; e3eD: 6FTYb) 19 March 2d04 1 SI GNAL TRANSM SSI ON CABLE W TH A NO SE
ABSORBI NG HI GH LOSS MAGNETI C FI LM FORMED ON A SHEATH OF THE CABLE
Background of the Invention: This invention relates to a signal

transm ssion cabl e conprising a conductor portion for tran9mash@i04f an
el ectrical signal and an insul ator sheath covering the conductor portion
and, in particular, to such a signal transm ssion cable having a noi se
absor ber suppressing noise | eaking out of and invading . into the cable. In
order to transmit electrical signals sutkh as comuni cation signals between
el ectroni c devices and between el ectroni c apparatus, use is nmade of signal
transm ssion cabl es such as comruni cati on cables. A typical one of the
transm ssi on cabl es usuallﬁﬂégﬂgrises a conductor portion for transm ssion

of signals the3ENALIGANS bt GABLESW B NEWSER ABSQRBINGi i he
conductor portion. A coaxial type of th L gna 1SS | es
conprises a centP&S MkNET Hr Wt?@ﬁM@%@%gm:@%wgﬁf |

t her et hrough, an outer conductor portion to be grounded, an insulator |ayer
i nterposed and i nsul ati ng between the central conductor portion and the
outer conductor portion, and an outer insulator sheath surrounding the
outer conductor portion. It is well known as the so called el ectromagnetic
interference (EMghgf [ Riagy el ectrical noise is generated from
active electroniC ele , hig guency circuit conponents, and high
frequency el ect r pRisCin@@RRdrRtdistesitb esighlr ramsmisbipnsiaia@lcommaiseérg asi on cabl e
and is radiated fromthe cable. On the contrary, electrical noise invades

t hrough t heorsdignat portiangor sansmissiin ef an elentieal signal @ndl artinsylater sheatbnt s,
hi gh frequency circuit conponents, and high frequency elecfronic.a ar at us.
2 19 Mar chco@ding thej congiictonastipn @ndi inePaliculahde Sychya pigagl kansy (?’Ie core

is attached onto an electric power code to an el ectroni for
exanpl e, c@ﬁ@@tf’@f\”‘?ﬂ)aéf@'%%agﬁfg'ﬁ%%p%feﬁls@ﬁ YR Wﬂﬂfgﬁgff‘fkﬁﬁ%ﬁ i ng
into, or f.rgn} thﬁ?lcorrput er through the electric power code. The ferrite
core absorBL fHeC#R!Gh requency noise current flowing through the power

code. The ferri tglt&%re?t&@ﬁﬂﬁﬁﬂ%l&ﬁiﬁé%gg&%%hié‘s ESHRRIIGRTbrEighals

el ectroni c apparatus Whi ave rapl een snall-sized with electronic
circuit coppRM Sedirshieicts @andbelweinsietitonictapparaluso uselis madenwsf i n t he
art that a concentrated constant circuit such as a decoupling capacitor is
assenbl ed $ignal tpan@niselonceatiles soeh s conemehieation siablesppdr Hipical opes the
suppress undesired radiation fromthe power line. It is al so anot her

probl em t Haznsmissign ¢agsesuglneomprises araangustl Naation ferARSEAsEP R

Cype. Such HanalerARSNGACAS ARG RARICT ShorthasAHGIRETB DRERE &

. asrien o RS ITRURQr 0 .

or ocessor BEPRRA COPTRIEPS AT "4 FIBRRL “bapiae e eafirrRle dBE ! ous i1
oces Aie €Y PG P 1 PRAE e

val ue. | GesicirprpHIbF i hiseicheh dofg e ol ol RO, i gn

density i nh@isARb beSyroBAdel esm ifdliforRpRF fiteostieiref inselatihhasewebaneet s

and lines 'are very ctose to each other "and thereby affected to each ot her

to cause EMntrd '&oﬂﬂd@fortp@r‘mrp@ﬁ@m‘:e btreritoptutioe goeitry amai areotiterimsiiatoe
sem conduct or devices and the EM within the small-sized el ectronic

appar at us,sHezh carmoentingtak duter corduiorpartionot lthe welldnayerasdlee Fe has a
relatively |large volune. On the other hand, use of the concentrated .

constant oialledielecspmegnetic interfersncy (Ehfbihal HighBeRUeRCY RIEGHIGRE PORS; 18e
dinth i it J | ect, i t f the.hiah ti
Cype. becaBRnarRISCHBpEATE SIECT o SRBaTT: DAes el oA eRes e By 1 he'

actually aacr%é h%?\ f?eéiﬁésr%cry' e gtt:t?gnic apparatus, flows through the signal transmission

cable and is radiated from the cable. On the contrary, electrical noise invades
through the signal transmission cable to those active electronic elements, high

frequency circuit components, and high frequency electronic apparatus.




18 March 2004 3 constant circuit. Japanese Unexam ned Patent Publication
(JP-A) H11-185542 discloses a cable with a thin-filmmagnetic shield. The
cable is generally used as an interface cable for connecting QA (office
aut omati on) apparatus such as a personal conputer, ganme appaaichzooand
communi cati on equi pnent to one another amd as an internal wiring cable for
connection of various conponents in the apparatus. A first conventional
cable with a thin-filmmagnetic shield is disclosed in the above-nmentioned
Japanese publ i cattiismedithaniy theeart thallauedindrigalderie s9se i ahiaenedraits a
conductor portion arranged at the center for tranm' SSi cin of si%(rﬁal S,_an

i nsul at i ngan MRCHIE FEWET CROSUIAEN BlECEBNIGARAAAISY (AT SRAMP'E FR MR SO e

wr apped around the insu|lating tape, and i .nsul at VEL | am nat ed
Caper The IaniRRIcen o BEE TssbreLcoiss Tam Thayd e, B b She Bpnifel ®

havi ng hi gh _conduct i Vi as hi gh- il ! i made
of a mater Puﬂ&@?%syer?}tﬁsg‘g?ﬁé%%rl I'@'98?%@%9{??]9'0%5%?5%%?1??{fr?ggllléaﬂ[lt%@n

noi se is efbeetdy fﬁﬂiﬁ#ﬂﬁﬁu I$@I?@E5Wbbﬁe, SiTREdefrie cBRS Bbed @Ak a
(typically, copper lea aV|n8 hi gh conductivity is surrounded by the

hi gh- per meghé vblunkdim chdinparisbh vithoslestrbnio appasstuswrhicl hagerapidiligbeehe
metal |eaf wi thout being absorbed thereby can be shiel ded by the

hi gh- per negipialligized Wwith diedtronidoirs,it chmpoadntst disposerd gka ihight dessitshi el ded by
the netal |eaf, and then by the high-perneability thin film arranged :

t her earound. As liissahmeqe%%ewntilhéh%@d\ﬁéah%ﬁ@ﬂ@ﬁ@éﬁ%ﬁlﬂ@st@ti%% &ighi n

Appear ancesbacaRsaPING CAPARRIUE A3CTEEG A PORBREROR TG BT FIogl Py e
[ d. A d ti I bl. Ltha thin-fil ti hield i
Al So-d ci B0 e £ ESdBaveP Vi L B Rni B e PEWERARE S 5 8 T

structure to the,fi j i 'lw, N &5 SHEFRRuEE@brt he
insulating tape %téé %E@v@%ﬁg%ﬁ%@lt@%bAW%% S tr?cﬁct ure, the cable as a
whol € s pravesd edm alstrivebrluABPHr Anfifteltaee wircaheeviek ofm Righespeecef f ect
and the i nPI uence of eddy current of the high-perneability thin filmis

suppr essedopdratibaftpse suth assa rrtivsnbhecess memorgsBAM)e arraddatilpmemose over
a w de frequency band. However, the high frequency current or the high

frequency {ROM} aonicrafirscessont(hiRid), a dentiab precessifitowdh(CPUh Qanaris inagedt . a
signal path exhibits the behavior as a distri bute@? c%onstan Ci rcui th' h
Ther ef or e, ProsessemaEhmelicdpaisdimt GPAEH) breaugmAR §eq %%SMBOY‘@ 56 Ng

