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1 SPECIFICATION ANTENNA CORE AND ANTENNA 5 TECHNICAL
FIELD The present invention relates to an antenna core formed by
shaping a specific soft magnetic metal powder with the use of a
thermosetting resin and an antenna formed by winding a conductor
around this antenna core. 10 BACKGROUND ART There has been known
an antenna core formed by shaping a soft magnetic metal powder with

the use of a resin as a binder in, yi ape machining. 15 In
Patent Document 1, there has %gegr%g{c c%%yfdsﬁn antenna core excellent

in magnetic characteristics employing a nanocrystal magnetic powder or
the like with the use of a thermoplastic resin as a binder. However, since
an antenna core is prodagggiiyra NORPrésHmEiidthiiith the use of a
thermoplastic resin as a binder, 20 an antenna core is not taken out from
a mold if it is not fully cooled. Accordingly, when an antenna core is
) L_Jced, there is a p_rc_)blem such that it takes time for_
cooling, resulting in a poor productivity. In Patent Document 1, a resin

used as-ahinder isimited kha 29 thermapastic resireMhiledbed greanged by
of a thermoplastic resin, the range of mixing ratio of a magnetic powder
shapdagthermpplastic aesinf andabepréss presslreoarahot pidds the use of a
procedure are further 2 o
thermosetting resin and an antenna formed by winding a conductor

around this antenna core.

BACKGROUND ART

There has been known an antenna core formed by shaping a soft
magnetic metal powder with the use of a resin as a binder in view
0f easy shape machining.

In Patent Document 1, there has been disclosed an antenna core
excellent in magnetic characteristics employing a nanocrystal
magnetic powder or the like with the use of a thermoplastic resin
as a binder. However, since an antenna core 1s produced by a hot
press method with the use of a thermoplastic resin as a binder,
an antenna core is not taken out from a mold if it is not fully
cooled. Accordingly, when an antenna core is continucusly produced,
there is a problem such that it takes time for cooling, resulting
in & poor productivity.

In Patent Document 1, a resin used as a binder is limited to a
thermeplastic 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
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limited. All of these limitations are to improve soft magnetic

characteristics of a magnetic powder or to prevent soft magnetic

characteristics from being deteriorated by applying the unnecessarily

higher pressure to the magnetic powdeg. That is, 5 in the conventional

technical knowledge, when a thermosetting resin is used as a binder, soft

magnetic characteristics of the magnetic powder are considered to be
1idetedarated viuedo stiinkage isttesstafcmn resin duting arguringeprocéssmagnetic

Accordingly, in order to avoid such deterioration, a thermoplastic resin is .
chggad; WHileStO e T§ range Diattherrophstic TSRS the RifjE ofMbiingagnetic

ratio of a magnetic owd%r and a thermaplastic r sglynand t?e .rang%tl,(?\g;3
|

ChaE’S reddiire Gt a WoPhrss Procsaure Ard Rirtiter Tirhiteet 1Y Paten

unRBEWRERL.2; therg has begpdisclosed gnanienna,pre: EXgRiEt i - That is,
impact resistance composed of an insulating soft 15 magnetic material

irhavirg yvarious softmaagneticrmétal powders andvarisusorganic bimdeset ting
However, in Patent Document 2, there has been described only the use

regiin FeALSIAISY ppweltPosTd & Poly dretiamilresilad af oigameics of the
binder!", and "such a core is_produced by lamjnating a sheet.like c nk

R R & 20 TR A B T it Rt Bodreh Pt dha s By g Lakage

<5t nagnetic metal pawderandthe argapichinder arepebdiseloged, in order
Accordingly, respective detalls of the soft magnetic metal powder and the .

t corganicibngen useddot theaantennaeciecaredot aidal cPatsTitrDdcuent, while
1: Japanese Patent Laid-open No. 2004-179270 25 Patent Document 2: .

thnkhekerPstedt Laid-BEERRDL 20b5S FAFA4 DISET GSORE OF FrEing ratio

OHN¥%§§§%¥£% powder and & thermoplastic resin, and the range of

press pressure at a hot press procedure are further limited.

