Hedt geteranpbe ad pleatichiEbgnpddR, iise x@dﬁl{c@lﬂmﬂﬁ%Vi ew
show ng a,f 4EnC nse of an equival ent resistance R of conparative
sanpl e of aaﬁ coﬁ%és%ﬁ{%s}ersm%g)cﬁ%’t e SIRCHPHS) colipoapnt. Hiks Fadigtph sowmprising Phigher r ed
Enbodi mentfistudlel enurieny stpprétiser attaShedias Ghé @ﬁh@i@m\kﬂmc’ee&m@n@ﬁmg 4 gghat or

I rst

of a high.freguency current suppressing type according to a
embodi e ntﬁeglfm tcHicg:X'entLHowmg Lhml?&l t%e radiator and having a frequency within a frequency

band betwesn several tens MHz and several GHz, the high-frequency current suppressor
being made of a magnetic substance of a magnetic composition comprising M, X and Y,
where M is a metallic magnetic material consisting of Fe, Co, and/or Ni, X being clement
or elements other than M.and Y, and Y being F, N, and/or O, the M-X-Y magnetic
composition having- a concentration of M in the composition so that the M-X-Y magnetic
composition has a saturation magnetization of 35-§0% of that of the metallic bulk of
magnetic material comprising M alone, the magnetic composition having the maximum
value ft"x of an imaginary part u" of relative permeability in a frequency range of 0.1-10
gigahertz (GHz).

According to one embodiment of the present invention, the radiator further
comprises a heat-conductive sheet cxcclient in heat conductivity and formed on the high-
frequency current suppressor.

According (o another embodiment of the present invention, the radiator further
comprises an insulating sheet excellent in elecirical insulation and formed on the i gh-

frequency current suppressor.

Brief Description of the Drawing:

Fig. 1A is a side view of a radiator of a high-frequency current suppressing type
according to a first embodiment of this invention;

Fig. 1B is a side view showing the radiator illustrated in F ig. 1A in a state where it
is mounted on a circuit board;

Fig. 2 is a side view of a radiator of a high-frequency current suppressing type
according to a second embodiment of this invention in a state where it is mounted on a

circuit board;

Fig. 3 is a side view of a radiator of a high-frequency current Suppressing type




26 July 2004 6 invention. The radiator 1 illustrated in Fig. 1 A conprises
a plurality of fins 1 a arranged at a predeterm ned space from one anot her,
a base plate 1 b having a principal surface or an upper surface fixed to
one ends of the fins 1 a, and a high-frequency current suppbggafj2¢b4 n the
formof a filmformed on an opposite surface or a | ower surface of the base
plate 1 b. Referring to Fig. 1 B, the radiator 1 in Fig. 1 is nounted on a
printed circuit board 4. The printed circuit board 4 has a princi pal
surface or an upper surface with a sem.ganductor integrated circuit device
5 nmounted thereon as an el ectroni c conponent. Around the sem conductor
integrated circuit device 5, a high-frequency current suppresser 3 is
formed as agedriihi@to I 8rd M RLQEnth Fise {Hz,g&goend on the circuit board 4 so that
t he high-frequency current suppresser is’brought into contact with the
seni conduct or iFig-ehiat sillectireuifta deliitaeoba digh-frbgueht g Buk R GUBREGKLLULLENt
suppressegcéxmﬁékgaﬁ§€ﬁh&mxhﬂgﬂﬁ%?h§%§&aﬁ.is attached to the printed

circuit board 4 wt e upper su Y% he peripheral surface of the
seni conduct or iFtig.eigﬁataestmhllaﬁuivﬁevd_esﬁbﬁrﬁlgBanglﬁdswcwetgmkg@-glgﬁgggncy
currents syppressers 2 and 3. The hi gh-frequency current suppresser I's
adhered t ¢ each oFf the seni conduct or integrated circuit device 5 and the

hi gh- f r equency Fodimsteita sSHapLRSS kondl bﬁév&i&%w&&&fe‘ a2 fuc@l LS ar
double-sinﬂ:agggéjge R%Ee. Each of the high- rengﬁéggggﬁ?ﬁﬁ?géﬂ%%?Bésers
2 and 3 is alﬁhlnf P ity EW%ﬁic substance and exhibits the conductivity
within a frequency range snmaller than several tens MHz. Wth this
structure, even if the sem conductor integrated circuit device 5 is used at
a high frequency in a frequency band between several tens MHz and several
GHz, the high-frequency current suppressers 2 and 3 sufficiently and
considerably attenuate the high-frequency current flowi ng through termnals
of the sem conductor integrated circuit device 5 and through the radiator 1
itself. 26 July 2004 7 Therefore, it is possible to prevent occurrence of
el ectromagnetic interference and to renove an adverse affect of the

el ectromagnetic interference. Thus, a conbination of the high-frequency
current suppressors 2 and 3 serves to attenuate the high-frequency current
flow ng through the radiator 1 itself and having the frequency within the
frequency band between several tens Mz and several GHz. Referring to Fig.
2, description will be made of a radiator of a highfrequency current
suppressing type according to a second enbodi nent of this invention.

Simlar parts are designated by like reference nunerals and will not be
described any longer. In the radiator 1 illustrated in Fig. 2, the base
plate 1 b is provided with a recessed portion 6 formed on its |ower surface
to receive the sem conductor integrated circuit device 5. On the | ower
surface of the base plate 1 b including the recessed portion 6, the

hi gh-frequency current suppressor 2 is forned as a film Wen the radiator
1l is attached to the circuit board 4, the recessed portion 6 is faced to
the sem conductor integrated circuit device 5. As a result, the upper
surface and the peripheral surface of the sem conductor integrated circuit
device 5 are covered with the high-frequency current suppressor 2 al one.
Therefore, no high-frequency current suppressor is required to be fornmed on
the circuit board 4. The hi gh-frequency current suppressor 2 is adhered to
each of the sem conductor integrated circuit device 5 and the circuit board
4 by the use of an adhesive or a doubl e-sided adhesive tape. Wth this
structure, even if the sem conductor integrated circuit device 5 is used at
the high frequency within the frequency band between several tens MHz and
several GHz, the high-frequency current suppressor 2 sufficiently and
considerably attenuates the high-frequency current flow ng through the
termnals of the sem conductor integrated circuit device 5 and through the
26 July 2004




8 radiator 1 itself. Therefore, it is possible to prevent occurrence of

el ectromagnetic interference and to renove an adverse affect of the

el ectromagnetic interference. Thus, the high-frequency current suppressor 2

al one serves to attenuate the high-frequency current flow nggtfiroxma the

radiator 1 itself and having the frequeficy wthin the frequency "band

bet ween several tens MHz and several GHz. Referring to Fig. 3, description
iator of a high frequency current suppressing type

\ém;:lzlor 3ienga?g gf tﬁ@':gg&ﬁéﬁhﬁ@ﬁfm@ﬁ%?‘?ﬁ@ Vigw ERPWEIY a SITHEIUER ChAMBBORY e

desi j f | d will be d i bed | )
D the r Sﬁe%ﬁfhfcﬁeﬁ*ﬁﬂe%ﬁ@%%@&ﬂi EERT %?eﬁvﬁﬁp'ﬁﬁgﬁf frequency ourrent O_n:e;
o Th o heat - condugt? e SR ed hbRE B od B8RRI BaR Bl etatiebhl of

the hi ghf rRQUARGYIeCU BXEmBIePPr essor 2 and which is excellent in heat
conductivity. The heat-conduct'ive sheet 7 is adhered to the high-frequency

current suppresgsig. 8idy gréyshivaieiow sﬁﬂmﬁ@ﬁiﬂe‘{m_e@biligl reﬂf@%]ngérﬁ:y%@sénﬁéibﬁsi ve

tape. Wth this structure al so, the above-nentione cts are obtained.
| n addi ti ditim $mopleseinExgmpld 2 on of the heat-conductive sheet 7, heat
transfer to the radiator 1 is pronoted. Thus, the heat radiation
characteristic if9gi % agsaphiceindewishgwing aingrmeabiibstreqpenayreapbihseef nade
of a radiator of ? hir%h freqéenca/ current suppressing type according to a
fourth enfEUTRRPGFaPRlsT imbemAiasablexample barts are designated by Iike

