;e3e, +, $3% ' d' (+6>+T+| 25 March 2004 1 HEAT- SHRI NKABLE TUBE, HEAT- SHRI NKABLE
SHEET, AND METHOD OF SHRI NKI NG THE SAME Backgound of the Invention: This
invention relates to a heat-shrinkable tube and a heat-shrinkabl e sheet
each of which can be used for insulating and/or protecti gp Mah20dat i ng
portion between wires or cables, and to nmethods of shrinking the tube and
sheet, respectively. Cenerally, the cables have conductors and insul ators
coating on the conductors for insulating and protecting the conductors,
‘respectively. In order to connect the cables to each other, the insulators
must be partially renoved froma conneﬁai ng portion between the cables to
establish electric connection between e conductors. Therefore, it is
assunmed that the conductors are exposed as an exposed part in the
connecting portion. FeEABSHRINKABEE TUBE, IHBAT-SHRINKABILESHEPDsed part
from surroundi ngs, use is sonetinmes nmade of a heat-shrinkable tube. The
heat - shrinkabl e tube is pr&NDRMEBHOD PFoSHBENKEING MHE SfMBe st eps of
formng a thernoplastic polyneric material, such as polyethelene, into a

t ubul ar nenber having a tubul ar shape, cross-linking the thernoplastic
polymeric material of the tubular nenber to an appropriate extent,

expandi ng or stretching the tubular nmenber at a tenperature not |ower than
a softening point thereof 9 d "q.:ﬂ.h’-.?-‘u‘ t ubul ar nenber having an
expanded shape, and™~FTor¥ing the expa

GOY T T nded tubul ar nmenber to a room
tenperature with itgshRXAMEMRH &RBES toBiHaRsARkabb aibe Aed herdat-shrinkddsibl e
tube thus obtained is heated again to the tenperature not |ower than the
sof t eni ng poi Bheet dechhefavhish canktablsed fobmsutdting aral/orcgotentingtasconmadtiag 25
March 2004 2 shape before expansion. In other words, the heat-shrinkable
tube shrinks whgionibetweehevitasior cRieS OO0 Methprs ohERHNIKAY FWﬁ(H-EHeea'i be is
used in the connecting portion of interconnection between the cable and the
object, it isSPeRlsreARect¥e.orm a protection/insul ation layer tightly fitted

to an outer periphe hg. C i Welsl gl

process, a heat-shrP%P%&?@’gﬁ@%?m%§E%@gg&g?%%ﬁgéﬁﬁghgmggg %ﬁﬁﬁgﬁgb??%n to
the heat-shri B&ﬁ&l&oﬁswe?ansﬁg]ﬁin@% Sroddikgthe cbHBGctors, rbepditinelys hiri ofiehl e
sheet is used not only In the Connecting portion of interconnection between
t he cabl e andtd bsnradet eed calsestnbaomethenbihedndulatosd swst bepartialyseotdved
fields. In a heating operation for the purpose of shrinking the .

heat - shr i nkabfremt abenoectirtgepaortian betweetkﬁm eablesi establiph elefitic posgectian nay

be made of a special electric heater designed therefor. Sonetinpes, an
ordi nary el ecP?ﬁ“@%&ﬁ&o@HEW@sa‘b‘W& qredlgiseqnss&me;ﬁgg tq%P%rp]éqcéor&S%'a_ I'n

the latter case, the result of . the. tl ' | ar gel y depends upon
the skill of ﬁ’fp%ﬁgr%st ap .exp?g%%bgﬁﬂﬂlﬁﬁee%%ﬁgﬂﬁéﬁ?h@&écessf ul, deformation
or local "scorch” ngy ﬁﬁs@@%&ﬁie irRtfation dfithk RRpWEES bakd®n sLifBuhsibgs\ | |
be broken. In the neanwhil e~ a connecting operation for connecting a

t el ephone cab|ge RXéRNESEHeD Ghamest ahihi-shrinkabistubequiTheshdstshdpkatzie dubé &
work at a high place. In this event, another risk is associated with such
hi gh- pl ace woptodunedddiz pracess comprisingvtberatens eifesmingouhasmoplastie heat i ng
operation itself. Depending upon a working place, it may he very difficult
to use the heR@igmesE fﬂ@l‘@”éﬁ@#éhﬁéﬂqlﬁﬁﬂleg?p@tq ﬁ“ﬂlﬂﬂafh@y&mt% &ion.
Summary of the Ipvention: 1t is.therefore an.obj LS i o]
provide a heal'PLIASHRRBI ‘érotsﬁﬂ'é'ﬁﬁ'ﬁgﬁﬁ%ﬁ%@?q ﬁt|cr#<°j§+88é ﬁrﬁe%%ﬁ%é}\éﬁgg%%g?}e a
shri nkage-i ndugi ' : | L : L6i

irrespective @fg‘ H{I%é?é’%hazfdﬁg?p@%e%g%%rgt %@%;@Q@%ﬁﬁ@@gﬁb?nﬂ?éf g{e%rher
obj ect of thig d faepdrafitelribt f6wd Hana SEFRInisd poink tereoftiblierman expanded
heat - shri nkabl e sheet which facilitate a heating operation. It is still
anot her obj ectubgfar iérsbenkaving @n éxpapdedistiepe, aid codingtheepanded tubtiar
heat - shri nkabl e tube and the heat-shrinkabl e sheet nentioned above, O her
obj ects of thwephesdna ropwetempaTaire witbdtospasidedrshapetrRaintrined.i ptineR
proceeds. According to an aspect of the pr,s,s.lent invenﬁﬁ{lé there. is

provi ded a’ hele- 1%@5%@%'%%%‘%? AHalsriF heaecAgam it 1€ IRIRRATUSRINRY y
i m for med OAVET TAIEGe Ao BN ¥ bR Ruhet e LBl | dRer Sy "1 1

magnetic |l oss material which has a high magnetic |oss characteristic. The
thin filmhas a first phase conprising a first one of Fe, Co, and Ni and
has a second phase conprising an insulator containing at |east one el enent
other than Fe, Co, and N .



" heat - shri nkab

Accordi ng to another aspect of the present invention, there is provided a
heat - shri nkabl e sheet which conprises a sheet nenber in response to heat
and having a flat surface, and a thin filmformed on at |east a part of the
flat surface and nade of a magnetic | oss material which (xssMardhi Z004nagneti c
| oss characteristic. The thin filmhas a first phase conprising a first one
of Fe, Co, and Ni and has a second phase c@mprising an insul ator containing
at | east one elenent other than Fe, Co, and Ni. According to still another
aspect of the gfr in ion, t [ [ i 1 nki ng
the heat-shrin g@?ﬁ%@eé,(ﬁ%@rsr%ﬁ'silﬁgﬁﬁﬁ er? é&begfe%é?@gﬁ&sﬁg tngne %Eﬂﬂ?ﬂ(at or
in the vicini tyhef it idRedtBlin frhbraraid iR inBgL-bRIGHH Rt skl IRthat e

el ectromagnetic radiation towards the thin film so that the thin film
gener at es t he cheabctinis portidhng intergosinestion betwekspibetcadle &g thy elsjent, it is
invention, there is provided a nethod of shrinking a heat-shrinkable tube,
conpri si ng t h@ossigtsstoofornti a prsectiprdnsoation tayee tighthefifted td an elitey pefriphieey t hi n
filmand supplying an 25 March 2004 4 alternating current to the
conductive W Pétﬁeocwt'ﬂﬁé’mucti ve wire irradiate el ectronagnetic

di ati t ds t hin fil t hat t thin fi { { heat .
Aecording to a furt ADFORE el focate.d itat tyibkeblari el 855 Prhiiordicn
t hod of shripki t; - j : T f
i sposi ng an Sogi Pg ARARRRIEh: RERR SRR e e sh i BRBo Pl

oscill ator ir gadhéaesiireblcosma e iSed sl @il ANtHeovdrdstihg pokinof | | M so
that the thin filmgenerates the heat. According to a still further aspect

of the presenintémeenecton bétweres the cabevanke thecomettresimehtished akowe bat also
heat - shri nkabl e sheet, conprising the steps of disposing a conductive wire
in vicinity ol Yai®usmether fieldgand supplying an alternating current to the

ducti i t ke t ducti i i iate. el t eti
Comuct e e 2 ek b SBRMEL i Aobtd A o BRSSP Bea
7 Dot Pk Shot GRS gt hoh B2 BES SREY S B hpari

it is used; Felgctri2 héatar Bbagndd Mlrefora H6mktimids! Bk dPdiRas S8t riRHeREl Sl 0 a
second enbodi nent of this invention; Fig. 3 is a sectional view of the

heat - shr i nkaba®eadtadredrier drusgasteech iswded). 13 thatatteFicgse, 4Ahesesulseftheonal vi ew
of the heat-shrinkable sheet illustrated in Fig. 2 when it is rolled. Fig.
5 is a schendteaing epgretionargely dymdsakpostth@(sl%mrcé apfop@rtoy. nihgnderro

conposition; Fig. 6Ais a sc tjc sectiopal view show a structure of a
oLt eri g aiEAlnoS URHERSRAL. GeloimaNoR b RRPL Soo o g A be rayBed 16 oppy: o

5ol SIS RESI Q0B RLAUCI e Of a vopor deposition
perneabi ity frequanghe nesMER, 8fconhkBlimpBpeation ot dorfidetifg &:telephone

| cable extended between utility poles requires the operator to work at a high
place. In this event, another risk is associated with such high-place work in
addition to the above-mentioned trouble in the heating operation itself.
Depending upon a working place, it may be very difficult to use the heater of the
above-mentioned type in the heating operation.

Summary of the invention:

It is therefore an object of this invention to provide a heat-shrinkable

tube and a heat-shrinkable sheet which enable a shrinkage-inducing operation

to be reliably and efficiently performed irrespective of the skill of an operator.