Ph the. aboTREaAls SHERTBOONRE A Rherae ThEgrepta T R vABRT L T

the < ! amis
e rer T AdabBb b koot e BRHBSLL Y Eigh =1 | o)
probl ers. %gih%m;;-é‘iﬁd EleRAHRRGhIHIAIACt Thefdibfe, thbse elmnantsalricst i C)

of the magnetic characteristic thereof Is inferior particularly at the high

frequency. jidds a@didry Aosd Reesdiesiher anghbemblyeiffestedtd sactegiteddd cause
Al'ternatively, use may be nade of the high-perneability thin filmmde of a

Co- based agmiphous material, for exanple, Co-Fe alloy. In this case,
however, the frequency characteristic of the magnetic characteristic
thereof is inferinerdsate supprassyhahighiseaiencyt nese &Ry thasegemicopector
above-nenti oned case. FEurtherno Co- baseﬁtsggﬁ])r phous materi al

) { e, al though the
can be narifvieeuARd the EM) \aﬁmpgfl@,ﬁmalkﬂéetg&&ctﬁogi%?@qlﬁra Qingly, this
material Cc?onnvré%ttioﬁgﬁﬁétrriit%acl:olr c%%n8§ Eg uisgdtbré%ahggﬂsl"afsya relatively large
volume.
On the other hand, use of the concentrated constant circuit cannot
sufficiently suppress the high frequency noise caused in the circuit using
electronic elements of the high speed operation type because the noise has an

increased frequency so that the circuit line actually acts as a distributed




It is therefore an object of this invention to provide a signal

transm ssion cabl e capable of efficiently suppressing only a high frequency
noise. It is another object of this invention to provide a signal

transm ssi on cabl e capabl e of achieving the above-nenti ondd MdrtR@004 t hout
requiring any additional space. 19 Margch 2004 5 This invention is
applicable to a signal transm ssion cable conprising a conductor portion
for transmtting an electric signal therethrough and an insul ator sheath

covering sghektaphnskstior portion. A typical exanple of the signal
transm ssion cable is a coaxial cable further cogb):ri Si nq an outer conductor
- I

portion around saaphrszsdUntramped PatenhRublicatiotelP-Ah i at@542:¢iFlogPSposed
bet ween said conductor portion and said outer conductor porti said outer

conduct or poableowithai thip-tin ewagneticsigldd Wherradlg I GeNEIR Pﬁﬁg%ﬁ@& h.
Sohion 1 askreriapmeatiofol semmnies G latcpuddrala hrmRa AU sieh BR&I aror
i oh |oos psighBe| eompuiarngame e satud AR Rl SHiC R EGupmeaR 6 TR - T
| oss. mmgnetRaREr Ao s Wi calbtbr connadtioBfd] yBFBBS Gotindrte it O,

is also pr @g hat the high | oss magnetic filmhas a thickness of
0.3-20 a mﬂe% orrgp}r?g to an enbodi nent, the high | oss nagnetic filmis a

thin filmfornmedabysisesfveatibAgl e esth, a thindilmenagneticeshieloyis vigaiesed in
deposition process. It is preferable that the high | oss magnetic filmis

covered wiihe gbovestnentionsdapangse behlidationandtenprisss amignadity ef $ignah i s
preferably nmade of a MX-Y nmagnetic conposition which iz (I:'%FIPH'Si ng M X
and Y, whesandvctersasecantuetorpgrian aranged ahiheceriesior MENSMIBNONE,  and/ or

i bei | ] h h d ) i . '
e e
Tnenct| vt EbR WEbBsta oA the SRt BRe big BATRETRId-2bvBRARg e at LT AL 07
conmpri si nglaH@ét%@;_aQe. 6142 | MRitdled 99 éﬁﬁ@:ﬁ%@@ (b fnifdte &I 206N néafodr folli s

- i nvention, hagnet 1 c conposition has a saturation magneti zation
which is %@H&qﬂﬁh-é@ﬁd@@w@w@t |5BGRid Highi permaiabilhe thie ithimadenagaet i
material M al ohe.” The M X-Y magnetic conposition has a conplex perneability

frequency masdrEi$avivig ligheiertmeabilyy.nar r ow band where a rel ati ve bandw dth

bw is 200%or |ess. The relative bandwidth bw is determ nag as._a

per cent age rat i oWGth thisnstniicture, badiatien noige isefigetively shiglded WRPERTISHNs t he

Fr equency BnoedaIMSiALRRIHHCHS CRPRENIARdHBITS NESBS LTS e & DC o
PP S v Sitiae o st Siay Rirrieabify Th AR e tRedloh AL REFiGRGO! Mot

through the metal leaf without being absorbed thereby can be shielded by the

high-permeability thin film. Thus, the radiation noise is first shielded by the

metal leaf, and then by the high-permeability thin film arranged therearound.

As a consequence, the above-mentioned cable Is improved in shielding effect

over a wide range, easy in handling, and smart in appearance because the

diameter of the cable need not substantially be increased.

' A second conventional cable with a thin-film magnetic shield is also
disclosed in the above-mentioned publication. This cable is similar in structure

to the first conventional cable mentioned above except that the insulating tape

is provided with slits. With this structure, the cable as a whole is prevented




has a saturation magnetization which is 35-60% of the saturation

magneti zation of the netallic nagnetic nmaterial M alone. The MX-Y nmagnetic
conposition has a conplex perneability frequency response of a relatively
broad band where a relative bandwidth bw is 150% or nore 19 N@rcheloati ve
bandwi dth bw is determned as a percentgge ratio of bandw dth between two
frequency points which shows the conplex perneability as a half value a "so
of the maximuma "max , to center frequency of said bandwi dth. The M X-Y
magnetic composctimentasft an BBtepeeffed anskinetiafieenass oserpiacgrent fthgr nore.
The M X-Y nmagnetic conposition is a granular magnetic co oFition wherein
sai d net al high-peyneabitynthirefiimais suprsessed.r i Dgre rﬁs“@?@ﬂé}!p'gre OSUPRLEFS a
mat ri x conposition consisting of and Y The granul ar grains preferably
have an avér@grdighen ﬁoﬁez%"e(ﬁ% ‘l"—d@ér?\%'e”ﬁypt?%%gl y, Xis at |east one

I df I Sti f ' | : ' :anSr, Nb,
Ta. ana rar e- car St G hdRalegty sotmnthr et higltreqlenciaoion T 10
d rare 1558 ) _ gnet ¢

