10

15

20

25

1 SPECI FI CATI ON ANTENNA CORE AND ANTENNA 5 TECHNI CAL
FI ELD The present invention relates to an antenna
core formed by shaping a specific soft magnetic neta
powder with the use of a themnnosetting resin and an
antenna forned by wi nding a conductor around this
antenna core. 10 BACKGROUND ART There has been
known an antenna core formed by shaping a soft
magneti c netal powder wpthritheatsenof a resin as a
bi nder in view of easy shape machi ning. 15In Patent
Docunent 1, there has been disclosed an antenna core
excellent in magnetic characteristics enploying a
nanocrystal magnANTENGWIEIRHDANANTERAAM t h t he use
of a thernoplastic resin as a binder. However, since
an antenna core is produced by a hot press nethod
with the use of a thernoplastic resin as a binder, 20
TECgﬁigﬁ@eﬁﬁgL@ore i s not taken out froma mold if it is
gt full% cool ed. Accordlng é when an antenna core
' csﬁ{e? BbuEPYeRF balcERL 2 ERr 801 3 Il RS Ormed By
it ta or _Co0

shablf.er F@?w%?n%ﬁeﬂﬁgiﬁsﬁaﬁaﬁ?{ GE v M P upe of a
the?ﬁlg rctlﬁ l]':énstr?dar%cﬁ =10] a th%'an%%lr%% Byrﬁfh&né“é Snductor

er nop Hi% réstn,
aroﬁhé'@ﬂléa%EQ 8 cgagnetlc pomder and a thernnplastlc
esin fe préss pressure at a hot press
procedure are further 2 I|imted. Al of these
l[imtations are to i nprove soft magnetic
BACROADBRbELfkSt i cs of a magnetic powder or to prevent
soft magnetic characteristics from being deteriorated
Die apphys Ned eclbite cas sarddnnhahicgher FprRsaupe sty a soft
magneti c powder. That is, in the conventional
maghethaimat a k mowdedger i tiheheautsheo s etddimg asesi binder in view
used as a binder, soft magnetic characteristics of
of ¢hsymagapt i wapoiengare consi dered to be deteriorated
due to shrinkage stress of a resin during a curing
pr st Rocorgiiglly, tharerkes hepraddis¢leged an antenna core
deterioration, a thernoplastic resin is used, while
excehelTl FAMMRIBEL EC t HeR hoplasi FelFR IR LA F shgwsrcrystal

magﬁ"%ﬁi%gpo;féera g Fgﬁ"g%ggt‘gfgg “‘%eé@ar a".?vsaaite% piftLle resin
r ure are further Iim at ent
as & Biiar, hggws&%ﬁ AR ERrb et e T b EabERRE Ry & hot
preég 1{1@?19 St ance gogpogeghé)}mogﬁf%ﬁ%% %.Ie!tﬂ% Saqsft binder,
2 e K|

magne haVI ng varl ous magne

|
» e Docurreﬁf rg&ét‘ﬁ%]?%?h‘g%‘pbﬁﬂ‘%ﬁi%scr?% i s 11'18 Rt fully
oo 1158, Oholanbendly Shial] 93 RAWIRT. (8RE | AcBBLYHESLERNG roduced,

resin as an organlc bi nder", and such a coreis
the ¥ 0lGedrBY kANt Ak figa @ shaeticdd k@meOFSr Bd&Tirdy, resulting
having a thickness of 1 mm that is, a sheet,"” but
in #lep@dt pfdddeiwiafy. magnetic net al pomder and t he
organi ¢ binder are not disclosed. Accordingly,
Trre Seacdnty @odeainlts 10f at hes sofusehgireti bindeal ipohiderted to a
and the organic binder used for the antenna core are
themmpldsare resin, while the Tg range of a thermoplastic resin,

the range of mixing ratio of a magnetic powder and a thermoplastic

resin, and the press pressure at a hot press procedure are further



Pat ent Docunent 1: Japanese Patent Lai d-open No.
2004- 179270 Patent Docunent 2: Japanese Patent
- Lai d-open No. 2005-317674 2a In a first aspect,
there is provided an antenna core produced by shaping
a soft magnetic netal powder wigh the use of a resin
as a binder, wherein the soft magnetic netal powder
i s an anor phous soft magnetic nmetal powder or a
. nanocrystal -cont ai ni ng _anor phous soft magnetic netal :
poRAERT: ephbb ek cheie thienigereians P@iemica impyovangoft magnetic
the resin used as a binder is a thernosetting resin, -
FP@F@StRIFS‘r?Féﬁ?aO% %ﬁa@@@lﬂlc( ppwderyperte? rPreIVr?ntth§°ft magnetic
g % ? %east gne el ement selecteg from
araF E T TRy BFLRE, IRbSTZPT2pATRY #PP :ﬁngvthe
unHeggSs aﬁgachgh?r pres y§%é%?é§%%g§%gﬁé§t @% der That is,

tﬂ Bgn9§ﬁ@18g?f tgc chl %Héﬁi@%&é a@h%%og1§hé@mosettlng

S&tlS?ylng the re atlon I pS:
2e81R-39. usedJé};%a§ﬁQﬂﬁgra%ﬁﬁﬁin@bﬁ%&%c‘%hQEQ¥Eg§QS§ECS of the

antenna fornmed by MAndlng a conductor around

A8 LN AC GAWRIAS adef ddedh Bbaue to be aat@ﬂlbﬂrb@easc@@@tto shrinkage
there is provided a keyless entry systemfor .an

autesphit & rebenediirihg akierimg psodetsnedldN@E iSly, in order
used as a transmni ssion antenna, a reception antenna

O avdirdssrhsdée oariecaepioon anhemmaplastin aefomridhused, while
aspect, there is provided a tire pressure nonitoring
shetEmranss eitnat hbeamtphaatas defimedtabowargies ofiseilxing ratio
.as a transm ssion antenna,. a reception antenna or a

oF MBI POrEsL] @ﬁdaﬁtwopfa%tm figpigspead the range of
there is provided an electric wave _2b clock, wherein
PRESANPERPELEE YefF neet apboes i Rrasedisr %r?e%%ﬁﬁm%ﬁ 1lmlt3d

n a Sixth aspec

h ded
e ReRElrhent s P bt o Tb i Hled e enna core

gxéggg%pgg;ggéQ%%dOﬁngf%%%%g%ecoﬁgbggéragsgasfnsﬁiatlng soft

rﬁé mé%%aoeylrledcle&atawggaga]ggagﬁesc?fr% m éfheacz.sce%%@.yi powders and

ere 1's provi artic

@é’fi’@ué lRRee yBisAEryhensiB Lhe ANERNRR B8cd8hENED , there has
above is Used as a transm ssion antenna, a receptlon

196k 1@ Nkt O L lied IGHISPItSS Qe @Fephl @B-ANt 8ANA1109 powder™ and "a
polyurethané resin as an organic binder", and "such a core is
produced by laminating aisheet—like cére material having a
thickness of 1 mm, that is, a sheet," but details of the =zoft
magnetic metal powder and the organic bindef,are not disclosed.
Accordingly;-respective details ofrthe softlnagnetié metal powder
and the organic binder used for the antenna core are not clear.

Patent Document 1: Japanese Patent Laid-open No. 2004-179270

Patent Document 2: Japanese Patent Laid-open No. 2005-317674

DISCLOSURE OF THE INVENTION



An object of the present disclosure is to efficiently
produce an antenna core which has a hi gh performance
and easy shape machining. In particul ar, another
object is to propose an antenna core capabl e of
industrially continuous produttion at a low cost 5 in
a short takt tinme when an antenna core forned by
shaping a soft magnetic nmetal powder is produced with

gﬁg%%:?ig%F:%%ﬁéEE a§h@rgk%gikovidedwgﬁnﬁﬁkéﬁn _core produced

s to provi an antenna core ichis

by WHAAG BOLYse ranan jantkenna wWal,ehrdeesnnehe use of a resin
deteriorate soft 10 nagnetic characteristics even

aBen d-herreset bi Aige RSithmh§nused s 24 PbREEF.is an amorphous
In order to solve the above objects, the present

sdfveabars ikavet sepeat@dt yprrendunbedyanabxtenshyring amorphous
study and as a result, have found that magnetic

scfftamaghet i stietsa bbb oavdsaf tepagaetted it ahe erpowdeformula (1),
are not deteriorated under specific production

argbridiet sl reveredvien @ biteds et i hd-ragiasd st ivsedreasin,
a binder. Nanely, they have found that deterioration
of (Esof+vFradHet io-chaPaebétd dtilcs can be suppressed
and the productivity can be enhanced by conbi nati on
oI TEF&LI Nt it rnibtidl ap L ang glopent selected

th tti in.. A ' ;o ..
oGP Gear SUP TS HobaY e Py MO A muber B g otidde S CTr M
. G P TTUO! CEh
S S bl prasslcal, sale 1Y A0, e o
X %ggg?&%g%%g%g&ﬁt%ﬁ?ﬁﬁ%ﬁ%:9!;§§4§&?%a@h39f%unﬁgﬂﬁfbcrepresents

_ the use o 5 a thernosetting resin
arfSa@o] Dder, Jhereln dhergof Eeﬁ%ﬂ'ﬂ?hbﬁiﬁ@@ alp<pewdey, 0<y<0.5,

I's an anor phous soft nmagnetic netal powder or a

0<BaNGCI yst al<L0M ai HEXE @Trphods sof tzdmgnedo ¢ et al
powder represented by the general formula (1) bel ow,
ameh tshesg@sid aspedct 4 aBeacbisdercivddadt her mosetitriangtormed by
resin, (Fei CoxNiy) iho-a-b-cSiaBbM(1) wherein, in

witrhi rfpramulcanduMticsr atrdweasttioneel @mentcsrd evt etk fyom above.
the group consisting of Nb, Mo, Zr, W Ta, H, Ti, V,
Cin pnthyed mspgctRuthege Ge provipledar keylegy eragy sistem for
and Sb; and each of x and y represents an atomc

an guitemehd leackheredn bhanaltereprascift’sings aine ig used as a
satlsfylgglthe relatlonshlgs. (fch1'o’ Ocsgh% and

tqﬁq%m%ﬁﬁi antenna, cption enna or a
transmission/reception antenna.

In a fourth aspect, there is provided a tire pressure monitoring
system, wherein the antenna as defined above 1is used as a
fransmission antenna, a reception antenna or a

transmission/reception antenna.

In a fifth aspect, there 1is provided an electric wave



According to the present disclosure, provided is an
antenna core 10 excellent in shape machi ning property
and magnetic characteristics, and capabl e of
industrially continuous production at a low cost in a
short takt tine. An antenna faowed by wi nding a
conductor around the antenna core of the present

di scl osure is excellent in performance and cheap. 15
BRI EF DESCRI PTI ON OF THE DRAWNGS - - The above and
SrPEf, oMfsEedn fBRe uFeE AR adbafisdgeedy pPope 1s used as a
%gggrent fromthe follow ng detail ed description of

R e i3 F M bodi nents in conjunction with the

[ i .. 20Fi g. 1.i : .
SCEoE! L e 200 bR g apie remeney
. i | ' f . .
00,400 A0 ool SRR Ll Gringg sbove 5

GARRYLNG QUT THE. | NVENT! ON23fhe Soft Jymanatidh MBheknna or a

powder used for the present invention is represented

et e pens aled il R {ddénddfelx_yCo"lii)

100- a- b-cSi aBbMc (1). Herein, in the formula (1), M

I's St ol eastentie elgpmid, seheetedid r piol/eegr oalp electronic
consisting of No, Mo, Zr, W Ta, H, Ti, V, C, M, - ‘ -
attiRlle ReurGajlGencE, F=tAn, Guheenin AgheSmrarehiBh. as defined
‘Furthernore, each of x and y represents an atonic _ :
alave dmduesadhasf za, thamsmi ssT@pragesni’a andatrereptypn antenna
satisfying 5 the rel ationships: O..<-1.0,0x+yl.0,

P -LIFONE P eIt I tHEre%e, the soft :

magneti ¢ netal powder used for the present invention

i s an anor phous soft magnetic netal powder or a .
.nanocrystal - contai ni ng anor phous soft nagnetic netal

powder. 10Furthernore, the soft magnetic netal powder

used for the present invention is preferably

represented by the general formula (2):

'X) 100-a-b-c-dSi aAi bBcMd (2). Herein, in the fornula

(2), M is Co and/or Ni, while Mrepresents at |east

one el enent selected fromthe group consisting of Nb,

M, Zr, W Ta, H, Ti, V, C, M, Y,
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15 Pd, Ru, Ga, G, C, P, Cu, Au, Ag, Sn and Sh. X
‘represents anatomic ratio, and each of a, b, ¢ and d
represents an atomc % Furthernore, each of them
satisfies (1)(0.5, (1)--(a.<24, Oci-10 and 2a+c__30.
Furthernore, such a soft magretic metal powder is a
nanocrystal - cont ai ni ng anor phous soft magnetic net al
powder. 20 1In the general forrmula (2), the content -

okn Sbjerct odntbet bregent o e lgsprefier &bl gL freheattp produce
18 atonmic % and further preferably from6 to 16

- ana%ﬁﬁﬂén% c@ye iy BRae RoRLSRtPeFIormeREs| and hﬁi:%sy shape

ran the crystalljzation speed becomes slow fo
H%r l_a]rf:%'p ﬁ88§hﬁl’fa‘g}é3 S5 tA é’ré’@%%ﬁn antenna

nt e s froml

O3] A ANS AR 6 LH0 ARbHRECHE AP Hg oL o Low cost
inff gii%&%bJ:%k% t%.raeﬁwﬁ'lg 1§n%¥r%g§na/ %% P%QQ ﬁyhghaplng a soft

content o IS rang

fma%;‘ié@i@'rh%%@iilg é@z‘?e%ﬁ c_‘iﬁ?ée&'@ ﬁot{h%%é;é Yof OA—@él:Qm as a

anmor phous ase er nor e, en the content of

pikyds higher than 9 atomc % an anorphous phase can
be stabilized by adding Al. Furthernore, the soft
NBGSIH £1 B tadlo iwd ebhjesedi kot o thespirdRs et ahtenna core which
i nvention may be preferably represented by the

is gener=a1d douhae (i3) an antenna x)ido-ciods aStadBbdMer{3Ydte soft
- Herein, in the formula (3), M is Fe and/or N,

mague t Bc Mheemasenitst jats kvast wbae 2|tEremossditdetedebiom s used
the group consisting of No, My, Zr, W Ta, Hf, Ti, V,

as G ,bimder; Pd, Ru, Ga, Ge, C, P, A, Cu, Au, Ag, Sn
and Sb. X represents an 10 atomc rat| o, and each of
all PrERE &C rEpres BRe SRV achiies thy @B?tﬂ%’@f%telnﬁaﬁﬁors have
of them satisfies_ 0x0.3, 0<cl0 and a+b30.