Fig. 8 is a graphical view showing a perneability frequency response of
filmsanple 2 in Exanple 2; Fig. 9 is a graphical view show ng a
perneability frequency response of conparable sanple 1 in Conparable
‘Exanple 1; Fig. 10 is a schematic and perspective view of2sMaeht200@par at us
for testing a noise suppressing effect of magnetic sanples; Fig. 11Ais a
graphi c view showi ng a transm ssion char acteristic of film sanple 1; Fig.
11 Bis a graphic view showing a transm ssion characteristic of conparable

sanpl e of conposite ur@%l%meq dBR&of His Heftion B grqvlc?é\a ir@a@sﬁﬂn%mr@mﬂ@n

constant circuit with a Iength’~ showng a magnetic material as a noise

suppressor; Fiagid alR&at-shriikablusivadt evicicfacditate avhéding operatibengt h ~ ~ of the
di stribution constant circuit of Fig. 12A; Fig. 12C is an equival ent

circuit wth a | engttlis Btibanother dbct pbinis iwentiorotespravideca sbankingmeathgd 12A;
Fig. 13Ais a graphic view show ng a frequency response of an eaui val ent

resi stance R 8 the heatkshpnkadie tebepadehaat-siifinkeble. shepsmantiongd A00Ve- vi ew
showi ng a frequencyrespanse of .an_equi yal ent. resjistance f arative
sanpl e of a conposi £&N %?i@?tiscofﬁfé? 8F‘%§F¥§W§B{'9” %4 i‘??qrﬂﬁ CE@? 53%{?
description w - heat - shri nkabl e tube according to a first
embodi nent o%%%?@ﬁiiomﬁfgé%é 25 March 2004 6 In Fig. 1, the

heat - shri nkabl e t ubgcggRiing RAak¥spedtef Hhephaeftiventiod, thersigproddet @ a

connecting portion of interconnection between conmunication
heat-shrinkable tube which comprises a tubular member being shrinkable in
response to heat and having a cylindrical surface, and a thin film formed on at
least a part of the cylindrical surface and made of a magnetic loss material
which has a high magnetic loss characteristic. The thin film has a first phase
comprising a first one of Fe, Co, and Ni and has a second phase comprising an
insulator containing at least one element other than Fe, Co, and Ni.

According to another aspect of the present invention, there is provided
a heat-shrinkable sheet which comprises a sheet member in response to heat
and having a flat surface, and a thin film formed on at least a part of the flat
surface and méde of a magnetic loss material which has a High magnetic loss
characteristic. The thin film has a first phase comprising a first one of Fe, Co,
and Ni and hasAa second phase comprising an insulator containing at least one
element other than Fe, Co, and Ni.

According to still another aspect of the present invention, there is
provided a method of shrinking the heat-shrinkable tube, comprising the steps
of disposing an oscillator in the vicinity of the thin film and making the oscillator
irradiate electromagnetic radiation towards the thin film, so that the thin film
generates the heat.

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

provided a method of shrinking a heat-shrinkable tube, comprising the steps of

disposing a conductive wire in vicinity of the thin film and supplying an



cables 2. The heat-shrinkable tube 1 was produced by a process which w |l
presently be described. At first, athin filmof a magnetic | oss materi al
was deposited to a thickness of 5 a mby sputtering by the use of a

di sk-shaped Fe target and a chip-like Al203 target. |t i 25Mash 200de t hat
the magnetic loss material is a magnetic sHi el ding material having a high
magneti c toss characteristic. The depositing condition of the thin filmis
shown in Table 1. Table 1 Vacuum Degree before Depositionl0-6 Torr or

| essAtmospher gudtiifg cHRBAPIJ HBNANBONNe WiER yifiEane LAAEUTAIGRteATadidtenm
5mm x 2mm The thin fTImwas subjected to the fluorescent X-ray analysis to
exam ne the cemp@sirdgpetit hediandn tohsards tiestiin film heo thabfiesthin Him generates
Fe~2Al ~y0O~~ was observed. It has al so been found out that the thin film
conprises a fthestegsthase of Fe and a second phase of Al 203 and that the
second phase is a continuous phase while the first hasggi s, di s%e

ai
the second phase. ThecaragdarR Birter aaeesta!ine PreneRhVERE 08" éréglrﬁeﬁjg
the f -d t. ch t eristi,c. i i . ' f
conpl ex per maagHeiRg of pagnang ahe heslafRapRsndRikSftsRaite epgoc) T
{he 1 esonanceqhESHS BRoddRE e LR BRI dridembkma e asclatdr of

the conpl ex pér Tty 1s a tactor c ributing to the magnetic | oss
characteri sti graafde BRctRAnEGH diRGadidtioAI0WErds the tBIb filr sb t2AHe ThiNGn, a
material conprising a mxture of |ow density polyethylene and di cunyl

per oxi de was gemgpatesdheredtorned i nto a tubul ar nenber having a thi ckness
of 1 mmand an outer dianeter of 10mMm Throg)??hﬁggcross-l i nki ngereacti on and

an expandi ng step, Aecasgingiasstilibdhar apRea) resgNEINVANERHEEE P 0. 85mm
d t di anet f 3 .obt ai ned, .Th - i j i
Ghs transt er rEQVARY BaTRINGAO! SR TR e dlemra e BN ZBRiP- SNt bl e

t ubul ar nenbey, . ' -Shr i 0 &1k AR

heat - shri nkab 'Sbﬁﬂﬁgtaiéc{w&% 1 at'@ﬁ%@@é@??@'@%’ﬁ&ﬁ%ﬁ%?iaSn havi ng a
frequency ar ompdnbiley EGSERPRARe icoRBUAEMWRE td frakklthe cbhbiottiviewiré irradiitd m
generates heat. Theretore, after the heat-shrinkable tube 1 is fitted to an

out er peri phegigctoémbabreto raiatiompwands trenthaf filmtsertbehtnecthirofingengreies he
comuni cation cables 2, it is possible to easily shrink the heat-shrinkable
tube 1 withouhedwiahg any special heater. For exanple, an oscillator (not
shown) for producing the el ectrons tic radiation is disposed in the
vicinity of the thi#§ 3 I8 hKabl e tube 1. By driving the

oscillator to irradiate.the . net | i Al g[%ep thi i

the thin filmgener dg'ei '?13&6%%%{“&?%\(é%e%_)q;,e%?gh@iuéggbsy Iae&{&(;dlﬁglgg %gﬂesmof
t he el ect ro”@?@&ﬁ%éxﬁ%ﬂ?i@%&%ﬁ%ﬁﬁ @ iged:ransm ssion |ine disposed in
the vicinity of the thin filmor a power supply connected to the
transnission |ine. Py 2nyaphireviesi sfcehédtestsimkableaseed bccordingt a seeomikabl e
sheet 3 can be triggered froma renote place, it is possible to remarkably
i nprove the saheogimdunt ohthisiwenkoobn a utility pole or a work for an

under ground communi cati on cable. When the thin fi ener at.es, heat.. t.he
heat - ghri nkabl e t uddg13 e spridonal view o} the heat-shrin 2hid shee?ltllustrate% ih ﬁlE

2: and

Fig. 4 is a sectional view of the heat-shrinkable sheet fllustrated in Fig. 2

when it is rolled.

Fig. 5 is a schematic view showing a granular structure of M-X-Y
magnetic composition,

Fig. 6A is a schematic sectional view showing a structure of a sputtering

apparatus which was used in examples;



As a result, a protection/insulation layer is formed around the connecting
portion of interconnection between the comrunication cables 2. This |ayer
conprises a nagnetic loss material so as to exhibit a high-frequency noise
shi el ding function. For exanple, the heat-shrinkabl e tube2srardtg2¢G0s out er
dianeter of 30mmis applicable to the connecting portion of interconnection
"bet ween data 25 March 2004 8 communicati 8n cabl es each having an outer.
di anet er of about 20mm The thin filmof the nagnetic |oss material may be

f ormed t hroughout a?&ﬁ?ﬁ&?ﬁ;?‘ge%% g‘%}gltoﬁg' Vie@rdHedling Histeffe @f atvapot ubul ar

menber or |ocally, , I'na Ice pattern. Furthernore, the thin

filmmay be f 1i9R Y phfhiad wHedshad uBad in ekardprspr both of the
cylindri cal Sg%ﬁglggﬁg%ﬁpt ﬂae t ubul ar nenber. Next referring to Figs. 2 and

3, description will Fg 7edegrabhiaheia stoviing alpermstabiity HeGuermhigSPense of
second enbodi nent of this invention. The heat-shrinkabl e sheet depicted by
a reference ntimesampde innExgsple tand 3 was produced by a process which will

presently be described. A material conprising a mxtur j

pol yet hyl ene and di Eignd Isg@rnigal %§%59 %&%ﬁﬁa})ﬁmgay%@%\f %%Eﬁg%%( of

menber havi ng pair of .ribs 4 ereof . Through a cross-Ilinking reaction
fr Barinie 2 b ERepihice

and an expandiﬁ tl sheet nenber 5 was obtai ned. On one of
flat surfaces of the RS icWBIFRRinG o eriitiabilfy frayendy @spegseni c
| oss material siml g'rge';éggﬁggpused Iien pr odu%ti on of the heat-shrinkabl e

tube in Fig. ohpardRBsheigied inTdorMparabid Exampleehts in a stripe pattern.
Like the thin filmof the heat-shrinkable tube illustrated in Fil.%"fg%’ t he
3

thin filme6 conprisEs.aofismsschenate arfd perspactive WewsH@ isaharPyat and
that the second phase is a continuous phase while the first phase is
di spersed in testingecopigesuapeessing eigat o magnetie SREEShr i nkabl e sheet 3 has

a dinmension of 150mm x 170mm The thin film6_i - Res bk B Filchm

segnents each of V\Im:—ntg"l 1%5‘3'551 Q\'FBEWVd?wfgﬁmakﬁ:;%%%egﬁaangred at spaces
of 10mm The gg\%i)-gmi nkabl e sheet 3 has the rib 4 formed at the opposite
ends thereof. I]‘I the heat-shrinkabl e sheet 3 is used, the heat-shrinkable

sheet 3 is rolled sgdR3p i&fa?r’fabhﬁ:ﬁexﬁ%ﬁ@m@ﬁ}htmbaﬂssimchaﬂaﬂmﬁwc@iﬂ in
Fig. 4. The ribs 4 are fixed To each other by a clip-like jig (not shown)

to bring the Bemipasdtie saaiple of bemposite nagnetic ynatadal @etshape. The
heat - shri nkabl e sheet 3 is advantageous in that the connecti portion of
i nt er connecti on bet Figerl 2hie acdistribuitioncooatant giscyibyith aigpathd %Y‘@Q Zan be
covered by the heat-shrinkable sheet 3 even after the comunication cabl es

