; e3ehl X6ThY25 August 2004 1 W RI NG BOARD COVPRI SI NG GRANULAR MAGNETI C FI LM
Field of the Invention This invention relates to wiring boards that
conpri se maghetic bodi es that exhibit outstandi ng magnetic | oss
characteristics at high frequencies, and nore particul ar L 5 boar ds
such as flexible wiring boards and flexible flat cables ?ﬁéﬁﬁ%%%%gyge

mul tilayer or unilayer wring boards or gigh-frequency current suppression
bodi es wherein magnetic | oss naterials afe used that exhibit outstanding
conpl ex perneability characteristics and are effective in suppressing

el ectromagnetic interference and spurious radiation that are problematic in
active devices that operate at hi gh speed, high-frequency el ectronic
conponents, and el ectroni c equi pnent nounted thereon. In recent years, the
proliferation of WVighNG BORSEY SOMPRESING LN OLARSMACRETNESFRREN

remar kabl e whi ch operate at high speed. Exanples include the random access
menory (RAM, read only nenory (ROVM, m croprocessor (MPU), central
processing unit (CPU), image processing arithnmetic logic unit (IPALU), and
other logic circuit devices. In these active devices, higher speeds are

bei ng achi eved at _a nr.odi-gi.0 at e er g, of cal cul ati ng speed and
si gnal processi ng=spted—atd-—tHeefeet ~-"]“ s propagated through the
hi gh- speed el ectr%er beconme a nmmj or cause of inductive and
hi gh-frequency nols he rapid voltage and current changes

associ at ed t her ewrhls inMaibMvielRes t\WirlngBthré 9 niit SohipsiBe PhaghitidHodidi nner

profile, and smaller size in electronic conponents and el ectroni c equi pnment
conti nues r dptdixpitiheutstapBinguyagnetk0ods 2hamaatemistics sit high fequiencietj amd wi t h
that trend, the integration |evels being achieved in sem conductor devices
and the hi gferedasieyanly 10 wbiRgheards stihas Aexiblerwiring boars and flexbleAlad in
printed wiring,aor, circuit boards are also renarkable. Accordingly,

el ectronic &8@‘633@%1%"85'%%”&?“‘?&”Pﬁg?y%{t”ﬂ”'i‘%E@@rrdét%d"'@?'frﬁﬁlig'ﬂéﬁ overly
densely bec I I t 2 S i i,S now such
densel v beoaReRtLaEeh bASRs aiaRnghhetc oB Bt bl Dhidds "
achi eved, a%xh@lf&idfﬁdnéi%b'do@ﬁple)hbgnﬁéétﬁ?ggﬂgﬁatc?%w ttiEQ'éﬁdra?Q'eﬁEb% 0! S€ 1S

easily induced. Probl ens have been poin spurious r ation from

power suppl puppressingoélactrérnagedticiatetyénmsandispuidus radifibn eh&cdreoni ¢
i ntegrated devices and wi ring boards, against which such neasures as the

i nsertion ofPrelRliedm@briimgciivendeviers thabopenateat high speed Ahigh-fregusneyt
conmponents into the power |lines, have been inplenented. However, because the
noi se gener SILANF @H%?e@ﬁe%flf_’ FlepirenisRaainneery rapurdpd dhereanc i nt egr at ed

devices and wiri n%&@mma%mm c conponents, signal paths
exhibit a distribut tor, and situations have arisen where
measures agai nst miednt péiﬁsﬁftﬁsb%ﬁfe?ﬁtfl}ﬂtmgr\ﬁ)glirgrﬁgﬁqu@%mc%ﬁd&gﬁ?tant

circuits are ineffective: ar pro sen al'so, 1 nside

el ectroni ¢ efgvicestas, boetl reimakatle Wit epéragiat rﬁl?h\éﬁ@éd.bo_ék%ple%ﬂﬁclb@et he
flexible wiring or printed circuit boards (FPCs) or flexible flat cables

(FFCs) ( her éheaandam pocess miearane (RAM) breadranlygmeenorg (ROMY), Miercbkdaessbr i ng or
printed ci ”é;kbi t board (FPC)) nounted to el ectronic conponents. SUMVARY OF
THE | NVENTI SNAY), Fenisalepraepssing umit {GRUp imega roerssing arithmetiplegic wbitf | exi bl e
W ring boargﬁ?ﬁ t c8 ri je .rraﬂne. i,c .materi aé effecteiéﬁa,i n counterin
spurious radi D 3Rt ST JPRIE FHGUL PBYicERy | IpdBesh activesiqvicas: Aigher sppeds t hat
operate at RygiheiRfsdievétfat a prodigious rate in terms of calculating speed and signal
processing speed, and the electrical signals propagated through the high-speed
electronic circuits have become a major cause of inductive and high-frequency
noise because of the rapid voltage and current changes associated therewith.
Meanwhile, the trend toward lighter weight, thinner profile, and smallér size in

electronic components and electronic equipment continues rapidly and



25 August 2004 3 described above. It is another object of the present
invention is to provide flexible wiring boards that conprise nagnetic | oss
materials exhibiting a large magnetic |loss factor ~" wherewith effective
measures agai nst spurious radiation can be inplenented vvlzgt)_\ usRE0e4 | ¢ body
of smaller volume. According to one aspect of the present ention, there
is provided a wiring board which conpris@s an insulative base mat eri al ,
conductor patterns formed thereon, and magnetic thin filns formed on t he

conductor p |t Ls preferable
that the rragrr?egg{é )L Ahggpwgg&iowﬁhté%ﬁé ﬁgﬁ‘ngéﬁ‘? le%?@s%é'ﬂ%t erial

havi ng a corgeasviedan séﬁﬁécﬁﬁﬁ'&icﬁdﬂebbée%d\fhewgﬂf eMdtr%n?btcdrﬁﬁéﬁerﬁne of Fe,
Co, and Ni, X is at |east one el enent other an Mor Y, and Y Is at | east

one of F, Nmaurding derisitiest heingreepiized in postediwitieg batirgut boards laosvalzand
magnetic loss material in which a maxi mum value w'nmax of |oss factor w'
that is i magPmarkabienpbeeardingty, etmﬁpew q:%ﬂlqe@@’ld svglyaldlnasélmteafesu c of the

magnetic | oss, material exists wt uenc of 100 to 10
GHz, and t haDteGrate Qf MAuntes %BWFJMR §° B’g‘ﬁ?%w ?@@%’Wﬁére t he

Lglt meen tvo FELAEREAoh & ROl 2O ﬂhﬁyiv%hlﬁﬁ'bﬁw-t@é B AL ot rum a
"m- and nor rpbéddsivl E;B&dsr 19E1HE Bediehad By @infhrRéd baﬁleﬁwél‘?-freﬁﬁéﬁkﬂﬁncy

thereof. In the aspect of the present invention, it is also preferable that
t he magnet i spuhibos radiatiors noisefis gasidnddcedd. magnetic | oss material having a
conposi tion represented by MX-Y, where Mis at |east one of Fe, Co, and
Ni, Xis at |east HmblemSe%@m beﬁmmintedacwtwmspnrioaadaeﬁatien érom pawer one of
F, N, and O_that the netic material is a broad-band ghetic | oss
material in SHAP @W"}%@% tQ/éF"iY@ Vﬁ%ﬁ? lafsupeggcqrg@ﬂqﬁtromc 'f‘Tﬁﬂ'a‘irTg cﬁ‘r‘:‘s&fﬁsnary

ot ort el exi ORI B EE RS W DI AEBRL Glsh Satpe riverPEPEbA ety &
relative banghpddhBelvr dtﬁef%ncenﬁéte@%ﬂ%ﬁaﬁQgﬂ'\g%néﬁﬁllhﬁwr thk PRfvel FRge Wher e

the relative bandwi dth bw is obtained by extracting a frequency andvvl dth
betvveen t wo Havechesrcingslerentdd. ch t he val ue of a " is 50% of the maxi num a
"m~ and normalizing the frequency bandwi dth at the center frequency

t hereof. Accordin Q\ME\emobmusastbe@Dlsefgmtpdmhrgher gpeed i on, there is
provided a wiring board w?l ch conprises a board of at |east one |ayer
conprising d getedpns af eleckanicrigaated devicas and wiring: peardssoataingast on

Pevent on i TN CrhBEneB.abendl biiblasisBRBaionsiant REnBYES Hgur ed
of a_magneti g jfdds HE%@'éh?érﬂ/ﬂé&é&ﬂwe%s@%%ét%u%eetﬁ £aRRLAR Dy MX Y.

where Mis at |east one o one of F, N, and
O and Xis @ﬁnvbﬂﬁ@ﬁalmcéh@éféﬂtcoﬂéﬁﬁf créag d\’b%efféctlg\ﬂe magnetic |oss
rraterl al is a narrow band magnetic loss material 1n i ch maxi num val ue
"max of |oss facSiolarptotiierat have ianagn atsoy insidepelsetndnic eqaipmdrexrelating
perrreabl lity of the nagnetic |oss material exists within a frequency range
of 100 MHz t® Cm'nepﬁonsah%twel@atboar¢%|amd|toéh@ﬁmmedmnngmr pristasbeiragiteat er t han

pandwi i n beRoRIER (€0poT POTREHE el cables (ERsh Mereiamins i clored Yodhe 't no

maxi mum a e cent

frequency th reo% %@Eq%klb&w %?%8% w&\rﬁk&% @PB” eij tPsel%(%EoéE‘fl on
of a flexibl gompbhértsboard according to a first enbodi ment of the present
invention; Fig. 2A to 2E are sections representing, in order, procedures
for fabricating the flexible wiring board diagrammed in Fig. 1; Fig. 3is a

section of a nultilayer printed wiring board according to a second
enmbodi nent of the PG 1 dit ONAugust 2004 5

ltis one object of the present invention to provide flexible wiring boards
that comprise magnetic material effective in countering spurious radiation from

semiconductor devices and electronic circuits that operate at high speeds, as



Fig. 4 is a diagramof a sinplified apparatus configuration for formng a
granul ar magnetic thin film Fig. 5 is a graph representing an exanpl e of

t he frequency dependency of W' in a sanple 1 according to an enbodi nent of
the present invention; Fig. 6 is a section of a multilayes Qidust260dv ri ng
board according to a third enbodi mrent of the present invention;, Fig. 7 is a
section of a nmultilayer printed wiring ard according to a fourth

enbodi ment of the present invention; Fig. 8 is a diagramrepresenting a
simplified aratus configuration for formng a granular magnetic thin
film Fig. gg&s"b&dgﬂh’ﬁfﬁ- representing an exanple of the frequency dependency
of ~," in a sanplg; | ; gggﬁ | t ; Wit i on;
Fig. 10 is a grapt '%%@@@géﬁ@lg%tg&gﬂ&@&anp?gwgf‘_ﬂ{)?lgtforaggn@%g%g e%en cy of

~ " in a coppaidatthiecsApideemagnEiidioss ateridls ExABRI a \drga/nigrretigeessir enent
system for observing the suppression effect of a high-frequency current
suppr essi onfdetshu"oemgrensthreffeativeagreaisues agsnstasparioad raatiatomndeargb¢ o t he
present invention; Fig. 12A is a graph of the transmi ssion characteristic
(S21 ) of shunpeaentetwih@ mggretiabo@heloumaliaitvofme.ne present invention;

Fig. 12B is a graph of the transm ssjon characteristi S21 ) of a
conposi te magnetigcgq’fgé’tg orpite aspegt Etﬁ%ﬁé}rﬁﬁ?r\‘}é"mneﬁ‘f?eﬁ oviglediay 5

di £ oan. vl : ; . . ' :
erbod; ment RO RaBEn EbhEtichs Bh BN YA HARHal CERBICOPRERERS | e
cal cul ated tdrp{ad herddrRmaimagaticRhm Mks9oingéd 6n e EbRdutidRdtetn. accor di ng
to an enbodi nent of the present invention; and

In the aspect of the present invention, it is preferable that the magnetic

thin film is configured of a magnetic loss material having a composition
represented by M-X-Y, where M is at least one of Fe, Co, and Ni, X is at least
one element other than M or Y, and Y is at least one of F, N, and O, that the
magnetic loss material is a narrow-band magnetic ioss material in which a
maximum value u"max of loss factor u" that is imaginary component in complex
permeability characteristic of the rhagnetic loss material exists within a
frequency range of 100 MHz to 10 GHz, and that a relative bandwidth bwr is not
greater than 200% where the relative bandwidth bwr is obtained by extracting a
frequency bandwidth between two frequencies at which the value of 1" is 50%
of the maximum 1 " nax @nd normalizing the frequency bandwidth at the center
frequency thereof.