TeRH e DT LR LB oFF L AHRTHES | %t‘h%Y AOPARF TS Eht - have

Fo g R T e BT CF 60 BT ryact | ot paonlad mecal
povPcEeelS%_r'l'Ie gtttﬁ] té‘% Qg\?%e Su({)e%%/ ?)ucflgfg(&a}?m ?Ctlé)]ﬁ] écl;}l%ltlons

general or mu t i on

evé?i( wh%nsa tﬂ'ﬁ%ﬂ% Teé(}nz 1@”195@&' 'étshg rblf:l{cfg ﬁe r alk?cjau}{e ly, they

avi ng t e substitution amount X wt

haxsélcfbtﬁqdi angss ddialer sy @bl decdosuGihdhatid rlﬁ'.taracter:Lst:Lcs
magnetic pernmeability is enhanced for reducing the

can s AppasSsd 4 thkeprodudbithey genersd doidaded by
(3), the content of Si is fromO to 24 atomc %

conraier adn yof romged 0f il8 &b DM wagheanit fmetdierpowder and a-
preferably from6 to 16 atomc % By having the

theomissrittiofg Siesdirt.hi hcd:chr@lnghge in hdecpystahki ¢as¢bpsure, it
speed becones slow for easily formng 25 an anor phous

is phneseible Y qonet gureialy fRFediee (3)  antrnromern wiving

Bis from4 to 30 atom c %%cgreferably from4 to 20
Pragigifil oganrl Bt hervpriefared| §ficiency.

Namely, the present disclosure relates to an antenna core
produced by rshaping- a soft magnetic metal powder with the use of -
a thermosetting resin as a binder, whereiﬁ the soft magnetic metal
powder is an amorphous soft magnetic metal powder or a
nanocrystal-containing amorphous soft magnetic metal powder

represented by the general formula (1) below, -and the resin used
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7 from6 to 18 atomc % By having the content of B
within this range, the crystallization speed becones
slow for easily form ng an anorphous phase.
Furthernore, in the general fornmulae (1) to (3), the
total 5 content of Si and B is preferably not nore
than 30 atom'c % Herein the lower Iimt of the

as az% z?ildecroqoﬁ0 ﬁﬁhl%d sfetgler{ erably not |ess than

om C in case of the "nanocr yst al - cont ai ni ng

@I0r phellgisof t nagRetd ¢ _nmet ak ypowder. Furthernore,
V\henxpﬁn ar‘%ﬁ’?poou%gso?tb rmgngtl c netal powder contains

WA FRAROCE St Forul®,i B 1 efcer abky fiad elessntthasldceted from
atomic % Wen the total content of Si and B is

the @XGRSSiA¢RIsY ssimld oft e, cmyst akl, i wat Tap Bpeedibecons, Mn, Y,
fast so that there is a possibility that an anorphous

pd, phaseapagebeC har diat,f Guyedn, Cagt hern atthérStrandd wheh of x and
the content of Si and B is excessively high, the

y repomsenttsobnnagoeitcret épetnd sueh s aleFéﬂdC% HRFafents an
becones relatively small so that there |

atonges $i.bigdttiys AT ésd nﬁd@@qrbsl“clﬁa?acq%f Jst(?rcsoww b
hay dl hi eved th ted b
o<x+m%é ovis a&éﬁ&gﬁtf&o?mogic%‘iq”"%’rbé G S
%Bﬁpﬁeseﬁﬁf%%%ﬁ%%u?%}'%%afa 5153 ancenna core

R R 575 AL A ApeRaus g oo

ol fanact ystal d st t
and é)aﬁ%gtreatoe%ll cco |n§l€%n@%@%& 0501_; both Cu and AIOW =o®

in al SSHHLEH( erahl % qent aifiedhn2Sihens Ghed %Wiﬂ&’l@@d@d}onductor
he amount of Cu added is, for exanple, from0.1 to 3
aro@{cpmh‘é %.aBenEOEErBr & aﬂﬁiﬂgﬁ:efsfd}m Qisdlos2rat api ex&ellent in
Wien Al is mainly added, the anount of Al added is,
perfdmaxampiel cldgom 2 to 15 atonic % and nore
preferably from3 to 12 atomc % Wen a main
magneti c el enent exhibiting a soft magnetic property
i s conposed of Fe alone, the content of Al is
BRIFH diRACGHBIRT ¥ T MRAIIT % and nore preferably
from7 to 10 atomc % _ In this 5 case, rticular,
The iaPqsss Sitsh @ﬁftﬁlbblbaﬁ?ta?v a?ﬁ%%e%oﬁ‘%dn% Whiggges will be

whi ch has | ncr eased rra abl lity and
app%@rfeésr@@ ERSnEposSYing GateHie? W Bet d hicdn gy referred

. %gal“nsscagg@;g%f%gsﬁﬁbhfw el e s

0V, |\/h Y. .Pd, n t n
%e 'IJhese S ehent <t an @%w ta%efadﬁdﬁppp Btween the
fem Mﬁf@%n@o{:ﬁgséggr gé'egfaaﬁ,% LR BgRetr ¢ PRf &S tARdantenna

I mprovi ng magnetic characteristics. O these
cor&! SMBUS . pNse W Tdvefioff and M are, in
parti cul ar effective in suppression of deterioration
of soft magnetl c characteristics 15 of a magnetic
nmetal powder. Furthernore, V, C, M1, Y and Au are
prseffent | MER | CRRRPIOVed@nt TIHE TOYEPEION resi stance of a
magnetic netal powder. C, Ge, P and Ga are effective
The stcabli Iniazatdtor ofetan @mmxou@ephé% tWeeprepepenigvention
havi ng particularly excellent effects anong these
is wdmneststed oexenpl gereral NBOTTER AW LM, M 20 and V
are preferred. In particular, when No is_added, it ii .
Felp&ﬁf@i?@%hdnbwa@fcfsé@gbb@ce in 4 mpedverent- Tof- heodPEiiyéa (1), M is
force, magnetic perneability, iron loss and the |ike
anong soft magnetic characteristics. The anount of
these el enents added is preferably fromO to 10
atomic % nore preferably fromO to 8 atom c % and
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25 further preferably fromO to 6 atomc % An

anor phous soft magnetic netal powder can be obtai ned
according to the follow ng nethod using a netal raw
material 9 conbined so as t9 have a desired
conposition. For exanple, a netal raw material is
melted at a high tenperature by using a high

at 1& %%%yegélu&hegsé %&% Yort lﬂﬁeléi‘@uﬁ %ogﬂs\i%tﬁng of Nb, Mo,

uni form nolten neta h is then quickly coole

zr, Wereby e ranoyphops (&0f ty megneki:c ¢ melal cpopsies1, cu, Au,
can be obt ai ned. Alternatlvely a thin band-1ike
g, I Eh . soktirangrRbre, NBhah smBt:ekandl vi scpbisémes dy atomic
bl owi ng a nol ten net al of a netal raw materi al

rathgaandteach oditda Ngo cond i Mgrepreéseds an i drlien %, satisfying
pul veri zed, whereby an anorphous soft magnetic netal

the poetiet iomyh Eso Gexpr otlucsy<Fuyt HEPmurd,. e drasdldar 1<b<30,
10 anorphous soft magnetic nmetal powder is conpressed

0schHy0 andldsaEslebyFarthernened Hitpcphbtusagoetic metal powder
magnetic netal powder may al so be obtai ned. However

use@i tﬁﬁgﬁéw%nf‘ewarvmtéﬂrstlﬁc@nﬁmq%%ﬁoﬁaﬁéu@,a%rtﬁ?lc metal

gnetic nmetal powder are- deteriorated due #
PowdtF (e adﬁ‘ﬁnﬁ&rﬁﬁlt@ér CPRCPIR1GH BBRPPRRYT oiPin REEE ic metal
thods, a 15 nethod which is not affected by a
PO¥StTess as nuch as possible is preferred. For exanpl e,

Eau:? ggt[moarteo,m at' O mtgglogl%ndegaﬂﬁ%wgggrq% 'f%g the present

are pF era CCOf ng to

lnvé('j@é{‘é’ﬁj 1’% @%dﬂ‘ﬂ e QJe%%l formula (2):
rectly tO ornla (0] er, an ‘anorp US sof
(Fem@ 18t | C a_rgetgi,l m\gﬁ% \(@Lch wSrént, 20, @E&egggﬂum o)y, is

stress can be obtai ned urthernor'e, when the

Co a@yoat 01 Z«@hl@M%@@é’séﬁt@SﬁdleQS’éldﬁ; eedmead selected from
particle by gas is allowed to collide against a

the rqpf@ip nepreoaiemg pfaNeoniMeal zshape, Tahenepyra, v, Cr, Mn, Y,
fl attened anorphous soft magnetic nmetal powder to be

Pd, descGapeaik bél,ow, mby, Be, phgdutedEndABber Katepekyents an atomic
magneti ¢ 25 characteristics | owered due to a stress

ratigaused dychpuliver izatiaod drrepngsessi en aamibe®. Furthermore,
recovered or enhanced by heat treatnment to be

eachjedcthood Hel e HORETEr: 5/ sPRRE24 hd<BfBOphdsss30, 05d<10 and
magneti c netal 10 powder becomes fragile due_to heat

2%a4 eI R GR 4 SHGTY & rRf RO iCoMsteds Peder 1s a

wth aroll or, the I|ke S refe abl er.f or ned
nan%rryosrt@lhéaqnttaﬁéa%rﬂm éFnﬂ}%?ﬁ]%& TlGié §ovaer
owder |ch S a rn1n heat
e enﬁﬁflere BERvd 384, Hl o fF e erabl © 1 T7ON O to 24
ato %rfor gaf)i a%gg t Q:Q)allt% fa% l ' m her preferably

i st or o pu verlza i on. The annrﬁh

fron?%f %M%%Ie etal gﬁfdcﬂéerc%n@e%n o*;_esanmhm this

anor phous soft nagnetlc met powder with inproved

rang®Qf L HERGRELIL G 1GRaLRGLAr 5BELESHEYREE fOI I NBH:M@Rlsily forming
treatnent. The conditions of 10 heat treatnent depend

an dm@ﬂﬂu@ugngyggén on of the magnetic netal powder,
magneti ¢ characteristics intended to be exhibited and
Ihhehld kencAedordirnglly, (Che atrdidinaesitanbe Botis from 1 to 30
particularly limted. For exanple, the heat treatnent
atorniig® fer poefredahl vaf tempertat 2le abbmappt oxidretueithefr pmeferably
300 to 500 degrees centigrade for several 15 seconds
from ¢ twevératomburts. Bihbahéay theatandentt ¢Ad wéthin this range,
preferably from1l second to 10 hours and nore
preferably from 10 seconds to 5 hours. Accordingly,
soft magnetic characteristics can be inproved. The
heat treatnment is preferably perfornmed in an inert
gas at nosphere.
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20Furt hernore, the nanocrystal -containing anorphous
soft magnetic netal powder can be produced by further
perform ng suitable heat treatment to the
af orenenti oned anor phous sofg magnetic netal powder.
The conditions of heat treatnent depend on the
conposition of the nmagnetic netal powder, magnetic 25
characteristics inte | b .
the [ PREEEAEL LI EdR , TP Yt o A g1y Morming an
amopéllrl&ﬂlg ey lﬂ“ﬂﬁl’?&mé:fg, APl e dh8 heabrty eatiBMer than
I's performed at a tenperature higher than the |
9 aféystad] i zatipn-teoRer AL e, cAPBOX tEialidd o 3AAing Al.
to 700 degrees centigrade and preferably from400 to
0oL Klegiees, eant sgradedher it secangoaetOusedifs ranige present
preferably for 10 seconds to 5 hours. Accordingly,
invéhel canesr ystoale foamie pepcepetaéddyi bhe lenamerdphowmula (3) :
5 soft magnetic netal powder. Alternatively, the _
(Cocaititibops-«fepBad: d¥)t.-heHeonposi inobhhef feeubiorbhods 1s Fe
soft magnetic netal powder. However, under specific
andfentNir edtinentM comdiasicans, ahahdepysPRe | $LReHh sigcted from
soft magnetic characteristics of the anmprphous sof

the ngemier | comet sl ipbwfe Mo aNObe ZitmpFovéd- atf t hk! safre Mo, ¥,
o, B oSl TR L4y DR AT, L P 9B gsenco an
atoRer A tEer | Lt oot (s sl A s drit P SR .
Fur%g%tgcg%e:eg/n%%%%?{){ ;hﬁelg Osfetltls 'nee% i dk){)%f .rar‘ale,awfl ,.Cal@bSI%O '

: i'vel'y ‘eval uat ed by suring’its
Oécgf(g\dgr%&('ﬁﬂ%éi(ﬁ.amﬁ’ D ndindat digen 1D s‘%ﬁﬁ?n?g%r%ﬁ:ic metal

anor phous St at .e, a C .ear peak 1S not seen Int
powcﬁg}[‘\gﬁ:{ % BAY rfhbliEast ORI dS I medRd gBkded SfAMiting only

pattern I's observed. 1n a sanple where a
2 hABHEIHStA] Wil esertlchy perfendthAgnhpabktieaimesnt in the
a diffraction peak grows at a position corresponding
powd®r|@ttigedSpaci@gioi. the crystal face. The 20
crystallite diameter can be calculated fromthe w dth
of thesgehidfaacbironlpesk) ushrosubret Sohsrareanponing &s 05x50.3,
In general, a nanocrystal refers to the crystallite =
prefie aaet er0of<th@ amor urhhar lpped evdlely &% F.rlom ByHs@¥ing the
value width of the diffraction peak of the powder
subgt Fayt Bt famgetitos Bythhe StHeRr BRNGS, fGheAf &5 roreffret such
nanocrystal contained in the anorphous soft q&gnetic%h .
thafeihg TFoidrl oPauehidddmt 1PnGBAENPERS tHE reducing the iron
crystallite diameter calculated froma half val ue
los{i ¥ nth® tHediffraction peak 12 of the powder X-ray

iffraction hy the Scherrer faornula i eferabl t
S 0, Ao (et F 30l PRSPt naE e Ehah Lt T 21
and furth fer r 23 _ Ferabl
atof 6 b e ot e 2 4t o T e papnilch s Wirerably
frorf?aétﬁcgujb@rgt’é/orhién%ed'Bﬁ EOVEY ST s hdeshddnt Ml lwithin this
I.e., a out.several nanoneters, sufficient accuracy
randé, NAe RASA D] 11 Ohi@iHedpACokdbhgky s1blefor easily forming
crystallite diameter of E%e nanocrystal contained in

an dRers®EPhenisssoft magnetic nmetal powder of the
present invention is preferably not |ess than 5 nm