To War ch 2061 R o & el

transn ssi @RhgaR @sar AREHHIS tBnatant EFuie TODRreedE, e ¢dnventiomehti on; Fi g.
2 is a schematic perspective view show ng a signal transm ssion cable

accordi ng h@uﬁte&ﬁ@@@dr@ﬂ?@iﬁbm neibe ishnst effeativeietaube$UCB s a schematic
sectional view showing the structure of a sputtering apparatus which was
used in exaophwsmelisgre dssiames haplmped consantAisiihg a frequency response
O o e e ety Tl B R B Rl it B o o
test appar Mrealhon Madetingha e SEmeRnr BUL B Perraley B NgTel: ¢ A e,
magnetic thin film as the high-permeability thin film has following problems.
Specfifically, the frequency characteristic ("' characteristic) of the magnetic
characteristic thereof is inferior particularly at the high frequency. In addition,
the electric characteristic is degraded.
Alternatively, use may be made of the high-permeability thin film made
ofa Cc-based amorphous material, for example, Co-Fe alloy. | In this case,
however, the frequency characteristic of the magnetic characteristic thereof is
inferior particularly at the high frequency, like in the above-mentioned case.
Furthermore, although the Co-based amorphous material can be manufactured

in a laboratory, the cost is high. Accordingly, this material can not prac_ticaliy
be used in the industry.

Summary of the Invention:

It is therefore an object of this invention to provide a signal transmission

cable capable of efficiently suppressing only a high frequency noise.

It is another object of this invention to provide a signal transmission

cable capable of achieving the above-mentioned effect without requiring any

additional space.




Fig. 6 is a graphic view showng a transm ssion characteristic of film
sanple 1; Fig. 7A shows a distributed constant circuit with a length e,
showi ng a nmagnetic material as a noi se suppressor; Fig. 7B is an equival ent
circuit with a unit length ~~ of the distributed constant 10iMar¢ht2008 Fi g.
7A; Fig. 7Cis an equivalent circuit with a length 2 of the distributed
constant circuit of Fig. 7A; and Fig. 8 is a graphic view show ng a
frequency response of an equivalent resistance Rof filmsanple 1 in

Exanpl e 1. Now, Tﬂﬁ@qmé}ﬁﬁcﬁﬂtsvmﬁ;ﬂhcb@lertactesghabtmmrﬁemcaﬁfe@ﬁﬂ@rlsﬂﬂ&ﬁt|on
with reference to the drawmng. At first referrin o Fig. 1, a signal

t ransnm ssi eondwatibrepdifioadontrdnsmitting anfale@tlcagnﬁd%’r*ﬁ!ﬁthfeﬂglﬂ &g 8Mvention is

a coaxial cable. The cable 10 conprises a 8 19 l\{a rch 2004 %enttﬁ
conduct or insyladorcsheaitlicovaring seaisk CasiueR RArtieD. afrRGBLEXAORIRLRE center

ductor 11 to b tric.th t d
Dot woon { HEGBEHIRSTBAIL RIS 18 S e eh6aalt AT EATELSTE = asRcror 1. The
t d 11 | de of,
Far oxanpl haonpelpb AoamnandfsdborBf e FRPHERInstitol ByERCE 2
mater!al haLhded pefybdll SaBUdiduct d?ﬁa%rnéﬁﬁhd%%ud)@hﬁé?tcbhlj@e@r pbhtory atd

conduct or Is of a copper wire. Wthout

bei ng reStéutﬁF EQnBD&b?Bertldrhﬁ‘e:ﬁgfdﬁfécﬂgbﬁduﬁe@rwmﬂ salyinsolating skeath.al um num
pi pe or an alum numt

According to this invention, the signal transmission cable is provided with a high
loss magnetic film formed on at least one area of said insulator sheath and
covering at least a part of an outer surface of said sheath. The high loss
magnetic film has the maximum complex permeability it "max in a frequency
range of 0.1-10 gigahertz (GHZ).

It is preferable that the high loss magnetic film has a DC specific
resistance of 100 1« & < ¢cm or more. _

It is also preferable that the high loss magnetic film has a thickness of
0.3-20 um. |

Accordmg to an embodiment, the high loss magnetlc film is a thin film
formed by sputtering process, or alternatively by vapor dep_osmon_ process.

It is preferable that the high loss magnetic film is covered with an outer
insulating sheath.

The high loss magnetic film is preferably made of a M-X-Y magnetic
composition which is 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 than
M and Y, and Y 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 35-80% of that of the metallic

bulk of magnetic material comprising M alone.



In either event, a conbination of the center conductor 11, the outer
conductor 12, and the insulator 13 serves as a conductor portion for
transm ssion of signals. The conductor portion is covered with a sheath 14.
The sheath 14 may be nmade of a material, such as pol yvi nyH9ddrohi2004

pol yet hyl ene, polyimde resin, or the lige. The signal transm ssion cable
10 of this enbodinent includes a high | oss magnetic film 15 havi ng conpl ex
perneability and fornmed on at |east a part of the surface of the sheath 14.
Referring to Fi gAcZordingtgaalernbadismens of #is innandionathedMcbramagnedCa second
enbodi ment of this invention is simlar in structu bg t?&{% i Ilﬁtrated in
Fig. 1 excepmposiiondhasasallration magnalization Whicys 80r8Pia YUY i al s

f or med d the high | ‘ ic filmdas.

e oo HaasaRoR REMa e Tontaghaa The L M Sahtr “TrBlisk t dBgreters, |
hi gh | tic film15. The.| . i peul f
o I heer e fpsiioc dath Rmulr peAREsalfy reuaithesnbdse BPdabively Sitace
above- ment hgﬁ%ﬁ:r %érxﬁ’iq kv@epé %fr‘éféﬁ?/leeoér%vﬂéﬁl E0F i orBERet IThestdiathance. |t

i s understo recent research that use of the magnetic substance

havi ng t h%gﬁewﬁ}th GHras det@eiingd 8k 4 percentajeratipestibembinidthybetiveies 19
March 2004 considered as an effective resistance added to the circuit

gener at i Ngt\d&reBRERBy POItE MhidHShows tee camplex permeerbilitgdis arhalf yafuseck i'spe
resistance is dependent on the conplex perneability a " of the magnetic
subst ance bt mamirdetaid . prtoiediterdreduancyted seichbandwiddubsthed>h¥s a
constant area, it is certain that the effective resjst e i§ dependent on
the conpl emggnetisawimpasgitian haga Phresnegificrrasiange ?fh@%?ZQﬁe’f‘i@ s?fg'st ance.