In Patent Document 2, there has been disclosed an antenna core
excellent in impact resistance composed of an insulating soft
magnetic material having various soft magnetic metal powders and
various organic binders. However, in Patent Document 2, there has
been described only the use of "a Fe~Al-8i alloy powder” and "a

polyurethane resin as an organic binder", and "such a core 1is

__produced by laminating a sheet-like core material having a

thickness of 1 mm, that is, a sheet," but details of the soft
magnetic metal powder and the organic binder are not disclosed.
Accordingly, respective details of the soft magnetic metal powder
and the organic binder used for the antenna core are not clear.
Patent Document 1: Japanese Patent Laid-open No. 2004-178270

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

DISCLOSURE OF THE INVENTION
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An object of the present invention is to efficiently produce an antenna core

which has a high performance and easy shape machining. In particular,

another object is to propose an antenna core capable of industrially

continuous production at a low cost in & short takt 5 time when an antenna

core formed by shaping a soft magnetic metal powder is produced with

the use of a resin as a binder. Meanwhile, another object is to provide an
aivtehd eote whithdssuitabletiokseri Mnanterita Whid-deas kgt produce an
deteriorate soft magnetic characteristics even when (g thermo%%ttigang

aN{LH8E “PE AL B HHBA InfoFdeF 1o°Sdive the BE6VE Ebjedt! the esentgh fning.
in ;?‘é%“é?&%ﬁ‘tﬁ tepeatedlygonducted an extepsive studyand asadesilicapable

ave foun at magnetic characteristics of a soft magnetic metal powder
o f aradnetdetenioratedinder specificprodtctiancorditionsceven whenstfat takt
thermosetting resin is used as a binder. Namely, they have found that
t idetefioration cisofrmagnete charaaeribtics bak beJsapprissdiranpie metal
productivity can be enhanced combma}g\on of a sgeggc gog ﬂ%%gqtlc

PORARAI gowderF §thdrtdsettitg Yédin S Acordingly, i the prasent
inyenfion it is passibleto 29 cantinuqusly, praduce-an aAtEINIBLAIE core which

having practical sensitivity with good efficiency. Namely, the present
i sinMentiap relates to e antemnasearenpeodiicedrbyiskapingta deftemagretice soft
metal powder with the use of a thermosetting resin as a binder, wherein

ma theedfe nTdgretictRta? D5 PovedEs HiF AT SRGUSISER iaghetiERdtal -5 used

powder or a nanocrystal-containing amorphous soft magnetic metal
as p8HeF Y8presented by the general formula (1) below, and the resin used

Tn order to solve the above objects, the present inventors have
repeatedly conducted an extensive study and as a result, have found
that magnetic characteristics of a soft magnetic metal powder are
not deteriorated under specific production conditicns even when
a thermosetting resin is used as a binder. Namely, they have found
that deterioration of soft magnetic characteristics can be
suppressed and the productivity can be enhanced by combination of
a specific soft magnetic metal powder and a thermosetting resin.
Accordingly, in the present invention, it is possible to
continuously produce an antenna core having practical sensitivity
with good efficiency.

Namely, the present invention relates to an antenna core
produced by shaping a soft magnetic metal powder with the use of
a thermosetting resin as a binder, wherein 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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4 as a binder is a thermosetting resin, (Fei-x-yCo,Niy)ioo-a-b-cSiaBbMc
(1) wherein, in the formula, M is at least one element selected from the
group consisting of Nb, Mo, Zr, W, Ta, Hf, Ti, V, Cr, Mn, Y, 5 Pd, Ru, Ga,
Ge, C, P, Al, Cu, Au, Ag, Sn and Sb; add each of x and y represents an
atomic ratio and each of a, b and c represents an atomic %, satisfying the
relationships: 0<x<1.0, 0<_y<_0.5, 0<x+y<_ 1.0, O<a-24, 1<bS30, 0<c<30
as afd Rkadbz30s Aecofding ep e pregenEinvBntion, provided is an antenna
core 10 excellent in shape machining property and magnetic
cﬁgﬁc@ﬁgﬁégfﬁﬁﬁoﬁ?bé&éagﬁ%ustr?ag y continuous production at a low

cosle in.a short takt time -Ansantennasformed by winding BeeRRAUEOT ected from

around the antenna core of the present invention is excellent in
thpefeorngneeandcheap. 45 BRIEMBDESCERIRTION OFTHE DRAWINGS Mn, ¥,
The above and other objects, features and advantages will be apparent