ref erence numerg;. d V\,ill1 no#j be descri hed any l.onger. In %hef radi ator 1
illustrated in i'é: ?Q,'S?ﬁg RiNGHC AN RRERRS S E’Gr"r‘%‘&t‘)féﬁgﬁ{wﬁuf Pbr med on
the | . h . [ i ith i | ati

shget O\g,erst%gﬁﬁig%a(ﬁ%% lf/‘?pn'? ggﬁpﬁf%tc?aﬁ?@ﬁh?tﬁ%%ﬂgg%gdvﬁo tﬁg :ga/:raslu:] 19 ace

of the hi gh-frequgn¢yA GaIRASNIE YRR 8ASWINgZa BRAsMYESEh ERaradtetisti€ Bt filnh
el ectrical insulation. Thé insulating shéet 8 is adhered to the

hi gh-frequeamaple 1;9 26 July 2004 current suppresser 2 by the use of an
adhesi ve or a doubl e-si ded adhesive tape. The high-frequency current
suppressers 2 anldig31tBis bgraphinsdevioghewing & trangmissioraplaradtguisticof on. | n
addition to the sputtering or the vapor deposition nmentioned above)
cheni cal VeQJBPaER sAMPEHOL evnpositemagagis majedalsheslt: gas deposition, and
pattern transfer ,ma¥ be used _qun form ng the hjgh-frequency current
suppressers 2 andi93!2&4s g detripHHom cgnstapbeiRilyite areealh L3EWiBdders 2 and 3
is athin-fjl I u C ving. a thickness between 0.3 and 20 a m
and exhi bi {nggﬁ]ﬁggggdﬁéh%lt%/%?@% %ﬁ%ﬁe%sr}gr equency range smal |l er than several
tens M. Fig. 12B is an equivalent circuit with a unit length A ¢ of the distribution
constant circuit of Fig. 12A;
Fig. 12C is an equivalent circuit with a length ¢ of the distribution
constant circuit of Fig. 12A,
Fig. 13A is a graphic view showing a frequency response of an
equivalent resistance R of film sample 1 in Example 1; and
Fig. 13B is a graphic view showing a frequency response of an
equivalent resistance R of comparative sample of a composite magnetic
material sheet.
ipti f fer,
Referring to Fig. 1A, description will be made of a radiator of a high-

frequency current suppressing type according to a first embodiment of this



As a material for each of the high-frequency current suppressers 2 and 3,
use may be made of a narrow band magnetic | oss material which has an MX-Y
conposition as a m xture of conponents M (M being at | east one of Fe, Co,
and Ni), Y (Y being at least one of F, N, and O, and X (X ggi ggﬁml east
one el ement other than those contained in Mand Y) and whic ﬁa a

permeabi lity characteristic, given as a“relationship between a frequency
and an imginary part ~, " with respect to a real part ~' of relative

per neabi | ijhyentfarch that the maxi mnumvalue |~ "max of the imginary part u"
(which may be called a magnetic loss tern) is present within a frequency
range between 10DMd-radiaidr 1Qrzrad it Faj. 1 e@hﬁﬁéy@awawdycafhinwa i's not
greater than 200% where the rel ative bandwi dth bw is obtained by

ext ract i ngarsangeshata pyedetadninddisfaeevieen dnearfatiesyy arciseplate Whhalfinghke val ue
of u" is 50% of the maxi mum ~."'~max and normalizing the frequency bandw dth
at the cerRiEicipalayuiace oraneueedr. surfacedixesddarmne ensseofithatfinstea, madraow- band
magneti c IQSBJmateri al has saturation nagnetizati on between 80% and 60% of

that of a WEPAIEGHERRYGHECRABRPPESSERAH i M Hea WBhissmestoneniopresiimd a
d.c. | tri i bet 100 ~ 2 ~ d 700 ~¢c S2 ~ As th
nafer?afcf%llﬁ'r%%cifg‘irl %50%&]%25@5\#%3@8%%8&'5&%? 2Eppresse(r:s 4a, Zg] and 5?
| b . 1 t.. G i i |0 26
Sory 3000 has. arEfiSith (el 4% R0 fadBRR AL io. 0P B MBLAIEGAn Wbiiileq, 10, 20

| east one @fcufitbodra 4. amthd\biinted diréut@ioed athdseapFin@pal ffridoe Marpgpdy) . and
X (X being at | east one el enent other than those contained in Mand Y) and

whi ch has surftenwiibia saemicohductor entegiated cgtuibdevise & mel@eddahsiton dxameen a
frequency and an imaginary part |~" with respect to a real part u' of

rel ative peerEapiciGanporaih Areund the semicandusiar integratechsirait déwice fpgi nary
part ~c " is.present within a frequency, range between_100M{z and | OGH and
that a rel A% ée%m%w%ﬁdppgesgef Sd4pdmed anadimsodhasadiatarnkisr el at i ve

pend By BRI B e 25 AR e BUSTRR PR bR
oL L1248 O SRRl OB SO EPER Y 50 1

assuned here th ICc 1 0Ss as satudration

magnet i zat il"@hi@ﬁtfmﬁ]%n@?%%ﬂt 35%@%36#1? CRL- afre8Bk ahe TRYREH CisBifHea!

conprising the conponent M al one and a el ectric resistance greater

t han 500 ato-the mrintedi mireait boafd 4Iv&tr‘nmbruppeb&[]ﬁaﬁagﬁdtth@Fbﬂpﬁeﬂm‘sﬁﬁh@é and

t he wi de-band magnetic | oss material used as the high-frequency current
suppr essor 8f the, sefbiconddctsr irteégratetpiociihdevice § cavelexhwith dine high-B2qindgi , Al ,
My, Ti, Zn, Hf, Sr, Nb, Ta, and rare earth el enents. The conponent Mis
present i nCWTGPESHAPIESEAB ZcH 8- where particles or grains of the conponent

par iecf"gipﬁéigdairﬁﬂs%@béhﬁsﬁ‘fw Eyrgent g%fﬁg%gg%ﬁgdhgf%ﬁgﬁgﬂgﬁémfa e’ ¢
magnet o 1 repdRsraireRtee PRI Deticed BpdBis Niofrit ey Beilsi ¢ on of
the wide- béﬂﬂp@ss&ﬁ%_b@ﬁﬁ%‘&\%%% 5@9&?&4 ﬁr %ﬁéﬁ?%‘f‘%g@d %Bhb%v@@a;ﬁ?’ Al -0

conmposition or an conposi t1on. ol ng, description has
been nade ghchhs tt@BRIHMIEHSerdyec ARt ERNAHSESBs b BhAY RtLhikHils Wdgrisk ce s
used as the el ectronic conponént. However, this invention is also
appl i cabl esubstahee eheaixhiisiisctheasmproinenvity wittsin & fréquetitly rapge eandiee tin acti ve
devi ce including a sem conductor |arge-scale is Duly Zooa mintegrated
circuit dedseweraltensodgiz. circuit device such as a microprocessor, a centra
processing unit, and a inage processor arithmetic |ogic unit) or the |ike.
The radi ator nay YWiEh Bii$ sbuetdre.evendf e samicondaetar bitegrairsleiramit deviethbch t he
ei ther event, as each of the

| ect iC. Ny ted. |
hi gh- T requihtSERar 7 ¥ LERHTRSEBA ModusrPvbantbetusehisrers! tans MHz #nd m

gt ¢ SUBSLARES e N Sy 01 BN 25 oS ERENT | 05
of the rel .%bhgi%ep‘?dl?%ﬁghbéﬁe%he/?ﬁg@f%ﬁﬂ@ﬁ#;} 8ur'?‘e¥\’?ﬁ40@ﬂﬁ§ﬂ¥}’8h§ﬁt ngfénogm

i ncreased i n nmagnet 0SS term™a granular nagnetic’nateri a :
Spect T cal te sbicHRICIBIaRRaFAIBA CHAGR HolRe! PN thiBBGN M fadiibrh Haf! ! c! es
in the granular magnetic maferial falls within a particul ar range,

excel l ent magnetic |oss characteristic can be obtained in a high-frequency
region. Next, description will be nmade as to granular structure and
production nethods of M X-Y nmagnetic conposition. Referring to Fig. 5 in
whi ch schematically shows the granular structure of MX-Y magnetic
conposition, particles 11 of metallic nmagnetic naterial Mare uniformy or
evenly distributed in a matrix 12 consisting of X and Y. Referring to Fig.