2 have been cHipetiednaigrighgsadiarg SUBRPRIC"t he heat - shrinkabl e sheet 3 is
. rolled into the cyl pndrical shape AR - hN@ AsFthk eistebuti
i nterconnecti on bet \k&ﬂﬁé %O%}#!%gf%cgﬁtcvggﬁgﬁgﬁéﬁthi S flE))cgssi bl e t%ton

easily shri nkc&ﬁﬁah??i?étﬁhéfi ﬁégbﬁg; sheet 3 without using a special heater.
For exanple, an oscillator (not shown) for producing el ectronmagnetic

radi ation is di sposegy i1ed kearvegiivhlent eifcuiheith hilendthlimfdhe disdribution
heat shri nkabl e sheet 3. By driving the oscillator to irradiate the
el ect r onagnet constadt airguwnofdrigo1Ae thin film the thin fil mgenerates heat.

Alternatively, it is possible to make use of the electro ti:G.radiation
enitted from a tranEig dS/ols 3 graphif ‘ﬂﬁ\ys%@“f"f'g ?H'@%@FW?%&%%W hin film
or a power supply connected t t 1 58] i . any rate, since
t he shri nkagega'f’p(’f1 tﬁ%%{ﬂagﬁ?iﬁéﬂ@%g%ﬁég?@{ %g%ﬂjg%e‘{’rﬁdgered froma renote
place) it is possib ibWRHWInG Bereralbaty rékporee of anor k on a
utility pole or a M%H?S';Eﬁé%g\gr\gund co%rrun?%ati%n cabl e. _

equivalent resistance R of comparative sample of a composite magnetic

material sheet.

Descrintion of the Preferred Embodiments;

Referring to Fig. 1, description will be made of a heat-shrinkable tube

according to a first embodiment of this invention.




Heat generation in the thin filmcauses the shrinkage of the heat

shrinkabl e sheet 3. As a result, a protection/insulation |layer is forned
around the connecting portion of interconnection between the comrunication
cables 2. This layer conprises a magnetic | oss naterial <25 Marcha20@4hi bit a
hi gh-frequency noi se shielding function. The thin filmof the magnetic | oss
‘material may be fornmed throughout an entire area of the flat surfaces of

t he sheet nenber or locally, for exanple, in a lattice pattern.
Furthernore, the thin-fi Fﬁ-}ﬁ @hfi Yepibtedt byl £ Asierenoganumeral dnis or
both of the flat sulrrlﬁééi’r%c? tag%gﬁgﬁmﬁé%ger.bl n thyle foregoing

enbodi ment's, sHsliddhibna Ebhradtingdepiei beidtdryosmadtivartietyeemn comnmunigatiaivt ed
that use may be nmade of other various techniques, such as gas depgqsition,
CVD, and vapocatlep@si flherheatishtinkalfle twpil ps Bredueed RY @& PRRFRES W ééi‘s‘f"g'rred
after it is deposited separately. Alternatively, the thin filmcan be 25
March 2004 10pr&sghilebesfessribed. i s pul verized. In the foregoing, the first

h i AL i vel . e i
b 2 bl ural ity of - ehblisheubligy aRiasE S5 JRt sl e vaglstelio 8 N oo
is an insul at%ri%@%g%ﬁkgwfﬁﬁﬁﬁigggﬁngLﬁwta @igl@%haba@rﬂ:ettbﬁgeﬂaﬂmt or

el ements cont vari ous exanpl es of the
magnet ¢ | ossciipliRbl Alovtdrbebe IfigTotidRerd halfeaagnatielosagnatbhiel isess
material exhibits the?condlictivity within a frequency range snal |l er_than
several tens Mdgnefs shietdingoreeiial Havirg abigh inagnetis WSARPamRCamgie. of e
narrow band magnetic |loss material which has an _IMX-Y conposition as a

m xture of cotgposiingcndiiemel the thin filBbisshene Br1aPE Tco, and Ni), Y (Y
being at | east one of F, N, and 0), and X (X being at |east one el enent

ot her than those contained in Mand Y) and which has a perneability
characteristic, given as a relationship ggen a frequency and an
imaginary part a " with respect to a real part u' of relative perneability,
such that the maxi MumN&lE fegriBbefireD¥hdsitRa Nang°Martordess (which my be
call ed a magnetic | ops—term—s-—present—wthtn—arfrequency Tange; bet ween
100MHz and 1 OGHz anpAtrha¢phereausng\Reposition dth bW is not greater than
200% wher e the rel at fyebandwdtiTbw—T35 obTal ned tl)_.y extracting a frequency
bandwi dt h bet ween t woPPWeESEREIYes at which the valtie of a." is 50% of the
maxi rum a "max and nprmal1zing the Eeguency bandw {fdm@t the center

frequency thereof. ItTélEe:flssurred here that the narrowband ragretic | 0ss
material has saturat|oniagnetizati o gt ween 80%Gmmlx@Efmof 2minat of a
metal magnetic mat er Lal conpri-si-rg-the—conporent—Matone—amd a d’ c.
electric resistance between 100 a S~ ~ cmand 700 a S~ ~ cm As the

magnetic loss material, use may al so be nade of a w c%g band ma.gﬁeti c _l.oss
materi al whi ch has TEne Mixfimoemsdiested tadhafiugrescerd IR BRNEHEAC SRITRE
being at | east one of Fe, -Co, and N ), Y being .at | t on Mar ch
2004 11 of F,the cammpegyon Hirtest ( RSl Y‘aihﬁ %%{EPgﬂﬁ%” 8?3%%@@%&%% han

t hose contained in a Y)...an i _ = e ﬁ,l‘@ fieftin$iake,
given as a r ePRRGERLhi B%ﬁéﬁ)\ioeﬁe§@¥%€mé§a§ﬁéq§ﬁq!lwa%%arlySgée:lrlt e@" with
respect to a %ﬁ-a% R&'d séondtihdse! GHLAIVS, BRE IRAThé isk¥ond phlisd [$24 cohtinuaue mum
val ue a "max 9f tAe imagi nary part a I's present within a frequency range
bet ween 100MghadeiwhASkie Arvt phied isdispbmbive themsebordt phase:  ITHensIP Rer

than 150% where the relative bandw dth bw is obtained by extracting a
frequency bangihetthinbimwes measufedtpexarine the faAUEACY-HEPGRASE of a " is

50% of th [ " d l'i zi he f b i dt h .

cont or {1 equeAruyaclesistop! 2 (meBa oG b oLeREER BT SR DA Tortdt! O

I terial h t ti tizatl 9 9 t f
motal magnet i A5 Adesiiel iEs RRETSPRFIEA D atafip Kl EFRp AEGEREy S-dfefind 708 ©f 2
el ectric resi ﬁ‘ﬁ}'&p;?’f %%ﬁ'ghﬁé {rhgai\amaag‘?%ﬁo%gc |B%:<'33|8%@Bbmfy 1ghﬁlawrr ow band

magnetic | oss and nagnet | oss material, the
conmponent X i ﬁorﬁfibbﬁﬁb #remakn&ic Bss Sharadheridve, antl maiibe ddiiedSr loshlterma,

and rare earth el enments. The Conmponent Mis present in a granular structure
where particles or grains of the conponent Mare dispersed in a matrix of a
conpound of the conponents X and Y. The particles have an average particle
size between 1 nm and 40nm The narrow band or the w deband nmagnetic | oss
mat eri al has an ani sotropic magnetic field of 47400 A/ mor |ess.

Preferably, the M X-Y conposition of the w de-band or the narrow band
magnetic | oss material is an Fe-Al-O conposition or art Fe-Si-0O
conposition. In the foregoing, description has been made of the case where
the sem conductor integrated circuit device is used as the electronic
conponent. However, this invention is also applicable if the electronic

o e re " . o o o - -



The radi ator may be attached to the circuit board or a housing to which the
el ectronic conponent is nounted. In either event, as each of the

hi gh-frequency current suppressors 2 and 3, use is made of a thin-film
‘magneti c substance which is small in volunme and which is 25 Magshe2008 | oss
‘material having a large imaginary part (i.e., a "magnetic loss ternf') a "
of the relative perneability. As a magneti€¢ substance which can be
increased in magnetic loss term a granular nagnetic material is known.
Specifically, in case where th Nt r.ati ' h&l es
in the granular mag gﬁ‘@WﬁEeé'PF3§8B gﬁﬁé a\?\TII;-l Pﬁiﬂﬁcga{ I%@%ﬁ%ﬁfﬁ@%ﬁ#&%}fgéh

excel | ent magaigré's I Qﬁﬁiofé*@éﬁﬁgﬂdréaiaﬁdtfaﬁn@@trﬁ@taahbetdr'rrrembéﬁwrﬁgaquency

regi on. Next, ription w e made as to granular structure and
producti on nmeadesebt Mmfn Ynaegnettee dizongiosot 1@mm. REfreougmg rosFigking in
whi ch schematically shows the granular structure of MX-Y nmagnetic

conposi tion, jmektiockes arlexfantingstepcameypanded wbuarimemeaRavio8i& ornl y or
evenly distributed in a matrix 12 consistin and Y. Referriig to Fig.