Tiheties ypdrad a1 ef shtrames e(3)of the camoertysifalB is £rom 4 to 30

atomic %, preferably from 4 to 20 atomic % and further preferably
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10 is in such a size, whereby inprovenent of soft
magneti c characteristics such as small coercive force
of the antenna core or the like is observed, thus

i mproving antenna characterigtics. Incidentally,
usually in a phase having such a nano-scal e
crystallite dianmeter, an anorphous phase is al so

15t tal Lit ' t . .
erof S8 Ao By BT TS h P St AT BE 2 Hiehlf £his range,
t ¥ . | t i thg an

thep EEILURTLL LEE EXRCSBLUE HoPBILOLIT Qo Helb Y Ffiliing

amogpxghglpgggepossibly overgrow. Accordingly, the
ctrystal " cannot be already present as a fine

PéBQh@ﬁﬁ&ﬁePry§t@Eéiééhé&&hifoﬂﬁhIH& @M!Hﬁb|@n20dhé‘total
use as the antenna core of the present invention in

conBeAt £A8ESand\eChs dirkFleyabllkomi e rel evpoi3tt aodmic $. Herein,
suppressi on of deterioration of soft magnetic
thechawactlgmniist b€sthéttdtsaprehgealtl eft hatartch® heapreferably not
treatnent is not excessively perforned. The soft
lesangheti 2 aetmicpbwiercasedot nthaarPresemtd nemtticoming
may 25 be in any shape such as a sphere, an acicul a,
amogphpher 9 it oraame ths hapeal aredemay t | RUT I 5t ey an
is a flat shape. Wien it is flat, an upnshaped powder .
amogghons st ble rardr kb me iade@OWAPAL ABEE3113 ﬁﬁ%é}%bfé‘sf,ystalf it

. for _exanple, a snooth disk shape, an al - spher,i ca

is BRagerabLYHaoTi keSobt ) FPresti ndtisfy LAY gontent
spherical shape.. Further, a flat sh i.ncl.udes

of SHRPET Jac ontet bt ot 8 utd Wasg e e feed becomes

Furt her e, it.ls_pr r.ap ! I
ras Pk UREhaEre th el T RSB osE et S koo may
: ratd:0 +Qf 00hafLaMBLEn {Re Achii &XPESS Si and

be ?%?ﬁg w%?gﬁ%%érf¥ﬁﬁbehggse%opagr6n12 to 3?000._For ran

B 16X8APLEsivd1dShPEef ef bl Eoftdit tdhe mfdetBINEldrents such as
metal powder” has™a flat shape having an average

Fe, tBbCkA@SE1 19 ImaOt r DL L1 $4BN AaPINsd trHase pefwy d &
that a flat powder has an average thickness of

pos§upi hetyprieiergbdby fdgmedid qiatactdr pm o ey be hardly
average mnor dianmeter of from1 to 300 pm It is

achhevedpreferable that the soft magnetic powder has an
average thickness of from0.5 to 5 pmand an aver age
P redve dompes Briofh Hapomsenteddp the pheve gemmralhgormulae (1)
soft magnetic nmetal powder used in the present |

to {Fvems, ofc podhdbr rienms BTN e BT wleame tehspBibikype @ soft
used al one, or powders in different_shapes nag_aLso &

magpet #f REPHGT Whe FARERITTA ShiSdhaPH EFFeRESBRMLfe COMPORents
present invention is exhibited. 20For the soft

for nhgHRtTE MRt AMOTRINCRT R in the present invention,

h . ti t a
AL IS B TOOPLAE R ST hapae v
R R R T

Acc@r@fﬁ%’f%ﬁlﬁlo'rc aRt aini Pgr AMEK RRIRHS 1S &t p 28r BBYFE} iContained.
netal” p

er of a different conposition may al so be

whedSE€H i AU &ddadd ! hele 2aRuaDoBNoUS28868 PRONBSH Gexample,
nmet al powder "and a nanocryst al - cont ai ni ng anor phous

fro®df 11 RgReLt miBt RlarRpwdele fRYferably from 0.5 to 2 atomic %.

When Al is mainly added, the amount of Al added is, for example,
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14 be used in mxture. Furthernore, other nmagnetic
materials, for exanple, ferrite, sendust and the
like, may al so be used in mxture in the ranges in
which the effect of the present invention is

exhi bited. 5As an anorphous netal constituting the
soft magnetic netal powder, a Fe based anorphous

b h mic %.
e
whek € BaseH & %RHQP gﬁEﬁE é§h95§£§ﬁé@9sﬁﬁﬁ?%%%nkﬂﬁc property

maxi mum nmagneti c density is high. Exanples

is &&%@Qédl@filzb@%ﬂ&l&e 1t atdichihayed 1amey phedsrably from 6
netal s such as Fe-B-Si type, Fe-B type, Fe-P-C type

to BNGHdAE d kkend ansrFerdgrnsidiivoirort alcbagedtamephousin this
nmetal s such as Fe-Zr type, Fe-H type, Fe-Ti type and

caséheitikert Asulde, Fee Sis Bdased anor pidus nmretnalan tenere core
can be nentioned, for exanple, Fe78Si 9B13 (atomc ?,

mat ETSEI ORI hEat amicr e¥s edFpedEe 1 B ABSIBED 1b(tat @mic decreased
%, Fe778i51316Cr2 (atomc %, Fe66C018Si 1B15 (atomc

iroﬁ@lO$%74ii4SiZBl7N03 (atomc % and the |ike. Among
such netals, preferably used are Fe78Si 91313 (ato

B4 %ﬁ@r%m%tm@@}lgh(ra@mﬁ%c%ltapg?glﬁp: ﬁgjaneran_]L $ormulae
o AT il St Ml sl o e o
i D e L L

can G2t Ekap Dol 659 T T S TR pdptSce o

naoROUSEEr Y e LU, LA, cHad LR pcptst e chose
eledX P! aud, Q\f,e‘l‘ ,l ystratrednd %8 ateyadgdAtiduIQralefFective
in suppression of deterioration of soft magnetic characteristics
of a magnetic metal powder. Furthermore, V, Cr, Mn, Y and Ru are
effective in improvement of corrosion resistance of a magnetic
metal powder. C, Ge, P and Ga are effective in stabilization of
an amorphous phase. When elements having particularly excellent
effects among these elements are exemplified, Nb, Ta, W, Mn, Mo
and V are preferred. 1In particular, when Nb is added, it is
particularly effective in improvement of coercive force, magnetic
permeability, iron loss and the like among soft magnetic
characteristics. The amount of these elements added is preferably
from 0 to 10 atomic %, more preferably from 0 to 8 atomic % and
further preferably from 0 to 6 atomic %.

An amorphous soft magnetic metal powder can be obtained

according to the following method using a metal raw material
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L x Q val ue Fe73S18A110B9 16.4 15 246 Fe6-7Si 12A112B9
16.9 22 372 Fe67Si 16A18B9 16.7 20 334
Fe68S114A18139Nbl 17.3 45 779 Fe69S113A14Nb4B10 17.3

9

combined so as to have a desired composition. For example, a metal
raw material is melted at a high temperature by using a high
frequency melting furnace or the like to give a uniform molten metal
which is then quickly cooled, whereby the amorphous soft magnetic
metal powder can be obtained. Alternatively, a thin band-like
amorphous soft magnetic metal material is obtained by blowing a
molten metal of a metal raw material against a rotating cooling
roll, which is then pulverized, whereby an amorphous soft magnetic
metal powder may also be produced. Furthermore, a granular
amorphous soft magnetic metal powder is compressed by a roll,
whereby a flattened amorphous soft magnetic metal powder may also
be obtained. However, since magnetic characteristics of the
amorphous soft magnetic metal powder are detericrated due to a
stress during pulverization or compression in these methods, a
method which is not affected by a stress as much as possible is
preferred. For example, a water-atomization method and a
gas—atomization method are preferably used. According to these
methods, a molten metal can be quickly cooled directly to form a
powder, and an amorphous soft magnetic metal powder which is not
affected by a stress can be obtained. Furthermore, when the
gas-atomization method is used, a size-reduced particle by gas is
allowed to collide against a rotating cooler in a conical shape,
whereby a flattened amorphous soft magnetic metal powder to be
described below may be produced. Alternatively, magnetic
characteristics lowered due to a stress caused by pulverization
or compression can be recovered or enhanced by heat treatment to

be described below. However, since the amorphous magnetic metal
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49 848 Fe61Si 13A112Nb4B10 17.4 60 1044
Fe60Si 12. 8A17. 2NNB14 17.4 52.5 914 FesaSi i 8Al i oNb4Bi o
17.2 28 482 Fe75Si 8A15Nb3B9 17.1 32 547
Fe66S18A15Nb51316 1o

powder becomes fragile due to heat treatment, the flattening
treatment by compression with a roll or the like is preferably
performed before heat treatment. When the amorphous magnetic metal
powder which becomes fragile by performing heat treatment is
pulverized, it is preferable to perform heat treatment again for
eliminating distortion due to pulverization.

The amorphous soft magnetic metal powder used herein can be an
amorphous soft magnetic metal powder with improved soft magnetic
characteristics by performing heat treatment. The conditions of
heat treatment depend on the composition of the magnetic metal
powder, magnetic characteristics intended to be exhibited and the
like. Accordingly, the conditions are not particularly limited.
For example, the heat treatment is performed at a temperature of
approximately from 300 to 500 degrees centigrade for several
seconds to several hours. The heat treatment time is preferably
from 1 second to 10 hours and more preferably from 10 seconds to
5 hours. Accordingly, soft magnetic characteristics can be
improved. The heat treatment is preferably performed in an inert
gas atmosphere.

Furthermore, the nanocrystal-containing amorphous soft
magnetic metal powder can be produced by further performing
suitable heat treatment to the aforementioned amorphous soft
magnetic metal powder. The conditions of heat treatment depend
on the composition of the magnetic metal powder, magnetic
characteristics intended to be exhibited and the like. Accordingly,
the conditions are not particularly limited. For example, the heat

treatment is performed at a temperature higher than the
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16.4 15 246 Fe66Si 14A18MD3B9 17.4 62 1079
Fe66Si 14A10Ta3B9 17.4 70 1218 Fe56Si 14A18Cr3B9 17.2
32 550 Fe66Si 14A18V3B9 17.3 40 692

11

crystallizatimntemperature,approximatelyfrom300ix;TOOdegrees
centigrade and preferably from 400 to 650 degrees centigrade for
1 second to 10 hours and preferably for 10 seconds to 5 hours.
Accordingly, the nanocrystal can be precipitated in the amorphous
soft magnetic metal powder. Alternatively, the conditions depend
on the composition of the amorphous soft magnetic metal powder.
However, under specific heat treatment conditions,
nanocrystallization and soft magnetic characteristics of the
amorphous soft magnetic metal powder can be improved at the same
time. Alternatively, heat treatment for improving soft magnetic
characteristics may be performed after nanocrystallization. The
heat treatment is preferably performed in an inert gas atmosphere.

Crystallinity of the soft magnetic metal powder can be easily
quantitativelyevaluat@jbyneasurimgitspowderX—raydiffraction.
That is, in case of an amorphous state, a clear peak is not seen
in the powder X-ray diffraction pattern, and only a broad halo
pattern is observed. In a sample where a nanocrystal is present
by performing heat treatment, a diffraction peak grows at a
position corresponding to lattice spacing of the crystal face. The
crystallite diameter can be calculated from the width of its
diffraction peak using the Scherrer formula.

In general, a nanocrystal refers to the crystallite diameter of
not more than 1 pm calculated from a half value width of the
diffraction peak of the powder X-ray diffraction by the Scherrer
formula. For the nanocrystal contained in the amorphous soft
magnetic metal powder of the present invention, the crystallite

diameter calculated from a half value width of the diffraction peak
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Fe66S114A18T13B9 17.3 47 813 Fe66Si 14A18WB139 17.4 62
1079 Fe66Si 14A18Wh3B9 17.2 32 550 Fe66Si 14A18Hf 3B9
17.4 56 974 Fe66Si 14A18Zr3B9 17.4 62

1z

of the powder X-ray diffraction by the Scherrer formula is
preferably not more than 100 nm, more preferably not more than 50
nm and further preferably not more than 30 nm. The lower limit
of the above crystallite diameter is not particularly limited.
However, when it is small, i.e., about several nanometers,
sufficient accuracy is not possibly cobtained. Accordingly, the
crystallite diameter of the nanocrystal contained in the amorphous
soft magnetic metal powder of the present invention is preferably
not less than 5 nm. The crystallite diameter of the nanocrystal
is in such a size, whereby improvement of soft magnetic
characteristics such as small coercive force of the antenna core
or the like is observed, thus improving antenna characteristics.

Incidentally, usually in a phase having such a nano-scale
crystallite diameter, an amorphous phase is also present. When
the crystallite diameter of the nanocrystal is excessively high,
and the heat treatment is excessively performed to such an extent
until the amorphous phase is no longer present, the crystal may
possibly overgrow. Accordingly, the crystal cannot be already
present as a fine nano-scale crystallite and it is not suitable
for use as the antenna core of the present invention in some cases.
Accordingly, from the viewpoint of suppression of deterioration
of soft magnetic characteristics, it is preferable that the heat
treatment is not excessively performed.

The soft magnetic metal powder used in the present invention may
be in any shape such as a sphere, an acicula, a spheroid or an
unshaped one. Particularly preferred is a flat shape. When it

is flat, an unshaped powder can also be preferably used. Flatness
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1079 Fe66Si 14A18Y3B9 17.3 44 761 Fe63S113A17Nb4Pd3B10
17.4 53 922 Fe63Si 13A16Nb4Ru4B10 17.4 42 731
§$6%8114A18Zr4139c4 17.3 44 761 Fe63Si 14A16Zr 4B10P3

: 13

includes, for example, a smooth disk shape, an oval-spherical shape
or the like obtained by pressing and crushing a spherical shape.
Further, a flat shape includes a pulverized powder and a small piece
shape as well.