In the aspect of the preéen.t invention, it is also preferable that the
magnetic thin film is configured of a magnetic loss material having a
composition represented by M-X-Y, where M is at least one of Fe, Co, and Ni, X
is at least one element other than M or Y, and Y is at least one of F, N, and O,
that the magnetic loss material is a broad-band magnetic loss material in which
maximum value p"max of loss factor p" that is imaginary component in complex
permeability characteristic of the magnetic loss material exists within a

frequency range of 100 MHz to 10 GHz, and that a relative bandwidth bwr is not



Fig. 14B is a graph of the .R value calculated fromthe transm ssion
characteristic of a conposite magnetic sheet that is a conparative sanple.
25 August 2004 6 The history of the present invention will be specifically
described prior to describing embodi nents of the present 25N\gjiist 2004 The

i nventors, having previously invented a conposite magnetic body exhibiting
| arge magnetic |oss at high frequencies, 4di scovered a nethod wherew th, by
depl oyi ng that conposite nagnetic body in the vicinity of a spurious

Cam conduct S/ HACI SRR Wtk e e Yt ot b Blaine By eafacting o
effectively fedBBhEPBE&Rdwitih bewEEP o' fFefllehBieS bt ﬁrﬁ&?@'{?%h? of iIIg" fécéd‘%?

mechani sm of spurious radiation attenuation using su magne 0SS i s
based on t hef temakimbiran. 'of, &6d h¥Ah&IKing Bl frdqiRARy BARBRIRRA B tHelcdrigr

el ectronic circuits constituting sources of spurious radiation. Here, the
si ze of thefrequeney thereefesi st ance conponent is dependent on the size of the
magnetic |l oss factor p," of the magnetic body. Myre specifically, the size
of the resi stance%ﬁﬂ&ﬂ?ﬁbmarﬂﬂa‘?’ ‘I‘%’%Bf\h&l@ﬁ??@ﬁ inypngienethere isaproidest r oni ¢
circuit isr r () . . t t hi ckness of the nagnetic
body when tﬁgﬂgpé?%{gﬁﬁéﬁéﬁﬁéﬁeﬁs %BS%QII%I aILIi??S?QH?.IaW&%mrI?&I%? a | arger
p," becones caa[ i i 1oy i ' hAatLd

B tenuat | on Cop E R er DA e LRI dSBf8d RERaSPOt B LB der
to effect ntlsoorducigeparst spurious radiation using a nmagnetic | oss body in
a mniscule region such as in the interior of a sem conductor device nold,
an extrenely | argén thel agpechof theepraaemtdnventionsd i also preferatihe thatdlse necessary,
wher eupon mag‘ganet'i [o F,odi_ es, hav{,ﬁ&gr significantly larger ~ " than conventional
magnet i ¢ | o$SRGRALSNIR Mg Fantigiigd of agnagneticdossaferid aving a he course of

et eseae ol beMBARE 6 TRLS) hoa o Basbia e e b SranPAR
nmagneti c bogd ge|cuBeEsSd B F’,?I{I,y%rId O,eaﬁégﬂgtdt fedSEbAL .e%ﬁéuﬁ?tﬁérz@ﬁﬁul\g'&wsed

uniformy in a non-magnetic body such as a ceramc, a ust’ 2004 7

conduct ed r gisearagimeto IdstemBictiaPRld HafrewandmagestRlibss ARitértal RRihicH es and

t he non-nmagnetic bodi es surrounding them As a result, the inventors

di scover ed thatimoot salaa i’ maxrod doest factor a8 $hat heinaadiedry sonssorehe irotdraple&d i n

hi gh-frequency regions when the concentration of magnetic netal particles

in a granul éﬂe”ﬁ‘ﬁag@ﬁ ¢f the apagnetiiless materieb exiatsrwithin @srequency narge pesear ch
odji es having M X-Y conpositions

Canore W i s RorHAdb 0 BePAnd i Tpiate bandhick PWers net aspater haagos. an
I h : [ ol h I I d
oxnibit | ar qnetant KyRlve'bandiibr byt  BtAHEG b kPRI HeBneRY magnet ¢

bodies, ' he bandidih detWeetwe fbb@ndiBOaEhhiERAtHEVahie JICRORISHY Giipkhe vol ure

rati o accounted for by the M conponent. erefore, eratro o

conponent musaxieimade, Frghndrmatibingithe freboen&abaridwidPratthg eehigzat i on. For
that reason, the ratio of the Mconponent in an MX-Y granul ar nmagnetic
body for an feaagienay Jheipel.i cati on such as use as a magnet core in a

hi ghfrequency i nductor device or transformer or the |ike has been limted
to a range wherewith a saturation magnetization of roughly 80% or greater
can be realized f g8 a2 ion Lmgnet i i ! of the bul k netal nagnetic
body consisting ex Velrv-o e~V COITpo The inventors studied the
ratio of the Mco to & ; | Gl i the MX-Y
conposi tion (wher erpﬁ%nfg, %bégﬁgyc%%%%ﬁ@%%m, @B{@ﬁ%ﬁﬁ@?é}o N, or F,
and X i s an ezhiogintenobhttie fresentNhegntibh; acr oss a wi de range, and di scovered,
as aresult, that, with every conposition system |arge nagnetic loss is
exhi bi ted i n hi ghfig.-cfutm2E aregecinnswiepresentingisinmedércproeedurdsi fos pr esent
within a spe}c'bf.i C. CO cgnt,r tion range. Furthernore, the highest region
wher e the MEBHBINGHDediexibl wying board diagrammesyindtig ztit i on of 80% or great er

relative to the saturation neti zation of, ul k netal nmagnetic body
consi sting excl usiEI:II@I @'Sﬁ S?‘IIBIQQI\I%&WHIIW pi”E? WINRE Roard, aseATHIRG tReynet i ¢
body regi on Heoh@WrhtimBht 8¢ 148 present invention:

HE DRAWIN




25 August 2004 8 saturation magnetization that has been w dely researched
for some time. Materials in this region are used in high-frequency

m cromagneti ¢ devi ces such as the high-frequency inductors nentioned above
because the values of the real-part perneability (~, ') ang Adgust2opiation
magneti zation are both large, but the ratio accounted for by The XY
conponent that affects electrical resistance is small, wherefore electrical
resistivity i.s also small. For that reason, when the filmthickness becones

thin, the perneabidity: ni f ene i.or.at i i tion with
t he devel opnent 01’J 'ée%'ﬁa%%'rg P@P OF gg’!ﬁ Eﬁlet%ﬁﬁaﬁg@?%ﬁﬁ%ﬁw”?‘grgjf’ﬂﬁ?‘ga
wher ef or e t hpaeulaRHRIghatis tk Binetnsui tabl e for use in conparatively thick
magnetic films such as are used to suppress noise. In the region for the M
conponent rati o exd.ld isiangraphsepresahtiog anegasiple af therfrazfueBoydepehdsscybut
60% or nore of the saturation magnetization of a bulk netal magnetic body
consi sting &f voin ¢ samples aseprdieato an esbeidiroenti afdhe peasiest invientiom;s

conparatively |ar t. roughl 00 ~ S2~cm.or greater. Therefore, even if
the thickness of %&%aqr‘étae? Cé'|°¥‘iéao’ﬂult'ﬁaé'eépﬂﬁ"redgf"”gg 02E] aggHHingHe 4 oss due
to eddy curngbh s IIOfttﬁgg"%eeggﬁ‘trYeﬁti of the magnetic loss will be due

to natural resonance. For Y frequency di spersion width for
the magnetic | oss Figct @ra sectiodidfla rlhaﬁi_wér@ﬁhféavwarmg%awé&o?amg tgaf erial s
are suitable for anti-noise neasures in narrow band frequency ranges. Here,
in the regi doutioenbodirveniosfiibe enéserdinvendari bi ting a saturation

magneti zation that_is 60%or |ess but 35%or greater of the saturation
magneti zati on of &G i§ seiegramuepreseetinga gireplified appatatys cenfigwatioméorv
conponent, the el ectri Cfgﬁ resistivity will be even |arger, at roughly 500

~, S2~cm or ¢PERNGA grapuias magnetic iyg fﬁ’B; eddy currents will be extrenely

smal |, and, becau t ti6od i econes
smal |, spin ther mﬁgﬁ %t%?%ﬁc%s[)éesc%hrﬁrég%aegggﬁ’ %ﬁﬁ%ﬂf@%ﬁﬁg%g%&%ﬁ in

t he frequengt Wiehs f PR m‘? the
magnetic | oss Hf act oraiﬁﬁél{?I %ﬁc:b%éggrewtgﬁ eexhi ll)rlﬁfmgéfltg? ge va @e@g?%’ss a broad
range. Accordi ngl yFigt10 is agrapbsepresentieganexampielof kel feeduehcy de- band

hi gh-frequency current suppression. 25 August 2004 9 In regions where the
M conponent depsngensy elrhingnedmparativeisample Be regi on of the present

i nvention, on the th her. hand, s rmal magnetismw || occur because the

per-n | .
magnetic interacti¢% He'ls\ﬁe‘é'ﬁgﬂﬁ%d’ﬂ%ﬁgﬁt@e%qr mggt esier peebsasyingithe when a
magnetic | o - ' . ' .ate di acent, tpo an el ectronic
circuit andSﬂ’l%%ﬁ%ﬁ%@%@fqgm'%ﬁ%qu&%&'téﬂgp’éeﬁg& bqq%eC%F?résf"i‘%? desi gn
standard i s ghySstid : I . factor ~." and the
t hi ckness S ofgt h:a ﬁﬁ%ﬁg‘?i@@%gdﬁaﬁ’ ?r@glr?g?ﬁgtﬁ{ésrﬁaﬁ’, "v, and, in order to
ef fectively supprddg. tdeisa gha;frf@fqnemspﬁgsicﬁﬂéhmct@riéﬁ@gm?w s@mpieyer al
hundreds of MHz) the rough requirenent will be ~"~8 z 1000 (~, m).
Accor di ngl y,asgorging terag embadimestofthe resant énveintioni ng ~" = 1000, a

t hi ckness of 1 me_Qr %ﬁater becones necessary, V\here_u{pon a material of |ow
el ectrical resistdni@el<k 2 gfam) & the tianatnission eharaciesistic S2lgtof aui t abl e, but

what is suit [: ositiaon wherew th the electrical resistivity
becones 100 %@%%ﬁaﬁéﬁ%ﬁj%{ﬁg I$ 8 COMPAAVEIAMIE i on system of the
present invention,f; i F%%{‘ E L Qs B A eqi where a
saturation magnet |Fz'g?f%§l #gh@%r?ﬂg%%e Lﬁ{'sﬁlerl{t?@@%bﬁ? nﬁhoﬁkeﬁ'gﬁ?gg t he

“ saturation nagoedingas afrerebodiment &f MetmbsemamMRintienPody consisting solely of
the M conponent and super-nornmal magnetismis not manifest, that is, a

regi on exhi bi ti ng EgstAiisaa igeaphmeithetR valle caldutated fremBitoteansamissibar
relative to the saturation nmagnetization of the bul k netal magnetic body
consi sting sOIERGteHliG pkthesagpie deaccording tomneembediment ot the presemte pr esent

i nvention by applying such a magnetic nmaterial to flexible wring or
printed ci rc'm’g&ﬁ%}araﬁg. Enbodi nents of the present invention are now

Sring or printeq b LSS @ gtalfh GRG0y Bl Eided o ineutiniindei pa et
as Tl exible wharboerisaacrla copodité hgelie shesnaBis® {hodry6Baipld N0 of a

polyi mde or the |ike, and conductor” patterns August

2004 10 19d, 19e and 19f formed on one surface of the base material 17.