6A, a sputt erihigkngpp&f FIERNIAHHaR RElEHAMA r‘éig My VasBEEFHy d8fpl es in

the foll ow | es 1 ti | ) j t

has & convent Fom MerRaapa i s A LeY 2id aghafed R4n BLigrRRE R 10

21, t r i , i 24
an_at msp @pé@%}@%ﬁﬁ@@:é%@%@m&Staﬁh Bleafat RhAhRaR8 tulsdi PS

(X or XY), a power source, and a vacuum punp 27. The
at nospheric gas sOUpGRNARe M t-ERBNRATY WDV Iinadiaace be @ettatreagredict he
vacuum cont ai ner 20. The substrate 23 confronts to the target 25 on which
chi ps 24 are gidiseataviiie feueney agiurcstheireposants frequansy A the Hen §ibst r at e
21.. The RF power source 26 is connected to the target 25.

6B. a vapo][ d@pdbiétﬁilphngat?twtshEEﬁfeEWi?r after W&é"e&'ﬁ@f?r iﬂggﬁgg{ﬁ%‘% ﬁ%t O_ o
el es. TheiRiBramadist A BReaabe caenretapor o8 BRI ERoBfa R paken'
convent i onal te|ro ﬁ%r!ﬁ&&c%ﬂﬁ{l r&%ﬁle@f%‘ig‘p‘éggpﬁé f&?éasﬁgshﬁﬁﬁﬂ‘?é)i‘i@éﬂ%rﬁﬂ@bfé)w ce

22, and vacuu I"ar To'the"sputtering apparatus but has a

cruci bl e 28 'ﬂ%é“ﬂ%ﬂﬂo@ﬁﬁﬁﬁ?ﬁh? sh&cif) hédteR! Fa® exantié fn 8<cillater gett 25 and
RF power source 26. Athin Tilmof MX-Y magnetic conposition was nade on a
gl ass plate bshawes fof ptduucimthessiectomagretiot nadiasicovs dispored in B weiniy of
sputtering condition shown in Table 2. Table 2 Vacuum de%%@e b?f ored.
sputteri ng<l tRelbingilmoeirihemeassbralmblgiithe tot By drivbadheieseillall i pradiate

(diameter of t%goele troanr'nlggr'?\étlzcoédlcamo% ,o(njfc2> ?heo alied %Fn)h the thin film generates heat.

Alternatively, ii is possible to make use of' the electromagnetic radiation emitied
from a transmission line disposed in the vicinity of the thin film or a power
supply connected to the transmission line. At any fate, since the shrinkage of
the heat-shrinkable sheet 3 can be triggered from a remote place, it is possible
to rerarkably improve the safety during a work on a utility pole or a work for an
underground communication cable.

When the thin film generates heat, the heat-shrinkable tube 1 shrinks.
As a result, a protection/insulation layer is formed around the connecting portion
of interconnection between the communication cables 2.  This layer comprises
a magnetic loss material so as to exhibit a high-frequency noise shielding
function. For example, the heat-shrinkable tube having an outer diameter of

30mm is applicable to the connecting portion of interconnection between data



(chip size: 5mm X 5mm X 2mm) The fil msanple 1 produced was anal yzed by a
fluorescent X-ray spectroscopy and confirned as a filmof a conposition
Fe~zAl ~~O ~. The filmsanple 1 had 2.0 mcroneter ( a m in thickness, 530
mcro ohmcentineters ( a S2 cn) in DC specific resistamsmarch Z084i n
anisotropy field (Hk), and 16,800 Gauss in _saturation nmagnetization (Ms). A
‘percent ratio of the saturation magnetizatiaon of the filmsanple 1 and that
of the netallic material Mitself {Ms(MX-Y)/Ms(M}X 100 was 72.2% In
order 10 meashi AELABPLALILS bath BAVARGH 6GBPERRRutel BraldBovifpl € 1 vas
on I'tke tormand i1 nserte | .

formed inarib In a col Under application of a
bi as magnetic fi el dyhanrhinMeAFIES nvRjricliciioss @atdrize meni e frmettasaughbutan
response to frequency change of AC current applied to the coil. The
measur enent wastiseseead! the cpindrimal diffde@rscofithe Albidar memtse opilesallyalgret i ¢
field. Fromthe nmeasured i npedance variation in response to fre ugnc _

@nﬁr n_

. | . q
variation, thé&xampie,Npedattigemattem.pdryrhasmoreathe tligitndyay Bsfemae
response) was | cul ated and is_sho inFig 7. 1t will be note om Fi g.
7T hat he  nableRR! 5 Rask B oRhGie) v vl Surtporiiet 1 e N fe
maxi mum val ue ( a " pEx) 00k Ei?'!’-%é/ ic‘%*ﬁ ﬁééé?ﬁrtioﬁ'vﬂl?b@fmédﬂ?opﬁ%at:rhe
natural resonance frequency gf a“"'naX)) show ng the maxi-mum val ue ( a
"max) is abouthdQehB¥EEneET SBordifigdo a-decbRg RAMSRIMENT 6f tAld inoetmdrdwi dth bwr
was determ ned as a percentage rati o of bandw dth between two frequency
poi nts whi ch shows The heaghi@kableaheetadepictbd biy\eerefernemealniumdnal &sn &igsalef
value a "50 of the maximumvalue a "ma% to center frequency of said
bandwi dt h. Thend & was$ peochmediiyda hrasmss wikich wilbpreesaiipbe deseibed.condi ti on

simlar to that in Exanple 1 but using. of 150 Al 203 chips filmsanple 2
was formed on a gl a@sm%‘ieé'?b‘?or’f'ﬁ’és'ﬂglan'?‘ |§?@Nﬁ%88%88&?ﬁ§’?%?99ed by a

fluorescent X.r tros fi | !

Fe. “A122034. TR0 PRAUIFRRESH-Rrel 2o g BiP iesTimBeCAE 08P 00
m cro ohm cengf @&t §%ferbof Sthroughla éres%ﬁﬁg%éﬁ_@nfaﬁﬁ & BREANdIAGBIER, A
anisotropy field (Hk), and 9600 Gauss i n saturation magneti zation (Ms).
wi || be not edetgrided $toet amgrhibe2s washotghaieedt ham drid of i rsoifacés iohthée ‘
specific resistance. A percent ratio of the saturation magnetization of the
filmsanpl e 2expandeseshast memabers.a thin fivebaficamagneticless Mae ik stoilar s (M )

X 100 44.5% Th "o f ffil) le 2 I i hed,..

K100, 1 4 B0k TS %SRRI Sl LU SEINLEL 7 265 0% 1Sl P
th k has | hi imilar t i f e . ,
(1 peal 1o Abednbhin s B L Hhrd ol B Ryl

about 1 Gz afdetieiTRe Nake 19 Fid6 dohiHidetca A BRASE bi FY siicasluatng fal | s |

ei ther side ¢ e peak so that the a "-f response has a broadban
characteristighagh dsﬁmgog BedhRacHe BeboRipbhase id & BbsaIbLe phaseswhilsthe first
confirnmed as 181 by the simlar way as in Exanple 1. )

phase is dispersed in the second phase. For example, the heat-shrinkable

It

sheet 3 has a dimension of 150mm x 170mm. The thin film 6 is formed as the
thin film segments each of which has a width of 10mm and which are arranged
at spaces of 10mm.
The heat-shrinkable sheet 3 has the rib 4 formed at the opposite ends
thereof. When the heat-shrinkable sheet 3 is used, the heat-shrinkable sheet 3
" is rolled so that the ribs 4 face each other, as illustrated in Fig. 4. The ribs 4

are fixed to each other by a clip-like jig (not shown) to bring the heat-shrinkabie
sheet 3 into a cylindrical shape. The heat-shrinkable sheet 3 is advantageous

in that the connecting portion of interconnection between the communication



25 March 2004 15 Conparative Exanple 1 In a condition simlar to that in
Exanple 1 but using of 90 Al 203 chips, a conparative sanple 1 was forned on
a glass plate. The conparative sanple 1 produced was anal yzed by a
fluorescent X-ray spectroscopy and confirned as a fil m of2sMaedRo2o04t | On
Fee6A1608. The conparative sanple 1 had 1.2 microneter ( a n) in thickness,
74 nmicro ohmecentineters (u S2 ~ cm) in D@specific resistance, 22 Ce in
ani sotropy field (Hk), 18,800 Gauss in saturation magnetization (M), and

85.7%in a pe 1.0 L d |7 atd ttlhe conparative
sanpl eI 1 ang é%g?& gfglﬁtti?ec%tra‘?ﬁyZ@éng%éﬁrg'hk%ﬁ%{%{ge?g{éwf?ﬁgw/ VB ( &P}X 16\6

and, was 44: 50 miification cdRSPLRSGe Beech @OPALARL VS eaahptierl was al so
obtained in the simlar manner as in Exanple 1, and is shown in Fig. 9. It

will be noted from Ahgr the Hdmishtihkablemheatd js miled info toe cylindiicalshape to
pernmeability of the conparative sanple 1 has a hi%h peak at a frequency
about 10 MHz boxerrthpicanpectngureton el imercangaeion balygen dye FAMFRHT AP0 Mz,

I b d that Thi d ion i d, b | -

curront due. { GARe2) BkposHReipREsL SRS AP SHREL Ao SRk,
diti im | 1 h [ ; ' I hPsS,

Compar ati ve SARGPERObAR oS g SRRnatp) Pibr Sppg D ReADRENEPS ol e 2

produced was ibiH RiShdsed ihdbe SRAHYI@ 8O MIn drd of owd heaed as
afilmof a C%I%g{(gés‘ﬁ%ggﬁﬁfz?%%&MOb%The conpar attfyve sanple 2 had 1.3

mcroneter ( shriPkabie sheatkdne By diving Ot osallatoptnirmadizte the elestromagpeticcn) in
DC specific resistance. The magnetic characteristic of conparative sanple 1
exhi bi ted supediEticemegodhe dmin film2theNhindimameragsheshi nAReNAISIYNE - v

magneti c conposition was made on a glass plate by the reactive _sputtering
met hod usi ng PPRSIRIBIP MeakedsephiReRELrYn atlcrfag?é’é'.‘j”@ﬂ"@?gimgﬁatteri ng

dition shown in Table 3. The partijal . £ 3k & f % Th
Thin 11 m east R RBdnesrosed Bpe T Sh ey % e BB ot
under magnet| gorlethél A hedPAISHOR ik! MeaRY I8lesindeMestiinkgeust tHegr ee

before sputtering<l X rr At nosphere Ar+N2 gasEl ectric Power RF

Tar get sFe (di gemtghrinkbbEOSHER: 3ath B trigyieped A5M premets)placdiipisgiassiblGhen x
5mm x 2mm) The properties of filmsanple 4 are showin Table 4. Table 4
Fi | m t hi cknessmdrkably{iivipfdiexthe) saiblyMuringiwsik ong uiilityerale g awarkfor an

"max) 830MHzbw 1759' o o
underground communication cable.