Thi that the: ti bst hayi ‘
por meabi 1ty coudepra b agotie s emanty Pl A& Y Hiag R AR B | oced
|ume, that i hze i i _ o
Vovent on Brre i G0 E0aS R cnl iRy 85cdon o e St RiRUZAIOR | ox
permeabi | i byyr ?%E%fi&ﬁd%ﬁé'ﬂetrh&ehaﬁm @bna. hirek Moeyuragetipcehposiion t he

. t , .
maxi mum val ue o e Cco ex perneability within a quasi m crowave range of

0. 1- 10 GHzhg¥ercdrhpleReeriicaivniey regaeaty saponsaof 2 ielativeiyobroadsmndss one of
magnet.i ¢ substances having a | ow magnetic | oss and a high saturation

magnet i zat ivbiere a ritaXvi hergivddincowoisplios icsmanet  Tagrelatverkandwitth Bvenent ,
Y. O N or F, X elenent or elenents other than M ande is known_in the
prior art, isweterminednas alpereersage satieof Pﬁ@d‘gﬁlﬁi‘ B@P’I"?ﬁj‘ figguehcY ReINpor
d iti t hod d h | st t . | ti

par L1 cf Iegngﬁ?% %ﬁ@@mg&g@f{ ﬁen%:?émlfmr “ﬁ%b’f@ VLB e X i R ©

cer ani cs. ing searching fine.,str ic

conposi ti oft {rraygﬂézem@r}lé%g'éqchrﬂf Sﬁé‘fﬁéﬁ@ﬁﬁnﬁ)y?ﬁﬁwﬁs@n inventors found
out that _t b bafioAHad & HORBBAR bdigabli 680 heor eai agflofel a i gh

concentratirontregion e the Y magnetic conposition has a
saturation nagnetrhganixy mhgiefe eompeskionlis ahgranofar megreticadormpoditibh  of
magnetic material conprising Malone. The M X-Y magnetic conposition has a
| ow speci f wbersiaissidineeallit neagriaivenateniah M is distribotateals graruigygnaingin &g a
relatively large thickness which is used in a high frequency, range, the
part per m trmtrix cethppsitionreonsisting ofowvandef ei e granylar gsaing prefesablyhaves
reduced in perneability. Therefore, the conventional M

an average grain size of 1-40 nm. -

Typically, X is at least one selected form a group consisting of C, Bi, Si,
Al, Mg, Ti, Zn, Hf, Sr, Nb, Ta, and rare-earth metals.
According to an embodiment, the M-X-Y magnetic composition is a

composition represented by a formula of Fe ,-Al3-O,.




19 March 2004 1o X-Y magnetic conposition having the high saturation
magneti zati on cannot be used for part having an increased thickness. It was
further found out that the M X-Y magnetic conposition having a reduced
concentration of Mhas an increased conpfex perneability d9 Marcla2B04h
frequency range. In a reduced concentration region of Mwhere the M XY
magneti c conposition has a saturation magnetization of 60-80% of that of
the netal lic bul Brigf Daespnigtion oftheDrawingonpri sing M al one, the M X-Y
magneti c conposition has a relatively high specific resi stI nce about 100 a
S2 ~ cmor nore. Fithet ﬁ@ﬁébefiﬂﬁtlﬁPﬁéﬁﬁeqtﬁﬁi@i"ﬁﬁ:}géh%@rﬁﬂ\%qr? ?"ﬁpémﬁﬁgnsuch as

several mcroneters a s faqrnged o he co sition wwth the reduced
concentr at pgpleochgrdﬁ"[g 'Q[%U&Stgn?wygai ?{)@és Wgﬁﬁ "t he eddy current. The
magneti c | oss or conpl ex [ i (" . : -ad
resonance. Ther efgg'?;) 'St%égﬁ?g‘éﬁegﬁﬁ%ﬁhg?%{%Vggcﬁ:ggrdpwfgeé%ye@né%@%wﬁjogn a
frequency LS, A . i isNhventigrrgnet i ¢ conposi tion
with the rgéh%e%&cdgﬁfygﬁtwr%g‘?%oﬁqc{)?ﬁq%lafjgﬁ%@e‘%f[}ﬁs%r shpﬁressi on of noise
Wi thin a narrow fH@eqiang ¥chadse skbtichd VidWishowattedksiamaensirat i on of M
where the M X-Y r% gﬁqc gorrpos?tsi orll has a saturation magnetization of
35-60% of gpatiemhg bhparausmHich akluset inexaeiples;mat eri al conprising M

al one, the X-Y magnetic conposition has a higher specific resistance
about 500 a ~ ~ .ot is@geaphitaindgwsbpwinga feagienay respanse HrRigoTw®ent s

further reduced in a part made of the conposition and having a relatively
t hi ckness peauneabilibeotdilm sampteohin Examplealing . Magnetic nutual effect

bet ween M particles beconmes snmall .so that the spin heat fluc i comes
large to cause fIFi@t4fAiS %rgr%‘?h'Fﬂd{‘eWrsbaﬂ’éWﬁ?%ﬁqDWXﬁ%%@%a‘%ﬂ?%b%é%gnance '
of the conpl ex roeapility ngt at.e refore, the conplex perneability
a " has anBQTFHFES!é‘EOF’!&P‘g%gWgE@”b(?ésmﬂ%?bad frequency range. This neans
that the MV MY s SEABASHE bBRAYCliVe Withy bHE B adpRsRRtoF R Al | on
of Mis useful for®suppressrion mp nolse within a broad frequency range.

19 March 2Q8fkeldddtedsif dfecearfREnEO SaMpIgE;i on of M particles of Mdo
not magnetically effect "to each other so that the MX-Y conposition

exhi bits the sup@ig.lsaggaptic siew showiegi aytransmissien charadteristicddilet i c
substance to be di sposed adjacent an electronic circuit so as to suppress a
hi gh frequeampl®di se, a value of a product (u" 6 ) of the conplex
perneability u" and a thickness 6 of the magnetic substance iS considered.
General ly, ( u" Fig 7A shooe@ diskibiuied eoistaB C'f‘B’r‘“@F"F@d?PQ@‘I@%@M’P%E‘si ng

hi gh frequency noi se, of hundreds negahertz (MHz). Wen.the nagnetic
CONposi t i omﬁgﬁ'@'CHHEt%fWéaéM‘P'éﬁ SHBSWE’%B?’I ity of about 1000 ( a "=1000),

t he noi se suppressor.d ' . have. ' iﬁﬂfﬁ? /f LGHQAFBLRIG ( a M
or nore. Theref o?ié,)‘ 7{%@5 %ﬁ%gb%%%lrﬁggﬁﬁ@éngﬁl 0 @pegi?}itﬁérlesi stance is
‘not desire Avssclins dypagurrent is easily generated but is desired to
have an ing?ﬂg%ed s%‘é‘cﬁr@dr esi stance such as 100 a S2 or nore. In the

viiew point of theipbayes aMeuildsarRatil Wwitn® tsridih dof tise distriutet eonsteard
suppressor is desited to have a reduced concentration of Mwhere the MX-Y
magneti c coimpaisof Fin Mgera saturati on nagneti zation of 35-80% of that of
the nmetallic bulk of magnetic material conprising Malone. Therefore, the
hi gh | oss magnet iFig.f8 Isnd CEamie VievashowingRTTeAUEME IMSROTSARE AaGquivalent
conposition which has a reduced concentration of Mwhere the M X-Y nagnetic
corrpositiofﬁ%%‘@”&eﬁpﬁf‘lﬁ'ﬂisémpi%éd'é&xﬁaml%ﬁ-of 35-80% of that of the

nmetal lic bul k of ymagnet.i ¢ _nw i ',Malone. The M X-Y nmagnetic
conposi tion whi chas+a—redtced corcentra of Mwhere the MX-Y magnetic
conposition has Al dualibAtn PRSI bPemPbafRERK A inikiertfonen et al | c
bul k of magnetic nat’'erial conprising al one 1's proposed in International
Pat ent Applifeddhtd\Nhe diaWidd 01/ 00437 filed on January 24, 2001

correspondi ng to Japanese patent application No. 200052507 filed on January
24, 2000, which iag firetf refarfilgtto Firigiansignal transmissiopaaiieed0 according to a

first embodiment of this invention is a coaxial cable. The cable 10 comprises a




12 19 March 2004 to the present description. Typically, the high |oss
magnetic film15 shown in Fig. 1 or 2 is a granular magnetic filmof the