. . e o



26 July 2004 12 Referring to Fig. 6B, a vapor deposition apparatus shown
therein was al so used anot her apparatus for producing sanples in the

foll ow ng exanpl es and conparative exanpl es. The vapor deposition apparatus
has a conventional structure and has vacuum contai ner 20, ahgggf}hﬂ{)d,;c gas
source 22, and vacuum punp 27 simlar tﬁ the sputtering 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 magnetic conmposition was nade on a

gl ass pl atendhgidie eit §f pddebieRY pr&VdMBoaoRanes us eBvmagnetic thiefiéreicea
sputtering condition showmn in Table 1. Table 1 ~ Vacuum degree before

sput t eri ngxid 0% EHindvelan ndlvesediot Af thgesiECkomagnefoimteiRErenaegel abs, a

(di ameter of 100nm and Al 203 chip (120 pieces) (chip size: 5mm X 5mm X
2m) The fedmbisatiph @f thephightfoealionsy canging 2eppliegsarsiZ ane SsIIMES 16 r ay

spect roscopi/P and confirnmed as a filmof a conposition Fe~2A11~0. The film
sanpl e 1 haiterriade the highelrequgney. cuigient Jowiidiviedgh thes@diater b itsathabent i net er s
( ~ ~~cm .in DC specific resjistance, 1 i n anisotropy fi (Hk), and
6, 800 CaBie sl BRREROHWHAG DB ERCEDRY BReg boRvEeh SaKEeF s 4nds
saturation rraegnleéhzation of the filmsanple 1 and that of the nmetallic
material MTLERI P EMS(M X-Y)/ Ms(M}x 100 was 72. 2%

Referring to Fig. 2, description will be made of a radiator of a high-
frequency current suppressing type accerding to a second embodiment of this
invention. Similar parts are designated by like reference numerals and will not
be described any longer.

In the radiator 1 illustrated in Fig. 2, the base plate 1b is provided with a
recessed portion 6 formed on its lower surface to receive the semiconductor
integrated circuit device 5.  On the lower surface of the base plate 1b including
the recessed portion 6, the high-frequency current suppressor 2 is formed as a
film. When the radiator 1 is attached to the circuit board 4, the recessed
portion 6 is faced to the semiconductor integrated circuit device 5. As a result,
the upper surface and the peripheral surface of the semiconductor integrated
circuit device 5 are covered with the high-frequency current suppressor 2 alone.
Therefore, no high-frequency current suppressor is required to be formed on the
circuit board 4.

The high-frequency current suppressor 2 is adhered to each of the
semiconductor integrated circuit device 5 and the circuit board 4 by the use of
an adhesive or a double-sided adhesive tape.

With this structure, even if the semiconductor integrated circuit device 5
is used at the high frequency within the frequency band between several tens
MHz and several GHz, the high-frequency current suppressor 2 sufficiently and
considerably attenuates the high-frequency current flowing through the

terminals of the semiconductor integrated circuit device 5 and through the



In order to nmeasure a perneability frequency response, the filmsanple 1
was fornmed in a ribbon like formand inserted in a coil. Under application
of a bias magnetic field, an inpedance variation of the coil was neasured
in response to frequency change of AC current applied to thg6 i zo&pe
measurenent was several tines for different values of the bias gnetic
field. 13 26 July 2004 Fromthe nmeasufed | npedance variation in response
to frequency variation, the perneability frequency response ( ~c "-f

response) wmifatoph Gisbht eq‘h@ﬂg S it | noted from Fig.
7 that the imaginary part of Ore'jtgtb\\ggsggbr{r?e‘grev‘gn}6é%asédgeﬁﬁgh peak or the

raxi rum vabloetrbraghet Intardram dhaytd el dvebas heespdarcat of i peak. The
natural resonance frequency (f( a "max)) show ng the maxi numvalue ( |~
"nmax) is ablestrof@@nktie intBrierartdee & husf thesiphirguency @uplehvsuRaedyddt h bwr
was determ ned as a Egrcent age ratio of bandw dth between two frequency
poi nt's \/\hlél@@fﬁﬁﬁﬁe& aﬁtmgatﬂéh@hmrheqﬂemmmramflpmn@ﬁbongh theas a hal f
value ~. "SO.of the maxi rumvalue ~. "max, to center frequency of said
bandwi dt h. 2fiRIOF digel f\P@do%\dw Hisfragpengswittigdhe fequeney band bebmern i on
simlar tog hat | e, 1 but ing of 150 Al 203 chips, a filmsanmple 2
was for medSe¥F 8 J&n&i@ﬁ [adseverd #?‘Fm sanpl e 2 produced was analyzed by a

L onsssent X1 SHeISFULATTE BRI Wi pERord B AR LC"
2400 1 cr orreHIRGSNEINENCS prkessind yeCdloc BB SAREL difosditlen B 120 O

in anisotropy field (Hk), S 1 n~saturation nagne ron (Ms).

It will beinvehtiont hstmﬁar|pfﬁrt‘saéf@| dbs?grieﬁe@'bghnﬁé refedendd himneedB afidwill ot he
specific resistance. A percent ratio of the saturation nmagneti zation of

th
film sanpl bezieandbedhanydningme netallic material Mitself {Ms(MX-Y)/Ms(M}
X 100 was 44.5% The ~. "-f response of filmsanple 2 was al so obtained in
the similar mannbtthesradiates hipsateduind™ighdyvibeihigFfrgquency cuirsninot ed t hat
the peak has al so a_high value simlar to that in filmsanple 1. However,

the f requeﬁ\é@/mﬁé?% Zé@fm%obé&%lomr suiacaAf thebase plataridbes predded withi s
about 1 an | agi nar Iy rel a erneabi | it radual ly falls
ei ther si d tCHQEHEUOﬁ?g tﬁa@ﬁphés gﬂaehgé &?ﬁﬁ@’@r rydage é?%‘ﬁd?i Y
charact eri fbhGency drréf sUPpfed@?% and which is excellent in heat conductivity.

The heat-conductive sheet 7 is adhered to the high-frequency current

e

suppressor 2 by the use of an adhesive or a double-sided adhesive tape.

With this structure also, the above-mentioned effects are obtained. In
addition, because of provision of the heat-conductive sheet 7, heat transfer to
the radiator 1 is promoted. Thus, the heat radiation characteristic is improved.

Referring to Fig. 4, description will be made of a radiator of a high-
frequency current suppressing type according to a fourth embodiment of this
invention.  Similar parts are designated by like reference numerals and will not
be described any longer.

In the radiator 1 illustrated in Fig. 4, the high-frequency current
suppressor 2 formed on the lower surface of the base plate 1b is provided with
an insulating sheet 8, such as a polyimide film, which is attached to the lower
surface of the high-frequency current suppressor 2 and which is excellent in

electrical insulation.  The insulating sheet 8 is adhered to the high-frequency



A relative bandwidth bw of filmsanple 2 was al so confirned as 181% by the
simlar way as in Exanple 1. Conparative Exanple 1 In a condition simlar
to that in Exanple 1 but using of 90 Al 203 chips, a conparative sanple 1
was formed on a glass plate. The conparative sanple 1 pr odugg? Ié‘?fotﬁ”a' yzed
by a fluorescent X-ray spectroscopy andgconfirmed as a fil

conposition Fe86A1608. The conparative sanple 1 had 1.2 mcroneter (um in
t hi ckness, 74 mcro ohmcentinmeters ( a S2 ~ cm in DC specific resistance,
22 e in aﬁlr'fé%'f'tr%mprﬁs%)rcﬁ bykye use 0860 aBhesiveian asatublatsided adigesve rgid. on
(Ms), and 85. 7%11_8 %&hrcent ratio of the saturation nmagnetization of the
conpar ati ve sanpl 8¢ HeEHBRCY EURr Bt SHAPEESSOES Reanst 3 &RN NS fosmiet! by