G anul ar magnetic thin film 21 a, 21 b, 21 ¢, 21 d, 21 e, and 21 f are
formed on the upper surtaces of the conductor patterns 19a, 19b, 19c, 19d,
19e and 19f so as to coincide with each of those conductor patterns 19a,
19b, 19c, 19d, 19e, and 19f. Referring to Fig. 2A, a copper foil 19 is
formed by rolling and is applied across one entire surtace of the flexible
base material 17. Another conductive




metal foil may be used instead of this copper foil 19, or it may be a foil
made by non-electrolytic plating and el ectroplating on top thereof.
Referring to Fig. 2B, a granular nmagnetic thin film21 is formed by vapor
deposition so as to cover the entire surface of the coppgs Ajust 28p4 Next,
as diagrammed in Fig. 2C, a resist material conprising a UV hardening resin
is applied on that granular .magnetic thi® film 21, photo-exposed to the
desired pattern. The portions other than those exposed are renoved with a
solvent. As necessary, a heat treatnent may al so be perforned, and the
resi st patterns 23a, 23b) 23c, 23d, 23e, and 23f hardened. As diagrammed in
Fig. 2D, the granpESCHEMEN OFtTRP FREFERREDEMEBPRIENPE! 19
corresponding to the portions ere the resist patterns a, 23b, 23c, 23d,
23e, and 23f are fibe hisioryeaf the présent ppentisn wilbbe specficdlnddsanssd pisr to
removed, either by soaking the board whereon the resist has been depl oyed
in a sol uti §8seibing gMbasiBengeof the present irwention.chl ori de used in ordinary
copper etching orgﬁi m | arl% F% .sgraéli.n a.solution of iron chloride (I11)
used in ordinary cOppRYEEPEhAYNS RIS inveriegea Gpopesite,magnstic Pogkt t er ns

23a, 23b, 23¢hindde, ; - ar : [ 19a, 19b,
19¢c, 19d, 1%3?'%%3’ I?@er)gra gﬂg‘é‘fﬁn’ééﬁﬁiﬂ% @%F@%D%H@%%F%?ﬁ%@@ﬁe granul ar
magneti ¢ t hiwheréWim, Bldéployihg thatZbnthoshd niagrigtic®odg il trelvitingty @gkanmred in
Fig. 2E. . In this condition, furthernore, Wwhen thé resists 23a, 23b, 23c,
23d, 23e, asfudcis eadiaticensouece, the igearidiioa ofispunouseaiiatiohSratdhe as
diagrammed in Fig. 1 is conplete 25 August 2004 11 Referring to Fig. 3,

d.
a flexibl e REMIGRYdyGiar fleyicesangralesipnie ciiculsmied eatigniatenis effectivelypr esent

pat tor o 27 3uPAr 8 CRISNRE Rl reBEreR g Rist OTnRENR MR OB ot al
depl Lo il | i the Iike.

ovever, | PREH B Siehuefof e lch madndle o4 458808k, crbodt ment

of the presenpaitansnbl eilivaent rasistacetdrmpdHRnted the e@é‘dﬁd?ifcearéfé@isch consi sts

of a synthetic resin or the like so as to cover the entire surface on the

si de wher e tchesiiuting souicepaf spuncusadiatidnb, HaTe, thd éike ofibe 2daivalent depl oyed,
inclusive of the conductor patterns 27a, 27b, 27c, 27d, and 27e, and on the
surface of t(@HstanaegpamooaNt isydepengentsorf thersize of theanagreticiagstactar @"ofn fil m

31, by vapor, deposit.ion or the like,.- across the entirety thereof. |f
necessary, MOF H%\%'F?'C EBQYI cMﬂreoép?%ff‘??@)} 1hg sizeeofhe resistapce campraen exi bl e

iring b | . i first .and d di
havi ng sucn o eBHvaEPyf SR e eibdltonys bR oaGEPropari IR 15 iy 1
absorbs el eahHaARBUNEkAEESVEIRS niditMetid bBdy WHehQHS 'aYefgf[ ﬁn{eﬁﬂa@‘ié{@ Bcgﬁ s

conductor patterns and converts themto heat, so t m Ssi

hi ghf r equencensiante Accomlingiysa ldrgexivbbecomed Aecdyeandim drBepdtbRAint t he
out si de can be suppressed. A resin or the like other than a polyimde can

be used for defised spuriong @diationattenyation with soalier ardhinoegmagnetic bedy
synthetic resin e>ﬁhi biti n%ai. nsg&aﬁi nﬂ%(’pgro erties and flexibility. Next,
with reference to'Bf §XAMP", NQKGET {0 € |Ures agaipghepuious radigtiet hod f or
t he granul ar i L . Sl : ¢ body M X-Y).accaordi.n o the
enbodi ment s “8@%@4;9?‘ gg'grléksl lsndv Aﬁ%ﬁﬂiﬁ?{cug%ge&#rb%c_h %%F‘eaﬁ?‘fai'w&”f’go g. 4, a
granul ar nmagaicenddetdt dd el ' vacuum
chanber 35. TheI vacuum ck\lﬁadrﬁ)'greméfgﬂcomﬁ%’égpgégggga?ﬁg&%g@%tﬁg%éxhausti ng
the air, andactogasbecymey ndbedsady wherdmpdi'@laghe#®Bddiés having significantly

larger u" than conventional magnetic loss materials have been sought.

The inventors, in the course of their research on soft magnetic materials
using a sputtering or vapor deposition method, took note of the outstanding
permeability of granular magnetic bodies wherein very fine magnetic metal

particles are diffused uniformly in a non-magnetic body such as a ceramic, and




I nsi de the vacuum chanber 35 are conprised a crucible 41 and, above that
cruci ble 41, a board 43. A shutter 45 is depl oyed between the board 43 and
the crucible 41. Next, an exanple of manufacturing a granular nagnetic thin
filmusing the granular magnetic thin film vapor-depositiggp, rRbk'S
diagrammed in Fig. 4 is described. (Sanple 1 ) A granular naghetic thin
filmwas fabricated on a base material cdnsisting of a glass board 43, by
vapor deposition under the conditions noted in Table 1 below, using the

24 ana Qdted VeSeptchi BRGNS & PEBRRA: R heB e BTG ccuum
magnetic fi Q4|c511 in@xg)ﬁbﬁd: Qoéégré'uﬁolmdMBQHerﬁa”Wsea restifl, tﬂ@tlﬁvélﬁgrs"@&c?}é% geted

to fluoroscopic x-ray analysis, the composition of the filmwas und to be

Fe~2A11~0~7.tha@heutstdndirigimalgneticsiose chargeltaristicsvate 8blaingd inPligh-aagsénsy ty was
530 ~, S2~cm the anisotropic magnetic field was Hk was 180 a (1422 Am, M
was 16800 Ga[@§§3”(SIN|%'1WCmntrﬁ'@0ﬂ@ﬂ rmagpetihmetbhiparticldsin axgnsB% The
rel ati ve bandw dt h ned b extracting a frequency bandw dth
bet ween two T?gaﬁt%%‘?%’s'sé't”g‘%?cq?”@ﬁb aM9fue of a " is 50% of the maxinmum,u

" d I f

ther cof . The var ud 3P Fieh FERERETecBath Bhile B obieior SR Rlar AT Y o
sanpl e 1 andbhddigs RaviHg MDY coriititionat(ivhBredfn léaﬁhgﬁet%@% eferRO8YYY is
consi sting solely of the M conponent was 72. le 1 Vacuum Degree

bef ore Deposgithienit} N, or FL@n€l Xisran ¢lerien8dther HarMRa) O npe it islkaowRahat upon

Deposition3.0 sccmvat eri al Fe~0Al 30 al | oy
these are low-loss and exhibit large saturation magnetization. In these M-X-Y
granular magnetic bodies, the size of the saturation magnetization is dependent
on the volume ratio accounted for by the M component. Therefore, the ratio of
the M component must be made high to obtain large saturation magnetization.
For that reason, the ratio of the M component in an M-X-Y granular magnetic
body for an ordinary application such as use as a magnet core in a high-
frequency inductor device or transformer or the like has been limited to a range
wherewith a saturation magnetization of roughly 80% or greater can be realized
for the saturation magnetization of the bulk metal magnetic body consisting
exclusively of the M component.

The inventors studied the ratio of the M component in granular
magnetic bodies having the M-X-Y composition (where M is a magnetic metal
element, Y is either O, N, or F, and X is an element other than M or Y) across a
wide range, and discovered, as a result, that, with every composition system,
large magnetic loss is exhibited in high-frequency regions when the magnetic
metal M is present within a specific concentration range.

Furthermore, the highest fegion where the M component exhibits a
saturation magnetization of 80% or greater relative to the saturation
magnetization of a bulk metal magnetic body consisting exclusively of the M

component is the M-X-Y granular magnetic body region of low loss at high




25 August 2004 13 In order to verify the magnetic | oss characteristics of
the obtained sanple 1, the ~.-f characteristic was investigated. Measuring
the ~,-f characteristic is done by.inserting the sanple into a detection
coil fashioned in a rectangul ar shape, and nmeasuring the 3g7R6 Q@g}%ouhi | e
applying a bias magnetic field. Thus the frequency characteriStics of the
magnetic | oss factor ~" are obtained. (C8nparative Sanple 1 ) Conparative
sanpl e 1 was obtained by the sanme nethod and under the sane conditions as

compar at i ve agiEh ineyefudh B had bedh M Lt R PR SR U ray
anal ysis, t ma@ﬂaréqa'tﬁ.sqeg. afrB%séa 'lﬁ"h'%ﬂsfre\f,ﬁérr\g}%hﬂcn%?nfg‘?‘éﬁ@‘%@%esgﬂﬁhf i1'm

t hi ckness in conparative e DCresistivity was

~, S2~cm t heasathieigHi ﬂ'eqoemgmdum@rsf nehtlon@s aBavePedaliéddhéwaiues®ithdbs was
18800 Gauss (1.88 T). The ratio between the saturation nagnetization of

conpar at i ve reahpare pﬂ:rraeabltlﬂye(u's)andrthe saturatigreaguelization@re dotrelasde, rtmgnet ic
body consisting solely of the M conponent, that is, the val ue of

VE( M X- ) / MEORY 3G ageshnteg oy, theeX- w@mmnen&ﬂ@ﬂéﬁ@@tﬁ.eéqqtecawe@aﬁaap@ i3 of

that Tt he: peaiHE Wishbrord ectdef feddhvity & et s & Fohthat Pedashy whignfe: he
resonant fr GﬂMQHFcKnBésQBeédhéé‘ﬁmﬁ‘ethggk%aﬁﬁ 1 n@Pfgrgg%edmcv&eaethsré%s fn

characteristic of conparative sanpl was I'nves for conparison, it
was found t hainjandtisngdth-the developrierhiof eddy cefresidbss th theehigiafreqaéndyhe
saturation magnetization Ms being large, but also that an eddy current |oss
was gener at €g@giohgahieseforg thesa mategalsrare upguitatds fafwsetio CDmDaIr@twai)e'é‘lldt ance
val ue of the sa that) for that, reason, a deterioration in the

per meabi | i t ynggnet 'OZ@"ME%‘@SZ@TG@SP@ tﬁﬁg‘ﬁ@qué Noksgs dRdhatadion EqutEe%cur S

have becore SOt E8ERne ASpiaRbn R g ot 0ok o RS HER o ¥
the magneti cmBRAYs ihg sARLSH ?’n%eﬁﬁﬁlcﬁ Elk'rﬁyt‘éprtn Heﬁé(gb@q %%ﬁfr*q ! ar ge

magnetic | oss characteristics | requency eglon

and second eoﬁbﬂdymmdvﬁpdrtmnh@wmnwwwsﬁm |§|e§mbakh€tﬁelyﬂaﬁdé8atf0regm ng,
nor eover, an FPC board was used, but the present invention can al so be

appl i ed besi oeghtyol G0 eRidoh er greatercaﬂ'lheeef(mézagen Ifahe thicknesisidf tiee material

configuration. Referring to Fig. a multi-layer printed wiring or

i nt er connectiSEM HEHrder of several pm, the loss due to eddy currents is small, and almost
all of the magnetic loss will be due to natural resonance. For that reason, the
frequency dispersion width for the magnetic loss factor u" will become narrow,
wherefore such materials are suitable for anti-noise measures in narrow-band
frequency ranges. Here, in the region for the M component ratio exhibiting a
saturation magnetization that is 60% or less but 35% or greater of the saturation
magnetization of a bulk metal magnetic body consisting solely of the M
component, the electrical resistivity will be even larger, at roughly 500 uQ-cm or
greater, so the loss due to eddy currents will be extremely small, and, because
the magnetic interaction between M component becomes small, spin thermal
disturbance becomes large, and quivering develops in the frequency where
natural resonance occurs. As a consequence, the magnetic loss factor p" will
come to exhibit a large value across a broad range. Accordingly, this

composition region is suitable for wide-band high-frequency current suppression.