M X-Y magnetic conposition. Referring to Fig. 3, a sputtering apparatus
shown therein was used for produci ng sanples of the granul8mareh2804c film
The sputtering apparatus has a conventiopal structure and conprises a
vacuum cont ai ner 20, a shutter 21, an atnospheric gas source 22, a
substrate or a glass plate 23, chips 24 (X or X—Y%, a target 23 M, an RF
power sour aEntemcbrajuciaruimapaipddzal ouier eendLeke! é‘”@ﬁeg%ﬁ%'@ and t he

27 ted to th t ai,ner. 20, 23
Coni ront s Rerercansugil Hsode apPeantiR I ephapat drdpadale  RYERRERYT 27
is di din front of the substrat . Th i
5 SPose el S0 (ol 1S ARt 8\ Fthe RGBT pya 78 1
conposi tion was ”ij'fegaé’riﬂﬁr %,3&&@85 {H ﬁ]@ ?'%P%ec‘”% & inhe cBRYLERF and is

apparatus illustr I'om ng sputtering condition. The

target 25 V}ﬁédé‘ofﬁoPEy?&mB%‘a{li(?ﬁngacﬂ?épﬁlﬁ%’g&sﬁemirépomwﬁsmtbzGSprhagesm of Al 203

chi ps, arranged t’hereon. a size of 5mMm x 5mm x 2nm Then, by

the use of r@Q@e VREYHRCPRITRaRAg d % didfsstie kes| sicteas pOlysdsyleret Thea vacuum
degree of about 1.33 X 10~ Pa"and was supplied with an Ar gas fromthe

at nospher i gesceicte 22ilustrarebinght figurdis ploavareshaef coppsr wWiee- f MYHNPHE RF
power source 26. Under this condition, a magnetic fil m was fcrr med on the
gl ass substhe@restrittied thetedo s theeoutsr eyNduioshaifma sHPPHER ABRUTHY Baf t er
the magnetic filmthus obtained was subjected to heat treatnent for 2 hours

in the vacwipe sagna@i®inuretaP&inder a thermal condition of 300. As a result,
a filmsanple 1 of the above-nenti.on u ' i | bt ai ned.
13 19 March 2004%#&“?[ P‘r??%%ﬁpﬁ%“ﬁ'”?ﬁ%ég@%a%%@ﬁ%@fﬁgﬁ §/1z'etgb \tlaé%ﬁgp

fluorescent X-r e i i Jih figr @ conposi tion
Fe~zAl ~i GQPngyqﬁl%m%béﬁ%ﬁgg%l%aag 1§$§£Yé§t7§92a?csor§u%c%r? t hi ckness, 530 a S2

~ cmin 17 spesifit JretimieinCrne s4R8uAbMpbRIoANs Tovemywith e sheatk)14. and

1.68 T in saturation nmagheti zation (M), A percent ratio of the saturation

magnet i zat iTHe Shedther4f ﬂnhmt@armiaUe of zamatarizt suh ashpoiyeinyl chlerifet eri al M
itself, as given by ~Ms(MX-Y)/Ms(M}X 100, was equal to 72.2% The
nmeasur enentpohgethglenej polyooidegesier ar the ke for different val ues of the bias

regnel | o TLeld. o ihe rasured | TSRS iRl Sho e AGTREERAS .,
esponse) Vas. caloul al i K 5o Sh Befhdaniy A el 0kag; bt 7 o
froquency (O t&strads oF EROHRHEN e rmsd mum val i fesenanee
Referring to Fig. 2, a signal transmission cable has accordingto a
second embodiment of this invention is similar in structure to that illustrated in
Fig. 1 except that a second or outer sheath 16 of an insulating material is
formed around the high loss magnetic film 15. The outer sheath 16 covers the
ahove-mentioned sheath 14, which may be called an inner sheath, and the high
loss magnetic film 15. The insulator 16 serves to insulate the surface of the
signal transmission cabie 10.
For the high loss magnetic film 15 above-mentioned, it is preferable to

use following magnetic substance.

It is understood from the recent research that use of the magnetic

substance having the magnetic loss factor or the complex permeability ©”is




( a "max) is about 700 Mz. Fromthe a "-f response, a relative bandw dth
bw was determ ned as a percentage ratio of bandw dth between two frequency
poi nts which show t he conpl ex perneability as a half value a "SO of the
maxi num a "max, to center frequency of said bandw dth. Thagmeirehi2004

bandw dth bw was equal to 148% Exanpleg2 In a condition simlar to that
in Exanple 1 but using of 150 Al 203 chips, a filmsanple 2 was forned on a
glass plate. The filmsanple 2 produced was anal yzed by a fluorescent X-ray
spect r oscopynshitres atiamefeativeassistancefaddesbiopbei aiicoit geaeraiingothg NABR il m
19 March 2004 14 sanple 2 had 1.2 mcroneter ( .a n%,i n thickness 400

m cro ohm serthattieenaise cande attenyated DENG gHEFHY? r¢ANES RECPEAREEN n

ani sotropy field (Hk), and 9600 Gauss in saturation magneti,zation (Ms). It
wi |1 be noti® CoREeX Permeabiilye “2%*5%”@4@9“9 SaNGH Y Ie!n%teit%mt he

T sarpl 8roVdAg DRLheeERE wetarango hesh Saiehft + @8 IRpRErarfhashert The
ot ai ned 1 RIS [T ERCR s Agherndihtbn 2 CRIPERIBAEAOIN T ERRI g 125 71 50

not ed that {ipgn 8eaks hasmabAgicsitistind@! UPniSimbay ttiae tidrtagnetit isubstzaiel e 1.
However, the frequency pofnt at the peak, or the natural resonance

frequency havirgoat inkr&ifedbemblex sarmyaNitp eouibiriovideya pigidiuedigndyandise

ei ther side of the peak so that the a "-f response has a broadband

char act er i stippressor elithta vedUzeddwilumb, that issfa fadused sigs 8 areaandihigness.
confirmed as 181 by the simlar way as in Exa escrirﬁ)ti.on wi ||

le 1. . d
beI made as to tedhereforatthisgnventiaibaims Wr§ﬂﬂgp%§@9ﬁwg#@§¥aw He"Ganpl e
fi whi ch i ed t I ng.,.a t . [ 9.5
Ref or 11 ng_ 66 RF@asel QonPlokoeRBRMIR I BiSTDRABRRLE % AHEHEndlstevn, 51
havi t t i al | ; t <and
ot work. an8rgiaEly FEE eimfif e o rEEEAT Pl P ek WO Qrashnd 2.
mcro-stri %8&15&%3%1@{@% & 4.1 9 GRREVRNf thEomeiteds 3 ahananaerd.owim or

| npedance e test piece 33 was di sposed at a region 34 on
the mcro-gdgsip line 31 and the transm ssion characteristic S2~ was
measured. In case of the test apparatus 30 shown in Fig. 5, a high,
frequency currenfsi gne ohpragestid sbpstaddes havingfa w sRanelic doas ard Adtiahce
value to the mcrostrip line 31 to be adjacent the test piece 33 of, the
hi gh | oss salymatior nidgnetization s M-Xa% eagnesicaaneresiign Y pmagestia metalicnh; gn

[ eauency curtont )% 2 oSt prgpect] SPall 9l B ahiit Phnd WigHGhnin| ~ -
the prior art, which is mainly produced by the sputtering method or the vapor
deposition method and has a granular structure where metallic magnetic
particles of M are dispersed in a non-magnetic matrix (X and Y} like ceramics.