Heat generation in the thin film causes the shrinkage of the heat-
shrinkab‘le sheet's.' As a result, a protection/insulation layer is formed around
the connecting portion of interconnection between the communication cables 2.
This layer comprisés a magnetic loss material so as to exhibit a high-frequency
noise shielding function. |

The thin film of the magnetic loss material may be formed throughout an
entire area of the flat surfaces of the sheet member or locally, for example, in a
lattice pattern. Furthermore, the thin film may be formed only in at least a part

~of one or both of the flat surfaces of the sheet member.

In the foregoing embodiments, the thin film is deposited by sputtering.
It will be noted that use may be made of other various techniques, such as gas
deposition, CVD, and vapor deposition.  [n the foregoing, the thin fim is

transferred after it is deposited separately. Alternatively, the thin film can be



A thin filmof MX-Y nmagnetic conposition was made on a gl ass plate by
using the sputtering apparatus shown in Fig. 6A at a sputtering condition
shown in Table 5. The thin filmwas heat-treated at a tenperature of 300C
for two hours in vacuum under magnetic field and obtai ned2saMardh200#npl e 5.
25 March 2004 17 Table 5 Vacuum degree before sputtering<l X 10-6

Torr At nospher eAr gasEl ectric Power RF Targét%sCo (di aneter of 100nm) and

Al z03 chip (130 pieces) (chip size: 5mmx 5nm X 2m) The properties of film

sanple 5 are show jn.Table 6. Tahle 6 Filmthicknessl.1l a

o M ( M X- ) / NEE’RHQ}%@EWSEIE. p)ﬁmer;%%gk 850f ( a "m-) 800MZbwr 157% A thin fil m of
M X-Y magnetic compRsinitBpgiity, TRE arsaphasecamprisbaFe. bylteheativess Liseenay
sputtering method ugﬂrﬁ‘% tﬂee sputteri ng appargt@us shown in Fig. 6A at a
sputtering copdinkadobOOVNI, ion aTrabhereof alplargity of @elbmentsseieeteddro® e, 3@, was
10% The thin filmwas heat-treated at a tenperature of 300C for two hours

i n vacuum undend Mign&he setord ghaselisom msHisdorcantaipingatieasienerglsMeEn vacuum

degree before sputtering<l X 10-6 Torr At nospher eAr +N\2 sEl ectric Power RF
Tar get sCo (di ather dranviherglemant ahalemmfﬁpﬁm@i“ﬁs{'6%85’53‘%?’%% si ze: 5mm x

Smm X 2m) Next, various examples of the magnetic loss material will be described
in detail.

The magnetic loss material exhibits the conductivity within a frequency
range smaller than several tens MHz.  As the magnetic loss material, use may
be made of a narrow-band magnetic loss material which has an M-X-Y
composition 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 0), 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 u" with respect to areal part ¢’ of relative permeability, such that the
maximum value i " of the imaginary paﬁ 7 (which may be called a
magnetic loss term) is'present within a freqﬁency 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 freduency bandwidth between
two frequencies at which the value of 1" is 50% of the maximum i "1z, 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
£ -cmand 7004 (2 -om.

As the magnetic loss m_aterial, use may also be made of a wide-band
magnetic loss material which has an M-X-Y composition as a mixture of

components M (M being at least one of Fe, Co, and Ni), Y (Y being at least one




25 March 2004 18 The properties of filmsanple 6 are show in Table 8. Table
8 Filmthicknessl.2 a {Ms(MX-Y)/Ms(M}x 10032. 7% ~max 350f( ~~ "max)1
GHzbw 191 A thin filmof M X-Y nagnetic conposition was made on a gl ass

pl ate by using the sputtering apparatus shown in Fig. 6A 28Mareho2004eri ng
condition shown in Table 9. The thin filmwas heat-treated at a tenperature
of 300C for two hours in vacuum under magr}étic- field and obtained a film
sanple 7. Table 9 Vacuum degree before sputtering<l x 10'6 Torr At nosphereAr

gasEl ectric ngfﬁ@%@@ﬁé@% %%ﬁ?tafr[?a%{ oRORMEReranind 1RAR tadseceritaned

pi eces) (chip~size: e properties of filmsanmple 4 are

O Do) Cinth) ok} Eind Qurfien fad hipemeanlity7crearat s, XGivgn as avplaionship
10058. 2% ~~max 8%| (~c' ~max) 240MHzbwr 169% 25 March 2004 19 Athin film

of M X-Y magngbiveerrapesuthonanaanimaginany pagl assvih weeesliorheedl P38 i &t

sputtering nmethod using the sputtering apparatus shown in Fig. 6A at a.
sputtering corgativeopesheatility.surithat the maxeyms valug, “prres%tﬁ@q?"é‘tgfr@%Pgﬂz

T O e Aol ol Lo oohal bl SRR 2ol ROREghernite
e
bwr is obtained by extracting a frequency bandwidth between two frequencies
at which the value of " is 50% of the maximum 4 ", and normalizing the
frequency bandwidth at the center frequency thereof. It 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 4 £2 -cm.

In each of the narrow-band magnetic loss material and the wide-hand
magnetic loss material, 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/mor
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-8i-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
integrated circuit device, a logic circuit device such as a microprocessor, a

central processing unit, and a image processor arithmetic logic unit, or the like.




Al chip (100 pieces) (chip size: 5mm x5mm x 2mm) The properties of film
sanple 10 are show in Table 12. Table 12 Filmthicknessl.3 a

M Ms(M X-Y)/ Ms(M}x 10076. 2% " nmax410f (!.c "max) 170MHzbw 158% A thin film
of M X-Y magnetic conposition was nade on a gl ass pl at e [p5 Marchg2a0de
sputtering apparatus shown in Fig. 6A at a sputtering condition shown in
Table 13. The thin filmwas heat-treated &% a tenperature of 300C for two
hours in vacuum under nagnetic field and obtained a filmsanple 9. 25

March 2004 20 Tabl e HeiduRTH 028G &r ¥ Hdisfng to which
"Tor r At nospher eAr galégé%{@%?aé%%%?a?ﬁéggﬁpe (di ameter of 100n%1) and Ti 02

chip (150 pi egfsdlekfBhie ONFfonePATS mobAtBdx 2mm) The properties of film
I

sanple 9 are show in Table 14. Table 14 Fil mthicknessl. 4 a

m{ Ms( M X- Y) / Ms( M } x 06t ra@nt. -aseee@208f(the High-frequestni-Birers SUPArassors £i | m of
M X-Y magnetic conposition was nmade on a gl ass gl atewﬁ_}/ t he rena\ctive
sputtering meahdd, useigmase of gthinfin agngie sHBSR8RE NATEHISEgall Bwvdpme

whs 1506 The GRP HHIE I SEBaReHE Ryene bl haR B apRe MY PR S (o

15 Vacuum degr BECREROPEERITH) & 1 dEhs R Re MG, A B TaGReR, Sanstinbee

gasEl ectric PoueiRanTas 4olraised A REBAENC BEs 11BN grandlar magnetic material is
known. Specifically, in case where the concentration of magnetic metal
particles in the granuiar magnetic material falls within a particular range,
excellent magnetic loss characteristic 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 Xand Y.

Fieferring to- Fig. A, a sputtering apparatus shown therein was used for
producing samples in the following examples and comparative examples. The
sputtering apparatué 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. 6B, a vapor deposition apparatus shown therein was
also used another apparatus for producing samples in the following examples

and comparative examples. The vapor deposition apparatus has a



Si chip (130 pieces) (chip size: 5mm x5mm x2nmm) 25 March 2004 21 The
properties of filmsanple 10 are show in Table 16. Table 16 Film
thickness1.5 a n{ Ms(M X-Y)/ Ms(M } X10055. 2% ~~max 920f ( a"nmax) 1. 2GHz

bwr 182% A thin filmof MX-Y magnetic conposition was nadis March 2004ss pl ate
by using the sputtering apparatus shown in_Fig. 6A at a sputtering
condition shown in Table 17. The thin fil n‘H\/as_ heat-treated at a
tenperature of 300C for two hours in vacuum under nagnetic field and
obtained a filmsanple 1 I ; f & sphetit gassgatce
10'i TorrAt mﬁﬁg?a{%n%ﬁégﬁe@?raﬁg%gv\\%r&aém%cﬁggﬁg%gg(di an%ter gf 100nm) and
Hf 03 chip (10%%3?,9%}; (ST RS 1 278simAEMotherspuiteAngy epparatys bpkhas a$reibke | m
sanple 11 are Show in Lfabl e 18. Table 18 Filmthicknessl.8 a

m{ Ms (M X- Y) / Malgvh kRO Atetbals Oviuirl pBoefaf whipsedd, A3uRt2h aneABPoWEE Mar ch
2004 22 Athin filmof MX-Y nmagnetic conposition was made on a gl ass plate
by using the moutceePEng apparatus shown in Fig. 6A at a sputtering
condition shown in Table 19. The thin filmwas heat-treated at a

tenperat ure of 300CEP@MARE hours in vacuum under magnetic field and

obtained a film 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 2.