51, which will be hereinafter referred to as nultiplayer printed wiring
board, according to a third enbodi nent of the present invention has a

| am nar structure wherein a first to a fifth printed wiring board 53, 55,
57, 59, and 61 are stacked up. A granular magnetic thin fldusti2604 or med
across the entire surface of a ground pattern 63 depl oyed on one surface of
the first printed wiring board 55 that c®nsists of a glass epoxy material.

A conductor pattern 67, on the other hand, is forned on the surface that is

on She oppost e SR UANR B IBAHOR RS s 8%rk PRl PaRin M mgnet i o
Lhin 111 Oiofes uRolcBeRansHHIGHE 8 the ol Falgredsaari A9

board 53 nade” of a gl ass epox i's sec printed™w ring board
53 is essenbcalid tecdusenRe hi?égn'éﬂc h}ﬁ@faétrbh@btvi?ﬁ'r mw@ﬁ&m@wnn@érﬁm n. The
second printed wiring board 53 does not have the conductor pattern 67, but
has t he gramppear agglhetic thin film 65 forned across the entire outer

surface thereof. Meanwhile, on the one surface side of the first printed
wiring board 55, V¥hen e meadnalicfegsemateriahis qem'wfddmm%ate\w ?qirﬁ@em}dara@ 57

Then, on ©nd SRt ot AR Wb RAtaref suteiefo B SHPERSRFI S madrdl 57 The

gr anul ar fi 5&?{5{ dl dhis
third print g%@\fgnrcslt%g& ga{%g@p ?2” to?hg%?rgét p'r%rrsﬁtf&tg&\r\rﬁr?% oard 59
consi sting ahicRnedsS 6f mléQNS{%rﬁ@thbs@haté?ihltthét sUnf-acendfin biter i@ effettivty nt ed
Wi ring board 59 that is on the opposite side fromthe third printed wiring
board 57 ar euppreasdhe inghefraquenayrcuseent at adregienayndf saveralhuotredsaof MHa,
formed the granular magnetic thin filns 65. On the fourth printed wiring
board 59 thgh‘Prfwgh iﬁquﬁﬁwwuwubéaﬂrwwﬂu@ﬁnsr sting of a glass epoxy

i al f f. th f d board
That 1 5 on"the opAsePranavaith paRsaTRicHeRs T erfa?ﬁ?*abrt'hﬁrr i $BBAI7 Che
conduct o panieRas. 61 Aeol Yok uedhodthe80s . Vild3Fpoh AnteAabAbw

magnetic thin are her Re" EPFECE Whel'e no
conduct or pagié&fies rédistirelRBBstibié ReddyPOuéHt |6@sqaerdt Suftdble, Butlwat®s are
formed, at intervals with the conductor patterns 67. . The granul ar
magneti ¢ t hisuitablens 6cordppditiyredhbrawittethetahectdeal desistivitybecoatasst QLM
depl oyed directly on the insulation board and used as conductors even if
not depl oyedrsiieaterttbahiakia thewomposiiontsysteso atithet preseritinesions whergina
mul ti-Iayer EII II’&B boar d. accardi ng to the third enbodi nent having such a
confi gurati dA® mpgneﬂh@t'ar'%m BOIGRWAErS 8 SEHHIAeR MAINEHZAINYEL t he hi gh

hear . Thor o e o gl B B @?ef‘"‘ﬁﬁﬁ“ﬁ SHiuBAD hadep BRI e Sy
wiring boardng néﬂ“t?b?c%}ﬁ §6r¢5‘~?st %‘F‘H‘FH Bﬁ?a Ishibef- ﬁéﬁ?ﬁalv“ ring board

according to t e thi errbod s con |gure such that, ter applying
the first andraghemﬂnrwn@ttmdnmsnmgt Bparegiohexaibiting/a salpeatiorcond, fourt h,
and fifth printed wiring boards or insulation |ayers are fornmed in order
However, it tagsetidatiopdhatiadShigort gmatenretatlpeéomamtemtmnrma@eirzatm ohavi ng

a gl ass epox terial as the board nm ared fromthe beginning, and
t hose applie e[EI"ﬁH“’éﬂ‘ 'aa%%tlw@mseimaﬁog&g t Pé\ércﬁ"&onﬁﬁb | i ke. 25

the boards, so |P8'ng“’%‘sn@?ﬁbﬁg%rfb@?ﬁrrﬁ%meis%gﬁrxv kY BP0V TR ac rve
proper i es- Ha@ngtid iétial T AERbiecwhAl br phhfBdloirdiBAYGY) can be depl oyed

directly on thé insulation oar as a conductor, even if not

depl oyed on the coBmbodimentsiof ﬂrmpr%seM?ihvamdneérerr@%@eéd?rb@d@vnthﬂefé’rence

mul ti-layer wiring board 69 according to the fourth enbodi ment of the
present invetsttherdrawingsirst to fifth printed wiring boards 55, 53, 57, 59,
and 61, having a pal f/ﬁ*m de as their base material, fornmed in | am nar

fashi on. The seconBefaring &uFi@ i adenblerwirivg ol @pntadeirasitikoard A8, whicktwill
i nt ed d tt 63 t
Phereot . " andPd EBHE BT RRIers 10Tk Witko Boner " esafaiin Basg materiat ne

gr ound patte nul ar
magneti c thi ?]?fclﬂ srtsgﬁg gﬁggﬁg @Lgnéﬁﬁ?%ésﬂﬁ%&?“ﬁé%@g‘?rgﬁﬁqﬁcg% 'uct or
pattern on the other surface of the second printed wiring board 53,

meanwhi | e, granular magnetic thin filns 65 are fornmed, and thereupon is
stacked one surface side of the first printed wiring board 55. On the other
surface side of the first printed wiring board 55 are fornmed the third and
fourth printed wiring boards 57 and 59, each having conductor patterns 67
on one side thereof. On those conductor patterns 67 are formed granul ar
magnetic thin filnms 65.



On the surface of the fourth printed.-wiring board 59 on which the conductor
patterns 67 are forned is fornmed the fifth printed wiring board 61. An
insulation film71 is forned so as to cover the entire surface of the
surface where the conductor patterns 67 on the outer surfarRugistt2004fifth
printed wring board 61 are forned, and the granular magnetic thin film 65
is formed so as to cover the entire surflce thereon. In the nulti-I|ayer

Wi ring board 69 according to the second enbodi nent havi ng such a

cont | dur at | 98datod Bhd 1of Rl (e QRN oMK ERSE AL {7 O idIRIGON UL !

patterns 67 are absorbed by the granular magnetic t 25

August 2004 magriedo Usinttibdls 9 a2, 216121 6f 21 Al ¢ ate firizatin iNedllsddr equency
noi se fromthe nulti-layer wiring board to the outside can r‘[)e suppr essed.

Thi s granul surfasemet the conidoctor pattémsebaa, HBb,s19mnddct 9oy ahy 19ndo @gnPri ses a
metal magnetic body, wherefore it can be used directly as a conductor. The
nul ti -1 ayer CRINEIdegVid gaeh st thesaicegdueior patteras J9d, t9ibotRoEAd, 19mraralvtaf, s
configured with the?ffi'rSﬁ' Fthi rd, foUrt&,y&n,d fifth printed wiring boards
formed successi vel AN AR Figs 2hna G9PPRE isiforgneshiy rolling angisarpliedi t goes
W t hout sayipg, [ ' e ﬁga? gavin conduct or.
patterns and ussi%@eaépgk%fphggéé%g{sﬂeﬁ%g I%grgge é@%1 reﬁg&’é@ﬁ@g&%}rﬁ\gﬁ

begi nni ng, aratalfoi seayale Us6dl irstedd fthis c6ppRE foIM PP RThAEDE YCBil 3% poxy
resin or the like. Next, the granul ar nélf?r?etic body M>fY Stl‘{JCt udraée1b ased

i n bei ng usedniaiecttadytentiatingrend slaztroplatingroastepthérsgent i on and a specific

exanpl e of a manufacturing nethod therefor are described next, making
reference to Fi g. Rgferigg & Fim@B: @ gragulaBmagneticithire filnm g1 dp foamedusy Vapor

[ t l.e tabl | at f 75 and board 77 insid
chanber 35 CRRRTE" 36 dbichySt Reeiire Subees of Bereamerelali s a vacuum purp 37
The t t I O ' - to..an RE , Iy, , 79 f
(he out S de. On ¢ NEXF e uqoratuba FRRRPPLTE s thatial GiBhoSHERMN o 11 p o

L2 Stk At S, YRR

depl oyed a shutter 45 so as to cover es a

gas supply tmthe desiresipatteyn.ngTia@pottiont othdriBas thoxk dxXpsedardpsmovdd | €
synbol 85 designates a supporting platformfor supporting the board 77. A

manuf act ur i WENEkBP¥ERL. | d\seaesaayca hstitregigamp may23iseibeperiomaedpamd at us
ol ass boar drresyet pptiefs’s it Lo alF. ik 288 R4 PAMETHBRSY Dol ow | n Tabl e 2.
T tmenee L B REEECbo! e MU SRR bR 1 T @
copper foil 19 corresponding to the portions where the resist patterns 23a, 23b,
23c, 23d, 23e, and 23f are not formed on the upper surface are simultaneously
removed, either by soaking the board whereon the resist has been deployed in
a solution of iron chloride (Ill) or ferric chloride used in ordinary copper etching
or similarly by spraying a solution of iron chloride (Il) used in ordinary copper
etching on from the side where the resist patterns 23a, 23b, 23c, 23d, 23e, and
23f are present. o
_ Conductor patterns 19a, 19b, 19¢, 19d, 19e, and 19f are formed each of
which is covered by the granular rﬁagnetic thin films 21a, 21b, 21c¢, 21d, 21e,
and 21f diagrammed in Fig. 2E.  In this condition, furthermore, when the resists

23a, 23b, 23¢, 23d, 23e, and 23f are removed, a flexible wiring board 15 such

as diagrammed in Fig. 1 is completed.