{Ms( M X- X 100 44, 5% The " response of conparative
sanple 1 wﬁ%uéﬁ Brb‘(@ %VP% jnﬁidﬂﬁ'lonr?ﬁaﬁ?i%ﬁp'd@e"'ﬁg ES(HWpVQpOI and is
shown in Fi e_.not ed fromF ma part u" of
rel ative pegﬂ%sig?'l‘h%t@eat?eboygnﬁg?@fqa\/33‘8%%@38“%&5\4)}1'%IHB at a
frequency r frequency, range
than 10 égﬁﬁitléﬁrﬁ%%dé’%%{g dﬂ‘g’{% é@ﬂqéﬁlﬁ&ﬂ%{‘fg “%?E\jc%ﬁ?é‘e 'Bﬂp%@ﬁer ation

of eddy cupifeduEnrdCcdrfdht! QWBFesRESbT esi stance. Conparative Exans In
a condition S|mlar étsgctﬂﬁ} \g% % El{ﬁb:)fjt using of 200 Al 203 chips, a

conpar ative sanpEach owatsehtymﬁé @ého’:y &lrRsE sRppic@sort® afaradRr AtHiNGirgampl e 2
produced was anal yzed by a fluorescent X-ray spectroscopy and confirmed as

a film of magﬁlﬁﬁosmbsmmclédﬂeemgmmrekné%neb@tweparms iane 20mpl end elraibits. 3
m croneter (-~. I n thickness, 10,500 mcro ohmcentineters (~. S2 ~ cm

in DC specitig éom@mtmtﬁm@m FHeeqvegoyrange sanbet thanseveraltenoMpiz. at i ve

sanple 1 exhibit Hgie@p amagnetlsm 15 26 July 2004 Examipe 4 Athin
filmof MX Y ma é=l dﬁ%%? At hedighdredsrnay swa@@twmr@swsﬂ@d

reactive SBULLE Hé{gbgen%e{]é)e of'a 'ng o%vhgaﬁ umtég%%hc ﬂasasprﬁa{erlaﬁvhlscmol\nl\gs Iauq I\/'l:I g
X-Y compaosition as a mixture of components M (M being at least one of Fe, Co,
and Ni), Y (Y being at least one of F, N, and Q), and X (X being at least one
element other than those contained in M and Y) and which has a permeability
characteristic, given as a relationship between a frequency and an imaginary
part 1" with respect to a real part u' of relative permeability, such that the
maximum value u".., of the imaginary part 1" (which may be called a
magnetic loss term) is present within a frequency range between 100MHz and
10GHz and that a relative bandwidth bwr is not greater than 200% where the
relative bandwidth bwr is obtained by extracting a frequency bandwidth between
two frequencies at which the value of " is 50% of the maximumu ", and

normalizing the frequency bandwidth at the center frequency thereof. Itis

assumed here that the narrow-band magnetic loss material has saturation
magnetization between 80% and 60% of that of a metal magnetic material

comprising the component M alone and a d.c. electric resistance between 100

nQ-cmand 700 1 Q -cm.

As the material for each of the high-frequency current suppressors 4a,

4b, and 5, use may also be made of a wide-band magnetic loss material which



6A at a sputtering condition shown in Table 2. The partial pressure ratio
of N2 was 20% The thin filmwas heat-treated at a tenperature of 300C for
two hours in vacuum under magnetic field and obtained a filmsanple 4.

Tabl e 2 Vacuum degree before sputtering<l x 10-6 TorrAt nosphgr

gasEl ectri c Power RF TargetsFe (di anetenoof 100mm) and Al chip

??'5%&% eces)

(chip size: 5nm X 5nm X 2nm) The properties of filmsanple 4 are show in
Tabl e 3. Table 3 Filmthicknessl.5 ~. mM{Ms(M X-Y) /I\/B(M%X 10051. 9%

~~max520f (ag-an M-¥-X )cggmﬂaﬂtﬂmrqszéwl%wi sowpsnﬁntsrh/lr{

thin film

PRdoTt IRRSt-ope

appar at us w776 U, ¥AT et afleBsConmg! Ecilaras ol nss O

ut t r|ng
*ﬁgtﬁe 4. The
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4 Vacuum

Power RF T getsggﬁs(gf]g@?%ﬁé‘%rb@gémﬁg n%ti%%%@ﬁ Wﬁ%ﬁugﬁé

pl ec

L

imaginary part " with respect to a real part ©' of relative permeability, such

that the maximum value ", of the imaginary part 4" is present within a

frequency range between 100MHz and 10GHz and that a relative bandwidth

bwr is not smaller than 150% where the relative bandwidth bwr is obtained by

extracting a frequency bandwidth between two frequencies at which the value of

w" is 50% of the maximum i ., and normalizing the frequency bandwidth at

the center frequency thereof. |t is assumed here that the wide-band magnetic

loss material has saturation magnetization between 60% and 35% of that of a

metal magnetic material comprising the component M alone and a d.c. electric

resistance greater than 500 & Q -cm.

In each of the narrow-band magnetic loss materiai and the wide-band

magnetic loss material used as the high-frequency current suppressors 4a, 4b,

and 5, the component X is at least one of C, B, Si, Al, Mg, Ti, Zn, Hf, Sr, Nb, Ta,

and rare earth elements. The component M is present in a granular structure

where particles or grains of the component M are dispersed in a matrix of a

compound of the components X and Y. The particles have an average particle

size between 1nm and 40nm. The narrow-band or the wide-band magnetic

loss material has an anisotropic magnetic field of 47400 A/m or less.

Preferably, the M-X-Y composition of the wide-band or the narrow-band

magnetic loss material is an Fe-Al-O composition or an Fe-Si-O composition.

In the foregoing, description has been made of the case where the

semiconductor integrated circuit device is used as the electronic component.

However, this invention is also applicable if the electronic component is a

different semiconductor active device including a semiconductor large-scale



(chip size: 5mm X 5mm X 2mm) The properties of filmsanple 5 are show in
Table 5. Table 5 Filmthicknessl.1 ~c {Ms(M X-Y)/Ms(M} X 10064. 7%

"max850f ( ~' "nmax) 800MHzbwr 157% A thin filmof M X-Y magnetic conposition
was nmade on a glass plate by the reactive sputtering net hodzyghm%ddae
sputtering apparatus shown in Fig. 6A a sputtering condition’shown in
Table 6. The partial pressure ratio of was 10% The thin filmwas

heat-treated at a tenperature of 300C for two hours in vacuum under

nmagneti ¢ finedgtataticiehliindéace,a fogidrisanpdeyiée slabhe atmidaspratesedr ge before
sputtering<l X 10-6 Torr At nospher eAr+NZ gasEl ectri c Power RF Tar get sCo ‘

(di anet er oéntigl@rogessing Ahitcdmaa (rhaQeprecessor Geithmetsa logic GmitnoX thatike, 2mm)
17 The properties of filmsanple 6 are showin Table 7. Table 7 Film

t hi ckness1. 2 ~. Whesadiaierynawbe Mtiaxhe00s ther elacuit-bear850fe housingiowhich

GHzbw 191 Exam Ip a 7 26 July 2004 A thin filmof MX-Y nagnetic

conposi ti ofhanRlgCtianie mpEnarassmMeiuaied.by usi ng the sputtering appar at us
shown in Fig. 6A at_a sputtering condition shown in Table 8. The thin film
was heat-treat ed'rh?'”?;\ert%’r?@é-raast %g%h 8&%(*@@1’!{'@(1“?%\’ REPRt $UPPFEeIATMAUnder

magnetic f laﬁéj%, ﬁgg is?lr)rtlaadenc?fda ﬁ\iﬁ-’fi‘rrrpﬁggn:?elt% s7u'bstance which is small in volume
and which is a magnetic loss material having a large imaginary part (i.e., a

"magnstic loss term") 1" of the relative permeability. As a magnetic substance

which can be increased in magnetic loss term, a granular magnetic material is
known. Specifically, in case where the concentration of magnetic metal
particles in the granular magnetic material falls within a particular range,
excellent magnetic loss charactetristic can be obtained in a high-frequency
region.

Next, description will be made as to granular structure and production
methods of M-X-Y magnetic composition.

Referring to Fig. 5 in which schematically shows the granular structure
of M-X-Y magnetic composition, particles 11 of metallic magnetic material M are
uniformly or evenly distributed in a matrix 12 consisting of X and Y.