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

The M-X-Y magnetic composition has a low specific resistance.
Therefore, when it is formed in a part having a relatively large thickness which is
used in a high frequency range, the part permits an eddy current to flow therein.

As a result, the part is reduced in permeability. Therefore, the conventional M-




15 19 March 2004 and a thickness 6 of the nmagnetic substance. Referring to
Fig. 6, the frequency response of S2~ for filmsanple will be described.
Wth respect to use of the filmsanple, it will be noted fromFig. 6 that
the S2~ (dB) reduces above 100 MHz, becones to the nini nuno@iarch@dB4at a
frequency of 2 GHz, and then increases ggove 2 GHz. The results denonstrate
that the frequency response of SZi is dependent on the frequency

di stribution of the conplex perneability u" and that the noise su tpressi ng
effect is (ependgméticocompesitiondavingthe(high saiagon .magtsw,t%mpamg B®at t he
magnetic sanple tforns a distributed constant circuit having a length of ~
as shown i wsEddor gact hamingean ingreagedcihickoesswas cal cul ated for a unit length

f D2 f t i SSi h i Sti L hown, i i - , th
caui val ent ci 1 caltwanioriies Panyo redee N R hiodten fayinke™
[ it f h it | t h 1| = [ t
Ciruit of redkEagaareada s oF nalan BEEhsk colthintBertRge P AL < ance

Thiss 1wl e BB R B A o o Char St or | St

this, it e change 1 n transm ssion characteristic

of the m chomabhbfic Ebﬁ%o{éﬁbﬁ%sdé'%_ahﬁaﬂéﬁ Refgrietigatiof of 56-809% of tatoftagnet i ¢
m |

filmon the ro-str Ine is miinly determ ned by the equival ent

resi st ance pitamidesii Bf sRghesic Materalesvmprising Miaone, the M-Kgldemrgnatesponse of
t he equi val ent resistance R was neasured. The neasured data_are shown in
Fig. 8 for cohmokitiom sanalrelativelywiigh specifioresistaneeabnet 1094re t AAOR he

equi val ent resistance R gradually reduces in the quasi-m crovvav? range and
i s about sewmeal Therefouhrika partming 8 rejabivelythickngespuethas SEXE'® r equency

d d f th i val : e dif -
SR e BTl

19 March 2004, Th f i | f . i ) oh
frequreﬁcy BPM il ﬁif"\’%%ﬁ%?b%%@%%gé%%ﬁ tﬁéﬁﬁ@ Itg::ﬁﬁe:”?-au'[ﬁ??ﬁg@'cqo%@\‘\ﬁ ng the

quasi - mi cr LiS11RRR tt§ ehe HBRIFESSE6Nande.t MEhgretbrat then noi se
into wi de- gﬁﬁ‘ﬁ%ﬁ B?ﬁﬁe%t?i%ﬁﬁ?ﬁégﬁseﬁg? gt aboutr 1 Giz. It wll be supposed

that this gisftr"it%tﬁﬂ@@f the dorssiex PRrineabilityaciial fréquenessexiois rarrewi oTbis t he
product and the sanple length to the wavel ength. Production nethod of the

high | oss mrgieithat fid M-XY mrgneticcempasitidrawith dee refuned ennrealratigniie
sputtering nmethod and the vapor deposition nethod, but the|y do not restrict
t he producM snusasulfod suppsessiareef NQIseIhEYa FRHGWHEBRYNIAN%Es i on beam

oo et A B2 ohale o PGB WRfL g mibgeet Lon of
e hedl | ARGk Sl BERBERRn IS 1 i e fracrent <
bulk of magnetic material comprising M alone, the M-X-Y magnetic composition
has a higher specific resistance about 500 & {2 + ¢cm or more. Therefore, the
loss due to the eddy current is further reduced in a part made of the
composition and having a relatively thickness_such as several micrometers (4
m). Magnetic mutual effect between M particles becomes small so that the
spin heat fluctuation becomes large to cause fluctuation of that frequency at
which the natural resonance of the complex perméability generates. Therefore,
the complex permeability «” has a relatively large value over a broad
frequency range. This means that the M-X-Y magnetic composition with the

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

broad frequency range.




out in the vacuum magnetic field. However, in case of the as-deposited film
havi ng the conposition or using the deposition nethod adapted to achi eve
the performance of this invention, treatnment after film deposition is not
restricted to that described in the enbodi ment. Wil e t he18darchl2084bl e has
been described as the signal transm ssiqn cable in the enbodinent, this
invention is also applicable to other various shielded cables. In the
enbodi nent described above, the high |oss magnetic filmis fornmed on a part
of the sheath. Hiweweore mueceteencentratioreetiM, pagicdes of M3 NPt | m nay cover
the entire surtace of the sheath. Wile the grapul ar magnetic. tilmhas been
descri bed awagnsdicallybeifeelsto eatintheese ﬂmaﬁthﬁrﬁ?gi rﬁPéWP?%ﬁO’i‘ §x§'|bét8 tﬁ%pl i cabl e
to any magnetic filmhaving a high magnetic |loss at a high frequency range
of several SYPENPRTATPAGRSISIAl GHz. Thus, in the signal transnission cable

di h | . . : . . s f q
f;ﬁczgf | oast a palt SR OTRL AR mabyet %*ﬁgﬂéﬂ*;a?ﬁ?@%ﬁ%‘?%?%ﬁ?ﬁ?ﬂ s possi bl e
E)SI‘ rGenlt ,CI \iﬁhﬁe\a‘ggmﬁ%@h@%&gwg% |oafs(])t uscgngs;sg%R thecwsi gnal ty{ra'aﬁgﬂugi on

cabl e, Wi t BPHt,baG (11 N0 SHORHBIInMblek perPaBBIity shaaea thiskhbes, Ot é hi gh
| oss magneti c pfl mis al so applicable to a balumor accessories therefor.

19 March 2@Q4mkfyrictiblsMBstanch is considetedins@esaratin (cabt & kc&pt 089 Agnas
conductor portion for transmtting an electric signal therethrough and an

i nsul at or sépateul fooedectieely sLigprassingchigh frasuenek noigR ehhyrdrefl8r act eri zed by
provision of a high |loss nmagnetic filmformed on at | east,one ar of said
i nsul at or ml’ﬁ?rtir@md@verwggn dlre magnetig CSE?ROQWO%HS%EQ? t@%??@@ie%f sai d

heath, and said high | Jic filmhavi i
e L ek ik
o216 N 01 LSRR RS0 Ll (bR TR o MO S ognehenav < 2

el ement or a%%’?détcif%t RelstimaNisMat Hdsifed Heealsé shdeddly candhpis éasilgnd sai d