Furthermore, it is preferable that the soft magnetic metal
powder used in the present invention has a flat shape with a ratio
of a minor diameter to a thickness (minor diameter/thickness) of
from 2 to 3,000. For example, it is preferable that the soft
magnetic metal powder has a flat shape having an average thickness
of not more than 25 um. It is preferable that a flat powder has
an average thickness of further preferably from 0.1 um to 10 pm
and an average minor diameter of from 1 to 300 pm. It is more
preferable that the soft magnetic powder has an average thickness
of from 0.5 to 5 ym and an average minor diameter of from 2 to 200
um.

Forthesoftnmgneticn@talpowderusaiinthepresentinvention,
powders in substantially same shapes may be used alone, or powders
in different shapes may also be mixed in the ranges in which the
effect of the present invention is exhibited.

Forthesoftnmgneticn&talpowderusedjxxthepresentinvention,
an amorphous soft magnetic metal powder or a
nanocrystal-containing amorphous soft magnetic metal powder of a
specific composition may also be used alone, or an amorphous soft
magnetic metal powder or a nanocrystal-containing amorphous soft
magnetic metal powder of a different composition may also be used
in mixture. Further, an amorphous soft magnetic metal powder and

a nanocrystal-containing amorphous soft magnetic metal powder may
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31 536 16 L value [/mH Q value L x Q val ue
Fe66Ni 1. 6Si 14A164Nb3B9 17.4 53 922

Fe66N15. 5Si 14Al 2. 5Nb3B9 17.3 40 692

Fe69. 4Ni 2. 48i 9. 62416. 6Nb3B9,17. 4 53

be used in mixture. Furthermore, other magnetic materials, for
example, ferrite, sendust and the like, may also be used in mixture
in the ranges in which the effect of the present invention is
exhibited.

As an amorphous metal constituting the soft magnetic metal
powder, a Fe based amorphous metal and a Co based amorphous metal
can be used, though not restricted thereto. Among such metals,
the Fe based amorphous metal is preferred because the maximum
magnetic flux density is high. Examples thereof include
Fe-metalloid based amorphous metals such as Fe-B—Si type, Fe-B type,
Fe-P~C type and the like; and Fe-transition metal based amorphous
metals such as Fe-Zr type, Fe-Hf type, Fe-Ti type and the like.
As the Fe-Si-B based amorphous metal, there can be mentioned, for
example, Fe3SigBi; (atomic %), Fe7gSiioBi (atomic %), FegiSii13.5Ba.sCa
(atomic %), Fes8isBi1eCr, (atomic %), FesCo018511B1s (atomic %),
Fe.4Ni4Si,B17Mo; (atomic %) and the like. Among such metals,
preferably used are Fe;3S1i9B13 (atomic %} and Fe;7S15B16Cra {atomic %) .
Particularly preferably used is Fe;sSigBiz (atomic %) .

Table 1 illustrates examples of the soft magnetic metal powder
which can be used in the present invention. Furthermore, an antenna
core of 21 mm x 3 mm x 1 mm is produced in the same manner as in
Example 1 to be described below using these soft magnetic metal
powders, and the L value, Q value, and the product of L value and

O value measured in the same manner as in Example 1 are illustrated.



922 Fe66N 2. 8S i

2Al aNp3B9 17.4 53 922
Fe59N 4Si 13A14N1061314 17.4 53 922

Fe66Co6Si 14A16, 4Nb3B9 17.4 56 974 Fe66004Si 14A14Nb3B9
17.2 42 722 Fe66Co05. 6Si 8. 4A18Nb3B9 17. 3

[Table 1]
%/lﬁ}ue 0 value .L x Q value

Fe73Si3AllgB9 16.4 15 246
Fes—;Silellng 16.9 22 372
Fe578i16A18139 16.7 20 334
Fe 585'i14AlngNb1 17.3 45 779
F8698113A14Nb4B10 7.3 49 848
F8618i13A112Nb4B]_0 17.4 60 1044
FegiSiig.gAly, 2NbgBig i7.4 52.5 914
Fe5gsilgAlloquBlo 17.2 28 482 .
F675SigAl5Nb3B9 17.1 32 547
FesgsigAl5Nb5B16 16.4 15 246
FEGGSilqugMO3B9 17.4 62 1079
Feegs_ilqugTa:-;Bg 17.4 70 1218
FeE;'GSilqugcrg,Bg 17.2 32 550
FeGGSi14A13V3B9 17.. 3 49 692

. F€565i14AlgTi3B9 17.3 47 . 813
F6668i14A13W3Bg 17.4 02 1679
F6655i14A13Mn3Bg 17.2 32 550
FeagsilquBHf3Bg 17.4 56 974
F9568i14A13ZI‘3B9 17.4 62 1079
FegeSii1aAlgY3Bg 17.3 14 761
F863Si;3A}_7Nb4Pnglg 17.4 53 922
F653Sil3A16Nb4RU4Blo 17.4 42 731
F6518i14A18Zr4B9C4 17.3 44 761
Fe53Si14A162r4B10P3 17.3 31 536
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40 692 Fe73.5CulNb3Si 13.5B9 17.4 69 1201

Fe71, 5CulNb5S113. 5B9 17.4 70 1218

Fe73. 5CulMd3Si 13,5B9 17.3 65 1125

Fe715Tull q05Si 13. 5139 17.4 Q¢ 1166 Fe76CulTa3Si 42B8

[Takle 1 (continued)}]

Ig/;;;]lue Q value L x Q value
FegeNip 5114A16 4NDaBg 17.4 53 922
FesgNi5_58j_14A12_5Nb3Bg 17.3 40 692
Fesg_,;Nig_4Si9_5Al_6_6Nb3B9 17.4 53 922
Fe65Ni2_BSi11.zA18Nbng- 17.4 53 922
Fe59Ni-4Sil3AqubGBl4 17.- 4 53 922
F865C01_68i14A16;4Nb3B9 17.4 56 974
Fes5c048i14A}_4Nb3Bg 17.2 42 122
F865CO5_65i8_4A13Nb3B9 17.3 40 092
Fe73_5CU1Nb3Si13_SBg 17.4 69 1201
Fe71_5CU1Nb5Si13_5Bg 17.4 70 1218
Feqg3 5CuiMo35ii3 5B 17.3 65 1125
Feq;.5Cu1MosSig. sBs 17.4 67 1166
Fe7¢CuTasSi12Bs 17.4 63 (1096
Fe73,5Cul_Zr3Si13_5B9 17.3 61 1055
FE73CU1HfQSi14Bg 17. 3 60 1038
Fe70_5Cu1_5Si15B9Nb3Au1 17.4 66 1148
Fe_agculsi17B7Nb5Ru1 17. 4 66 1148
F671CU1Si15B9Nb3Ti1 17.4 69 1201
(Fe0_95C00_05) 72Cu18i14B9Nb_3Cr1 17.4 67 1166
FeggZryBs 17.4 52 905
Fegq_Nb'JB_g 17.4 54 940
Feggﬂijq 17.4 02 1079

The soft magnetic metal powder used in the present invention may
be a soft magnetic metal powder subjected to a surface treatment
using a couplirng agent or the like in advance. Alternatively, the
soft magnetic metal powder may be treated so as to insulate electric
connection among soft magnetic metal powders using an insulating
treating agent, or the soft magnetic metal powder may be used at
a state that soft magnetic metal powders are electrically conducted
to one ancother without conducting insulating treatment.

As the thermosetting resin used as a binder in the present
invention, known thermosetting resins can be used. For exemple,

an epoxy resin, a phenol resin, an unsaturated polyester resin,
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17.4 63 1096 Fe73.5CulZr3Si 13.5B9 17.3 61 1055
Fe73CulHf 4Si 14B8 17.3 60 1038 Fe70, 5Cul5S115B9Nb3ANn1
17.4 66 1148 Fe69CulSi 17B7Nb5Rul 17.4 66 1148

17

a urethane resin, a urea resin, a melamine resin, a silicon resin
and the like are preferably used. BEmong such resins, an epoxy resin
and a phenol resin are suitably used because they are excellent
in the dimensional stability after molding. Further, in each resin,
preferably used is a resin of a grade in which the curing rate 1is
fast and which can be used in injection molding, transfer molding
and the like.

These thermosetting resins are usually formed by employing two
kinds of resins of a main agent and a curing agent, but a plurality
of main agents and/or a plurality of curing agents may also be used.
Furthermore, an additive agent such as a curing accelerator, a mold
release agent or the like may be added such that the desired
productivity is exhibited. The thermosetting resin used as a
binder in the present invention may be used singly, or a plurality
of different thermosetting resins may be used in combination. Also,
as necessary, organic flame retardants such as a halide or the like
may be used in combination.

The antenna core of the present invention has a high elastic
modulus such that it is hardly deformed even at a high temperature.
Tt is preferable that the storage elastic modulus E' at 80 degrees
centigrade is from 0.1 to 20 GPa and further preferably from 0.5
to 10 GPa at a measurement frequency of 1.0 Hz. When the storage
elastic modulus E' at 80 degrees centigrade is within such a range,
an antenna core becomes hardly deformed even at a high temperature.

Meanwhile, the storage elastic modulus E' of the antenna core
of the present invention is a high elastic modulus which is almost

constant in the temperature range of from room temperature {30
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Fe71CulSi 15B9Nb3Ti 1 17.4 69 1201 (
Fe0. 95C00. 05) 72Cui S i 14BO9Nb3Cri 17.4 67 1166
Fe90Zr 7B3 17.4 52 905 Fe84Nb7B9 17.4 54 940 FeO9Hf 7B4
17.4 62
18

degrees centigrade) to high temperature. Accordingly, for example,
the storage elastic modulus E' at 30 degrees centigrade exhibits
the same value as the storage elastic modulus E' at 80 degrees
centigrade at a measurement frequency of 1.0 Hz, preferably from
0.1 20 GPa and further preferably from 0.5 to 10 GPa.

Furthermore, the storage elastic modulus E' at 100 degrees
centigrade alsc exhibits the same value as the storage elastic
modulus E' at 80 degrees centigrade at a measurement frequency of
1.0 Hz, preferably from 0.1 to 20 GPa and further preferably from
0.5 to 10 GPa.

In the present invention, to use a thermosetting resin as a
binder, provided is an antenna core excellent in shape machining
property, capable of industrially continuous production at a.low
cost in a short takt time. Furthermore, when the thermosetting
resin is used as a binder in the past, it has been considered that
soft magnetic characteristics of a magnetic powder are
deteriorated. However, in the present invention, it is possible
to provide an antenna core in which deterioration of magnetic
characteristics is suppressed even with the use of a thermosetting
resin by combining a specific soft magnetic metal and a
thermosetting resin. Also, it is possible to obtaln an antenna
core which is hardly deformed even at a high temperature and
excellent in the dimensional stability by combining a metal powder
having a specific form factor and a thermosetting resin.

At the same time, it is possible to obtain an antenna core which
is further excellent in magnetic characteristics.

As a method for forming an antenna core, there can be used various
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1079 The soft magnetic netal powder used in the
present invention nmay be a soft magnetic netal powder
subjected to a surface treatnent 5 using a coupling
agent or the like in advancgg Alternatively, the soft
magneti c netal powder may be treated so as to

insul ate el ectric connection anong soft nagnetic

metgﬁtggls’]g? ﬁgﬁgﬁ?%ng%aag?l ngul aéx%g@f%eq; @gﬁﬂg'cé’fe of the
preghﬁg gv% %&E‘eéér? kg@txﬁzglhc?@d\dﬁ[ Se i ef&l@ﬁ@zrdgcﬁia'n)‘ler

con to one another w thout conducting

PRAgUL ati g%wtd'e%ab?feeﬁe therfSsdheiddhemsetbeAdasesivinder is

used as bi nder in the present invention, known
mixbASf IS tdd NImEEHERS cORdt DB pusedr . F%e&éatmle@ @i resulting
epoxy resin, a phenol resin, an unsaturated pol yester
mixtasénmaylﬂean@I@é@am§1m@SVJmldusumﬁ1dxﬁg|maqhunasa¢mwwn from
resin, a silicon resin and the |ike are preferably
theq&ﬁﬁtz@nﬁhg sughe ofsbnsab ket eporyliesi m gwdnalphenst pellet,
resin are suitably used because they are excellent in
or & pewderehskeralwdstani ki tye aiterentiidbagio Fad B ngj s molding
each resin, 5 preferably used is a resin of a grade
machinghi ch t he curing rate is fast and which can be
used in_injection nolding, transfer noldin

Thﬁepowderrr%fsé%anﬁaasntﬁglnﬂegﬁﬁana‘ﬁ%eﬁs P pinfer can be
d b | two_kind ,
mxaaéf?ftré ea"g oylng o, kindg of %@%@f?g fgn@fowmgnmamer.