Referring to Fig. 6A, a sputtering apparatus shown therein was used for
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,



Tabl e 8 Vacuum degree before sputtering<l x 10-6 Torr At nospher eAr

gasEl ectric Power RFNi (di aneter of 100mm andTargetsAl 203 chip (140

pi eces) (chip size: 5mm X 5mm X 2mn) The properties of filmsanple 4 are
show in Table 9. Table 9 Fil mthicknessl.7 a M{ Ms(M X-Y)/ I\/Bﬁé\/},&.lﬁzngSB. 2%
~~max280f ( Ja. "max)240MHZbwr 169% 18 Exa~e 8 26 July 2004 A thin film of
M X-Y nmagnetic conposition was made on a glass plate by the reactive
sputtering nmethod using the sputtering apparatus shown in Fig. 6A at a
sputtering condi BeerrisgduFig.r6B,ablepdidepbdiopedppahtuR’PowWH Bet@hviaOdf N2
was 10% The thin filmwas heat-treated at a tenperature of 300C for two
hours in vaéausednanthemgpraratus foslpdoduning bamipeadinahé ifbloveagekanbled abl e 10
Vacuum degree before sputtering<l X 10-6 Torr At nosphereAr+Nz gasEl ectric
Power RF Ta?@‘z@mpa(fai'\éﬁ@x@mp@ﬁ 10teyapandeppsitibn mppacupheses) (chip size:
5mm X 5mm X 2m‘l[h. Thﬁ @ro erti of filmsanple 10 are show in Table 11.
Tabl e 11 FrYEHCORAELWGH ?ﬁ”ﬁ%@@(\ww'm%@m} RO1@oTEphegc gas source

" 410f (~»5 bwr 158% Ex t hi fil f MX-Y ti
U101 o) MRS B A ol M e
shown i n FbgindduiRl rAateidid 8L\t FRREId 'Rlbs 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. 6A at a sputtering condition

shown in Table 1.

Table 1
Vacuum degree before sputtering | <1 X107 Torr
Atmosphere Ar gas
Electric Power RF
Fe (diameter of 100mm) and
Targets AlL,O4 chip (120 pieces)
(chip size: 5Smm X5mm X 2mm)

The film sample 1 produced was analyzed by a fluorescent X-ray
spectroscopy and confirmed as a film of a composition Fe;,Al;0,,. The film
sample 1 had 2.0 micrometer (4 m) in thickness, 530 micro ohm centimeters
{1 Q - cm) in DC specific resistance, 18 Qe in anisotropy field (Hk), and 16,800
Gauss in saturation magnetization (Ms).

A percent ratio of the saturation magnetization of the fiim sample 1 and
that of the metallic material M itself {Ms(M-X-Y)/Ms(M)}X 100 was 72.2%.

In order to measure a permeability frequency response, the fiim 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.



shown in Table 12. The thin filmwas heat-treated at a tenperature of 300C

for two hours in vacuum under magnetic field and obtained a filmsanple 9.

19 Table 12 26 July 2004 Vacuum degree before sputtering<l X 10-6

Torr At nospher eAr gasEl ectric Power ~RF TargetsFe (di anmeter gf lm and

Ti 02 chip (150 pieces) (chip size: 5nm ¥X35mm X 2mm) The properties of film
sanple 9 are show in Table 13. Table 13 Fil mthicknessl. 4 ~c

Ms (M X- X 10043, 6%' ~~nmax920f( ~ ~~max) 1. SGHzbw 188% Exam | A
ﬂn I’l(fl I YE % SRy ifEP%%@ﬁﬁ%V@naiwwmem@eot@ freqylensy r\]/[ah:;men liEet he6A
tive s met hod us uttering apparatus shown in Fig.

;'? a; Is\pgutt gﬁ%@@&éﬁd"ﬁ? ¥ﬁ‘5 éESP@”SEF wag salquidteg aagdsisbowat i o of

hour e i n vl undar e *6?%éf?eﬁﬂa?ﬁma@wi‘w%aer&%%ﬁ@mee?SC Tabl e
Pover RFFe. (g aear f”’%ﬁ‘aﬁéﬁiﬁ# A0k gBed& o A ot S GRAN S ze: 5
X 5mm X 2ngther $i8e %5th7élbé’alz.ooﬁhe natural resonance frequency (f(1 ", .)) showing

the maximum value (4", is about 700 MHz. From the u"-f response, a

relative bandwidth bwr was determined as a percentage ratio of bandwidth

between two frequency points which shows the imaginary part of relative

permeability as a half value 1 "5, of the maximum value u",,.,, 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, O, 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,,04,.  The film
sample 2 had 1.2 micrometer (& m) in thickness, 2400 micro ohm centimeters
(x Q - cm) in DC specific resistance, 120 Oe in anisotropy field (Hk), and 9600
Gauss in saturation magnetization (Ms). It will be noted that film sample 2 is
higher than film sample 1 in the specific resistance.

A percent ratio of the saturation magnetization of the film sample 2 and
that of the metallic material M itself {Ms(M-X-Y)/Ms({M)} X 100 was 44.5%.

The u”-fresponse of film sample 2 was also obtained in the similar
manner as in Example 1 and shows in Fig. 8. It is 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 imaginary

part of relative permeability gradually falls either side of the peak so that the w "-f

response has a broadband characteristic.



The properties of filmsanple 10 are show in Table 15. Table 15 Film
thicknessl.5 a M{Ms(M X-Y)/Ms(M } X 10055. 2%u' ~~max920f ( ~

~~max) 1. 2GHzbw 182% Exam Ip a 11 A thin filmof MX-Y nagnetic conposition
was nmade on a glass plate by using the sputtering apparatus §bGI‘9ﬂZOiOﬁ Fi g.
6A at a sputtering condition shown in Taple 16. The thin fi?mwas
heat-treated at a tenperature of 300C for two hours in vacuum under
magnetic field apd obtained a filmsanple 11. Table 16 Vacuum degree before
sputtering<l x Yorgatwe Pﬂf‘%@ﬁhéﬂ\éﬁ f'@'ﬁ§5mﬂi@ PiwaPelnercrAfimaed essia %

(di aneter 100 and Hf.0 ((100 pieces) (chip size: 5mm x 5mm X 2mm)
The proper@tg '%m%‘f Wﬁysaasn'ﬁ%ex Fg)Igre show in Table 17. Table 17 Film

t hi cknessl.8 a W 10077. 4% ~~max1800f ( !~ "max)450M H
zbw 171 21 26 a l1l2 Athin filmof MX-Y magnetic
conposi tion was I si.n ar at us
shown in Fig. 6,&“:&?8%8@B€T Lr;ﬁ%égé@gm gﬁ" gvx?%nltﬁ'r%a%ftid f@% ¥Hn film
vas heat - tadpapadiiae saniREnanad Hithedf orPdifadPlatero hours in vacuum under

magnetic field and obtained a film sanple
The comparative sample 1 produced was analyzed by a fluorescent

X-ray spectroscopy and confirmed as a film of a composition FeggAlgOg.  The
comparative sample 1 had 1.2 micrometer (&« m) in thickness, 74 micro ohm
centimeters (4 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. 9. It will be noted from
Fig. 9 that the iméginary part u” of relative permeability of the comparative
sample 1 has a high peak at a frequency about 10 MHz but rapidly reduces at
the higher frequency range than 10 MHz. It can be supposed that this
reduction is caused by generation of eddy current due to the lower specific
resistance.

Comparative Example 2

In a condition similar to that in Example 1 but using of 200 Al,O, chips,
a comparative sample 2 was formed on a glass plate.

The comparative sample 2 produced was analyzed by a fluorescent
X-ray spectroscopy and confirmed as a film of a composition Fe,gAl,,0,,. The
comparative sample 2 had 1.3 micrometer (& m) in thickness, 10,500 micro
ohm centimeters (1 Q - cm) in DC épecific resistance.

The magnetic characteristic of comparative sample 1 exhibited

superparamagnetism.



Tabl e 18 Vacuum degree before sputtering<l X 10-6 Torr At nospher eAr
gasEl ectri c Power RF TargetsFe (dianeter of 100nm) and BN chip (130 pieces)
(chip size: 5mm X 5mm X 2mm) The properties of filmsanple 12 are show in
Table 19. Table 19 Filmthicknessl.9 ~. M{Ms(M X-Y)/ %(M}Xé@?g%im

-Y

~~max950f ( ~'' ~max) 680M HZbwr 185% Examin a 13 A thin filmo

magneti c conposition was made on a glass plate by using the sputtering
appar at us shown ¢ ' 6A at a sputtering condition shown in Table 20. The
thin filmwas heat-tfeated at a tenperature of 300C for two hours in vacuum

under magnetic faehid famcbfahbaivnedgaefid l:g't‘n?_égilﬁbﬁ wed madg%rr]é‘ggﬁgggée?rabl e 20

Vacuum degree before sputtering<l X 10- orr At nosphereAr g tric
Power RF Tain\_gﬁtesmmspu’(tdiiiragrmeehowﬁs&\@&hﬁ)sp@ﬂériﬁﬁh 2PBachiPshd@A iPFrEes)
(chip size: 5mm X 5mm X 2mm) The properties of filmsanple 13 are show in
Tabl e 21. GAita sputEring domiddiomeshaivGin-Tabig 5 ( WS- parti deirb ucGabo o8 i
"max720f (~"max) | .1 CaHzbwr 180% Exanpl e 14

was 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 4.