25 August 2004 i8 Wien this sanple 2 was subjected to fluoroscopic x-ray
anal ysis, the conposition of the filmwas found to be Fe~2Ali~0. The film
thickness in sanple 2 was 2.0 ~.nm) the DC resistivity was 530 p, S2~cm Hk
was 18 Ce (1422 Am, Ms was 16800 Gauss (1.68 T), and thg A sdiiti2064
bandw dt h bw was 148% The value of the ratio between the saturation
magneti zati on of sanple 2 and the saturdtli on nagnetization of a netal
magneti c body consisting solely of the M conponent was 72.2% Table 2

Vacuum Degr ee bef It 1 Qn< 10-6 Torr &(:? 1.33 x 10-4 Pa) At nosphere
upon Deposi ti onAr %&%’Jﬁﬁ%gﬁ%’%ﬁékgﬁe VirRghgard &C&O%ggiq]p&e(:gég

pi eces) chi snfidifBR} &f tﬁ@%?s&ﬂri‘ﬁvén'ﬂoﬁpéj e & CoMRritional MSiTBHIEAY HobRE S
characteristics of the sanple, the ~ -f characteristic was investigated.
Measuri ng t lirethatfconbactae patérstiozal 2761w, Ryd] &seLTé BEcdperordthér i nto a
detection coil fashioned in a rectangul ar shape, and neasuring the

i npedance wgPhdueliyel metal aze deployedigndhé Hexiblel mhseThateriaht? bf apobrimide or .
characteristics of the nagnetic |oss factor ~" are obtained. (Conparative
Sampl e 2) O&%E‘F%tive sanple 2 was obtained by the sanme net hod and ‘under

the sane condition | e, 2 .except in_t the .nu of Al 203 chi ps
was made 90. Wen %@%@Bﬂﬁ@;%l%@ﬁégg%@&ogr@%& 88?%[9“‘(958%‘3 SEEW%cted to

f| uor 0Scopi @rvddifieAfia! thedtesdtin@hBASAN Irdbnlifer 26l 81deBREAYMICH O P
Fee6A1608. The filmthickness was 1.2 p,m the DCTesistiv f[)}l In

conpar at i ve ceanisteof2a sasheic msirocine likbsoay vadovepthe emtiyasuface oaltdewas 22

o (1738 A rglde whgrSe tﬁlégc%%tduggr)%atltgms 27a, 27b, 27¢, 27d, and 27e are deployed,
inclusive of the conductor pétterns 27a, 27b, 27¢, 27d, and 27e, and on the
surface of that insulation layer 25 is formed a granular magnetic thin film 31, by
vapor deposition or the like, across the entirety thereof. If necessary,
moreover, such can be formed in one part only.

in the flexible wiring boards 15 and 25 according to the first and second
embodiments having such configurations as these, the granular magnetic thin
film 1 absorbs electromagnetic waves that are spuriously emitted from the
conductor patterns and converts them to heat, so that the emission of high-
frequency noise from these flexible'wiring boards 15 and 25 to the outside can
be suppressed. .

A resin or the like other than a polyimide can be used for the base
material of the wiring board so long as it is a synthetic resin exhibiting insulating
properties and flexibility.

Next, with reference to Fig. 4, a specific example of a manufacturing
method for the granular magnetic thin film (magnetic body M-X-Y) according to
the embodiments of the present invention is described.

Referring to Fig. 4, a granular magnetic thin film manufacturing

apparatus 33 comprises a vacuum chamber 35. The vacuum chamber 35

comprises a vacuum pump 37 for exhausting the air, and a gas supply unit 39.



and Ms was 18800 Gauss (1.88 T). The ratio between the saturation

magneti zation of conparative sanple 2 and the saturation nagnetization of a
nmet al magnetic body consisting solely of the M conponent, that is, the

val ue of ~Ms(MX-Y)/Ms(M} x 100, was 85.7% Referring teosRugus?2004 the
~,"-f characteristic of sanple 2 of the present invention, the peak is very
hi gh, and the dispersion is sharp, withlzhe resonant frequency high in the
nei ghbor hood of 700 MHz. Referring to Fig. 10, in the ~."-f characteristic,
conparative ihits rge ~ ") reflecting.the fact that the
saturation r‘r@%ﬁ%%’fezg?% E}eéringg[ é?age c?—igﬁéﬁ%&? lé%%\'ﬁ%é ?rﬁje a%&?i'?%nce val ue
of_compar al iy@isiB, 8 toard 480a Glier G41< BBbI0l6F BEMAANSBREFF e drds  Ne
frequency rises. Thus It Is evident that a deteritoration in the

per nmeabi | i t yheé oagitdéi4d. | oss characteristic) has devel oped fromthe

| ow-frequency region, and that the perneability characteristics have becone
poor at high freqhextiasexdropleidf mareifacernng agranulesmagestid thin filhausinge
magnetic body in sanple 2 of the present invention exhibits very high
magnetic | oé'ie SRRt BRgRRY CIRIN M yapardepgeitie) appgiatvs diagemmeddndddcr i bed
tests done tols\é%r icj.%%(goi se suppression effectiveness using sanples 1 and 2
obt ai ned wth™t £ diments of the present invention. These tests were

i dentical for sanpSgsmple dnd 2, wherefore only the tests for sanple 1 are
descri bed. Using the nmeasurement system 91 diagrammed in Fig. 11 to verify
noi se suppr essi on Aefifaactar neagrssip thindilmavagfabricated dnrabagmetateriaint er f er ence
suppressi ng body conprising sanple 1 of a granular magnetic thin film

havi ng the FONREHRY Of 8\Blagsheard &S By vaper drpasitiesd underrthg copditiops meted n a

20 id ith.a filmthick f 2.0 ~ m that | aced
direct!y abdbdaule:t brlgis fishgtie arankiznipagnsic on URaecsrepesitn and &
o Sl od g ngtt ity
between o porparals 334y Bmnica irFig2h aid 8 nebPRaM I s HRHRRIR AL oo
(HP 8753D) . 3H-EneP2holic ﬂ%{/%ﬁfgﬁg}aén%ﬂéﬁbrﬁgoy&@ saRpREFLi ng the

. . . i . .
mcrostrip line and the netwo zer. esults are given in Table 3

bel ow. Tabl e 3 PeWhkebsample Csarobtdieed MasGtibjected to fluoroscopic x-ray

G anul ar Conposi t eMagnet i cMagneti c Sheet Thin Filma "/ 700MHzabout 1800about
3. Obwr (%) 148r@dysis tTebbepesitibowé the file was hartd toitieyFe Al #Bi-eri stics for the
el ectromagnetic i r_1‘1 erference suppressi on sheet of the granular magnetic

thin filmsanple 1ThefimgnickRess heiamaplel was Ribwmn Rlaesistivity was 588r a
CoTpOSIte. TSR o URE B PEeT s WWHRLE 1601 kOl SR Pove
RO s LRSI 6 1 el S ARAEP O e TR,
This i s sonebaidvidth bwr is obtained by extracting a frequency bandwidth between two

frequencies at which the value of 1" is 50% of the maximum ", and

normalizing the frequency bandwidth at the center frequency thereof. The

value of the ratio between the saturation magnetization of sample 1 and the

saturation maghetization of a metal magnetic body consisting solely of the M

component was 72.2%.

Table 1

<1x10° Torr
(= 1.33 x 10 Pa)

Oxygen Flow Rate upon Deposition | 3.0 sccm

Vacuum Degree before Deposition

Material | Fe;oAl, alloy




times larger -than the ~," of the conparative sanple that exhibits w'

di spersion in the sane band. Furthernore, the relative bandwi dth bw is
smal|l as conpared with that of the conparative sanple. Wen high-frequency
currents are suppressed by deploying a magnetic | oss mat 5i,§,_llgdsm§ggj;ately
next to a noise transm ssion path and inparting an equival ent™ resi stance
conponent to the transm ssion path, it i18 believed that the | evel of
suppression effect will be roughly proportional to the product of the size
of w' and the thickness of the magnetic body (w ~8), wherefore, when
conparing suppression effects, a conposite nagnetic sheet wherein b = 1.0
mmat wW - 3 such I . 1 : t ; er was
used as the conpar'ip?&\?erttggge{ |t§.8ﬂ%"&ﬂ%&&”%‘%@'%snﬁm&?g@&’ﬁ| cally) as
di agrammed isanfpig1, thb yu-RBnElaREIsBEWNHhIEsti aféar.fw@és%ngqp@wss! on body
sheet 89 was deployed directly over a mcrostrip line 87 as indicated by
the dotted Ichaeadd&isticdsdohbdydhsartieg thensdrhpletintars detestiom coihfashiinediista ¢ S2~
was determned. In Fig. 12A and 12B, the S2~ characteristics are plotted
when depl oyiregangelap sbape;cind measuriigtberimpadarcs whileapplymgenbi@ssuppr essi on
body sheet of the granul ar netic thin filmsanple 1 and the c osite
magnet i c shé@?gnqm%W'Q-he%W@p%JWnSY Chﬁ'@c@’ﬁﬁﬁn&tﬁﬁdﬁﬂ%?@q?ﬁ? %&p‘?rl m
sanple 1, the %%é %}ﬁ% cteristic decreases at and above 100 MHz, then

i ncreases aftt é Q IDrting an extrenely small value of -10 dB near 2 GHz.
In the case of thecepipaestveesamprref) ¢ sheet, on the other hand, the S2i
characteristic sinply decreases from several hundreds of MHz on, exhibiting
appr oxi mat el y - 10 Ginparalivéssamplee seasratstaintd byribde same rhethodtdrat urider S2~
transm ssion characteristic is dependent on the ~." dispersion of the
magnet i ¢ bodhe same coralitiarnsead sarsplect exdept uihat thesmumbesf 6feliO4 shipepeasdent on
the w'~b product. Thereupon, the magnetic body was assuned to be a

di mensi on T.maé%ﬁpi buti on constant |ine such as diagranmed in Fig. 13, and,

the tranm sei on JHPAL FolpRlAiE s 8o Ree Whi bR e rol O
constant - CoNYRIs Qb0 T APaRATR i ERARIARA ot the R Wil Blih@ig e When a

magneti c body is placed above a mcrostrip line, as I1n this study, because
the changes FdL Al @S NTRSIfTN tKibRMEHLIB Icofipafativessdimple I 1ywasie. 2 @mt fe Baui val ent
resi stance conmponent that is added in series, the equivalent resistance R
was found, dedistivity Waeqdar@ ¢ dpeadisotgpichmeagrticieid was @2tQg 4t 288 Alm),Fi g.
14A and 14B, t frequency variation in_the equivalent resistance Rin the
present invef @H"&%W%O Faussih88ille WABFAIQ betwespithe gaturation ne

Coar ot e MR e B A B A B a8 L.
M e R R e e
{Ms(M-X-Y)/Ms(M)} x 100, was 85.7%.
The p"-f characteristic of sample 1 of the present invention is plotted in
Fig. 5. Referring to Fig. 5, we see that the peak is very large, and that the
dispersion is sharp, with the resonant frequency high in the neighborhood of
700 MHz. |
When the p'-f characterisﬁc of comparative sample 1 was investigated,
for comparison, it was found that a large u" was exhibited, reflecting the fact of
the saturation magnetization Ms being large, but also that an eddy current loss
was generated together with a rise in frequency due to the low resistance value

of the sample, that, for that reason, a deterioration in the permeability or



frequency dispersion of ~" that becones extrenely large in the vicinity of

1 GHz, in both cases, but this is thought to be a result of reflecting the

fact that, in addition to the ~"~8 product noted earlier, the ratio of the

sanpl e di nensions to the wavel ength increases sinply. | ”2*52&1@[@9665‘3”“ of
the present invention, manufacturing exanples are indicated that are based

on sputtering or vacuum vapor depositiorli4rocedures, but such manufacturing
nmet hods as i on beam vapor deposition or gas deposition nay al so be used,

and there i i n.the nethod so lopng as it is one wherew.th. the
magneti c | oiggi%e[t'gmjéﬁ %qra{;tﬁélgﬁg 8‘3%‘”’? ?qom/ﬂ%tlpgffr HENGY rEAPR Y Nt ct ed.
In the enbodgy LSili gﬁ% J i f it 1S an

asdeposi ti oﬂie?i?'!@nglhﬁ{ﬁﬁét?ﬁgeéer mérng%{d&mééa%%{agr}ac eﬁ%glf'%r](izc ‘can be enhanced
after filmfabricatwiobelsedperdrathéstoreduls tat theaiagRBic de@iﬁ’é’eﬁH?l@ frggnetic
field. Based on the foregoing, it is evident that the sanples of the
present i nvéne porsenhatveakibn bkhibit$ veiydpryesmagnetic lobe chartactaristiosviviheband

exhi bit a highfrequency current suppression effect equivalent to that of a
conposi t e naUgitireEUen@etedifyi ng a t hi ckness that is approximately 500 times

ter, d that h,. 1 Si . material 1z ) ni m ze EM,
bet woon el ot roni &1 HEIGhERd SSGuHProBgae P BiehEsent hiklpRatsa B8Y) ces
d the lik t ' i I ' : d
alect roni ¢ obvooteRand ol ArO0 AR HaE REh S BRetiinyerfeh °"

el ectroni c caMRNSEebEapphed Besias to fiéxMbledat aablek TBFCEKRalilgh digahi gh
frequenci es. The granular nagnetic filns described in the foregoing relate

only to Fe8&anbogratibnt it is evident that the granular magnetic thin film

of the present invention can elicit the same effects even if, instead
thereof, the conpdiEatr®ade Rigd. rafHlilrYewiniedmIing erentpsaenngctipabheard M X- Y