Table 2
Vacuum degree before sputtering | <1X 107 Torr
Atmosphere Ar gas
Electric Power RF
Fe (diameter of 100mm) and
Targets Al,QOg chip (120 pieces)
(chip size: 5mm X 5mm 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;;047.  The film
sample 1 had 2.0 micrometer (1 m) in thickness, 530 micro ohm centirfieters
(x Q - cm) in DC specific resistance, 18 Oe in anisotropy field ‘(Hk), and 16,800
Gauss in saturation magnetization (Ms).

A percent ratio of the saturation magnetization of the film sample 1 and
that of the metaliic material 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



sanple 12. Table 19 Vacuum degree before sputteringrl X 10-6

Torr At nospher eAr gasEl ectric Power RF TargetsFe (dianmeter of 100mm and BN
chip (130 pieces) (chip size: 5m x 5mm x 2nm) The properties of film
sanple 12 are show in Table 20. Table 20 Fil mthi ckness1.2Z5 March 2004

{ Ms(M X-Y)/ Ms(M }x10059. 3% nmax 950f ( a "4nax) 680MHzbwr 185% A thin fil m of
M X-Y magnetic conposition was made on a dglass plate by using the
sputtering apparatus shown in Fig. 6A at a sputtering condition shown in

Table 21. The hiBabiihTaierg3bsddal O-Rlespohseipeantaloalatid 300E Sopwl
hours in vacuflm un%lelrI ymatg et ig fiFSeI d a(nd obt gi ned a filmsanple 13. Z\QD

March 2004 23;TgrR. ¢. 2} Madeunotdd droee Fize7ahat thedmaginany partofretagve
Torr At nospher eAr "‘gasEl ectric Power RF Tar get sFeSOCGoso (di aneter o q mm)
and Al 203 chi pefrh88bilifyettassy higthpgrisoZise BRRMAMEMAILR (3m Sﬁﬂé’r b‘b)é}‘?%es of

filmsanple 13 are show in Table_22. Table 22 Fijl ' ; ;
g;g b I\/E >|\</+ 5 Y/ Ngt(tw}sad@@tbyge B%k-~en’éb<e/9a¥l?a'~fgs%'f}()°|f.f@iﬂ%&ﬂ@é@%ﬁ) Prowing |
X-Y magnetic conposition was e fYsi
dﬁpOSl tion apPf HIWNEWOW”? h“Fngy) {%%oaﬁ%gac%hgffr@nrﬁgﬁ%% f?ﬁé%ﬁ%\?ﬁép%e
thin filmwas rggﬁé héﬁ&%ﬁﬂh pbv_rﬁv edmefihbl &s pelemdgerrativef bandwidth vacuum
crTre and ob I le 14.

under nagneti ained a filmsanple
between two frequency points which shows the imaginary part of relative

permeability as a half value ¢ "g, of the maximum value " 10 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 FeAl;,044.  The film

sample 2 had 1.2 micrometer {« m) in thickness, 2400 micro ohm centimeters
(1 @ « cm) in DC specific resistance, 120 Oe in anisotropy field (Hk), and 9600
Gauss in saturation magnetizétion (Ms). It will be noted that fitm 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 metaliic mater'ial M itself {Ms(M-X-Y)/Ms(M)} > 100 was 44.5%.

The 1" response of film sample 2 was also obtained in the similar
manner as in Example 1 and shows in Fig. 8. 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 imaginary
part of relative permeability gradually falls either side of the peak so that the 1t "-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.




Tabl e 23 Vacuum degree before sputtering<l X 10-6 Torr At nosphere fl ow ng
rateOz at 3.0 sccnElenents in crucible 28 and 29Fe and Al The properties of
filmsanple 14 are show in Table 24. 25 March 2004 24 Table 24 Film
thicknessl.1 a m{Ms(MX-Y)/Ms(M }x 10041. 8% ~~max 590f ( 26 March 2004

"max) 520MHzbwr 190% Now, description will be made as to tests relating to
noi se suppressing effect of sanple filns all conparative sanples, using a
test apparatus shown in Fig. 10. A test piece was filmsanple 1 with

di mensi ons of 20mMm @%ﬁ%&lmr a conparison, a sheet of known
conposite magnetic i'mensi ons of 20mm x 20nm x 1. Oim The
conposi te magnetic haltioR ARIIASIoEafpl ByERk |gndbdtll_@ﬁn?ram@t\i2@ netips, a
powder di spersed in@h?‘)‘ﬁgh'?ﬁe% The magnetic ;?ret al powder corrprisses Fe, Al
and Si. The cepRfEriteBgnslei twastfemied ohasglaspplateeabi lity distribution in
quasi - m crowave range and has the maxi mum val ue of the inmagi naryq\gcart of
rel ative per meabi | i Theaprmpdratiisampleabondured waganatadby 8 TgsGECE gnet i ¢
properties of both of the test piece and conparative test piege.. Table 25
Pi | m sanpl e 10oTyRaciVECeRSENG PRRWENeY 20BN AL AROMBRRIIH [escd e 145106

B e o EsPeeraRe 4obl M T frhride e PP P Rie o
(el 1Ye P TEBMelohy (305 0B SRciiiesRTaagee O plan somperat ),
"max of the i BAEIAGKuSS 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)}> 100, and. was 44.5%.
The u™fresponse of comparative sample 1 was also obtained in the
similar manner as in Example 1, and is shown in Fig. 8. It will be noted from
Fig. 9 that the imaginary part £~ 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
Ina conditioﬁ simitar to that in Example 1 but using of 200 Al,Oj 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 és a film of a composition Fe,gAl3,0,4;. The
comparative sample 2 had 1.3 micrometer (. m} in thickness, 10,500 micro
ohm centimeters (& © + ¢cm) in DC specific resistance.

The magnetic characteristic of comparative sample 1 exhibited

superparamagnetism.




25 March 2004 25 part of relative perneability and thickness of the piece d
, the thickness of the conparative test piece of the conposite nmagnetic

mat eri al sheet was selected 1 mmso that the both of test pieces have the
simlar values of ( a "max X b ). Referring to Fig. 10, t2dsevaesti200dparat us
conprises a mcro-strip line 61 having two ports, coaxial cables 62
connected to the two ports, and a network l#nal yzer (not shown) connected
across the two ports. The micro-strip line 61 has a line length of 75nm and
a characteristic inEedanﬁe of 50 ohns. The test piece 63 was di sposed at a
region 64 on the m p line 61 and the transm ssion characteristic
S21 was neasured. The, frgaqu a i G draShpade bn ahglgss plele A and
11 B for film sanpl geﬁlmafﬁ% ?We%gﬁpﬁggg?@vgrg?n%}lg respecti véﬁ/. V\i’t{__y
respect to us i idaq mdihad Lsinheha epetteringappargtusishown aligs21
reduces aboveBs_’L%e ﬁiﬂ%g@gﬁgﬁ% the m nlgrrum ic:’)f-l QdB at a frequency_ of 2
GHz and then pAGiHeaSRsterPRNAItBrizsho@m infebte Ber Thamartialipressuee palke Ot Mzuse
of conparative sanple, it will be noted from Fi g 11 B th %}%%écﬁ%?dually
reduces and bemerassst oThaéhinifitniwan beat-tragied at adempemldif Wohe
results denonstrate that S21 is dependent o LSt ribution of
t he permeabi | heyrsdfyacHym Wﬁﬂ?rﬁﬁ?g’g&gﬂﬂé @E@iohgﬁgéé ggw{gs%\ﬁq&g%ghdent on the
product of ( a "max x 6 ). Now, providing that the nagnetic sanple forns a
di stribution constant circuit having a length of 2 as shown in Fig. 12A, an
equi valent circuit was calculated for a tHé 3l ength of D~ from

transm ssion characteristics S11 and-S21, -—as—shewr—t+r—Frg—12B—Them t he
equi val ent ci r cujiVaduam degrdecgfore sputtexingobt ail retDf Mo t he equi val ent

circuit for the ppt—Tength D ~,"as shown I nE Eé C. The equi val ent
circuit of the mef%f‘ﬁ%??@egec\rml e rnrrpri ses ser Ar-“q g st ance

R and paral |l el clopreiricaPe®elC and conduct ancé RE as shown in Fig. 12C.| From
this, it will be—understood—tihatr—the change %(ﬁr@ﬁmgshmmm)%dlvarch 2004
26 characteristi C-E‘-?f fhe mcro-strip line caugedipd4@oigecisyposi tion of the
magneti ¢ subst ancE8R™S he nicro-strip line | SRSy spifth KIammedzfyn)t h

equi val ent resi stance R added in-series—tnlwvi-ew—o+—the—above; —a fTequency
response of the equival ent resistance R was neasured. The neasured data
were shown in Figs. 13A and 13B for the filmsanple_1 and the conparative
sanpl e, respectivel Thelgropétties o filmsampie 4 @re EBRW iR Ta0EA that the

equi val ent resistance R gradually reduces in the quasi-mcrowave range and
is about 60 ohns at about 3 GHz. It is seen that the frequency dependency
of the equivalent resistance Ris di ffer%ﬁleW omthat of the inmaginary part
of relative perneability which has the maXimimvalue at about 1 GHz. It

wi || be supposed that thisFilinfthiekeesse wi || be bade @Mt he gradual increase
of a ratio of the product Fapd—the-samtedemph pe wavellengt h. 25
March 2004 27 THE CLAI MB l{M%Nfgg\(y@ﬁWﬂlz&ad@tutbsg'%%rrpri sing: a tubul ar
nmenber being shrinkable ip mesponse to heat andls&0i ng a cyl|i ndri cal
surface; and a thin film f-orB8d—on—at—teast—a—p I‘O ‘Hz\,diu‘ clyl i ndri cal
surface and being made of | H{tragdetic | oss materi gls ich _has| a high
magnetic | oss characterisfpgy said thin filmhayiiT§% a first| phase

conprising a first one of LEe,_ Co, and-N-+—anrd—a—-second—phase conpri sing an
i nsul ator containing at | east one el enent other than Fe, Co, and N)