M X-v_ magnetic conposition has a concentration of Min the conposition so

that said Meferhtf8®0eld GeslapRshdveoan mseaschspeditic esistageeslgh@sobf
35-80% of that O the netallic bulk OF magnetic material conprising M al one
.V z. A signalQt oanmression cable as clainmed in claiml, wherein said M X-Y

magnetic conposition has a conpl ex perneability frequency .respon of. a
rel atively narroln Bendewrraiat @ th@|amveel\/b§n\€|\m%/ﬁf}?t’5 PR ﬁﬁ?aﬁ%rs&',e sai d

bt veen t BORECHRRIBSSGEdF AES e Redn avietuRed Campr Bl GRSt PRIREED, )
value a *; %—Qfmégr?et!r{:aé(cim%énsiﬂoa TR% 2 s QuFSrEhabheftiidrYoris-aaedobgrd W dt h:
the metallic bulk of magnetic materiat comprising M alone. _
Therefore, the high loss magnetic film is preferably made of the M-X-Y
magnetic composition which has a reduced concentration of M_where the M-X-Y
magnetic composition has a saturation magnetization of 35-80% of that of the
metallic bulk of magnetic material comprising M alone.
The M-X-Y magnetic composition which has a reduced concentration of
M where the M-X-Y magnetic composition has a saturation magnetization of 35-
80% of that of the metallic bulk of magnetic material cbmprising M alone is
proposed in International Patent Application No. PCT/JP01/00437 filed on
January 24, 2001 corresponding to Japanese patent application No. 2000-

52507 filed on January 24, 2000, which is referred to herein and is incorporated




3. A signal transm ssion cable as clained in claim2, wherein said M X-Y
magneti c conposition has a saturation magneti zation which is 60-80% of the
saturation magnetization of the netallic nmagnetic material Malone. gq. A
signal transmi ssion cable as clainmed in claim2 or 3, wheri®iMarchi200M X- Y
magneti c conposition has a DC specific aesistance of 100-700 a S2 ~ cm

19 March 2004 19 5. A signal transmission cable as clained in claim1,
wherein said M X-Y nmagnetic conposition has a conplex perneability
frequency tethsopreseot daserditi@ni vel y broad band where a rel ative bandwi dth

bw is 150b or nore, said relative bandw dth i s.determ S a

per cent age rati o T¥PICBEY:dRE M @éﬁ\@%gﬂgi&fﬂm bg\géﬂw ‘B%ﬁ%tgb%ﬁ%% shows t he
conpl ex perneability a hal f,_ v a f | muma "max, to center
frrerguencs gra rdmﬂéﬁﬁﬁf ﬁm_of E‘;h.e @'g%ﬂbﬁgﬂ%@rﬁzgﬁ@%‘é@ﬁ'cabl e as claimed in
claim5, wherein ! - ' i L [

magneti zati on mﬁ%ﬂéﬁﬂg%é}:&.@g‘?@%w& s§ u‘?%%r?g%qﬁaﬁ%ﬁ%ﬁ %W%%gggééj hfg '

metal lic @%m%ﬁgé%f tMb&Ir8AGtar maghelicditdl  Mhangputesingramabbiisas

clainmed in whereln said X-Y magneti c conposition has a DO

speci fi c rgg st@vengbnanatare &M oomppices adaclusi gorthirtar £ @ Suittar cabl e
as clainmed 1n any one of clains 1-7, wherein Xis C, Bi, Si, Al, , T,

Zn, Hf, Sr21Nin alraospmetiogas acercea??,fa sutsitate 09 a glass p@talR3: FRIRSSsi on
cable as clainmed in any one of clains 1-8, wherein said netall ié:7 ma‘Pt[n]etiC
material MX sr ¥-¥}ra ugeio?s Vi ramBF ROWETHHECe (Ang a vacuum pump 2/, e

atmospheric gas source 22 and the vacuum pump 27 are connected 1o the
vacuum container 20. The substrate 23 confronts to the target 25 on which
chips 24 are disbosed. The shutter 21 is disposed in front of the substrate 21.
The RF power source 26 is connected to the target 25.

Example 1

A thin film of M-X-Y magnetic composition was made on.a glass plate
by the use of the sputtering apparatus illustrated in Fig. 3 at the foliowing
sputtering condition. .

The target 25 was a Fe disk having a diameter of 100mm with 120
pieces of Al,O, chips arranged thereon. Each chip had a size of 5mm X5mm
X 2mm. Then, by the use of the vacuum pump 27, the vacuum container 20
was kept at a vacuum degree of about 1.33 X 10™ Pa and was supplied with an
Ar gas from the atmospheric gas source 22. Subsequently, RF power was
supplied from the RF power source 26. Under this condition, a magnetic film
was formed on the glass substrate as the substrate 23 by the sputtering method.
Thereafter, the magnetic film thus obtained was subjected to heat treatment for
2 hours in the vacuum magnetic field under a thermal condition of 300C. Asa
result, a film sample 1 of the above-mentioned granular magnetic film was

obtained.




matri x conposition consisting of X and Y 1lo. A signal transm ssion cable as
claimed in claim9 , wherein said granular grains have an average grain
size of 1-40 nm 11. A signal transm ssion cable as clained in any one of
clains 1-10, wherein said MX-Y nagnetic conposition is al8darobi2004é4n
represented by a fornula of Fea-Al p-OY.182. A signal transm ssion cable as
claimed in any one of clains 1-ii, wherein said high |loss nagnetic filmis
athinfilmforned by sputtering process. 13. A sigpal Eransm’ jon cabl e
as claimed in anyhefitmsamglailnibus-oblaingd avas %n%lé{??PgEY&ﬁ ‘4‘6@@3?{3 &Y c film

is athin filmformed by vapor deposition process. ..19. M 200 la. A
si gnal tr asparteasicopy @l eprdsmerdasaiim haxing %HB”TPPSE'IOQ?F 2%[:1}1@17,' \?\rhrﬁé)ei n

said high | oss magnetic filmhas.a thigkness o . 31202 wisi gnal
transmi ssi®m sapPE havag %‘ﬂlﬁg&oi%no %iﬁ?/'%ﬁ.@ag}ess’gr é?&ré‘ - %r% I\a\h[?%%pﬁéflg goaxi al
cable further conprjgsj n t4i hd conduct or
portion an@SHaf é‘rﬂ%{ﬂqé'? %H{Sﬁg)gé??%!ﬁgi@gégﬂggt%gﬁﬁ s%gi&gaggiplduct or

portion an@taéﬁggz%r{agwg)onduct or portion, said outer conductor portion

being dire covered With said insulating sheath. 16. A signal

transmi ssion cabhg,d3gel raigeA thelsaftyaksremedgnetiaiion of the filmhsarhpleut andr
conprises an outer | nsgl ating sht—;at h covering said -hl-ghMlsor%/ls >r<n_? Be;['vlag film
that of the metallic material M itself, as given by {Ms(M-X-Y)/Ms(M})} ,
equal 1o 72.2%.
The rﬁeasurement was carried out several times for different values of
the bias magnetic field. From the measured impedance variation in response
to frequency variation, the complex permeability frequency responsé (u"f
response) was calculated and is shown in Fig. 4. _
It will be noted from Fig. 4 that the complex permeability has a high
peak or the maximum value (i "5} and rapidly falls on either side of the peak.

The natural resonance frequency (f{ £ "max)) Showing the maximum value

(4" ma) iS about 700 MHz.  From the w"-f response, a relativ'fa bandwidth bwr
was determinea as a percentage ratio of bandwidth between two frequency
points which show the complex permeability as a half value 1 "sp of the
maximum £ " .. 10 center frequency of said bandwidth. The relative

bandwidth bwr was equal to 148%.