PdfroRiihé&folldviingdetBiled HeseHptiBH of e préfeiied Tibsdih&isinct x and
conjunction with the accompanying drawings. 20_Fig. 1 is a view ¢
¥ RBHATAY the PIaTbrEh BAREEI G, Tmperaturd AR e Somge =°ente o

at8lastic modulys Ex(Ra)ofthe antenna cose ofthe present inveptioao . 5,
BEST MODE FOR CARRYING OUT THE INVENTION 25 The soft

O<magietio metakpawder b for the piesertinvettimhbisiiepresented by
the general formula (1): (Fel-x-yCo.Niy) loo-a-a-cSiaBbMc (1) . Herein, in
tﬁéq%ﬁﬁﬁk?@jxmﬁﬁﬁ present invention, provided 15 an antenna core
excellent in shape machining property and magnetic characteristics,
and capable of industrially continuous production at a low cost
in a short takt time. An antenna formed by winding a conductor

around the antenna core of the present inventiocn is excellent in

performance and cheap.

RRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages will be
apparent from the following detailed description of the preferred
embodiments in conjunction with the accompanying drawings.

Fig. 1 is a view illustrating the relationship between the
temperature and the storage elastic modulus E’ {Pa) of the antenna

core of the present invention.

BEST MODE FOR CARRYING QUT THE INVENTION
The soft magnetic metal powder used for the present inventiocn
is represented by the general formula (1):

(Fei-y-yCoxNiy) 100-2-b-cS1aBpMc (1) . Herein, in the formula (1), M 1is
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5 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, Al, Cu, Au, Ag, Sn and

Sh. Furthermore, each of x and y represents an atomic ratio and each of

a, b and c represents an atomic %, satisfying 5 the relationships:

O<x<-1.0, 0<y<-0.5, 0<-x+y<1.0, O<-a<24, 1:-b-<30, 0-c<30 and

2<a+b<30. Furthermore, the soft magnetic metal powder used for the
at presett inventidRTean andfsHoE dotemadietitividlaCporter opg of Nb, Mo,

nanocrystal-containing amorphous soft magnetic metal .powgder. 10
rFugrathe&ryf—?ﬁbr}ei,f t‘he%dftgma&ﬁéticbﬁj rr’ln’etg{(l)’poE\r/gvf(lﬂer;{f‘}éeg]‘“f'(’)r ﬁ]ge’pr%se%‘t Al, Cu, Au,
Agm\@@tlgﬂdsg%efer@@b/tm%efg?d@a&ﬂe&ﬁrz@@h@rzwﬂeﬁ_%gs@e&-sm atomic

loo-a-b-c-dSiaAlbBcMd (2) . Herein, in the formula (2) , M'is Co and/or

ratlii,ovhitedMerepnesents at leastone elemeatselestearfremotiiecgrboupsatisfying

consisting of Nb, Mo, Zr, W, Ta, Hf, Ti, V, Cr, Mn, Y, 15 Pd, Ru, Ga, Ge,
the, Pe o W Ay 151 afd St Xorepésetits an ASHiY Tati8 atd 8aéi of a<P<30,

b nd d represents an atomic %. Furthermore ch of the isfi
05 B2 ea Ol b0 TLSS36 UG s o<hadony o NEHL powder
usEUrReIMate, sueh asoff maghelis el ROWdRRISi us soft magnetic metal

nanocrystal-containing amorphous soft magnetic metal powder. 20 In the
pogdererab formular(2) r the adrtent of:Shisfrpraotor2d wetortid %o rpreferably metal

from 4 to 18 atomic % and further preferably from 6 to 16 atomic %. By
PCOWEfiRg the content of Si within this range, the crystallization speed

becomes slow for easily forming_an amarphaous phase. 25 | epgra

fogrlr%]ru ag ?f)m %reeéoﬁ%n%{ 8% B 1SFH0m 116 3 taalorﬁ%wé?ﬁrgﬁegggﬁ)%o%% %oresent
ind@:2amic Yand-furthenpreferablye sented by the general formula (2):

Z

(Fei-xM") 100-a-boc-aSiAlBMg (2). Herein, in the formula (2), M' is
Co and/or Ni, while M represents 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 Sb. X represents an atomic
ratio, and each of a, b, ¢ and d represents an atomic %. Furthermore,
each of them satisfies 0<x<0.5%5, 0<a<24, 0<b<20, 15c<30, 02ds10 and
?€a+c<30. Furthermore, such a soft magnetic metal powder is a
nanocrystal-containing amorphous soft magnetic metal powder.