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 5. 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.




wherein said second phase is continuous, said first phase being dispersed
in said second phase. 2. The heat-shrinkable tube according to claim1l)
wherein said first phase further conprising a second one of Fe, Co, and N,
sai d second one being. mxed to said first one. 3. The hezg makdH 260bl e t ube
according to claim2, wherein said first phase further conprising a third
- one Fe, Co, and N1, said third one being M%ed to said first and. said
second ones. 4. A heat-shrinkable tube conprising: a tubular nmenber being
shrinkable in response to heat and havi ng?ba}e lindrical surface; and a thin
filmforned on at _least a part of said cylindrical surface—anrd—betng made
of a magnetic | ossydmiues Hebrealberbregsuterihiggh tegh@? Torrl oss characteristic.
said thin fil mhavnag—af+rst—phase conprising a first one of Fe, Cp, and
Ni; and a second |NE¥SPE&Mri si ng an i nsul at, &Y ntaining at least one
el ement other than, &ric%bw@rnd N1, wherein sap second phase is continuous,
said first phase |berng-dispersedip—sai-d—second ““}ﬁ & o\fv‘um B aqgd thin
filmis nade of a magnetic substance of a ma e@% %o S| PI on conpri sing
M X and Y, wherd Tdrgatsa metal |ic magnetic rave?d &P dbAEPECERY of Fe. Co,
and/or Ni, X being el enent or el ements ot her (¢Hipsizer SMMY SARY ¥Hel ng F,
N, and/or O said MX-X nagnhetic conposition having a concentration of Min
the conposition so that said MRY magnetic Conposition has a saturation
magnet i zation of 3548900 LRAL Pfirh SEmERS Slekd enbilik TablemOnet i ¢ mater i al
conprising M al one, §i nmagnett ¢ conposi tion having the maxi mum val ue
1.~."max of an imaginary part |t of relative perneability in a frequency
range of 0.1-10 gigahertz (GHz). 5. A heat-shrinkable sheet conprising: a
sheet nenber being shrinkable in respons€ahletheat and having a flat
surface; and a thin fil'mfetfred—on—at—teast—apartf_,of sai d 1| at 25 March
2004 28 Surface and made of FiMIRiEKBESS | oss nmterilal %M ch lhas a high
magnetic | oss characteristigusgabdyl/Mspmiy>t mdmvijeg.7 first phase
conprising a first one of -'M—&ﬁd—hﬁ, , -——and—a—gecygnd phase conpri sing an
insul ator containing at |east'mgne el enent ot her tﬁé‘ﬁ Fe , and N .
wherei n said second phase g Eont)i nuous, said fir$oopese being di spersed
in said second phase. 6. TI ¥ —shri-nkable—sheet—accordimng to claimb5,
wherein said first phase fubwher conprising a sedd®”ne of| Fe) Co, and N)
sai d second one being mxed to said first one. 7. The heat-shrinkabl e sheet
according to claim6. wherein said first phase further conprising a third
one Fe, Co, and N1l) i ird one being mxed to said first and said
second ones. 8. A h - nkabl e sheet conprising. a sheet nmenber being
shrinkabl e in respops®ir ArhspM-RYImagniig combbaitios wasanade amca glasisipiatei | m
formed on at |east a part of said flat surface and made of a magnetic. | oss
mat eri al  whi clyhias readiivetsputigring intethod sisingahe cpetiedng appaegtigs sREWN{RN IFG-
having: a first phase conprising a first one of Ee. Co, and N ; apd )

6A at a sputtering condition shown in Table 7. The partial pressure ratio of N,

AT O DT

(n,-f)

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 7
Vacuum degree before sputtering | <1X10° Torr
Atmosphere Ar+N, gas
Electric Power RF
Co (diameter of 100mm) and
Targets Al chip (170 pieces)
' (chip size: 5mm X 5mm X2mm)




a second phase conprising an insulator containing at |east one el enent
other than Fe) Co) and Ni) wherein said thin filmis nade of a magnetic
substance of a magnetic conposition conprising M X and Y) where Mis a
metallic nmagnetic material consisting of Fe) Co, and/or N5 M3rdie200 el enent
or elenents other than Mand Y, and Y being F, N, and/or O said MX-Y
magneti ¢ conposition having a concentrati ok of Min the conposition so that
" said MX-Y magnetic conposition has a saturation magnetization of 35-80% of
that of the netallig¢ bul k of magpetic terial, conpel s M al one, said
magnet i ¢ conpositioﬁhﬁ&W?ﬂﬂmFﬁégﬂEQ?ﬂWEﬁbéFﬂ%sm?wﬂEEEQFqgn i magi nary part
N." of relative perneability in a frequency range of 0.1-10 gigahertz
(GHz). 9. A nethod of shrinking a heat-shrinkable tube conprising: a

t ubul ar nenber being shrinkabl e and haviTgpl@gcyl i ndrical surface; and a
thin filmfornmed on at feasta-eWindrecal—surface—and—-betng nade of a

mat eri al which has a high TE@H&F&&H?%%S sai d thin1f$W%Phaving: a first
phase conprising a first N }gayg _ NS haat7opart of said magnetic
| oss characteristic) one o { e) ?&?Vgﬁﬂﬁg sggggd phase—eenpri sing an

i nsul ator containing at 2% "Mar ch 2004 29 | east ofelel ement other than Fe,
Co, and NI, wherein said s gong hase 1S conti nugggHsal d fii rst phase being
"di spersed in said second p éeya he et hod Pnnpricing the gt eps of:

di sposing an oscillator in/bWe vicinity of said tAPA7 il m |and naking said
oscillator irradiate el ectromagnmetic Tadiration towards said thin film so
that said thin fil mgenerates said heat. 10. A nethod of shrinking a

heat - shri nkabl e tube conprising: a tubular nmenber being shrinkable in
response to heat angﬁﬂﬁﬁﬁﬁé a cylindrical surface; and a thin filmformed
on at |least a part gf i Wal Q| : [ netic
| oss materi al mhichﬂﬁgiﬂgHHﬁgﬂ>ggah§?b%ﬁ#%éﬂﬁgﬁgggggggﬁg???HQE%Paépﬁﬁﬁ film
having: a fir PRSIFie CHURE A 1§ §howA®h Plg. B2 atGogpattettingyi coraiitibra
second phase E #gri5|ﬁg gnépﬁge'g?ggu%gntaining at Ieas? oneuelenent ot her
than Fe, Co, gmswhiin TAbIErsei Meninth Siecaad heattreates Aantarmprratire SABA0FC fer
phase being dispersed in said second phase, the nethod conprising the steps
of : di sposi ngtveo bonrsuiotiageumi wrdear magnatisi fig)d and 9&?@0%ﬁr\"'mi%amp'%%d
supplying an alternating current to said conductive wire to nmake said
conductive wire irradi ate el ectromagnetic radiation towards said thin film
so that said thin film generates saidINﬁngél. A nmet hod of shrinking the
heat - shri nkabl e sheet_Conpri sing: B

Vacuum degree before sputtering | <1 X1 0 Torr
Atmosphere Ar gas
Electric Power RF
Ni (diameter of 100mm) and
Targeis Al,O, chip (140 pieces)
(chip size: 5mm X 5mm X 2mm)

The properties of film sample 4 are show in Table 10.

Table 10
Film thickness 1.7 um
{Ms(M-X-Y)/Ms(M)} X 100 |58.2%
1L ey 280
T4 ) 240MHz
bwr 169%




a sheet nenber being shrinkable in response to heat and having a fl at
surface: and a thin filmformed on at |east a part of said flat surface and
made of a magnetic | oss material which has a high nmagnetic | oss
characteristic, said thin filmhaving: a first phase conp25 Mangh 2004 r st one
of Fe, Co, and Ni; and a second phase conﬁ[rl sing an insul ator containing at
| east one el enent other than Fe, Co) and N’) the nmethod conprising the
steps of: disposing an oscillator in the vicinity of said thin film and
maki ng said oscillator irradiate el ectromagnetic radiation towards said
thin film so that said thin filmgenerates said heat. 12. A nethod of
shrinking a heat-shfxakald  sheet conprising: a sheet nenber being
shrinkable in response to heat and having a flat surface

2004 29A a thin filMthiorfilpfdd-Xal Mmaaretic:cqRpesten E’éﬁd“ﬁ“i‘%?“é&‘é%@‘\%%d
made of a magnetic |oss materia

characteri stiBY tR&feRCive ﬁPPF?WQwB\V%wU%E”W’Pa%FP%H rr%r%%ﬁ%%n Tnl f one
of Fe, Co, an anse fia) PledsufORitd i Ny at
| east one el egérﬁtaost r’f‘ﬁé:rc??laﬂ'()ﬂ%g'ﬁgvgn@rﬁ%b;él‘ﬂe met Egd cgrrpHUS| ng t he ?
steps of | di spagiipg, 8 FRATHIAirkad Kdarlifbated bk temperaiariedol300RCI OF two and
supplying an a ernati ng current to said conductive wire to nmake said
conduct i ve W keurshif adtat® @oee imagregiedield and dbtatinetha fisnsamp!e8i d thin film
so that said thin filmgenerates said heat. 13. A nethod of shrinking the
heat - shri nkabl e sheet as clainmed in claim®6, conprising the steps of:

di sposing an oscillator in the vici nitya_og Sﬁid thin film and making said
oscillator irradiate el ectromagnetic radP I Uh towards said thin film so

et sard L h O REE e e e f Gl <A St e of Shrink g ¢

ULIIIIL, uuupllalllg the bl.epb Ol .
di sposi ng a conduktiriospheree in vicinity of ﬂ#ﬂlzgﬁﬁn film and
Electric Power RF
.| Ni (diameter of 100mm) and
Targets _ Al chip (100 pieces)

(chip size: 5mm X5mm X 2mm)

The properties of film sample 10 are show in Table 12.