E‘er e%%ﬁ)ae o\%en%) ra I%y%Of Curl I’égltag? 2006 ast%'e%?nosettlng

agen

res%;allrg %%F:ﬁé%t oer thgf‘:gnrhfixécfg h@gent}\to'i:hﬁgetirhé(e various

u product|V|ty IS

mixféai ﬁé&ﬁ%egh%iyﬁ@ﬁ&tﬁw 18eed rkr%ﬁﬁ'g A% tHd@R¥st can be

e preseht Tnvention may be used singly, or a

use@l E'Bf‘l ﬂniﬁflxﬁ of rdififerentathess@setditg 4 esitihigrayemt, as
used in conbination. Al so, as necessary, organic

necbkafBy| &f adaris asdeheastarhabimiel drrdiade kgemayobethe like
used |n combi nat i on. The antenna core of the

is PoESENEd | 1V entdesr b cwrhicght .el Bskte Dbids| Disl byghixed powder
that it is hardly defornmed even at a high

of tleaperaturesti2hg trasipref eviaisevihat thhesetormpmetic metal
el astic nmodulus E at 80 degrees centigrade is from

pow@et. t oCQEP@PIANP f Uhe i x pret ephb? yﬂa‘lrfbrﬁ@r‘sc t%f f@e
GPa at a neasurenent frequency of 1.

thesnepabel ey a5es € ibtul U3 €17 509 g9 H¥gr Ib\e%% gtrf%?oféﬂosettlng
is within such a range,  an antenna core beco t

reShlarlaWdaJéf%%@eHl%%l?&’a‘fu%lw of TRHheHUr eangga curing agen

15 BpRhA RO SoF SERGTTBEER: TN BN %{5 3 Hi fhErence in the

dul whi ch
soefehierarire Y Sﬂﬁsgeg%%’a*% : 2@%%%%5%??%& i i ——
to BEUSES, Ce&)tl or aggj %1%%%eﬁ§gﬁﬁ§e Acﬁ@rgﬁ{‘eglﬁ’lme, the

or exa astic modulus E' at

sof ISR HRS: H@tgﬁaﬁodﬁég'rﬁ %et Qﬁb%é@e&eﬂcﬂ% §§rf£]@e treatment

storage e astlc ul us 0" degrees centi grade
or 8hea;feasurenent frequency of 1.0 Hz, preferably from

Finally, using a fully uniformly mixed powder mixture of the

thermosetting resin powder and the soft magnetic metal powder, an
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5 0.1 20 GPa and further preferably fromO0.5 to 10
GPa. Furthernore, the storage el astic nodulus E

at 100 degrees centigrade al so exhibits the same
value as the storage el astic,mdulus E at 80 degrees
centigrade at a neasurenent Prequency of 1.0 Hz,
preferably fromO0.1 to 20 GPa and further preferably

from10 0.5 to 10 GPa, In the present ventlog
antt‘aanéséoéetﬁér%%@??l‘ﬁbt}?e%lﬁo%r Byl g a

an _ant enna, core xcel!ent i n gﬁ? Hggﬁjfl maghlnecn?the.llKE.

tragsfEs QLI NArRIBE iHYUSE FF iIFUOTS
@Eo?%%rleog t’ mf loqwhacioc[ Gnsnfgrshnﬂrélnlgggégéégﬁlvel dc?pendlng

ur erno ernosetting I'S

tie | acmqgt Ik %&etH@S{hefﬁoQ@tc‘tﬂﬁfQ&%!lﬁeﬁ§g, trﬁ‘ﬁhng with

nagnetlc characteristics of a nagnetic powder

a séf@ HSGREL OF 8l 8 1 HOURMES or Rhkhei RESSERt hdW@IHG O usually
It is possible to provide an antenna core in which

per@8HRAEHOIRHHNt Bhp8BINEEE Cr LhAS 3Gt ghpBékDBatsly from 50 to 300
suppressed even wwth the use of a thernosetting 20

degkesircdit ienamianing rrefpacitilic i safie maggetdfcl dgtial 2@Adlegrees
a thernosetting resin. Also, it is possible to obtain

cenamgaadennawmmwgraﬂnuﬂe|d$rthUMpldehgrmed tyerexamale, in the
hi gh tenperature and excellent in the dinensiona

rangeabfl Pty by 3OWDIRE ngnd pee BT Polidiern Hahd e of 1 to 100
specific formfactor and a thernosetting resin. 25At

MPathe sanme time, it is possible to obtain an antenna
core which is further excell ent

Thargtier §tlF“€slsb Ad Er%f‘ﬂ%lef of" F&Fn?ﬁ@g%ﬁfaﬁ‘?%ﬁ o seconds
o 4R eh S e Rl TR s sons
so Rannerbe MR FoE o M tBISTHL " s -Y“nggresi n

#&ggn 8O NOET i e<eedcﬂ ﬂ{aof*:’orfﬁe r@%}@&ds‘ée@n@j resin

erea ter e resu ng 5 mxture may be
andy‘BJ: d@&' lh?pL us okd Qgcrﬁﬁ‘itﬂ's'ﬂ;eéskn%ﬁr{&é@iﬂlf process
In of tab et, apilla a granul e or

is pﬁ:é@ﬂaﬁi @5r§lEBV\Q@E a'f'tl@: ﬁ@m’aﬁﬁgm %@rﬁnﬂéél§ﬁg mhditions
be nol de&ru3|ng a nol di ng machi ne. The powder of the

aretdef nB6ELt | Agp&0Si Mg Usedtlas Ehdimsiast ary heeslih nirxetse.  The
with the soft magnetic netal powder in the follow ng
annd@@bbey . cénd 5t  oniespee thvea poyvden sapf L sedrgpresget 40 a
be the thernosetting resin and a curing agent are
pressuee-tolethed . stMte his thererange i that Modarposition of the
machi nes, mxers and the |like known fromthe past can
theb@o@@*@am@rreﬁm @0 he mriblowedai fhagbATPAF2huEe c{ﬁ“ri‘%% of 100
ent, as 15 necessar a curing accelerator, a nold
dageeagaantoonaie %Pké‘k?%u“c&n‘b%rh‘é‘be it 80 &]@é’irrsed Annealing

content. Next, this fully m xed powd r of the
ey G ERSEReIeRy P esrh PGt L 1 Puﬁa@ﬂe?ff‘tcema

h
fro%gte]ﬁ? rg‘f’mjhemffhé? b ntg?t%féﬁ%ﬁ\fé%% Orl%eur| I’r%‘taagkemtg out an
antdfED LS IGLIPRETLLAG 20! &SI RREET 0RLAL ARG DY performed

Xi ng a naln gent “and a curing agent 1's nmxe

in 49€ ;?iiecﬁm%p@%élf - IS Al 1r90él‘%§fes§upé-ff@fe%f§@d'§hég@ using an

spec y 1S great ccordingly, m Xxing

ann&NFh & 'ﬂﬁ%a%%egrt&@?il%@t Wi ritQ ridioV® Mofdlhy dum ber W&ﬁrformed
m xtufe. At this time, the soft magnetic netal

by JBMRe ssubheehedntorarabEbacendd@aiimfily, the takt time can be
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25 or the like. Finally, using a fully uniformy
m xed powder m xture of the thernosetting resin
powder and the soft nagnetic netal powder, an 20
antenna core is nolded with,a conpression nol ding
machi ne, a transfer nolding machine, an injection
nmol di ng machi ne or the |iKke. There are opti num
condi tions for nolding respectively _dependi ng on the
sho el haAR Ot 16t Rlﬁvéﬂf"‘r%rvﬂoqﬁgtcﬁnnéer Y ﬁ:%iV%giuse, m xi ng
with 5 a soft net.i.c et al the i ~byie
qﬂﬁ{hﬁﬁﬁqﬁsﬂﬁﬂéﬁﬁﬁf;ﬁgﬁ%Wﬁ%&jﬁgﬁf%%S?éﬁpgréégngrg%ge
of oxi t legigrs Gentiygradeike
the%%%&%?% ﬁé@#gﬁ%%n&gﬁﬁe@lr%abng% g%%fgo to 200 deg?ees
' : € NG MYeditn@fi & 1figuid-like
the%@%%% é$q$nrt%€n$%ﬁ3§§%f 0.1 to 300 MPa and _
thePhSEer@bly ddsidedargewfing 9ed00add ddvined Higl a curing
curing tinme is, for exanple, in the range of about 5
accSEERRESy t Ds 2udear sy dddedt dsd prefrercasartyy adjdd release
ot her nol ding conditions so as to be nolded for 30
ageSeaendadea. 10umicheresreFurs heedede, an orgenpief kame retardant
curing of the thernosetting resin 15 and/or to
such ngps oy ebraghedt | or ctiee aktler ity & MEKegthREAGhg e use-
process is preferably carried out after nuldgg%. ﬁhe £
B eadignedndi 4 otsl e WiTmasait déh&wding a9 thE S°
thernosetting resin in use. The annealiqglcon%itiog%ld for
magneelgsuatay ReWApDHI MR Hr It tfE e gre put 1nto a
ressure-rel eased state in thev@?n et
S

b hat . .
mol bR npDsie | DS e BFR T oS iy $haen e ds entained.

| | d, the t t t
v UL 8o STROLALLE 28 A0, 50 coceos
fopgred_j nsi - ¢ oki
B EEYRRREE TR oL by F T ol s, Vit moy he o ity B Ehe

resﬁgf%géﬁﬁ%ﬁyré afé&ggl@%n@_aa%ﬁﬁnﬁo§oﬁ1§lﬁiﬂ wheh the use of

I's time, annealing is perforned 25 in an

a mBPRLAGINRERSSYT € Bf SHcR RrESSHEL; el easeshrsd alore having a
usi ng an anneal i ng furnace or the |ike. Continuous

desPLAI BEa58N-RE BErhesABE=BY USi ng an anneal ing
furnace. Accordingly, the takt tine can be 21
BhET 4 £Pethandot8ec Promeich Fuséyt canvdre: iopravedhe used as an
Furthernore, as the thernosetting resin, a

ant&haai ty | ked t heramsetdiatp r.esFormayganbde, be ¢eaiged conductor
When a liquid-like thernosetting resin is used, a

subfrathedgent nehlathpyuinhbde dai By LRttt PhgyUsiFRedipductor
a curing agent are conmbined and a curing acc Iera%or

havi sgusaldly aaduae  nare ed Fite d§afgunG 2 pady dregtkenna core,
agent is added. Furthernore, as n%gded an or

ani
WheFPRIET SnAPBRAICHUER BEOGEbr Ao (5 ¢ HET TRE AGS g nductor,

var:rlnoégdcgrgcligétéros uksn%wn in the appropriate field can be used, but

a fusion bondable coated conductor is preferred because the

man-hours during winding processing can be reduced. The antenna
of the present invention is an antenna for transmitting, receiving
and transmitting/receiving an electric wave at a low frequency band

of from 10 kHz to 20 MHz and preferably from 30 to 300 kHz.
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The conbined liquid-like thernosetting resin and the
soft 10 nmagnetic netal powder m xed in advance are
put into a nold for nolding using a nol di ng nmachi ne.
When a solvent is contained,.,nolding is perforned
after the solvent is volatilized. Alternatively, the
solvent is volatilized in advance and the resulting

m xture is put into a nold for lding with the use.
B¥ A i ﬁ?@%cﬁmﬁé@mﬁ%ﬁcg? ag%%ﬁfe‘%s;e% LEIign were
core having a desired shape can be prqduced.

desghtltha Wb &8 Ui tHRP P ERENS ety 1Can O%e t&s?eg}%é”ent

.__an_antenna by w ndin C 1 I eXanpl el o
lnv%%%%%%’d%ﬁ%d% %ﬁogﬁﬂééﬁﬁl 0 f%%ﬁfggfgﬁ%procesgiﬁgove

embb Qi kg ¥i i Diy éﬁoﬁggaponductor 20 havi ng copperas

anal n 1 ngredient 1s wund around the antenna core,

wher eby an antenna can be produced. As the w nding

coat ed conductor, various conductors known in the
cxaMpPpropriate field can be used, but a fusion bondabl e

coated conductor is preferred because the man-hours _

Thus | e M rd i ikgrepridees disngoan 1 best edued din Teet aint dred@w with

25 of the present invention is an antenna for .
reféranssaitd i Bxpnp beel vigvaner t ridves mtaseny/ degenkiieg 4§ not

electric wave at a | ow frequency band of from 10 kHz
restoi@0ed/Hzo aritepr efezmblgs from 30 to 300 kHz. 22 As

descri bed above, enbodinents of the present invention,

Tee sl thed st TageR taRbBEEARNPAWERE Wafiftaigd 1n the

the present invention, and variqus configurations ,
fol bpWbRd tFRIH G he  AB0VY SIS RdAt S12BRIBE %&%pﬁ‘%&vesrage MLnoL

o1 FRAPES e a1 B DL ISR L P8 o ene
s DEHRL SR G SD o L EORRELELP0 MO DS wecns

SEMg?gcggng%ﬁ%lé@tg&? I]FLJSJ:J'C%% { Wn%{'aﬁ}a@@r@ﬁ%ﬂﬂﬂé’b Was

aneter an average mn di aneter were

calcg\gigf‘ééuk%g at?wya%l | Y1 i J TGS 0@k aul €8yl £ 8o f4 GRIdE section

servation of ‘the Shape of a soft magnetic netal

obt HOMEET b WSbGe da SEM (156 A0WE 1 G yiest 1O d il Qs8eRe) .inkm
average thickness was 15 cal cul ated by anal yzi ng

powd SR9Enad @ed €54k 1 @ dahid OBt T @SSE Seaidion aisimedsing a SEM.
enbeddi ng the soft magnetic netal powder in a

mewdgiorenzedded tieshodani R'ut(Pangobfdntsurta goresiprepared in

using a SEM The storage elastic nmoduli E (Pa) of .
Exampl e nend dremp prapare Exancbemplees andsToapatative following

Exanpl es were nmeasured in the follow ng . .
manner. The prepared antenna core material was cut off in a size
of 25 mm x 5 mm x 1.0 mm, and the cut off material was used as a
sample. The storage elastic modulus E' (Pa) was measured by
gradually heating the sample from room temperature (30 degrees
centigrade) to 250 degrees centigrade at 2.3 x 10° Pa at a

measurement frequency of 1.0 Hz. As a measuring apparatus, a

visco-elastic analyzer RSA-II manufactured by Rheometrics, Inc.

was used.
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20 manner. The prepared antenna core material was cut
off inasize of 25 Mmx 5 nmx 1.0 nm and the cut
off material was used as a sanple. The storage
el astic nmodulus E (Pa) was jyeasured by gradual ly
heati ng the sanple fron1roon1tenperature (30 degrees
centigrade) to 250 degrees centigrade at 2.3 x 109 Pa
at a 25 neasurenent frequency of 1.0 Hz. As a
neasuring apparatus, a visco-elastic analyzer RSA-I
ctured by Rheonetrics, Inc. was used. 23
EX&@?E ? In order to clarify the inventive step

g, SCJf(g eseJr_]E’]é% e%tet 1r1]1vre%|t§§rl Vgtégfotéqghga%l%s@r% invention

cunent
re1JR4BL POVEE Slpraexp@ro%%al%s%‘:%dgge@nw bhcE@mP! €, a soft
ent cunment pecifically, an all oy haV|ng

magﬁe%?@ﬁét&loﬁoﬁéefes@QN 455 14BAL AN 3 vasr e Wil Example 1

ten nmetal at 1,300 degrees centigrade using a high

of Iﬁé@é&U@%}(zuﬁﬂ%lnttl ng fopRace.caang,t be damldenakehgl a wasiposition
allowed to fl ow downward t hrough a nozzl e equi pped at

of B NhesboBtanNef wie meld ingof armelcesn Teeadohteh, 300 degrees
metal was finely granul ated using a high pressure

cenat goadgass ig Z5hkghciRefmenty myakt o fiurnagepagpd the molten
installed at a tip end of the nozzle. This finely

metglanabatétovedtep hboal d@@mwgiédwésrw%v@edlq@lébquwped at
agai nst a conical rotating cooler having a rol

thedpbakbper 0bf theonehtindvEvIReas - 15T gl oin g6 iddgrees Tinely
and a rotational %eed of 7,200 rpmfor q ggky