Table 2
Vacuum degree before sputtering | <1 X107 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.

Table 3
Film thickness 1.5 um
{Ms(M-X-Y)}/Ms(M)} X 100 |51.9%
M max 520
flu” o) 830MHz
bwr 175%
Example 5

A thin film of M-X-Y magnetic composition was made on a glass plate
by using the sputtering apparatus shown in Fig. 6A 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.



A thin filmof MX-Y nmagnetic conposition was made on a gl ass plate by

usi ng the vapor deposition apparatus shown in Fig. 6B at a condition shown
in Table 22. The thin filmwas heat-treated at a tenperature of 300C for
two hours in vacuumunder magnetic field and obtained a fil g 3aRPigoals-
Tabl e 22 Vacuum degree before sputteri ngél x 10-6 Torr At nosphere flow ng
rate02 at 3.0 sccnElenents in crucible and 29Fe and Af The properties of
filmsanple 14 are show in Table 23. 26 July 2004 23 Table 23 Film
thicknessl.1 ~c m{ Ms(M X-Y)/ M(M } X1064p|B80-" ~~max590f (

~~rm_x) 520MHzb made as to tests relating to
noi se suppreSS|\‘@3LM1ﬁdegr&ﬁ‘bef@r|¢)Bpumélings ﬁXQ(mer'&fratl ve sarrpl es, [using a
t est apparatusztg W in Fig. 10, Atest pjece was fitmrsanpte—1—wHt h
di nensi ons of SPNSH%m X 2.0 ~. m_For ’grﬂ?ﬁrparl son, a sheet of| known
conposite rragne|:£|b@trrmi:@\ﬁ,é|al haV| ng d| rren5||qps of 20mm X 20mMm X 1. Orrm The
conposi te nmagne , d 3 :

powder dispersled in the poI yner. The nagng es Fe, Al
and Si. The conff¥89BtSe magnetic material hadlL,@,pomEE0i piecgs)di stribution in
guasi - m crowavie range and has the maxi nu Mﬁmjgz@f5mhﬁ<5ﬁﬁgk@ﬁbﬁ)part of
rel ative permeabi[ity at a Trequency about 700 WHzZ—Table 24 shows magnetic
properties of both of the test piece and conparative test piece. Table 24

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%
[T 850
flM” o) 800MHz
bwr 157%

Example 6

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.
6A ata sputtering condition shown in Table 6. The partial 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 6.

Table 6
Vacuum degree before sputtering | <1X10°® Torr
Atmosphere Ar+N, gas
Electric Power RF
Co (diameter of 100mm) and
Targets Al chip (170 pieces)
B (chip size: 5mm X5mm X 2mm)




~c"/ 700MHzFi | m sanpl e 1 about 1800Conparative test piece about3. 0bw 148196
As seen from Table 24, the filmsanple 1 is about 600 tines nore than
conparative test piece in the maxi numvalue of the imaginary part of
relative perneability. Since the noise suppr essing effect i gsgﬁﬂpﬁddj y

eval uated froma value of a product ( g7mx X 6 ) of the maxi mIm val ue u.
"max of the imaginary 26 July 2004 24 part of relative perneability and

t hi ckness of the piece 8 , the thickness of the conparative test piece of

t he conposite nabpeprepsniesof iim sheple Gage sbbwdnddble dm so that the both of
test pieces have the simlar values of (u"maXX S )~ Referring to Fig. 10,
the test apparatus conprises a mcro-strip line 61 having two ports,

coaxi al cables 62 connected to the t lg'orts and a network anal yzer (not
shown) connected across the two ports R nicro- strip line 61 has a line

| ength of 75mm and a chhFmgttRickagss |rrpedance of 250 ehns; The test piece 63
was disposed at a regiop 64 on-the mcro-strig line. 61l and the transm ssion
characteristic S21 was hHdsM-&dY)/MeéMiPeqiRhcy 32e8ponse pf S21 are shown in
Figs. 11 A and 11 B for[fiJm3anpte I and the [T arative sanpl e,
respectively. Wth respeft ™ use of filmsanple 1, it will be noted from
Fig. 11 A that S21 reducfsgggve 100 M, becon’e@HZo the m ni mum of -1 CGdB
at a frequency of 2 GHz EH/W then—ncreases—ab 1%/ t he ot her hand,
with respect to use of conparative sanple, it \Aﬁl °be noted from Fig. 11 B
that S21 gradually reduces and becones to the mninumof -1CGdB at a
frequency of 3GHz. The results denonstrate that S21 is dependent on the
frequency distri bybipile gf the permeability and that the noise suppressing
effect is dependent on the product of ( a "max X 8 ). Now, providing that
the nmagnetic sampltairf filrmef B-Xi¥ hrzEghetic compasitiohnwas imatiel én Agyasxgplatd engt h
of I' as shown in Fig. 12A, an equivalent circuit was calculated for a unit
length of My Usinshihersmierigianpacaias shown istRig6/A el aaputteing capddinbwn i n
Fig. 12B. Then, the equivalent circuit for the Iengtth ~ was obtained from
the equi vaPBﬁW“d‘i‘rTéﬁletsfoTh@ H@nmmwa%fn@qtﬁr@ted ah @ leRpwrRture pf 300°Dtor The
equi valent .circuit. of the magnetic s rises, s es _indyctance L and
resi stancet‘ﬂ;’QRHrspQr\éqquéﬁm 85@ m@gﬂggggelgl W&Uﬁ%%ﬁ&“ é'am% hown in Fig.

12C. Fromthis, it will be understood{fatgthe change of transm ssion

Vacuum degree before sputtering | <1X107° Torr
Atmosphere Ar gas
Electric Power RF
Ni (diameter of 100mm) and
Targets Al, O, chip (140 pieces)
(chip size: 5mm X 5mm X 2mm)

The properties of film sample 4 are show in Table 9.

Table 9
Film thickness 1.7 um
{Ms(M-X-Y)/Ms(M)} X 100 |5B.2%
M hax 280
L ax) 240MHz
bwr 169%




25 26 July 2004 characteristic of the mcro-strip line caused due to

di sposition of the magnetic substance on the mcro-strip line is mainly
determ ned by the equivalent resistance R added in series. In view of the
above, a frequency response of the equival ent resistance R wgs y red.
The neasured data were shown in Figs. 134 and 13B for the filmsanple 1 and
the conparative sanple, respectively. It will be noted fromthese figures
that the equival ent resistance R gradually reduces in the quasi-m crowave
range and is abodmxample®ns at about 3 GHz. It is seen that the frequency
dependency of the equivalent resistance Ris different fromthat of the

i magi nary part of® é Bm eEMXr¥reeagnetic compasiticrasas meadeah aumyabiage at

about 1 GH@ [t will bepéiup,%osed that this difference will be based on the
gradual i n&Y dA8EERFIVE shuftiegngmmelhedgtsing e smdiering appapateis] shogirhintRigt he
wavel engthg s 26 é@&% 2004 -ﬁG THE CLALI1-i5: 1. Aradiator fez use in

radi ati ng Rewd g8 fnghceRAition shawp i, faklecdhp orhenpartiahpresst etiorofdyi ng a
principal gufaprg f apLngi-SAl pnic ¢ nent, said radiator S

conpri si ng ashﬁg/ﬁ'- f ?@53&%@@“@‘@% g‘%%{ ﬁﬁﬁ@ég&”&??’é@ﬁ_@d’qﬁgﬂs ifar g nci pal
surface fohoatd @NERLIUAYUAJEY ﬂrﬁgﬁéﬁ&ﬁ@lﬂ%f&ﬁt&%ﬁéh%gﬂp@ ough said

radi ator and having a frequency wthin a frequency ban e en sever al
tens MHz and several GHz, wherein said highfrequency current suppresser is

made of a magnetic substance of a magnetic conposition conprising M X and
Y, where Mis a netallic nmagnetic nmatEtl@alOconsisting of Fe, Co, 10 and/or