Table 12
Film thickness 1.3 um
{Ms(M-X-Y)/Ms(M)} X100 | 76.2%
1 "max 410
f( 1 ) 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. 6A at a sputtering condition
shown in Table 13. 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.




supplying an alternating current to said conductive wire to nmake said
conductive wire irradiate el ectromagnetic radiation towards said thin film
so that said thin fil mgenerates said heat.
/ Nc/ NJF/ NF/ NJc/ Nc/ N-c/ Nc/ NF/ Ni ¢/ NJc/ N9/ N-c/ NV-/ N9- ¢ 25 March 2004
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Table 15
Vacuum degree before sputtering <1 %10 Torr
Atmosphere Ar+Q, gas
Electric Power RF
Fe (diameter of 100mm) and
Targets Si chip (130 pieces)
(chip size: 5mm X 5mm X 2mm)
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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. 6A ata sputtering condition
shown in Table 17. 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.

Table 17
Vacuum degree before sputtering | <1 X 107 Torr
Atmosphere Ar gas
Electric Power RF
Fe (diameter of 100mm) and
Targets HtO, chip (100 pieces)
' (chip size: 5mm X5mmX2mm)

The properties of film sample 11 are show in Table 18.

Table 18
Film thickness 1.8 4m
{Ms(M-X-Y)/Ms(M)} X 100 |77.4%
o 1800
AN 450MHz
bwr 171%
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Table 19
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 X 2mm)

The properties of film sample 12 are show in Table 20.

Table 20
Film thickness 1.8 4m
{Ms(M-X-Y)/Ms(M)} X100 |59.3%
[~ 950
1L " ) 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 21. 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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Table 23
Vacuum degree before sputtering | <1X107° Torr
Atmosphere flowing rate 0, at 3.0 sccm
| Elements in crucible 28 and 29 Fe and Al

The properties of film sample 14 are show in Table 24.
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" comprising polymer and flat magnetic metal powder dispersed in the polymer.
The magnetic metal powder comprises Fe, Al and 8i. 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 25 shows magnetic properties of both of the test piece

and comparative test piece.

Table 25
Film sample 1 | Comparative test piece
1 "/700MHz | about 1800 about 3.0
bwr 148 196

As seen from Table 25, 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 (£ ” ., X 8 ) of the maximum value i ", of the imaginary
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1mm so that the both of test pieces have the similar values of (17 ax X 0).

Referring to Fig. 10, the test apparatus comprises a micro-strip line 61
having two ports, coaxial cabies 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 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
S21 are shown in Figs. 11A and 11B for film sample 1 and the comparative
sample, respectively.

With respect to 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. 11 B that 521
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 thét the noise suppressing effectis
dependent on the product of (& s X 0).

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 shown 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 parallel 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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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 imaginary paﬂ of relative 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.
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a thin £ilm formed on at least a part of saild
cylindrical surface and being made of a magnetic loss
material which has a high magnetic loss characteristic,

said thin £ilm having:

a first phase comprising a first one of Fe, Co, and
Ni: and

a second phase comprising an insulator containing at
least one element other than Fe, Co, and Ni,

wherein said second phase is continuous, said first
phase being dispersed in said second phase.

2. The heat-shrinkable tube according to claim 1,
wherein said first phase further comprising a second one of
Fe, Co, and Ni, said second one being mixed to said first

one.

3. The heat-shrinkable tube according to claim 2,
wherein said first phase further comprising a third one Fe,
Co, and Ni, said third one being mixed to sald first and .
said second ones.

4. A heat-shrinkable tube comprising:

a tubular member being shrinkable in response to heat
and having a cylindrical surface; and

a thin £1lm formed on at least a part of said
cylindrical surface and being made of a magnetic loss
material which has a high magnetic loss characteristic,

said thin film having:

a first phase comprising a first one of Fe, Co, and
Ni; and

a second phase comprislng an insulator containing at
least onea element other than Fe, Co, and Ni,

wherein said second phase is continuous, sald first
rhase being dispersed in said second phase, wherein said
thin film is made of a magnetic substance of a magnetic
compeosition comprising M, X and ¥, where M is a metallic
magnetic material consisting of Fe. Co, and/or Ni, X being
element or elements other than M and Y, and ¥ being F, N,
and/or O, said M-X-Y magnetic composition having a
concentration of M in the composition so that said M-X-Y
magnetic composition has a saturation magnetization of 35-
BO% of that of the metallic bulk of magnetic material
comprising M alone, said magnetic composition having the

maximom value L£° . of an imaginary part X" of relative

permeability in a frequency range of 0.1-10 gigahertz (GHz).

5. A heat-shrinkable sheet comprising:

a sheet member being shrinkable in response toc heat
and having a flat surface; and

a thin film formed on at least a part of said flat
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surface and made of a magnetic loss material which has a

high magnetic loss characteristic,
said thin film having:

a first phase comprising a first one of Fe, Co, and

Ni; and

a second phase comprising an insulator containing at

least one element other thanm Fe, Co, and Ni,

wherein said second phase is continuous, said first

phase being dispersed in said second phase.

6. The heat-shrinkable sheet according to claim 35,
wherein said first phase further comprising a second one of
Fe, Co, and Ni, said second one being mixed to said first

one.

7. The heat-shrinkable sheet according to claim 6.
wherein said first phase further comprising a third one Fe,
Co, and Ni, said third one being mixed to said first and

said second ones.

8. A heat-shrinkable sheet comprising:

a sheet member being shrinkable in response to heat

and having a flat surface: and

a thin £ilm formed on at least a part of said flat
surface and made of a magnetic loss material which has a

high magnetic loss characteristic,
sald thin £ilm having:

a first phase comprising a first one of Fe, Co, and

Ni; and

a second phase comprising an insulator containing at

least cone element other than Fe, Co, and Ni,

wherein said thin film is 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 element or elements other tham M and
Y, and Y being F, N, and/or O, said M-X-Y magnetic
_compesition having 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 47, of an imaginary
part 4" of relative permeability in a freguency range of

0.1-10 gigahertz (GHz).

9. A methed of shrinking a heat-shrinkable tube

comprising;

a tubular member being shrinkable in response to heat

and having a cylindrical surface; and

a thin film foxmed on at least a part of said
cylindrical surface and being made of a magnetic loss

material which has a high magnetic loss characteristic,

said thin f£film having:

a first phase comprising a first one of Fe, Co, and

Ni: and

a second phase comprising an insulator containing at
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leagst one element other than Fe, Co, and Ni, wherein said
second phase is continuous, said first phase being
dispersed in said second phase,

the method comprising the steps of:

disposing an oscillator in the vicinity of said thin
film; and

making said oscillator irradiate electromagnetic
radiation towards said thin film, so that said thin £1ilm
generates said heat.

10. A method of shrinking a heat-shrinkable tube
comprising:

a tubular member being shrinkable in response to heat
and having a cylindrical surface; and

a thin film formed on at least a part of said
cylindrical surface and being made of a magnetic loss
material which has a high magnetic loss characteristic,

sald thin f£11lm having:

a first phase comprising a first one of Fe, Co, and
Ni; and
a second phase comprising an insulator containing at
least one element other than Fe, Co, and Ni, wherein said
second phase is continuous, said first phase being
dispersed in said second phase,

the method comprising the steps of:

disposing a conductive wire in vicinity of said thin
film; and

supplying an alternating current to said conductive
wire to make sald conductive wire irradiate electromagnetic
radiation towards said.thin film s0 that said thin film

generates said heat.

l1l. A method of shrinking the heat-shrinkable sheet
comprising:
a sheet member being shrinkable in response to heat

and having a flat surface; and
a thin film formed on at least a part of said flat

surface and made of a magnetic loss material which has a
high magnetic loss characteristic,

said thin £ilm having:

a first phase comprising a first one of Fe, Co, and
Ni; and

. a second phase comprising an insulator centaining at

least one element other than Fe, Co, and Ni,

the method comprising the steps of:

disposing an oscillator in the vicinity of said thin
film; and

making said oscillator irradiate electromagnetic
radiation towards saild thin f£film, so that said thin film

generates said heat.

12, A method of shrinking a heat~shrinkable sheet

comprising:
a sheet member being shrinkable in response to heat

and having a flat surface; and
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a thin film formed on at least a part of said £lat
surface and made of a magnetic loss material which has a
high magnetic loss characteristic,

said thin £ilm having:

a first phase comprising a first one of Fe, Co, and
Ni: and

a second phase comprising an insulator containing at
least one element other than Fe, Co, and Ni,

the method comprising the steps of:

disposing a conductive wire in vicinity of said thin
£ilm; and

supplying an alternating current to said conductive
wire to make said conductive wire irradiate electromagnetic
radiation towards said thin film, so that said thin £ilm
generates said heat.

13. A method of shrinking the heat-shrinkable sheet as claimed in
claim 6, comprising the steps of.

disposing an oscillator in the vicinity of said thin film; and

making said oscillator irradiate electromagnetic radiation towards said
thin film, so that said thin film generates said heat.

14. A method of shrinking a heat-shrinkable sheet as claimed in claim
6, comprising the steps of:

disposing a conductive wire in vicinity of said thin fiIrﬁ; and

supplying an alternating current to said conductive wire to make said

conductive wire irradiate electromagnetic radiation towards said thin film, so that

said thin film generates said heat.