Example 2

In a condition similar to that in Example 1 but using of 150 Al,O chips,

a fitm 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 FeyAly0s4.  The film
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by the similar way as in Example 1.

Now, description will be made as to tests relating to the noise
suppressing effect of the sample film, which were carried out using a test
apparatus 30 shoWh in Fig. 5. |

Referring to Fig. 5, the test apparatus 30 comprises a micro-strip line 31
having two ports, coaxial cables 32 connected to the two ports, and a network
analyzer (not shown)' connected across the two ports. The micro-strip line 31
has a line length of 75mm and a characteristic impedance Zc of 50 ohms. The
test piece 33 was disposed at a region 34 oh the micro-strip line 31 and the
transmission characteristic S, was measured. |

in case of the test apparatus 30 shown in Fig. 5, a high frequency
current is suppressed by addition of an equivalent resistance value to the micro-
strip line 31 to be adjacent the test piece 33 of the high loss magnetic film.  In
this case, the effect of suppressing the high frequency current is almost

proportional to the value of a product (41" - 6 ) of the complex permeability "
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described.

With respect to use of the film sample, it will be noted from Fig. 6 that
the S,, (dB) reduces above 100 MHz, becomes to the minimum of ~10dB ata
frequency of 2 GHz, and then increases above 2 GHz. The results
demonstrate that the frequency response of S, is dependent on the frequency
distribution of the complex permeability 4" and that the noise suppressing

effect is dependent on the product of (£ "max™ 0).

Now, providing that the magnetic sample forms a distributed constant
circuit having a length of £ as shown in Fig. 7A, an equivalent circuit was
calculated for a unit length of A £ from transmission characteristics Sy4, @s
shown in Fig. 7B. Then, the equivalent circuit for the length £ was obtained
from the equivalent circuit for the unit length A¢, as shown in Fig. 7C.  The
equivalent circuit of the magnetic sample comprises series inductance L and
resistance R and paralle! capacitance C and conductance G, as shown in Fig.
7C. From this, it will be understood that the change in transfnission '
characteristic of the micro-strip line caused due to disposition of the high loss
magnetic film on the micro-strip fine is mainly determined by the equivalent
resistance R added in series. -

In view of the above, a frequency response of the equivalent resistance
R was measured. The measured data are shown in Fig. 8 for the film sample.
It will be noted from the figure that the equivalent resistance R gradually
reduces in the quasi-microwave range and is about several tens ohms at about
3 GHz. Itis seen that the frequency dependency of the equivalent resistance

R is different from that of the complex permeability " which has the maximum

value at about 1 GHz.
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It will be supposed that this difference is based on the gradual increase
of a ratio of the product and the sample length to the wavelength.

Production method of the high loss magnetic film of this invention has
been described as to the sputtering method and the vapor deposition method
but they do not restrict the production method.  Any other film producing
method such as ion beam deposition method and gas deposition method can
be used for production of the magnetic substance of the present invention if
they can evenly produce the high loss magnetic film of the present invention.

In the embodiments, the heat treatment after film production is carried
out in the vacuum magnetic field. However, in case of the as-deposited film
having the composition or using the deposition method adapted to achieve the
performance of this invention, treatment after film deposition is not restricted to
that described in the embodiment. |

While the coaxial cable has been described as the signal transmission
cable in the embodiment, this invention is also applicable to other various
shielded cables. In the embodiment described above, the high loss magnetic
film is formed on a part of the sheath. However, one sheet or several pieces of
the film may cover the entire surface of the sheath.

While the granular magnetic film has been described as the high loss
magnetic film, this invention is also applicable to any magnetic film having a
high magnetic loss at a high frequency range of several 10 MHz to several GHz.

Thus, in the signal transmission cable according to the present

invention, the high loss magnetic film is formed on at least a part of the surface

of the sheath. Therefore, it is possible to efficiently suppress only high-
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CLAIMS

1. A signal transmission cable comprising
a conductor portion for transmitting an electric signal
therethrough and an insulator sheath covering said
conductor portion, which is characterized by provision of a
high loss magnetic f£ilm formed on at least cne area of said
" insulator sheath and covering at least a part of an outer
surface of said sheath, and said high loss magnetic film
having the maximum complex permeability #° . in a
frequency range of 0.1-10 gigahertz (GHz), wherein said

high loss magnetic film is of a M-X-Y magnetic gomposition.

2. A signal transmission cable as claimed in claim 1, wherein said M-
X-Y magn‘etic composition has a corﬁplex permeahility fréquency-re-sponse of a
relatively narrow band where a relative bandwidth bwr is 200% or less, said
relative bandwidth bwr is determined as a percentage ratio of bandwidth
between two frequency points which shows the complex permeability as a half
value 1 "5, of the maximum 4", to center frequency of said bandwidth.

3. A signal transmission cable as claimed in claim 2, wherein said M-
X-Y magnetic composition has a saturation magnetization which is 60-80% of
the saturation magnetization of the metallic magnetic material M alone;

4. A signal transmission cable as claimed in claim 2 or 3, wherein said

M-X-Y magnetic composition has a DC specific resistance of 100-700 « Q - om.
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195" 1099?& ¥)Y maghetic composition has & compiex permeability frequency response of a
- relatively broad hand where a relative bandwidth bwr is 150% or more, said
relative bandwidth bwr is determined as a percentage ratio of bandwidth
between two frequency points which shows the complex permeability as a half
value 1 "s, of the maximum 4 ",y to center frequency of said bandwidth.
6. A signal transmission cable as claimed in claim 5, wherein said
M-X-Y magnetic composition has a saturation magnetization which is 35-60% of
" the saturation magnetization of the metallic magnetic material M alone.
" 7. Asignal transmission cable as claimed in claim 5 or 6, wherein said
M-X-Y magnetic composition has a DT specific resistance of 5001 & ~cmor
more. |
8 A signal transmission cable as claimed in any one of claims 1-7,
wherein X is C, Bi, Si, Al, Mg, Ti, Zn, Hf, Sr, Nb, Ta, and/or rare-earth metals.
9 . A signal transmission cable as claimed in any one of claims 1-8,
wherein said metallic magnetic material M is distributed as granular grainsin a
matrix composition consisting of X and Y.
10. A signal transmission cable as claimed inclam 9 ., wherein said
granular grains have an average grain size of 1-40 nm.
11. A signal transmission cable as claimed in any one of claims 1-10,
wherein sa'id M-X-Y magnetic composition is a composition represented by a
formula of Fe,-Alg-0 .
12. A signal transmission cable as claimed in any one of claims 1-11,
wherein said high loss magnetic film is a thin film formed by sputiering process.
13. A signal transmission cable as claimed in any one of claims 1-11,

wherein said high loss magnetic film is a thin film formed by vapor deposition

process.
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-14.' A signal transmission cabie as claimed in any one of claims. 1-13,
wherein said high loss nﬁagnetic'ﬁlm has a thickness of 0.3-20 «m.

15. A signal transmission cable as claimed in any one of claims 1-14,
which is a coaxial cable further comprising an outer conductor portion around
said conductor portion énd an inner insulator layer disposed between said
conductor portion and said outer conductor portion, said outer conductor portion

being directly covered with said insulating sheath.

16. A signal transmission cable as claimed in any one of claims 1-15,
" which further comprises an outer insulating sheath covering said high loss

'magnetic fitrm.