Ni, ~i being @%‘frrem 0z el eMent s—other—than-Mand—Y;—and—Y-being—+, N,
and/or O sai LU degrec REIATE SPHHEIMAG ¢ | shXHAVI Fyra concentration|of bs in
t he conpositi oAtragsghime said M : X-Y magnehi.Gy.C osition has a saturation
magnet i zat i on[ gf —35-80% of —that—ef—the—-npt-a-4tbulk—of magnetic materi al
conprising M a’g'@ﬁgfc EQV8" nagneti ¢ conposjBFon having the naxi num val ue
~"m;~ of an jmaginary part W of relatiVg rﬁg@ldfﬁb{)rﬁéﬂ) Zndrequency 15
range of 0.1-Ifhgegphertz (GHz). 2. A raf (?@OPI&:EQE In claiml,
further conprjsing: a base plate having S@h grl,n PnaXS ur% nd}an
opposi t e surfaceoppostte—to—satd—prihcipal sJF?'aJQ, 2> Biplarality
of fins standing up from said opposite surface to have a predeternined
space fromone another, said fins being formed integral with said base
plate. 3. A radi ahgPragedieaiokitmisamglel hare sho®, inwabteeih sai d

hi gh-frequency current suppresser is deposited on said principal surface by
sputtering. 25 4. Aradiator as clained in claiml1l or 2, wherein said

hi <gh- frequency current suppresser '%a%?g?ﬁ;t ed on said principal surface
by vapor deposition. 5. A radiator as i'med in any one of clains 1 to 4,
wherein sod el ectronic BjgopReness is a sem coprdygtor afptive device used
in a high frequency bandg -

oA AN~y A a_at
<

LILA®]

[ {Ms(M-X-Y)/Ms(M)} X 100 76.2%

M ax 410
" max) 170MHz
bwr 158%

Example 9

A thin film of M-X-Y magnetic composition was made on a glass plate
by using the sputtering apparatus shown in Fig. BA at a sputtering condition
shown in Table 12. 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 9.




a high speed, said electronic conponent including one of a sem conduct or

i ntegrated 26 July 2004 -27 circuit device, a sem conductor |arge-scale
integrated circuit device, and a logic circuit device. 6. .4 radiator as
claimed in any one of claims 1 to 5, further conprising a rmj@ opp4guct i ve
sheet excellent in heat conductivity and fow ed on said high- frequency
current suppresser. 7. Aradiator as claimed in any one of claims | to 5,
further conprising an insulating sheet excellent in electrical insulation
and forned on said high--frequency clablert2 10 suppresser. 8. A radiator as
claimed in any;,one _of _ciai conprisinga doubl e- si ded
adhesi ve tapa ‘ST HAYEEIES Qr}?@rq lgg?{gﬁ ari <1>?ébl%e'[°,& radiator as clained in
any one of cl axtﬁﬁ)sbh@m ough 8, vvherer n sey\,cbgy ghfrequency current

suppresser h a—thi-ckhress—bhbetween——-0- 3[J, mard—26Em—0—Aradiatfor as

clained in anﬁ'@ﬁfélcd?OWFar nms 1 through 9;RRherein sai d hi ghfrequency
current suppresser is a thin-filmmagnet|ifea ﬁjj@mb@}(‘{ﬂ 100hmhfand A nadi at or

as clainmed in {0 1, wherein said nagal(eﬁbCCﬁ r%tsr?ﬁgc vr ng sat uret: on
eria
HVB%kEHnF cl ai m

magneti zati on be ween 50% and 60% of th P
{ghip-size
el ectric resistance

conprising the conponent Malone. 2~ 12
| .or 11, wherein said magnetic substance having a d.c,

between 100p. SZ ~ cmand 700 p f? ~cm 13. Aradiator as clainmed in claim
1, which has a pHErerpadperiidyoff filensample 9 appsinse ipTTablertd. ati vel y broad band
where a relative bandwidth bw is 150% or nore, said relative 30 bandw dth
bw is determned as a percentage ratio of bandw dth between two frequency
poi nts which shows the inmaginary part of relative perneability as a half
vale p,"so of the 26 July 2004 -2S Tabkle tum val ue of p."",~~, to center
frequency of said bandw radi ator a$,cC i n cI aim 13, wherein
sai d magnetic substance %IB? tnrﬂré(cn:ﬁ%ﬁr ation rmnm!f‘ iﬁﬁ? bet ween 60% and 35%
of that of a netal rragnet{Ms(MBXerr){Mi;(l\b)}mmrr<,r43§ﬁ%he conmponent bf al one.
15. A radiator as claimed jn ctainm I3 or14; v eim saj d magnetic
substance having a d.c. eskri c resistance gi giper thap 500 It S2 - cm 1|0
16. A radiator as clai rTEdULm apy one of clains{ls@Ad 11| to 15, wherein the

conmponent X of sai d magnetie Substance—is—at—teast—one—-sel ected fromC, B,
Si, Al, M, Ti, zZn, 1~f,/B% Nb, Ta, and rare |d88Fh el epents.
Example 10

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.
6A at a sputtering condition shown in Table 14. The partial pressure ratio of O,
was 15%. 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 10.

Table 14
Vacuum degree before sputtering | <1X 107 Torr
Atmosphere Ar+0O, gas
Electric Power RF

Targets

Fe (diameter of 100mm) and
Si chip (130 pieces)
(chip size: SmmX5mm X 2mm)




17. A radiator as clainmed in any one of clains 1 and | 1 to 16, wherein the
conponent 15 M of said nmagnetic substance is present in granular structure
where particles or grains of the conponent Marc dispersed in a matrix of a
compound of the conponents X and Y. 18. A radiator as cl ai ngg Q‘[O'O aim17,
wherein said magnetic substance is formad so that said partlclJ In the
granul ar structure have an average particle sire between Inn and 20 40nm
19. Aradiator as clained in any one of clains 1 and 11 to 1 S, wherein
sai d magnetic subd® afReries obiimisarsple Upaee Aagwén Tablei &i.d of 4 7400A/ m or
|l ess. 25 20. A radiator as clained in any one of clains 1 and 11 to 19,
wherein the M?C Y conposition is an Fe-Al -O conposition. 21. A radiator as
claimed in any one of clainms | and IH_lb &9 wherein the M:~-Y
conposition is an Fe-Si-O conpositio d
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Wa?! “x! 10% ()-8 | x! 10% & ()-8! x109N& (
x 1098 () - (x10%&' () - (#(109%& () - %\ =@L0%& () #(10%& ()- 10 10
10) x! 10%&' () -! xx! 10%& () - 8! x! 109%&' () -fable 17

Film thickness 1.8 um
{Ms(M-X-Y)/Ms(M)} X 100 {77.4%
B ax 1800

T max) 450MHz
bwr _ 171%
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10H3" 109& ()-!x! 10%<<& ()-!x! 109%& ()-x! 10%& ()-!xx! 109%& ()-!~x! 10%& ()-}~gE
= 10H X $10% h*h& ()-H &X $1099h0h& () - H X $10%<h<h& () - Hp10% h& () - @10%
h& ()- 10 1081zX9.= 10 h9 10% h& ()-\!(5$10% h h& ()-!. $10%efui{ 2004 $10% h
h& ()-+10% h& ()-!X $10% h h& ()-H H= 28 h9

11\ #10% " & ()- X1 8"10% " & ()-8@0% & ()-8pl0% & ()-(#h(10% & ()- 10 h 10
hRSTUb rS4 10 piQyk (-, BHLO% ()- 810%& ()-!Rnl0% ()-h 10°° 10" 10!
"10% & ()-X <V 10 10%&' ()-Ppl0%& ()- 109%& ()- P10%& () -

010% () -8P 10%& {ni ﬁhﬁ@?f\/ﬁﬂ(—\y%agnetic composition was made on a glass plate

by using the sputtering apparatus shown in Fig. 6A at a sputtering condition
shown in Table 18. The thin film was heat-treated at a temperature of 300°C

for iwo hours in vacuum under magnetic field and obtained a film sample 12.