In the general formula (2), the content of Si is from 0 to 24
atomic %, preferably from 4 to 18 atomic % and further preferably
from 6 to 16 atomic %. By having the content of Si within this
range, the crystallization speed becomes slow for easily forming
an amorphous phase.

In the general formula (2), the content of B is from 1 to 30

atomic %, preferably from 2 to 20 atomic % and further preferably

from 4 to 18 atomic %. By having the content of B within this range,
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from 4 to 18 atomic %. By having the content of B within this range, 6 the
crystallization speed becomes slow for easily forming an amorphous
phase. Furthermore, when the content of B is higher than 9 atomic %, an
amorphous phase can be stabilized bygadding Al. Furthermore, the soft
magnetic metal powder used for the present 5 invention may be
preferably represented by the general formula (3): (Col_xM'x)
t hdoa-apseSBbMG (I)n Herein) ibshefermuld (3), M is Fesand/of Nijhite an
M represents at least one element selected from the group consisting of
anER ML ZE W STa, ML TENE 160 Mn, YhepdtRE, €4)168,5cO b Bat Chtdjer than

Ag, Sn and Sb. X represents an 10 atomic ratio, and each of a,h and g . a7 .
9 ?‘é%’r@%gnté’anagto"ra‘ﬁr}g%%%?th%}rlr%%?e,ceaa%h%o% tﬁegr%bézltﬁsﬁ%s 0!- <-O.3,mg

O-@pde Ant30+ PsCsdB-and Ara+h<3Q trurthermere, sieh asofthe present

magnetic metal powder is an amorphous soft magnetic metal powder
inexhibiting valy mehate pattetn where mesdearcdifiraction peak présantida (3) :
the 15 ?owder X-ray diffraction. In the general formula (3), the
[

(Caubdfitation-armotitRsb<x20.3, frersraBly GIXSG'9 drtf fiftier (30 M7 18 Fe
anézg%ﬁﬂgyOﬁéff%1%8¥%§%$§%g%%SEPSH%QQE@%%%HQQEHQHE‘§@@géted from

ge, thére is'an effect at the magnetic permeability is enhanced
+nforgedueingdhe irep; 29 less anthedike. 4r thergeneralfermala, (3y, ther, mn, Y,
content of Si is from 0 to 24 atomic %, preferably from 4 to 18 atomic %
pdanddurtier, piaferably Froml6 t616 dtomié . Byhavihgihe canteppsRSEnts an
within this range, the crystallization speed becomes slow for easilg L.
atﬁﬂﬁﬁh&%ﬁ?&waﬁﬁﬁpﬁé@@pﬂgséf b and ¢ represents an atomic s.

Furthermore, each of them satisfies 0<x<0.3, 0<a<24, 4<b=30,
0<¢c210 and 4<a+b<30. Furthermore, such a soft magnetic metal
powder is an amorphous soft magnetic metal powder exhibiting only
a halo pattern where no clear diffraction peak is present in the
powder X~ray diffraction.

In the general formula {3), the substitution amount x is 0sx50.3,
preferably 0Sx<0.2 and further preferably 0Sx<0.1. By having the
substitution amount x within such a range, there is an effect such
that the magnetic permeability is enhanced for reducing the iron
loss or the like.

In the general formula (3), the content of Si is from 0 to 24
atomic %, preferably from 4 tc 18 atomic % and further preferably
from 6 to 16 atomic %. By having the content of $i within this
range, the crystallization speed becomes slow for easily forming
an amorphous phase.

In the general formula (3), the content of B is from 4 to 30

atomic %, preferably from 4 to 20 atomic % and further preferably
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In the general formula (3), the content of B is from 4 to 30 atomic %,
preferably from 4 to 20 atomic % and further preferably 7 from 6 to 18
atomic %. By having the content of B within this range, the crystallization
speed becomes slow for easily formingzan amorphous phase.
Furthermore, in the general formulae (1) to (3), the total 5 content of Si
and B is preferably not more than 30 atomic %. Herein, the lower limit of
f rthe fotal ddntenvat Siandiy is preéferablyenot tessithant 2Ratomici% idase ange,
of the nanocrystal-containing amorphous soft magnetic metal powder,
theyRREAkere. WHEhiaT dREAhRRSIIEMaghelic Aittalsoivder dSHEngY &n
no nanocry tal, it 10 is preferably not less than 4 atomic %. When the total
am%ﬁ’te%sof@?%%%'B is excessively small, the crystallization speed

becomes fast e0 that thete is-a possibiliy-that an amorpheus phaseteay otal
be hardly formed. On the other hand, when the content of Siand B is

coexeessivélyGhighdhe tontertfefmagretic elementsisachlisa 15¥Fe; Go Herein,
and Ni becomes relatively small so that there is a possihility that good