T T s X nich W o Rergiangl ethrieg o SSTRaRRaYpRITEd MHISRAE. of Tt hose.
mxture of ChEoRingd 8 fird SmeBimintth he preseft Mishicrhds Siafiel SRAGE 1 o3

m xture of those. ng met hod used i n cri bed

in the foregehergini@sirst s/ pHited Wiringf Bifrd 58! B US7 e Bna$1vARQtadk@Resi tion
or the Iike can also be enployed. In addition, such manufacturing methods

as i on beamupepds gtanuaranagreticdbpofiin 6%is foryedbsmsbaehe satire sthfice dfs no
limtation on the nethod so long as it is one wherewi th the granul ar
magnet i ¢ t hidound patem G depleyed onionesuriace of the tirst printed mdng hoar 55 y .
Based on th esent invention) as described in the foreqoing, wring
boards can SEQ{)?%'%\%&PFP%SW%&%V rfﬁ@tﬁéﬁ{- c A senductorpatigr gﬁ, @ theopther

o PTe . o A I
Dserul i ol {on s RUARRANBRARLE ot B 5 B0 ke BPut PRl T
em ssi ons OorpAle?s BBUFRGRYrited'RirfRy bdhr! _eéin%ﬁtuér{% du@ﬂ)r?)‘eéﬂéﬂ%?,kﬁﬁharse hi gh

frequenci es. Based on the present “invention, erno uni | ‘ayer or

mul til ayer vareifognddgratslaranadreetiortbin filed 6shatAnttoretHoegeiHaees ¥ Prikel =
whi ch exhi bit outstandi ng high-frequency magnetic |oss characteristics that

are extr emrel Seceadmiintechweinghasid iS3gnade of & glassapoxunsatdrialy Tpis $enond
el ect r omagnet irﬁ?@m.ssi ons or. el ectromagneti c noise in unjlayer or

mul tilayer VIR WYEG BRardind is pssentiajly an ipswatieg beard thathag gasondadar 24
VWHAT | S CLAI S A W I r.d c rising. an .insulative base
material; con ucgét"orﬁﬁ%ts £ éﬁi@ﬂtﬁ%@ﬁ&ﬂ%g@%&% aﬂ%s Pr%‘_gﬂ?e\feﬁbetcﬁpﬁu?‘f’fns f or ned
on s d_condaieth 672bleKA Y aRLIAr RRGHIBHIRiint 65 bndd hRs@ife BRAR OF 2

outer surface thereof.

Meanwhile, on the one surface side of the first printed wiring board 55,
the other surface of the third printed wiring board 57 comprising the conductor
pattern 67 on the one surface thereof is stacked. Then, on the conductor

pattern 67 of the third printed wiring board 57, the granular magnetic thin films



| oss material. 2. The wiring board according to claim1, wherein said
magnetic thin filnms are fornmed on said conductor patterns al ong outer .
surfaces of said conductor patterns. 3. The wiring board according to claim
1, wherein said magnetic thin films are formed with an i g Fhise2004Yer

i nt er posed therebetween, that covers entirety of surface of sald wring
board on which said conductor patterns a% forned. 4. The wiring board
according to claim2, wherein said base material is configured of a

fl i bl jal,, 5 T i.ri,ng, board accordin 0 claimd4, wherein said

foxibl e maesardiomgeq, " n kit i BEYES G5 F)Pﬂ@g%oﬁrfa"aeﬁ“m%wrp; Claim|
wh i N SayrididPg i i ' : %W‘E.’ ] e NS,

)sput freﬂ Rg gjrrllgtvapg%d@gégis?i%r?.%@hé%ﬁg% ring (ﬁ?‘%"lgtcm} ng to Cgl %{i m 1,

wher ei n t hi ¢her eastroprirted dvinmpbeardsg thabisk o e d)p#ipdéﬁté Ride ffGAdRe Mird- 3 ~mto
20 ~m 8. The wiring board according to claim1, wherein said magnetic

thin fil mi prited wigingdebasél 58 aradoreted:theasomduratoe patierniset/l, rpdorciopdshat on
represented by MX-Y, where Mis at |east one of Fe, Co, and Ni) X is at
| east one el2E@ERfMast hergraRdlar magnetc thindinys 8. at | east one of F; N, and O

' ' ' I b tic loss material i
i ch & mad rum veTLEePHER PR GHUEnedsesd B9 1he TS prifted B AR Edmponent

exi ot 5 it hicy o R0 gt BUARR Fhas bRt QR ASTNEN 16 o,
and printed wiring board 61 that is on the opposite side from the fourth printed wiring
board 57, the conductor patterns 67 are formed, and on top of those, the
granular magnetic thin films 65 are formed. Further, also on the surface where
no conductor patterns 67 are formed, the granular magnetic thin films 65 are
formed, at intervals with the conductor patterns 67. The granular magnetic thin
films 65 deployed between the conductor patterns can be deployed directly on
the insulation board and used as conductors even if not deployed so as to make
contact on the conductor patterns 67.

In a multi-layer wiring board according to the third embodiment having
such a configuration as this, the granular magnetic thin films 65 absorb the high
frequency waves emitted from the conductor patterns 67, and convert them to
heat. Therefore, the emission of high-frequency noise from the multi-layer
wiring board to the outside 6an be suppressed.

The multi-layer wiring board according to the third embodiment is
configured such that, after applying the first and third printed wiring boards 55
and 57, the second, fourth, and fifth printed wiring boards or insulation layers

are formed in order. However, it goes without saying that multiple printed

wiring boards having a glass epoxy material as the board may be prepared from

the beginning, and those applied using an adhesive such as an epoxy resin or
the like.




a relative bandwidth bw is not greater than 200% where the rel ative

bandwi dth bw is obtained by extracting a frequency bandw dth between two
frequencies at which the value of a " is 50% of the nmaxi rum ~ "nax and
normal i zing the frequency bandwidth at the center frequengyaddidteods 9. The
Wi ring board according to claima8, wherein X conponent of said magnetic

| oss material is at least one of C) B, %6 A, My, Ti, Zn, Hf, Sr, Nb, Ta,
and rare earth elenents. 10. The wiring board according to claim 8,

and rare sarth el erent s ing boar d accor di ng f
i Sper sed | n’mat v QRIS Areshg TRE Il Biamb CalefRe 50 Bt i R BBAIEY i Mo o

claim 8, whebabig &E &eyParet dypitieotidi rasmE @xhbitingahsiiaties pfdperidsig sai d granul ar
formis within range of 1 nmto 40 nm 12. e W ring board according to

cl aim 8, wherei n Jaedrasgaemagnetc thimtitne | eloreover dansbeadepioysd tiregtyc
magnetic field Hk of 600 Ce (4.74 x 104 A/n) or less. 13. The wiring board
accor di ng t ®ndhgiimguatiopeard ansddisedrasm eendugters svemif &ot deployed @ndbeed from
Fea Al ~-OY and Fea Si E—O] 14. The wiring board according to claim 8,
wherei n si z&9BAUSEF BRURTM nagneti zation in said magnetic | oss material is

et & banscon R4 18R Jo 1 1 AR VRS SHRRIGP e i
Ceot 108, | ST Srbubereil v gssanienunons 1@ g et i
~. S2~cm 16.bo@rds 95 ,r3H$7h68r anch6t ohaliimg)a tpolyiadenasl theitbasei matediat] foragedet i ¢
3 finar thshion. | The Sekond printed witing board 83 dbployad teicw e~ &' O
repr esent ed P g bo ploy

first printed wiring board 55 comprises a ground pattern 63 on one surface

thereof, and a conductor pattern 67 on the other surface thereof. On the

ground pattern of the second printed wiring board 53 is formed a granular

magnetic thin film 65 across the entire surface thereof. On the conductor

pattern on the other surface of the second printed wiring board 53, meanwhile,

granular magnetic thin films 65 are formed, and thereupon is stacked one

surface side of the first printed wiring board 55. On the other surface side of

the first printed wiring board 55 are formed the third and fourth printed wiring

boards 57 and 59, each having conductor patterns 67 on one side thereof. On

those conductor patterns 67‘ are formed granular magnetic thin films 65.

On the surface of the fourth printed wiring board 59 on which the

conductor paﬁerns 67 are formed is formed the fifth printed wiring board 61.

An insulation film 71 is formed so as to cover the entire surface of the surface

where the conductor patterns 67 on the outer surface of the fifth printed wiring

board 61 are formed, gnd the granular magnetic thin film 65 is formed so as to

cover the entire surface thereon.

In the multi-layer wiring board 69 according to the second embodiment

having such a configuration as this, the high-frequency waves emitted from the

conductor patterns 67 are absorbed by the granular magnetic thin films 65, and




25 August 2004 26 by M X-Y, where Mis at |east one of Fe, Co, and NI, Xis
at |east one elenent other than Mor Y, and Y is at |east one of F, N and
0, said magnetic loss material is a broad-band magnetic loss material in
whi ch maxi mum val ue E~"max of loss factor E~" that is ingg vkt 26gponent
in conplex perneability characteristic of said magnetic |oss terial
exists within a frequency range of 100 M to 10 GHz, and a relative .
bandwi dth bwr is not snmaller than 150% where the relative bandwi dth bw is

i [ ncy bandw dt h betyween two freguencies at
\%m glhnte gebza ueggg Bl,tﬁﬂegtl’yr%géjo%fﬁ M'leh%mﬁﬁﬁnrﬂl}rﬂ'&'%ﬁﬁ‘ﬁnfgd’ﬁiﬁ fram ti‘ieng thg
i i t . . e wing boar

;nglrjgln% Pgngmia%a’l\gﬁm%%ﬁyﬁ g{ezidtﬁggS;gﬁ)l?rea{llrﬁgﬁggr?gghet i zation of said

magneti c | oss mat dttiimbrarmlavhagmeticanpeiilof 656R6ibits SSiaUetivigPand BbinBRses
magnetization of a netal magnetic body consisting solely  of M conponent.

18. The wi r ih@etr)dnragnatisdratiynyhereferedt carlbe usbﬁd&éotlyﬁaédc:;diﬁdnietbi,c lotsﬁan
[ i bi [ istivit ing a val ue |arger
500 yS2eom A i r i BHAr GVRONBNELoR Secaseinadogne agcormmmem,lyer
I sin . - ar netic thin fil depl oyed at | east on
part of sai "oVt i bolitieq AR TR AT, oy and i piniehgHeng dosrae

films are magened saceEaiRly 6n {wﬁd&igj{ri d withg ddifi ! | RehRAE G E6G0r A1 NG

to claim19, wherein said conductor as a - ground par

ground sur f agthoort sayiag teatmpultiptespriited wiinzpbé 248 hadippl cRvRbdcRP pafsrsWigce of
said board, and entire surface of said ground part I's covered wth a

magnet i c t hi4sind f pelyimide as the board may be prepared from the beginning, and those

applied similarly using an adhesive such as an epoxy resin or the like.

Next, the granular magnetic body M-X-Y structure based in being used
in the embodiments of the present invention and a specific example of a
manufacturing method therefor are described next, making reference to Fig. 8.

Referring to Fig. 8, a sputtering apparatus 73 comprises a target
sample table platform 75 and board 77 inside a vacuum chamber 35 capable of
having the air therein exhausted by a vacuum pump 37. The target sample
platform 75 is connected to an RF power supply'79 from the outside. On the
target sample platform 75 are a target 81 and a tip 83 placed thereon.
Between the target sample platform 75 and the board 77 is deployed a shutter
45 so as to cover the board 77.  Symbol 39 designates a gas supply unit for
supplying gas to the inside of the chamber, while symbol 85 designates a
supporting platform for supporting the board 77.

A manufacturing example is next described.

(Sample 2)

Using the apparatusv diagrammed in Fig. 8, a granular magnetic thin film
was fabricated on the glass board 77 by sputtering, under the conditions noted
below in Table 2. The sputtered film obtained thereby was subjected to a heat

treatment in a vacuum magnetic field for 2 hours at 300°C to yield sample 2.