Table 18
Vacuum degree before sputtering | <1 X1 0 Torr
Atmosphere Ar gas
Electric Power RF
Fe (diameter of 100mm) and
Targets BN chip (130 pieces)
(chip size: 5mm X5mm X2mm)

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

Table 19
Film thickness 1.9 um
{Ms(M-X-Y)}/Ms(M)} X100 |59.3%
M o 950
L hax) 680MHz
bwr 185%

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. 6A 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.
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10 pl0(710%& ()-510%& ()-3109%& ()-110%& ()-0010% ()-P. 109& ()- h i j k x
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1OP! 10%& () -1 8X! 100& ()~ ! 8X 100 ()~ BXI 10% ()-

x109& ()- (#(10%& ()--T..////11{\=  Table20

Vacuum degree before sputtering | <1X10° Torr

Atmosphere Ar gas

Electric Power RF

’ FesCox, (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)} X100 |59.3%
B max 720
(M "ma) 1.1GHz
bwr 180%

Example 14

A thin film of M-X-Y magnetic composition was made on a glass plate
by using the vapor deposition apparatus shown in Fig. 6B 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 properties of film sample 14 are show in Table 23.




10 1x109%& ()- @(10% ()- 10 10 104

10%&' ()-! Pl 10%& ()-! P! 10%& ()-/h0l 111g22dE{\ = 10 1 10%& ()-

| 109& ()-OPL0%: ()- h10%: ()- p 10% () - XPLO% () - 2! 4h445P55dE(\ = 10
1- 10%& ()- 8+x10%& ()- p)!10%& ()-'( 10%& ()- Y%X10%& ()- 26 July 20 04
109%& () - p5561 677777xnbC 10 1x109& ()- 128 10 10h4 109& ()- (2I10%&°()-
109& ()-. 109& ()- 77 829: R > ?mbC 10 1px! 109%& () -

11109 ()-!110% & ()-!10% ()-!10% ()- (#10% ()->q?r ?s?t 22COMFuS4
10X#0! 109& () - (! 8! 10966& ()- 8! 109& ()lap®@3()-P 10 10 10! px! 109%& () - (

WFCEEEEERHRUVA Film thickness 1.1 um
(Ms(M-X-Y)Ms(M)}X 100 | 41.8%
I 590
Hi ™ md 520MHz
bwr 190%

Now, description will be made as 1o tests relating to noise suppressing
effect of sample films and comparative samples, using a test apparatus shown
in Fig. 10.

A test piece was film sampie 1 with dimensions of 20mm X 20mmX2.0
um. For acomparison, a sheet of known composite magnetic material having
dimensions of 20mmX20mmX1.0mm. The composite magnetic material
comprising polymer and flat magne{ic metal powder dispersed in the polymer.
The magnetic metal powder comprises Fe, Al and Si. The composite magnetic
material has a permeability distribution in quasi-microwave range and has the
maximum value of the imaginary part of relative permeability at a frequency
about 700 MHz, Table 24 shows magnetic properties of both of the test piece

and comparative test piéce.

Table 24
Film sample 1 | Comparative test piece
®"/700MHz | about 1800 about 3.0
bwr 148 196

As seen from Table 24, the film sample 1 is about 600 times more than
comparative test piece in the maximum value of the imaginary part of relative
permeability. Since the noise suppressing effect is generally evaluated from a

value of a product (17, X @) of the maximum value u”_,, of the imaginary
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&10% & () -oonapaatiye veshieekbf thevitdgRstieTmbhhetic mattrighshetd ®at selectéd

104 & ()- 0310% & ()-8 P110% & ()-8 /pl0WB & ()- -10%& ()-
uwuuuuuu%mﬂrmw&'bp)h of @( m@%?&'h@)/e the emilr (Ve e afolu L, X0 10% & () -
810% & () - UXXXYUYYZ| I 108 & ()-@! 10% & ()-@ 10%W& ()-8 10%W & ()-
@o% & ()-8 Hlo‘ﬁ%fe(')'UEZ[‘)([:[q Y ]f]q t@g pperQWW(l§e81@|nmgwoxahrlp line 61

ggTIO(}/BZ? g‘é:‘%\ﬂr% two por’cs coémal cpab)fes 6@ co“ected*tx Og/(%v(\%lj i]%)rtg,] !n%jd ]a]rlet\u)r
analyzer (not shown) connected across the two ports.  The micro-strip line 61
has a line length of 75mm and a characteristic 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
521 are shown in Figs. 11A and 11B for film sample 1 and the comparative
sample, respectively. |

With respect te use of film sample 1, it will be noted from Fig. 11A 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. 11B that S21
gradually reduces and becomes to the minimum of —10dB at a frequency of
3GHz.

The results demonstrate that S21 is dependent on the frequency
distribution of the permeability and that the noise suppressing effect is
dependent on the product of (4", X §).

Now, providing that the magnetic sample forms a distribution constant
circuit having a length of ¢ as shown in Fig. 12A, an equivalent circuit was
calculated for a unit length of A/ from transmission characteristics S11 and
S21, as shewn in Fig. 12B. Then, the equivalent circuit for the length ¢ was
obtained from the equivalent circuit for the unit length A/, as shown in Fig. 12C.
The equivalent circuit of the magnetic sample comprises series inductance L
and resistance R and paraliel capacitance C and conductance G, as shown in

Fig. 12C.  From this, it will be understood that the change of transmission
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gradual increase of a ratio of the product and the sample length to the

wavelength.
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frequency current suppressor is made of a magnetic substance of a magnetic composition
comprising M, X and Y, where M is a metallic magnctic material consisting of Fe, Co,
16  and/or Ni, X being element or elements other than M and Y, and Y being ¥, N, and/or O,
said M-X-Y magnetic composition haﬁng a concentration of M in the composition so that
said M-X-Y magnetic composition has a saturation magnetization of 35-80% of that of the
metallic bulk of magnetic material comprising M alone, said magnetic composition having

the maximum value u"., of an imaginary part " of relative penueability in a frequency
I5  range of0.1-10 gwahenz (GHz).

2. Anradiator as claimed in claim 1, further comprising;
a base plate having said principal surface and an opposite surface opposite to said

principal surface; and

20 a plurality of fins standing up from said opposite surface to have a predetermined
space from one another, said fins being formed integral with said base plate.
3. A rtadiator as claimed in claim 1 or 2, whercin said high-frequency current
suppressor is deposited on said principal surface by sputtering.

25
4. A radiator as claimed in claim 1 or 2, wherein said hic gh-frequency current

suppressor is deposited on said principal surface by vapor deposition.

s, A radiator as claimed in any one of claims 1 to 4, wherein said electronic
30 component is a semiconductor active device used in a high frequency band and opcrable at

a high speed, said clectronic component including one of a semiconductor integrated
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25 12, 77 A radiator as claimed in claim 1 or 11, wherein said magnetic substance having a

d.c. electric resistance between 100 Q- cmand 700 p Q * em.

-1

=
o
\°

1

TR0 R0 RoRo" R0 RoRoRoRo R0 Ro Ro Ro

13, A radiator as claimed in claim 1, which has a permeability frequency response of a

relatively broad band where 2 relative bandwidth bwr is 150% or magre, said relative

30 bandwidth bwr is determined as a percentage ratio of bandwidth between two frequency

pounts which shows the imaginary part of relative permeability as a half vale 1'so of the
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10 16. A radiator as claxrm.d 1n any one of claims 1 and 11 to 15, wherein the component
X of said magnetic substancc 15 at Icast one sclected from C, B, Si, Al, Mg, Ti, Zn, Hf, Sr,
Nb, Ta, and rare earth elements,

17. A radiator as claimed in any one of claims I and 11 to 16, wherein the component
M of said magnetic substance is prcsenf in granular structure where particles or grains of

the component M arc'dispcrscd in @ matrix of a compound of the components X and Y,

18. A radiator as claimed in claim 17, wherein said magnetic substance is formed so

that said particies in the granular structure have an average particle size between lom and
20  40nm.

19. A radiator as claimed in any one of claims 1 and 11 to 18, wherein said magnetic

substance has an anisotropic magnetic field of 47400A/m or Jess.

25  20. A radiator as claimed in any onc of claims 1 and 11 to 19, wherein the M-X-Y

composition is an Fe-Al-O composition.

21. A radiator as claimed in any one of claims | and 11 to 19, wherein the M-X-Y

compositiont is an Fe-Si-O composition.