GraRBoRT Y, NHET b}t ANSBF S AHEREATIoThEER Oholeldid M| hgom @ gas
a,conposition of Fe66N 4Si 14B9A14Nb s repare

atomhydn o?%rwd}%ﬁlclerﬁﬁ% pbHRer G (5 HBzzB “nis finely

grafl]lg? g@?}{elg:lwg Iﬁel{l? tJﬁ:;?Z eses‘f?egl%if&lécy té tcovﬁslc?e against a

avli ng an aver ag

con:']?i ggq)t%@tn c8£lé§%a&%rﬁ1ﬁc la&§5@9’§e£nd‘foi 9fi 'nﬁ’rﬂeg &fertical

m an an average ness o pm The ratio

angi@v\(ﬁﬂér @edggf_]gés Rt ?(5{£Pi&|§£‘fss§3)eé@§f277 D0 8 for quickly

diffraction of this netal pomder was

cooﬂ?ﬁéur&%f’@ﬂ( aSs@r £ efrletiid maRs 1 COREde MpEviRat a AUmposition
a halo pattern of a typical anorphous phase was

of EQNM,S apg,AT, NYaSGopREphekY . | Thds aoDE phouws:tA% metal powder
state. This soft nagnetic netal powder was

washiatard oeatledphe rd ceilt fagensgase at Iﬁ;gﬁ-:phﬂileiadtlySSQt was a flat
degrees centigrade for 1 hour. The powder 24 X-r

softlihdgret iomedfalt powsiefrt hamgnet anﬁnﬂgqnmmd@rdaam@ter of 150
heat treatnment was nmeasured and as a result, a little

pm, bppadverafe apinon pbakebppeaf edd Mheard vt ai‘fﬁ*’faé?%ltz*b“:kness
cal cul at ed fron1a hal f value width of its eak

of Zaer r S gEhica (ANSTAGSE Mynog ARPTSEERETY fﬁ‘f%ﬁﬁ?% wps 27.5.

hal o pattern |nd|cat|n%nan amr phous

has t

The (RAMdE KirsAPedt L TRRECT AN (He Hdrt mﬁﬁaﬁgff?a%de%fﬂgﬁnf?eawred and

wd ft heat t t
R

tarf L t r ous

amoPRRike STV RS IR tséﬁﬁﬂ@%w {£ oo
sta% _prolonged f or progreSS|ng crystal lization, whereby

e anor phous phase coul d di sappear, but in that

'ﬁ 58, 5J 418 rr%@ﬁ%ttﬁlcl hbeadi ﬁ%@i@f Leganm thitghatelier 8by nitrogen

e nanocrystal phase could not exist. To exhibit
gassé’ﬁrﬁo@%‘% | 6 BT ad Brded icemtSWrtaalel €oas 1anoant enmige powder
core, It was inportant to perform heat treatnent such
that the 15 crystallite size calculated fromthe
powder X-ray diffraction was about 20 nm
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In this Exanple, as a binder, a thernosetting resin
different fromthat of Exanple in Patent Docunent 1
was used. As the thernbsetting resin, an epoxy resin
(product nane: EOCN 102S 20 _nanufactured by Ni ppon
Kayaku Co., Ltd.) was used. 61 wei ght parts of a
curing agent (product nanme: M LEX XCL-4L (nodified

phenol resin) manufactured by Mtsui Chem cal s, I%%é) heat
X-ropsdaBHBAICT baw o o4 0t MeifHin Pt Sisgialy powder atter nhea

relJgaIe g Lesin EuherTere, 20,8, 6110 crcocrir
f act d San- Ltd.. b

oo SRS S, SHUSATE, 1 DSl 1S BB s v

widgﬁng%a%gggga}?yb Al 2éthé AP £ AJ'% qléa@l%at%ﬁ nm.

agen conbi pul'verizing an X ng W

Incgéeﬁ“rmf Ia haly}{?atpﬂ'@ﬁﬂ QUSHi¥-aR, QY 88 aidhJRIpRELE did not
metal po r h I

er was eated wth a si'l ane coupling

ful BgeisaRased endgl0f ved b Maml=gyreft itthRe€ROXYow@SE mfter heat
wei ght 'parts of a silane coupling agent (product

trefefBnt p XBMAOS RIfEeidl ethdys Shinvdtsitadhemasal having a
Co., Ltd.) was weighed and fully m xed such that the

crySohllhegnet dte et abf poovvtler Zhdut heersi Iamsarduslogegher .  The
agent becanme uniform The soft nmagnetic netal powder

Heatxechtmidrt thepsirbaneecouplhigh agepite estwekghtderp time was
be a ratio of 83 weight % and mxed for 10 mnutes to

probpeged fowmfcamesEl ngord st LarEleBnpeerelf fthife amorphous
soft magnetic netal powder and the thernosetting .

phagesiqnld dimsepeerer Bulisky Wt fesengtip ¢ovitikiite dlameter

e RN ST /YL Ml MRSl B i

X oRF AL MR poIE AR SRy S1° EHetaPLgiding sargerta core,

. ti t al wd t tJ [

it {RF TR r T 4G LS RO, 0% ] oo

cry%@t%;ﬂl@e r&lz%t fc:ialllcﬁ(ia\e’ieﬁhf)%grﬁ QRO XLUL S WRSF fraction was
ea a 5

ed at enperature o O degrees centigrade and
abolf esgurtzed at a 20 pressure of 50 MPa. After
5m nutes, the nold was opened for taking out an
Btena BeHe Bt alsi al bialdrt her erétrssébei mpteyian different
core material was annealed in an oven at 180 degrees
from®effiagreteefofip o hourmat Meroddenant ennecorsed. As the
mat eri al was conti nuously produced, the 25 heat and
the messt End reas irentamasp ey froesied forodugt mares, ERSE-1025
then the nold was opened for taking out an antenna
manehret mee@ bivaNippondgtiwlal fothekedf aias phednektd yalght parts
powder m xture could be filled 26 into a nold, and
of @ opiek MDUBIProd(REIBICT qraRE bl BaBY | XL} i Grafiifhesl phenol

takt time was about 7 mnutes. .
resin) manufactured by Mitsui Chemicals, Inc.) was added, based

2

on 100 weight parts of the thermosetting resin. Furthermore, as
a curing accelerator, 5 weight parts of product name: 3502T

manufactured by San-Apro Ltd. based on the epoxy resin and further
5 weight parts of Licowax OP manufactured by Clariant in Japan as

a mold release agent were combined for pulverizing and mixing with
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The antenna core material after the annealing
treatnent at 180 degrees centigrade for 2 hours using
an oven was cool ed. Thereafter, 5 an antenna core was
cut off in a size of 21 nm x 3 mmx 1 mm This cut
of f antenna core was insertea into a bobbin made of a
resin having projections at its both ends. A
pol yur et hane coated conductor having a dianeter of
a MPXeP-nm was wound around the bobbin with an antenna
core inserted thereinto at, 1, 300 .turns.t repar
GRE RRETS DOR TSRS PR SRR R s Giad treated
.. Hewl_ett - Packard. Devel opme \ ¢ n
wit b s ath L P e Ear b mog, ke funBR Lo Be the epoxy
haract erjsti fre dZgethe @HRMRA name:
res%&é ge ‘g%ﬁ%eég]fgé hggeért b%#%}g%{ %uepig valaugee and( Q

KBMy@b§ﬁlm&ﬂdM !ﬂégghYﬁLH-§§u@1&@iléal apd have.) was weighed

excel l'ent properti as 15 an antenna. Furthernore,

andl Eueoyl# heg canii g that sbite aBgestacwastslig@hler and the
for continuous production as well. The results are

silshewsoiplIay! £§eRt apdcdme Gonpesat i veTHx anplite ik @@Hie metal
same soft nmagnetic netal powder as that used in
pow@sanpi eed wash usked. s Thene esbupLiseyl @aserd biamleveigded to be a
the same as that used in Exanple of Patent Docunent .
ratio &pexd fiedajtty 3 petl eizedffpolletriapsest baecbtain a uniform
manuf actured by Mtsui Chemcals, Inc. were frozen _
powded pikverd Zsias st efakbeas bl yaaietsn fighe lreeygder and the
powder 25 having a particle diameter of 100 pm The
thegppeehhghet FfeShetal powder and the resin powder were

m xed, for 10 minutes, such that the soft netic ;
R dYLRR 8P 2R SOB TiaEA iR Dot bt i T powdler ® ot PYPrie

., mxture of the soft netic.netal_.powler _ in
mixfES)| HepBhast e ¥ pRndereh SO a1 2 b S e vine
mol d_used Ln Exanple 1 d f
ExaflRhET o BeC GUEr TAL AL A e n b AT ol red ot g used for
mixgggrees centigrade and pressurized at a pressure of
5°MPa 5 for 10 minutes. Thereafter, the powder
%ﬁtﬂéﬁdé(@%i%féj Sownd 9590 qdagsees weghéoiadeefr powder

img out an antenna core material. The resulting

and ¥HLPAArROL S FRhEIH i RS s UsiEd 4D At epareldmaanitrenaaliameter
in the sane manner as in Exanple 1 for evaluating its

of JU pRe* tlisesm. TReNRS1d tfd 1akel shothienpdadiee idi.xture was heated
10Incidentally, 40 mnutes were required for cooling

at hheenptdatur&oopat 40i deg Exasptentidrate 350d tporaspirized at a
degrees centigrade. Wien the thernoplastic resin was )

pregsedefaf 56084 nuBlseproddouten, fhe aodiddwpe ARG heg taking
t hat about 50 m nutes of the takt tine were required.

out 18N CaRbanad i ver Exaabeeial, ang BheepmatebretFeaigie core
was prepared in the sane manner as_in Conparative de for 2

matexinpl €2l HHEPFA iR iFedVan &tprlégsa%rS S18°WPRIGTYe O
350 degrees centigrade for 10 m nutes. Thereafter,

houffie pressure 20 was rel eased and heating was stopped.

t th oint of cooling.far. 10 _m_n : I
Bhehethd P Bimping N0 Lake SO0 Sn apaaas T sBReed, the
erial . At i 0 ogli ] th
neal it ihssnd Re R o vt oP ety  Srade and ehe 1 then
theaﬂbf?nﬁagoéﬁeﬁ@&ef?bﬁl tdkdngobut 08 ShdbGhiVeoS Material.
result, the antenna core
Immediately thereafter, the next raw powder mixture could be filled
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25 material was deforned while it was taken out from
the nold so that the antenna core in a size of 21 mm
X 3 mmx 1 nmmcould not be cut off. The results are
shown in Table 2. 28 Exanplg 2 A soft magnetic
nmet al powder was prepared in the sane manner as in
Exanpl e 1, except that a conposition of an alloy for

incBLBELLR o Sl saTRIELL S T oL PR S SHAPSdet e

| at ed | t tal | dt [lid
Theg baARhsFHES  Beat TR bobl BT 61 qui okl y cool i ng,
“Y’\QgraSp%&g%fo&epﬁggggaglngf@ér rw‘:(bﬂ@%'hnlegl§ﬂg treatment at 180

oval - er1 cal at ‘shape was obtai ned. The soft

degPBELEI G MBLRle POWIEH URS dél{%; %ﬁ Jveshdpe diicdd lGereafter,

an average mal n di aneter of m an average m nor

an Shedetier-fe 2Qspaangs anmwesage dhizakness Dfand »pMmm. This
The ratio (an average m nor dianeter/thickness) was

cutboFf antdhea prepareds sohte maghetnto netalbljowderdenas a resin
mai ntained in a streamof nitrogen at a tenperature

hav 0fig 3800 flegt £ess cent i gs adetfi cends. 1 Mool yuaradt Heew coated
treatnment for inproving soft magnetic characteristics _

condast carkdechmat diZhetpowe®r0 A0r ay wi § fioaed sxophdiiHee bobbin
soft magnetic nmetal powder after heat treatnent was

withesswrgdnra cpas sorprersdtidreinit ptalhal8 parterp prepare
specific to the anorphous ggase was observed, %ﬁﬁ%EFP kard

an apbephous BERtREWAE: kBPf 28 D0 AP bt oY it —Fackar

dinth in Ex le 1
DeVESREnT HaPTRABYCE- hrarte BOEN. 163 MRGR AL A BE by value and

o P Bt e e BRI ARARAEY E3THD s 7he
Ni K Co, . Ltd. : valu
ot PRt Bhen i 208 PEOAISE S, LD ds © value

t N ak t g c MBBME Bie
oxn ERUIELNLEE PUSEORD koot Mose g o o

an i act urgd e Md Sy iGheaal e LBEFirmod tRer the antenna
curing agent was used in the 29 anpunt of 38 weight

was P&hi Sab Pasesk b rkOth YRl g r RIS oof akheegpoxyThesiesults are
An antenna was prepared in the sane manner as in
showxaipl eap1éeroeyaliuating its properties. The results
are shown in Table 3. 5 Exanple 3 An antenna core
material was prepared in the sane manner as in
Exanpl e 1 using the same soft magnetic netal powder
Compsrbdhave obx&mabpl &€ 1, except that product nane:
EOQCN- 103 manufactured by 10 N ppon Kayaku Co., Ltd. 1
Thae sane sefamagposii e dstis apevgesdast thake spi YodExample
(a pol ycondensate of phenol and fornal deh dg%g that used
was papefact TREdr DN PPef RayakRieeer Y% thasSiled hs ¥
. curing agent, and the curing agent S din e
in Emﬂgeo@fsga\;\%?w@ﬁ%?g? DasotP B AT gh?efpfa"r%% ot
: . . o .
polg%gﬁggsgfg&){e rrgghzgfaggugégiebgzbh\f\@sgft C}{gxﬁ){cg‘lg ?t 112 .Ofwere
frozen and pulverized to prepare a polyethersulfone resin powder
having a particle diameter of 100 pm. The soft magnetic metal
powder and the resin powder were mixed for 10 minutes such that

the soft magnetic metal powder was 81 weight % to prepare a powder
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15 magnetic netal powder to the binder. An antenna
was prepared in the same manner as in Exanple 1 for
eval uating its properties. The results are shown in
Tabl e 3. Exanple 4 20An all oy having a conposition of
Fe66N 4Si 14BOA14Nb3 was made into a nolten netal at