21. The wiring board according to claim 19, wherein said conductor part
conpri ses at | east one of ground patterns or conductor patterns depl oyed on
one surface of said board, or conprises a ground surface depl oyed over 25
August 2004 27 entirety of one surface of said board, angsa, u§@§?opart of
sai d conductor part is fornmed by an electrically conductive mmagnetic thin
film 22. The wiring board according to xg aim 19, wherein said conductor
part conprises signal |ine conductor patterns. 23. The wiring board

| ai m 22, wherein said magnetic thin filmis fornmed on said

di t
S?Sggl I n?i ngNESH(S‘?JEISSF‘%%?thj%?d 1o, Bugropcorjc day @nalysiss theng to claim
22, wh ' ' , Lc, thin fil ) ated f
s anal 1+ ne SEMRSTRETS b rlp b QA 18 P8 Kool 2 Five i e o8 R omduct or
tt f . . i L [ '
Rherei nsal dnyacr aE £ fm; ESCHRYSHinA0ds Saogentdt MRk R DLage

i nter posed tAemehBtWeEN68E0 Gaubs (.88, S theoreRadive anhdRaith BwiSvas2fagelhe

Wi ring board according to claim?22, wherein said magnetic thin filmis
fabri cat ed byheavalueastheoratiornetween tife sgtutatienimagrestidatiemof sataplest ahdthe 27.
The wiring board according to claim22, wherein said magnetic thin film has
a thi ckness SANYRIAN Maaneyeatian of ametalmagnetic badyxensipting welalnegf thedvid

according t ' 2, L,n said wiring board is a nultilayer printed
W ring boar %OWnii H@%?/ﬁ]cture of at least 3. layers. 29. The wiring
board according to claim 22, wherein Tgpeo

Vacuum Degree before Deposition | < 1 x 10 Torr (= 1.33 x 10" Pa)

Atmosphere upon Deposition Ar

Power Supply RF

Fe (¢ 100mm)
+

Al,O4 chip (120 pieces)
(chip size: 5mm x 5mm x 2mmt)

Target

In order to verify the magnetic loss characteristics of the sample, the u-f
characteristic was investigated. Measuring the u-f characteristic is done by
inserting the sample into a deteption coil fashioned in a rectangular shape, and
measuring the impedance while applying a bias magnetic field. Thus the
frequency characteristics of the magnetic loss factor u" are obtained.

(Comparative Sample 2)

Comparative sample 2 was obtained by the same method and under
the same conditions as sample 2 éxéept in that the number of Al,O5 chips was
made 90. '

When the comparative sample 2 so obtained was subjected to
fluoroscopic x-ray analysis, the composition of the film was found to be
FegsAlgOg.  The film thickness was 1.2 um, the DC resistivity in comparative

- sample 2 was 74 uQ-cm, the ar{isotropic magnetic field was 22 Oe (1738 A/m),



said magnetic thin filmis configured of a magnetic [oss material
represented by MX-Y, where Mis at |east one of Fe, Co, and Ni, Y is at

| east one of F, N, and O and X is at |east one el ement other than Mor Y,
said magnetic loss material is a broad-band magnetic | osgsRijdiist2bos n Whi ch
maxi mum val ue p"max of loss factor p," that is inaginary conponent in

conpl ex perneability of said magnetic | 038 materi al exists within a
frequency range of 100 MHz to 10 GHz, and a relative bandwidth bw is not

xtracting. A Te e Ba0 e s g Do TP BIS b3R8 RaBgfcn o
frequenci es mlagnbtizdtionhst compiRaife sample 28FURS sdtatiBRMH tl‘tiﬁtlo%)f‘ gnd

normal i zi ng the frequency bandw dth at the center frequen ereo

The wiring boetal reagretidiglytavnsistingisaibly ottae el I@oﬁipbﬂeﬁtf t@wftﬁé vBlle of
magnetization in said nagnetic loss material is within a range of 60%to

35% of sat ur8{$ MTW)@M@( Bat 100 was 85.784.al magnetic body consisting solely
of M conponent. The Wi r'JE_)Ing board according to claim19, wherein said

magnetic | oss rrat ?fgl""é@i(m gtea tUE: ‘Ifébﬁ'iangQiISt@@éﬁ%mplﬂ 2 pf ﬂ‘:/ﬁir;ﬁgzlat val ue
wherel n sai d e 116 PRek s varl B, 2patng SResrg5 %r%%ﬁ’e‘f’ﬁlﬁ]eo%%soﬁﬁ’t‘%r o
Cor Q%daNf?”EQ?"f“;?”T'%ﬁZI e oo OO0 M Ts"at | oast ome. el enbnt
ot her than M or Y,Referring to Fig. 10, in the p"-f characteristic, comparative sample 2
exhibits a large u', reflecting the fact that the saturation magnetization Ms is
large. However, because the resistance value of comparative sample 2 is low,
eddy current losses are generated as the frequency rises. Thus it is evident
that a deterioration in the permeability (magnetic loss characteristic) has
developed from the low-frequency region, and that the permeability
characteristics have become péor at high frequencies.
It will be seen from these results that the magnetic body in sample 2 of
the present invention exhibits very high magnetic loss characteristics in high-
frequency regions.
Next are described tests done to verify noise suppression effectiveness
using samples 1 and 2 obtained with the embodiments of the present invention.
These tests were identical for samples 1 and 2, wherefore only the tests for
sample 1 are described.
Using the measurement system 91 diagfamfned in Fig. 11 to verify
noise suppression effectiveness, and using an electromagnetic interference
suppressing body comprising sample 1 of a granular magnetic thin film having
the permeability characteristic diagrammed in Fig. 5, formed in a square 20 mm
on a side, with a film thickness of 2.0 um, that was placed directly above a

microstrip line having a line length of 75 mm and a characteristic impedance of

50 Q, and the transmission characteristics between 2 Ports were determined



said magnetic |l oss material is a narrow band magnetic |loss material in

whi ch maxi mum val ue ~,"max of |oss factor ~" that is inmaginary conmponent in
conpl ex perneability of said magnetic |oss material exists within a
frequency range of 100 Miz to 10 GHz, and a relative bandy Alidudt'@ooss not
greater than 200% where the rel ative bandwi dth bw is obtained by
extracting a frequency bandw dth between2®wo frequencies at which the val ue
of a" is 50%of the maximuma "m~ and normali zing the frequency bandw dth

at the centefq; q#bq,w, f P e W i rd ording_to claim
32, wherein %?'é%%o sg%uéﬁflzgeg (#apg%eﬁaﬁgat ?‘Wt’.%ﬁggﬁa'gﬁgge%e? F%a)ﬁﬁlslg'errat erial
is within a cangeting tfOMicrosHRYnel arkpthi rerk ti Zphd %uﬁéqﬁegﬁigﬁ'
magneti ¢ body consisting solely of Mconponent. 34. The w ring boar

accor di ng t dncladie@d2jowherei n sai d magnetic | oss material exhibits a DC
electrical resistivity that is wwthin a range of 100 wS2~cmto 700 ~, S2~cm
25 August 2004 29 35. The wiring boardTaectding to claim32, wherein X
conponent of said nmagnetic thin_filmi | east one of C, B, Si, A, M,
Ti, Zn, H, Sr, Nb, Ta, and rar%eré’é‘?ﬁbr‘ulﬁ\é 11t The wiring board
according to claim32, wherein, iin sa@nargneti|c 1 gss nmaterital, said M
exists in a granul ar |form dispersed iMagmtiei X qf s PEPRSHE conpound. 37. The
wiring board according to claim 32, e gil neanMaanetie Shegt anet er of
particles Mhaving said granular [Tormis withirng range of I nmto 40 nm 38.
The wiring board accordi/dgoOMblzcl ai ma®ut Waed ei  saiabowhi@eti c| | oss materi al
exhi bits an ani sot r ope—ragheticiiield -Hkof 600 O (534 x 104 A/m or

| ess. 39. The wiring rigyaccordi ng t | ai m 32) whergi n sai|d nagneti c

| oss material is sel et?:)tg‘gc;%f)r om Fea Al ~-6 and Fea Si 3 :

I Nfz/ Ny/ N@/ Nf I/ Ny/ NfE/ NN NFjT/NSIT/NF7TNFTO Ny Ny7 Ny7 NyT7TNF7NZ/ NUNj |/ Ny/ NyW
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magnetic body (u"-8), wherefore, when comparing suppression effects, a

composite magnetic sheet wherein = 1.0 mm at u* = 3 such that the value of

n"-d will be on the same order was used as the comparative example.
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8! 11 +" dEr 36h{P¥A&&ndgrietic sheet. With the deployment of the granular magnetic thin
film sample 1, the S, characteristic decreases at and above 100 MHz, then
increases after exhibiting an extremely small value of —10 dB near 2 GHz. In
the case of the composite magnetic sheet, on the other hand, the S,,
characteristic simply decreases from several hundreds of MHz on, exhibiting
approximately —10 dB at 3 GHz. These results indicate both that the S,
transmission characteristic is dependent on the u" dispersion of the magnetic
body, and that the level of the suppression effect is dependent on the p"-8
product. Thereupon, the magnetic body was assumed to be a dimension A
distribution constant line such as diagrammed in Fig. 13, and, after finding the
équivalent circuit constant per unit length (A)) from the transmission
characteristics S,; and S,,, the equivalent circuit constant converted to the
sample dimension (A) was calculated. When a magnetic body is placed above
a microstrip line, as in this study, because the changes in transmission
characteristic are mainly due to the equivalent resistance component that is
added in series, the equivalent resistance R was found, and the frequency
dependency thereof was investigated. In Fig. 14A and 14B, the frequency
variation in the equivalent resistance R in the present invention and in the
composite magnetic sheet that is the 'comparative sample are plotted. In both
cases, the equivalent resistance R simply increases in the sub-microwave band,
becoming several tens of Q at 3 GHz. The frequency dependency of the

equivalent resistance R appears to have a different trend from that of the
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are indicated that are based on sputtering or vacuum vapor deposition
proce_dures, but such manufacturing methods as ion beam vapor deposition or
gas deposition may also be used,.and there is no limit on the method so long as
it is one wherewith the magnetic loss material of the présent invention can be
uniformly effected.

in the embodiments of the present invention, moreover, it is an as-
deposition film, but the performance and characteristics can be enhanced after
film fabrication by performing a heat treatment in a vacuum magnetic field.

Based on the foregoing, it is evident that the samples of the present
invention that exhibit 1" dispersion in the sub-microwave band exhibit a high-
frequency current suppression effect equivalent to that of a composite magnetic
sheet having a thickness that is approximately 500 times greater, and that such
are promising as materials used io minimize EMI, between electronic
components comprising semiconductor integrated devices and the like that
operate with a high-speed clock running near 1 GHz and electronic components
mutually susceptible to interference, and in electronic components and circuit
devices and the like that use high frequencies.

The granular magnetic films described in the foregoing relate only to
FegsAlsOg, but it is evident that the granular magnetic thin film of the present
invention can elicit the same effects even if, instead thereof, the components of
the magnetic body with the general formula M-X-Y are such that M is Ni, Fe, or
Co, the X component is C, B, Si, AI, Mg, Ti, Zn, Hf, Sr, Nb, Ta, or a rare earth, or,

alternatively, a mixture of those, and the Y component is F, N, or O, or,
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present invention can be realized uniformly.

Based on the present invention, as described in the foregoing, wiring
boards can be provided that have magnetic thin films which exhibit outstanding
high-frequency magnetic loss characteristics that are extremely useful in
eliminating interference caused by spurious electromagnetic emissions or
electromagnetic noise in ﬂexible. wiring boards that use high frequencies.

Based on the present invention, furthermore, unilayer or multilayer
wiring boards can be provided that have magnetic thin films which exhibit
outstanding high-frequency magnetic loss characteristics that are extremely
useful in eliminating interference caused by spurious electromagnetic emissions

or electromagnetic noise in unilayer or multilayer wiring boards that use high

frequencies.



f ff#10% & ()- f fy 10% & ()-@f10% & ()- fz10% & ()- f&I0%

& ()-hOiiijjjj-j|obWs f! 10% & ()-10E 10E 10E f f810% & ()- f 7910%

& ()- f@10% & ()-3 f310% & ()- -jO0jkk|nno|[:bU4 f f3% 109%E & ()-- yY
10%Ue& ()--f fyY 100 & ()-- y 10%4H& ()- fy 10%E & () -24 highofoos

& ()-opqqqqqqSrvua fQy10%E & ()- f9 10% & ()- f!l 10% & ()'10.E 10E 10E f
. 109 & ()- 3%y 109K ()--SrrBs#wewxyy|[:-410E f fi, @10% & ()- f f,, @
109 & ()- f y3 10%2e& ()-9 fy3 10%E,& ()-9 y10%E H& ()- fCy10%

& ()- yyynyzzsz410E fff fl0MX & ()-3 f109% & ()-F f10%X & () - f&lOfV(X

& ()- f1° WEDJ} E z{n{{|[{}|[:A10E f fyg 109%@& ()- f@OW & ()-Y
f 109X & ()- f3 10%( F fyy 109 & ()-G f10%K & () - 4{}Q~ o{ |[~A410E f
f/109X & ()- fy,, 109K &' ()- %; s*3109X & ()-F ff&I0%& ()- fy%douwX & ()-4
fdyg 109K & ()- “*#s~_ " apsvU41d FiExBIsbeand compmigings: () - 1ox 10X 10X ff5@
109X & ()- fL310WXiBSE}atd el MEGHXm&terisB| [ vUL10 flg O/éoze( 3&' (%; |vuf ;Jlgg%
& f 1002 & 0 ' u~f J*

& 8 1092 & ()- Ic%‘g/éc?éop%o%ﬁ' %% gi/%%)gé‘(ék andfG 10982 & () - XX@L0%R
11092 & () - 10tye"‘&gt‘?t 1 /jé’&’?i(lj“slé%m&d(?nlia@mmr&p@tm%& 0.

& ()-109%R whguein] §9RdmAgnd R th E 08 > !
$1<(32’/<>< & ()mﬂﬁﬁn&:&x'(low &' () IV@I[ .@0 "610%X & ()- 4GLOWX & ()-3
1109 & ()- @ 109 % Qi +109%X & ()- _ abqtvByX7 ny@ 10%

& ()- y@10% & ()he 'bl/abgar@)accp B/ R 1, MHereimsaic xagn e thin &'() &B:

- O/ 1094 & ()- S 109
p Ej (718%@1@?8%%@?’%‘1@%%%?8%&/&% Bl d q e {%’gﬁé%}&esﬁ(sf'd 1o & ()-
y10% & () conductot@dterdis( ) - 191 101 aAA7I101 1094 & ()- 1094 & ()- 10%
& ()- 1 T1I0%d & ()- 1094 & ()- 10%? & () .hL 7 _ . o
3. The wiring board according to claim 1, wherein said magnetic thin

films are formed with an insulation layer interposed therebetween, that covers
entirety of surface of said wiring board on which said conductor patterns are
formed.

4. The wiring board according to claim 2, wherein said base material

is configured of a flexible material.

5. The wiring board according to claim 4, wherein said flexible material
is a polyimide.

6. The wiring board according to claim 1, wherein said magnetic thin
films are produced by at least one of sputtering and vapor deposition.

7. The wiring board according to claim 1, wherein thickness of said
magnetic thin films is within range of 0.3 um to 20 um.

8. The wiring board according to claim '1, wherein said magnetic thin
film is configured of a magnetic loss material having a compoéition represented
by M-X-Y, where M is at least one of Fe, Co, and Ni, X is at least one element

otherthan M or Y, and Y is at least one of F, N, and O,
said magnetic loss material is a narrow-band magnetic loss material in
which a maximum value u"max of loss factor p" that is imaginary component in

complex permeability characteristic of said magnetic loss material exists within
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bandwidth bwr is obtained by extracting a frequency bandwidth between two
frequencies at which the value of 1" is 50% of the maximum 1", and

normalizing the frequency bandwidth at the center frequency thereof.

9. The wiring board according to claim 8, wherein X component of
said magnetic loss material is at Iéast one of C, B, Si, Al, Mg, Ti, Zn, Hf, Sr, Nb,
Ta, and rare earth elements.

10. The wiring board according to claim 8, wherein, in said magnetic
loss material, said M exists in a granular form dispersed in matrix of said X-Y
compound. |

11. The wirin'g board according to claim 8, wherein mean particle
diameter of particles M having said granular form is within range of 1 nm to 40
nm.

12. The wiring board according to claim 8, wherein said magnetic loss
material exhibits an anisotropic magnetic field Hk of 600 Oe (4.74 x 10* A/m) or
less.

13. The wiring board according to claim 8, wherein said magnetic loss
material is selected from Fe,-Alg-O, and Fe,-Sig-O,.

14. The wiring board according to claim 8, wherein size of saturation
magnetization in said magnetic loss material is within a range of 80% to 60% of
saturation magnetization of a metal magnetic body consisting solely of M
component.

15.  The wiring board according to claim 8, wherein said magnetic loss
material exhibits a DG electrical resistivity that is within a range of 100 uQ-cm to
7_00 u2-cm.

16. The wiring board adcording to claim 1, wherein Said magnetic thin

film is configured of a magnetic loss material having a composition represented
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said magnet and maghnetic loss material in

which maximum value p'max of loss factor " that is imaginary component in
complex permeability characteristic of said magnetic loss material exists within
a frequency range of 100 MHz to 10 GHz, and

a relative bandwidth bwr is not smaller than 1 SO% where the relative
bandwidth bwr is obtained by extracting a frequency bandwidth between two
frequencies at which the value of #" is 50% of the maximum "nax and
normalizing the frequency bandwidth at the center frequehcy thereof.

17.  The wiring board according to claim 186, wheréin size of saturation

magnetization of said magnetic loss material is within range of 60% to 35% of

- saturation magnetization of a metal magnetic body consisting solely of M

component.
18. The wiring board according to claim 16, wherein said magnetic
loss material exhibits a DC electrical resistivity having a value larger than 500

n2-cm.

19. A wiring board comprising:

a board of at least one layer comprising a conductor
part: and |

magnetic thin f£ilms deployed at least on part of said

board or said conductor part._wherein said magnetic thin_

20. The wiring board according to claim 19, wherein said conductor
part has a ground part that is either a ground surface or that cqmprises ground
patterns deployed on one surface of said board, and entire surface of said
ground part is covered with a magnetic thin film.

21.  The wiring board according to claim 19, wherein said conductor
part comprises at least one of ground patterns or conductor patterns deployed

on one surface of said board, or comprises a ground surface deployed over
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22. The wiring board according to claim 19, wherein said conductor
part comprises signal line conductor patterns.

23. The wiring board according to claim 22, wherein said magnetic
thin film is formed on said signal.line conductor patterns.

24. The wiring board according to claim 22, wherein said magnetic
thin films are formed so as to be separated from signal line conductor patterns
in portion where said signal line conductor patterns are not formed.

25. The wiring board a'cco_rd'ing to claim 22, wherein said magnetic
thin film is deployed with an insulat_ion layer interposed therebetween so as to
cover said conductor patterns.

26. The wiring board according to claim 22, wherein said magnetic
thin film is fabricated by at least one method of sputtering and vapor deposition.

27. The wiring board according to claim 22, wherein said magnetic
thin film has a thickness within a range of 0.3 um to 20 pm.

28. The wiriné boa‘rd according to claim 22, wherein said wiring board
is @ multilayer printed wiring board comprising a structure of at least 3 layers.

29. The wiring board according to claim 22, wherein

said magnetic thin film is configured of a magnetic loss material
represented by M-X-Y, where M is at least one of Fe, Co, and Ni, Y is at least
one of F, N, and O, and X is at least one element other than M or Y,

said magnetic loss material is a broad-band magnetic loss material in
which maximum value u"max of loss factor p" that is imaginary component in
complex permeability of said magnetic loss material exists within a frequency
range of 100 MHz to 10 GHz, and

a relative bandwidth bwr is not smaller than 150% where the relative

bandwidth bwr is obtained by extracting a frequency bandwidth between two



10% s& ()- ! 10% s& ()-10Z!Z10Z! ZFu6| [: A410Z! Z S910% s& ()- @&10%
s& ()- Y10% s& ()- @O0% s& ()- 10% s& ()- Ss10% s& ()- ]|S|[:A410Z! Z
110% s& ()- Sf 10% s& ()- 10% sé& ()- fFMLO% sé& ()- SF10% sé& ()-
109% s& ()-4S)]|[:A410Z! Z yS, 109 s& ()- *109% s& ()- gi%?% 604

y&310% s& ()-4 3%40% s& ()- ff#10% s& ()- 3y3x|[:A410Z! cs s& () -
y@ 10% s& ()- ys3Z10% s& ()-3 ylGlove28&& ()-3 / 10% s& ()- y I\/!lO%;
S& ()-xcvU410 yl 109V M& ()- f109%vi M& ()- L9 109V M& () - 1OWN&()-1OS

9 YA | 109M M& f 109
Ve ()~ 1 1005 s 3 whidhi e vetq of ioisiael e maymyT uv‘i”md”ow V& ()-
M VB
Ve ()Pl voinERN M Temanabaidioff ane et heGusis R | o6 1oom
M& () - yS#MLOYM M8O() Thefwikdg Wvhrdiaddordifiy %EFaM@wh@éHWeWéa}urathﬁlOW
ME ()- y11098 M& ()-  y/g 10%M M& ()- - M& ()- yS, - RvW410

LyS 10% &n@a)gnﬂtilz&mm%sal&nﬂagne!tqus@/mate&a(isv&&&l‘m erah@é/bﬂaow t%lél%/ld‘f/& ()-
7° 1098 M8’ ( R/JVUMO S 10% :& ()-ML&MO% & ()- xyS 10% w & ()-M

i yS 10% d: &Se lory age zat&n(qfmmmetvc&ocycwnmeﬁmsmewaw ng 13]c"
"Headi ng 23]¢" "Heading 33]c" "Heading 43]c" Head| ng 53] c" "Heading 63]c"
"Headi ng 73}:8 POl I ng 83]c" "Heading 93]c"A "Default Paragraph Font?Y

WOXVZVLT [ bl dhe S5 valF Honmenas Aol del o bR *Rner Pt cour i er
New'h Root [ods miteridPeshibR§IEIDC electrical resistivity having a value larger than 500
uQ-cm. -

32. The wiring board according to claim 22, wherein said magnetic
thin film is configured of a magnetic loss material having a composition
represented by M-X-Y, where M is at least one of Fe, Co, and Ni, Y is at least
one of F, N, and O, and X is at least one element other than M or Y, /

said magnetic loss material is a narrow-band magnetic loss material in
which maximum value p"max of loss factor " that is imaginary component in
complex permeability of said magnetic loss material exists within a frequency
range of 100 MHz to 10 GHz, and

a relative bandwidth bwr is not greater than 200% where the relative
bandwidth bwr is obtained by extracting a frequency bandwidth between two
frequencies at which the value of 1" is 50% of the maximum 4 " ., and
normalizing the frequency bandwidth at the center frequency thereof.

- 33. The wiring board according to claim 32, wherein size of saturation
magnetization in said magnetic loss material is within a range of 80% to 60% of
saturation magnetization of a metal magnetic body consisting solely of M
component. .

34. The wiring board acéording to claim 32, wherein said magnetic
loss material exhibits a DC electrical resistivity that is within a range of 100

pQ-cm to 700 nQ-cm.
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35. The wiring board according to claim 32, wherein X component of
said magnetic thin film is at least one of C, B, Si, Al, Mg, Ti, Zn, Hf, Sr, Nb, Ta,
and rare earth elements.

36. The wiring board according to claim 32, wherein, in said magnetic
loss material, said M exists in a granular form dispersed in matrix of said X-Y
compound.

37. The wiring board according to claim 32, wherein mean particle
diameter of particles M having said granular form is within range of 1 nm to 40
nm.

38. The wiring board according to claim 32, wherein said magnetic
loss material exhibits an anisotropic magnetic field Hk of 600 Oe (5.34 x 10*
A/m) or less.

39. The wiring board according to claim 32, wherein said magnetic

loss material is selected from Fe,-Alg-O, and Fe-Sig-O,.