1, 300 degrees centigrade using a high frequency
neltin%,furnace. The nolten netal was allowed to f] ow

d

mixgoweward thRr 60§k BaABEEEE BELRppRAYART t#RA Hdte oifitr" Powder-
Thifi GRVBFESBUTE AP GRS GRS AP7S7KG R o q i gagiamele 1.
oS PRk BPoLLE0, S LR Gl LI LRl fasneainea
e e R T s S

a 1904 eti ErpeWdehe NBYLAEr n CONPASIdd Ot led down
forpé@eg“téflggigisgiﬁ%% e OB P e o anat 1 o

to TBbaleptietchadq2abir 4 afaldil’f oahape antpedif coaklysterial.
It was  a disk-1ike soft nagnetic netal powder having

ThedPe3VEf 88§ AR eobedhabet bil afaAbspat@praperagen antenna
thi ckness of 5 pmand a ratio (an average m nor

in dhaneses n(Aavweimge parkkehpldi AnkireeyaAilbatkngss)s gfrgperties.
This soft magnetic netal powder was heat-treated in a
Thenirbesaden gas atinwspher 8akie4B0 degrees centigrade for
1 hour. The powder X-ray diffraction of the soft )
Fagndentabdyal 4 ovidert exf werehsaguined et mORt iRgsthe mold in
measured. As a result, it could be confirnmed that
CompairgtavhaFsapat celnfvnas 8b9efQed > Andedheesgfgntigrade. When

wa%netic netal powder was in an annrghous state.d £ it
therPeRBPROPE L ReAE S Pedt FeHf Clal OpeFPOFHRLCTH R CCuctIon,

coufch b3 SoreTudtt BRB L AEOPbRr X AG P 1P AEC D wee were

nmeasured 15 again. As aresult, it was confirned that

rqulﬁgﬁOCrystal having a crystallite dianeter of about
20 nm was precipitated. An antenna was prepared in
the sane manner as in Exanple 1, except that the

Comgg%%tEQEpE&Sﬂ saf b magnetic netal powder was used for
val uati ng |t§ properties. The results are shown in
AabLgtEnn2Gore material was prepared in the same manner as in
Comparative Example 1 and pressurized at a pressure of 15 MPa at
350 degrees centigrade for 10 minutes. Thereafter, the pressure
was released and heating was stopped. At the point of cooling for
10 minutes, the mold was opened for attempting to take out an
antenna core material. At the point of cooling for 10 minutes,
the mold temperature was 250 degrees centigrade and the antenna
core material did not lose fluidity. As a result, the antenna core
material was deformed while it was taken out from the mold so that

the antenna core in a size of 21 mm x 3 mm x 1 mm could not be cut

off. The results are shown in Table 2.
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Exanple 5 An antenna was prepared in the same nmanner
as in Exanple 3, except that a ratio of a magnetic
net al powder was 83 wei ght % based on a bi nder using
Fe69CulNb3C111. 5Si 14E11.5 as,a soft magnetic netal
powder 25 for evaluating its properties. Herein, the
soft magnetic netal powder had an oval -spherical flat
shape. Specifically, it was in a flat shape having an
average main dianeter of 41 pm an average 31 minor
di ameter of 26 pm and an average thickness of 1.2 pm
Exagpder 4tio (an average minor diameter/thickness) was

2. Furth h wd X I, ff '
&sar P LS TR e FSr S S el A0, B fannes o
in ﬁ%%mﬁ?gsfr%g¥héﬁh%hg%sgléOm%é?%ﬁﬁngcﬁpgﬁ'éﬂ?gyt¢5¥ preparing

anoct ys aving a’cr I'te diameter’o

u ecl.pijt at QRN 5.
2 S e e A s ISP S o e R s

Spe%@%?ﬂﬁ@l?@stﬂéeﬁﬁﬁéﬂyi@r&ﬂ@lé@@@ MENNeY r@scd n vxaml ewed to
3, except that a ratio of a nagnetic netal powder was

col86qvehght nde bases oniry kicwdedr Wsirnguickly cooling, whereby a
Ee69CulNb3CR1. 5Si 14B11.5 as a soft nmagnetic netal

sofpomndenet 0t eydhluapbngetrt snpaopevalesphdieraih, fidie shape was
soft magnetic netal powder was a granul ar powder. )

obtSpeeiif i Thkl 3o mawastacgnanal eowaeirng: 45 nad fedr ajepe having
particle diameter of 7.0 pm The ratio (an average,

an m'vacagdimﬁénedi@aa‘eﬁag@fpgﬁtwm ean average minor diameter of
di aneter)/thickness(average particle dianeter)) was :

20 ym and FpravRgaesy Ehickeegswaier X0r ay NEi ¥ iR tidghauffege minor

 heat treatnment for precipitating a nanocrystal was
diapghety BRLCEReSSt 48Pt ©- 7t was 20 confirmed that the

RRICSEUSS Bhe VP SRR A E hAUE Slpf AR 1 o
str%%%&% é%%h%%k%?a%rg %Q&EQrgguIQQMES%O gggggégtégﬁtigrade for
1 hour, and heat treatment for improving soft magnetic
characteristics was carried out. The powder X-ray diffraction of
the soft magnetic metal powder after heat treatment was measured.
Tt was confirmed that only a halo pattern specific to the amorphous
phase was observed, so the amorphous state was kept.

An antenna core material was prepared in the same manner as in
Example 1, except that product name: EOCN-103 manufactured by
Nippon Kayaku Co., Ltd. was used as an epoxy resin instead of
product name: EOCN-102S manufactured by Nippon Kayaku Co., Ltd.
and product name: PN-80 (a polycondensate of phenol and
formaldehyde) manufactured by Nippon Kayaku Co., Ltd. was used as

a curing agent instead of product name: MILEX XCL-4L manufactured

by Mitsui Chemicals, Inc., and the curing agent was used in the
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25An experinment for conparing with antenna
performances as described in Patent Docunent 2 was
conducted. In Exanple as described in Patent Docunent
2, it was difficult to nenti,gn that 32 a magnetic
powder and an organi c binder in use were sufficiently
specifically descri bed. However, anong those
bel onging to a category of the "Fe-Al -5 alloy”
amoH@Ec?gbgg“Fﬁgﬁiaﬁﬁngofb%%? ﬁFlﬁéghWEﬁghE,pgggﬁ(%§the SPOxY
sendust all oy (Fe85Si 10, Al5) .having._.sin '
res S Rnekh e TRmONY £ AT Cuffably taad Fafey 4¥ ¢ Baanple
antenna core. . soft tic a r V4 1
1 g0 IR EH R R B P T et ot TabTe
3. powder (product name: SFR-FeSi Al manufactured by
" Nippon Atonized Metal Powders Corporation) was used.
An antenna was prepared in the sane manner as in
Exanpl e 3, except 10 that SFR-FeSi Al was used as a
Exa®@ié pagnetic netal powder, and a ratio of the soft
magneti c netal powder was 85 wei ght % based on a _
o et enanddrtes mprepenlli esswerepanad Uat étle bawe manner as in
results are shown in Table 2. The L val ue of the
Exa@plenhaupieparied samconpil audyee Bxampita 13 praslegbag that of
1/3 as conpared to that of Exanple of the present 15
Exaimpyent i onxcept | ehahep Qdatuanans: ddit- D halmufgctured by
conpared to that of Exanple of the present invention. .
Nippeedfadiatgl §0- i tLichulaspE DA FPEE tHaf &R @RfaProduct name:
characteristics were deteriorahﬁg_gbout

%%/6. 20 e d
PN-ER@nit @02 yFoRREsRbFeo Dt ernd EOFRS hieRYFal Mg eture
G 2 d. by using_th .
by Nigisi KRV &R ChethbHC ad 3 PR 810 ERlifpr dont: fhe the curing
l.asti dul ' _(Pa). eia
eao} JHRSRe S ok FaRHE o 20 AS PR o o 100 werone

par%gog]ftgﬂgeéﬁ%g\?erggilg?’ot e%fﬁ%ﬁf%icﬁf@@)oﬁ% 22}io of the

egrees ce ade at’ 2. 9 Pa at” a measurenent
magﬁé@ﬂeeﬂgyaff Ju stz Hhe $lielRge ehasthEeREAUIMS frepared in
was 2. 33 GPg)at 30 degrees centigrade, 2.28 GPa at 80
the @I LEE N33 as in Example 1 for evaluating its properties. The

results are shown in Table 3.

Example 4

An alloy having a composition of FegeNisSiiaBeAl4Nbs was made into
a molten metal at 1,300 degrees centigrade using a high frequency
melting furnace. The molten metal was allowed to flow downward
through a nozzle equipped at the bottom of the melting furnace,
and finely granulated using a high pressure argon gas of 75 kg/cnﬁ
from a gas atomizing part installed at a tip end of the nozzle.
According to a water-atomization method comprising dropping this

finely granulated molten metal per se against a cooling water bath
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centigrade and 2.27 GPa at 100 degrees centigrade.
Even though the tenperature was gradually el evated
fromroomtenperature, the elastic nodulus of the
antenna core in this Exanpl e.was al nost constant.
Accordingly, the antenna core in this Exanple was
hardly 5 defornmed even at a high tenperature and

excellent in_the dinensional stabilit %é’ nb%ﬁ'n a_
forspeerkiy §@Pi~lﬁﬁgn@t$% Fretﬁ%ﬁln%lv@é?e‘%ld er havi
thernpsettl resin.

t | d f :
compRtLE A S B Son EreRr U PRCSHIT m%ﬁg?'wﬁd magnetic

e S0 EE 1S, B0 Doty 2 db bt . oo o
dlsEx? %hgg an g@ gi'%éw@é‘f’ B Nd 85 S0sROfarticle

wer e used, the storage elastic

fE t he, ant ePNGe COK £ MaSs 4 Ner sanB Wdiex asatio (an
dlaﬂgggk 45n%T §? %ﬁgtﬂgeother hé%d acch%lng to '

avelbB§eCRANERL B%hﬁétéﬁ@ﬂﬁéﬁﬁ%} e kot 26lpe, didwee it )eftna diness) of
cofe in Conparative Exanple using a thernoplastic

9. IMesidsagtandhnedeic n@/tzﬁepeasilelrywalsfmated:m&&dhngha nitrogen
tenperature and may have worse heat resistance.
gasFathbephere, at hed Gintenmse < ara tisinagiea fohel nbplast ighe powder
resin easily causes a change in nmagnetic
X-rehadatfeacsionsoft theé bsofl magnet b metoh PogleBigldar heat
L value [/nH Q val ue Takt tlne Mol dability Exanple 1
treThuenbswas IMMedsTed. nmilds acgggult, it could be confirmed that

only a halo pattern was observed and the soft magnetic metal powder
was in an amorphous state. Furthermore, heat treatment was
performed in a nitrogen gas atmosphere at 550 degrees centigrade
for 1 hour. Thereafter, the powder X-ray diffraction was measured
again. As a result, it was confirmed that a nanocrystal having
a crystallite diameter of about 20 nm was precipitated.

An antenna was prepared in the same manner as in Example 1, except
that the thus-prepared soft magnetic metal powder was used for

evaluating its properties. The results are shown in Table 3.

Example 5

An antenna was prepared in the same manner as in Example 3, except
that a ratio of a magnetic metal powder was 83 weight % based on
a binder using FegCuiNbsCR;,55114B11.5 as a soft magnetic metal powder
for evaluating its properties. Herein, the soft magnetic metal

powder had an oval-spherical flat shape. Specifically, it was in

a flat shape having an average main diameter of 41 pm, an average
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Conparative Exanple 1 Thernoplastic resin 15.0 66
50m n. Good Conparative Exanple 2 Thernoplastic resin
_ - 20mn. Bad 34 Soft magnetic metal powder

Ant enna performance Conposition

minor diameter of 26 pm and an average thickness of 1.2 pm. The
ratio (an average minor diameter/thickness) was 22.

Furthermore, the powder X-~ray diffraction after heat treatment
for precipitating a nanocrystal was measured. As a result, it was
confirmed that the nanocrystal having a crystallite diameter of
about 10 nm was precipitated. The results of antenna

characteristics are shown in Table 3.

Example 6

An antenna was prepared in the same manner as in Example 3, except
that a ratio of a magnetic metal powder was 86 weight % based on
a binder using FegCuiNbjCRy 551i34B11.5 as a soft magnetic metal powder
for evaluating its properties. Herein, the soft magnetic metal
powder was a granular powder. Specifically, it was a granule having
an average particle diameter of 7.0 pm. The ratio {(an average minor
diameter (average particle diameter)/thickness(average particle
diameter)) was 1.

Furthermore, the powder X-ray diffraction after heat treatment
for precipitating a nanocrystal was measured. As a result, it was
confirmed that the nanocrystal having a crystallite diameter of
about 10 nm was precipitated. The results of antenna

characteristics are shown in Table 3.

Comparative Example 3
An experiment for comparing with antenna performances as
described in Patent Document 2 was conducted. In Example as

described in Patent Document 2, it was difficult to mention that
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Crystallinity Particle shape Mai n di anmeter M nor
di anmeter Thickness L value (horn Q value Exanple 1
Fe66Ni 4Si | 4B9A14Nb3 nanocrystal 150 pm 55 pm 2 gm

32

a magnetic powder and an organic binder in use were sufficiently
specifically described. However, among those belonging to a
category of the "Fe-Al-Si alloy" as described in Example of Patent
Document 2, as a sendust alloy (FegsSijgAls) having singularly high
magnetic permeability and suitably used for an antenna core, a soft
magnetic metal powder having an average particle diameter of 10
um of a sendust powder (product name: SFR-FeSiAl manufactured by
Nippon Atomized Metal Powders Corporation) was used.

An antenna was prepared in the same manner as in Example 3, except
that SFR-FeSiAl was used as a soft magnetic metal powder, and a
ratio of the soft magnetic metal powder was 85 weight % based on
a binder, and its properties were evaluated. Its results are shown
in Table 2. The L value of the antenna prepared in Comparative
Example 3 was about 1/3 as compared to that of Example of the present
invention, while the Q value was about a half as compared to that
of Example of the present invention. Accordingly, it could be

confirmed that antenna characteristics were deteriocorated about

1/6.

Example 7

Furthermore, an antenna core material of 25 mm x 5 mm x 1.0 mm
was prepared by using the same material and method as in those of
Example 5. The storage elastic modulus E' (Pa) was measured by
gradually heating this antenna core material from room temperature
(30 degrees centigrade} to 250 degrees centigrade at 2.3 x 10° Pa
at a measurement frequency of 1.0 Hz. The storage elastic modulus

E' was 2.33 GPa at 30 degrees centigrade, 2.28 GPa at 80 degrees
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17.5 70 Exanple 2 Co66Fe4Ni 1B14Si 15 anor phous 70 gm
20 pm 3 gm 17.0 69 Exanple 3 Fe66N 45i | 499A14Nb3
nanocrystal 150 pm 55 gm 2 gm 16.1 65 Exanple 4

33

centigrade and 2.27 GPa at 100 degrees centigrade. Even though
the temperature was gradually elevated from room temperature, the
elastic modulus of the antenna core in this Example was almost
constant. Accordingly, the antenna core in this Example was hardly
deformed even at a high temperature and excellent in the
dimensional stability by combining a specific soft magnetic metal
powder and a thermosetting resin. Further, it could be confirmed
that the antenna core excellent in soft magnetic characteristics
and the productivity at the same time was achieved. The results
are shown in Table 1.

Even though the same material and method as those of Examples
1 to 4 and 6 were used, the storage elastic modulus E' of the antenna
core was the same value as that of Example 7. On the other hand,
according to the conventional technical knowledge, the antenna
core in Comparative Example using a thermoplastic resin as a binder
may be easily deformed at a high temperature and may have worse
heat resistance. Furthermore, the antenna core using a
thermoplastic resin easily causes a change in magnetic

characteristics attributed to deformation.

Table 2
L value Takt A
. . 1
Binder [ /mH] Q value time Moldability
Example 1 | NCIMOSCLLING |, o 70 7 min. |Good
resin
Comparative TheFmoplastlc 15.0 66 50 min. | Good
Example 1 resin [
 Comparative TheFmoplastlc _ B >0 min. | Bad
Example 2 resin
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Fe66Ni 4Si 14B9A14Nb3 nanocrystal 45 gm5 gm 16. 3 65
Exanpl e 5 Fe69Cul Nb3Cr 1. 5Si 14611. 5 nanocrystal 41
pm26 pm 1.2 pm 16.5 66 Exanple 6
Fe69Cul Nb3Cr 1. 5Si | 4B11. 5 nangcrystal 7.0 pm11.2 63

Table 3
Soft magnetic metal powder Antenna
Particle shape performance
Composition Crystallinity Mgin M%nor Thickness 3alue Q
diameter | diameter value
. . f/mH}
Example 1 Fe66Ni4S114B9A14KNb3 nanocrystal 150 pm 55 ym 2 pm 17.5 70
Example 2 Co66FedNilB145115 amorphous 70 pm 20 pm 3 pm 17.0 69
Example 3 Fe66Ni4Si14B9A14Nb3 nanocrystal 150 pm 55 pm 2 pm 16.1 65
Example 4 FebENidSi14B9A14Nb3 nanocrystal 45 pm 5 pm i6.3 65
Example 5 Fe69CulNb3Crl.558114B11.5 | nanocrystal 41 pm ] 26 pm 1.2 pm 16.5 66
Example 6 Fe69CulNb3Crl.5S8i14B11.5 | nanocrystal 7.0 pm 11.2 63
Ezzggiﬁtgve Fe85S110A15 crystal 10 pm 5.5 | 38

As clear from the comparison of Example 1 to Comparative Example
1 and Comparative Example 2 illustrated in Table 2, a high
performance antenna core could be produced with a high productivity
by using the thermosetting resin of the present invention as a
binder.

Furthermore, from the comparison of Examples to Comparative
Example illustrated in Table 3, an antenna excellent in antenna
characteristics could be provided by using the specific soft
magnetic material powder of the present invention as compared to

the prior art.

INDUSTRIAL APPLICABILITY

The antenna core of the present invention is suitable for use
in a small-sized antenna. In particular, the antenna core 1is
suitably used for an antenna for transmitting and receiving an
electric wave at a frequency range of 10 kHz to 20 MHz called a
low frequency (LF) band.

BAs the applications of the antenna core and the antenna of the
present invention, there can be exemplified a keyless entry system

for automobile/immobilizer, a tire pressure monitoring system




Conpar ati ve Exanple 3 Fe85S 10A15 crystal 10 gm5.5
38 As clear fromthe conparison of Exanple 1 to
Conparative Exanple 1 and Conparative Exanple 2
illustrated in Table 2, a hi,gh 5 performance antenna
core could be produced with a high productivity by
usi ng the thernnsetting resin of the present
i nvention as bi nde hetni ore m t h
(TRYS)pati Seriior LB %%P%% Heeebh bl b B ey tem, an
strated. i an. a na_ ex | e
EIeS%F%ﬂﬁ%\ aff)t]c i;? ac‘flé‘]f(?ls llacnscecgtgﬁg b&¥ p?%‘l\[}f ed éb;12 Cutsronnglc key.
an é'ﬂScéP?S' \Ihjage Sgiécgagﬂgt tie n%f]?é ' alAcpr’ﬂﬁ ftc; h&e present
resent ‘i nvention as conpared to the prior art
1nvémmﬂ- AP {é’lals%éhélt'%( p&%ﬂl@@@h@gé%ﬁf&né)ﬁﬂ Bésmall size
present invention is suitable for use in a
at shabk-sbZed antenna. In particular, the antenna core
is suitably used for an antenna for transmtting and
receiving an electric wave at a frequency range of 10
kHz to 20 WHz called a | ow frequency (LF) band. 20As
the applications of the antenna core and the antenna
of the present invention, there can be exenplified a
keyl ess entry system for autonobile/imobilizer, a
tire pressure nonitoring system
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35 (TPM5), a radio frequency identification (RFID)
system an electronic article surveillance (EAS)
system an electronic key, an electric wave cl ock and
the l'ike. According to the present invention, it is
possible to provide these systens in a small size 5
at a lowcost. 36 CLAIM5S 1. An antenna core
produced by shaping a sof¢ getic netal powder with
the use of aresin as a b'%%gg, wherein the soft
magnetic netal 5 powder is an anorphous soft magnetic
net al powder or a nanocrystal -containing anor phous

1. A%péé%ggg%%#%E%ESB@LCQQWQF%h%%ﬁ%%s§Q&ﬁﬁ:Rﬁgﬁ@%ngﬂ@%éﬂ powder

or the resin used™as a bindér is a

with PREMPSELE NG-JeS Bs 4 FAndery RAXBEY¥In the soft magnetic metal
100- a- b-cSl1aBbNc(1) 10wherein, in the formula (1), M

powdey als l:@astncopdelLn@tt seleeidd amlt ewioupr a
consisting of No, Mo, Zr, W Ta, Hf, Ti, V, C, M,
nano¥ryRtalReonGa,indng Gmd2phAlus GuftAmaghg,t iSn merich ISIpowder
and each of x and y represents an atomc ratio and
represemtell &y Whandeiamepr ssentslan lat.omrng! fhes datdssify jusgd as a
the relationships: (1))<1.0, 0y0.5, 15I()x+y<1.0,
bind@k<d 24, theqai3®t OB HId,2a+b30. 2. The antenna
core according to claim1, wherein the soft nagnetic
(fret ad-vPoWdet 190s-arAandélyst 4Ll cont ai ni ng anor phous

FELLROTStLc, TPl POVST FePLSenLeq, oY 18 SRR descceec
Erom, RS HROERySOaT L1 6. Hoto e ANt 100 heke ( Er ity 1 30C= P
Y’_ P(ldg)o,_R%;VIb_Glca_éd 'ea}glnégr/E or’ (Igl}zl)’ l\ﬁ%’yhg{'eipg;dsit%otn%%ersg{r{entrﬁj sach of
< 5 5 L A G il g gy docosncs

an aSbmiA.g Alss tSM fapith S hankdk Xt LS8 S @At Q1 O<y<0.5,
ratio and each of a b, ¢ and d represents an atom c

0<x+%p<1sat,i sfad<g t hey<el @t | ehsts Psinde<Oriss 30.

2. The antenna core according to c¢laim 1, wherein the soft magnetic
metal powder is a nanocrystal-containing amorphous soft magnetic
metal powder represented by the general formula (2) and formed by
heat-treating the soft magnetic metal powder, and a crystallite
diameter of the nanocrystal is not more than 100 nm,

(Fe1-xM"x) 100-a-b-c-aS1aAlpBcMa (2)

wherein, in the formula (2}, M' is Co and/or Ni; M is at least
one element selected from the group consisting of Nb, Mo, Zr, W,
Ta, Hf, Ti, V, Cr, Mn, Y, Pd, Ru, Ga, Ge, C, P, Cu, Au, Ag, Sn and
Sk; and x represents an atomic ratioc and each of a, b, ¢ and d

represents an atomic %, satisfying the relationships: 0sx<0.5,
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37 0cl 10 and 2a+c- 30. 3. The antenna core according
to claiml, wherein the soft magnetic netal powder is
an anor phous soft nagnetic netal powder represented 5
by the general fornula (3) g7(Col-xM x)

| 00- a-b-cSi aBbMc( 3 ) mhereln in the formula (3),
M is Fe and/or Ni; Mis at Ieast one el enment

o503 I WS AT W0 2, W

Cu, Au, Ag, 10 Sn and Sb; and x represents an at om ¢
ratio and each of a, b and c represents an atomc %

T[sh%t }aﬁé&lurﬂg Jcﬁee é%t:@tr'dq %ht@%laﬂn?(l<qf«}?eré)£r§%%% soft magnetic

Oc--10 and he ant enna core accordi ng

met d10p8Rde ONE Qfl aﬁﬁl@};ﬁﬁods 50 £3, maMpes 1 @ mb atlihgo®@bt represented
magnetic netal powder is a soft magnetic netal powder

by t3ubjeeied 1t gdreatld rEeat,ment in an inert gas
at nosphere in the tenperature range of 300 to 500
(degr.ees) centd-gsadeM.or 13s5econd to 10 hours. 20 5.
The antenna core according to claim2, wherein the
wharedrystal tbenfarmihg &%br phouss §6f enddgaetiic Hetalat least
powder is a nanocrystal-containing anorphous soft
e regHEritc SRBEAL Sfond R ébﬁagﬁ@apbyoﬁéaﬁtwaa@ﬁnlébt Héo, Zr, W,
soft magnetic nmetal powder in an inert as at phere

Ta, H{t He it éhpétat die r gFféj'of BOFEro R0 ‘dedie U, Ag,
ce rade for 1 secon 38 { soft

Sn ﬁgglénﬁeﬁaFe86ﬁ8§Ptha§ §g?wlﬁaﬁﬁgf t%?c%o%%e?' o and

c rqaggﬂ %F%l%hag 8%% % satlTE$1§§ %§ﬁéﬁq ngb<x<0 3,

ereln “the”so

O<a4}a45 ddaty shapew th p satiocof a mnor di anmet er to

a thlcknes§ m nor di aneter/thickness) of 2 to 3,000.
8. The antenna core according the thernosetting resin
is at 10 consisting of an epoxy resin, polyester

4. THRShAtednHr €bhang-d&rding @NGng shki €0EIrLSiN.1 to 39.wherein
The antenna core according to any one of clains 1 to

the Gomherinetis ohe At ggagie el astd coabdulamdd i atmd0al powder
degrees centigrade is from0.1 to 20 GPa at a
subjreasul eneftesftr equeentoyerdf In GarHzinert gas atmosphere in the

temperature range of 300 to 500 degrees centigrade for 1 second

to 1C hours.

5. The antenna core according to c¢laim 2, wherein the
nanocrystal-containing amorphous soft magnetic metal powder is a
nanocrystal-containing amorphous soft magnetic metal powder
obtained by heat treating the soft magnetic metal powder in an inert
gas atmosphere in the temperature range of 300 to 700 degrees

centigrade for 1 second to 10 hours.

6. The antenna core according teo any one of claims 1 to 5, wherein
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10. An antenna forned by w ndi ng a conductor around
the antenna: core according to any one of clains 1 to -
9. 20 11. The antenna according to clai m 10,
wherein the antenna is an 3#htenna for transmtting,
receiving or transmtting/receiving an electric wave
in a low frequency band of 10 kHz . to 20 Q\/Igz 2@5%%1 pAowder
keyl ess Ly t € Mokidle ra A sadt embbi hagnehe® a1¢ He )
the s eﬁnr?aqngegégr g%%éllt (E)Bbcl aiml1ll is used as a
. transf_ssi tenna, a reception antenna or a
havir aanzfrgazczisg% reception antenga. 39 13. Atire
~pressure nonitoring system wherein the antenna
according to claim1l is used as a transm SSi on

7. THNLRRBANa & JRC Bptbediagt enrd agm 6, wherein the soft magnetic

transm ssion/reception antenna. 14. el ectri g ;Uave.r to
netaClRRldeWhasehnfL o simpantldecordrng o MM 1T Ts

used-as a reception antenna. 15. gA r% ig gbgquency

» thiclendd i airicn dymtedm T AifErdneSHe “dnferfa1
according to claim1ll is used as a transm ssion
antenna, a reception antenna or a

transm ssi on/recepti on ant enna. c1AA 8l ecté on)i herein
8. Thay tandemnsucose| @%%%dkﬁgt@na%g?%i%@tche ant enna

accordi ngtocl ai m A i sused g 5% QR @ HremNahea group
the tleeopesent 1 al?ﬂ%ﬁhal%raféaf?%snén?{sb:i@o% reception .

“antenna. . . : urated
consiastE_iGngaof an epoxy resin, a phencl resin, an unsatuz

' i i ine resin
polyester resin, a urethane resin, a urea resin, a melam

and a silicon resin.

' : i herein
9. The antenna core according to any one of claims 1 ’;o B8, w

t'he storage elastic modulus E' at 80 degreesr centigrade is from

0.1 to 20 GPa at a measurement frequency of 1.0 Hz.

10. An aﬁtenna formed by winding a conductor around the antenna

core according to any one of claims 1 to 9.

' i : is an
11. The antenna according to claim 10, wherein the antenna 1S

ivi igti iving an
antenna for transmitting, receiving or transmitting/recel g

electric wave in a low frequency band of 10 kHz to 20 MHz.

12. A keyless entry system for an automobile, where the antenna

‘ issi : tion
according to claim1l is used as a transmission antenna, a recep

antenna or a transmission/reception antenna.
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13. A tire pressure monitoring system, wherein the antenna

accordingtx>claimljjisusedaszatransmissionantenné,aireception

antenna or a transmission/reception antenna.

14. An electric wave clock, wherein the antenna according to claim

11 is used as a reception antenna.

15. A radio frequency identification system, wherein the antenna

accordingtocﬂaim]j,isusedaseatransmissionantenna,eareception

antenna or a transmission/reception antenna.

16. An electronic article surveillancé system, wherein the antenna

accordingixaclaim]j_isusedaseatransmissionantenna,eareception

antenna or a transmission/reception antenna.