EhfmagHetiE dhdtadteristielnag telharily Sithiéed infihe Compdatifore ¥ 204y ot
1efopresented by he abo%’eﬁﬁ”ceé%g%’?“‘?r?e(%aﬁ‘?éé}fseca@ apdNiaeng

main magnetic elements ex ibiting a soft 20 magnetic property.

ambyiRermore; St and B are essential compesents forfersingar, when an
amorphous phase. Furthermore, in the general formulae (1) to (3), when .
amCuranuier Al Brercoatained, growth afretocrystalis dtcelkerategnocrystal, it

Accordingly, Cu or Al, or both Cu and Al is preferably contained.
is prefeég 1y not less than 4 atomgc 3. yWhen {he total content

of Si and B is excessively small, the crystallization speed becomes
fast so that there is a possibility that an amorphous phase may
be hardly formed. On the other hand, when the content of Si and
B is excessively high, the content of magnetic elements such as
Fe, Co and Ni becomes relatively small so that there is a
possibility that good magnetic characteristics may be hardly
achieved.

In the composition represented by the above general formulae (1)
to {3), Fe, Co and Ni are main magnetic elements exhibiting a soft
magnetic property. Furthermore, Si and B are essential components
for forming an amorphous phase.

Furthermore, in the general formulae (1) to (3), when Cu and/er
Al are contained, growth of nanocrystal is accelerated.
Rccordingly, Cu or Al, or both Cu and Al is preferably contained.
When Cu is mainly added, the amount of Cu added is, for exampie,

from 0.1 to 3 atomic % and more preferably from 0.5 to 2 atomic %.

When Al is mainly added, the amount of Al added is, for example,
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25 When Cu is mainly added, the amount of Cu added is, for example,
from 0.1 to 3 atomic % and more preferably from 0.5 to 2 atomic %.
When Al is mainly added, the amount of Al added is, for example, 8 from
2 to 15 atomic % and more preferably from 3 to 12 atomic %. When a
main magnetic element exhibiting a soft magnetic property is composed
of Fe alone, the content of Al is preferably from 6 to 12 atomic % and
frérore prefarabitiamcy to A0atomie Ypdathisddasd, inpartididad 4t istomic .
possible to obtain an antenna core material which has increased
Wheagnatici perracaility arftl 686rahstden Tos3IAS SREF eSS Whikh©Per Y
. _may be contained.in the general formulae (1) to(3),.there
b2 ARG N 15, 21 T T Tro 100 s iy o g 5 RbY cErom @
o P ALANG the like Ehese-elements,cambe suitably added ferdisapartieg In this
corrosion resistance to magnetic metals and improving magnetic
casbaractensiicsi Of these etementsy MbiWeTd Zobifahd Mae agafipnna core
particular, effective in suppression of deterioration of soft magnetic ) d
maERATele s 5 8Fa HageRemetashder. RaRERTOMe, W GrIMASY 12 °°

., _and lRu are effective in improvement of corrosion resistance of a
1rorl O%

magne id ‘metal powder. C, Ge, P and Ga are effective in stabilization of

ap AMeRRNoUS phase When-glemenis havirg:padicuarly exepligat-al formulae
effects among these elements are exemplified, Nb, Ta, W, Mn, Me 20 and

(1V are préferrechémpartioulars wheeriib i added(dt isMpartietlari-effeetivet, T,
in improvement of coercive force, magnetic permeabiliéy i’{onl s and the

v, |ik& atiBng soff fragietiGahatactéristics Aihé Afhatit Sfthese slefidnts e
cagd%%dgﬂg%gg?gh%dded for imparting corrosion resistance Lo
magnetic metals and improving magnetic characteristics. Of these
elements, Nb, W, Ta, Zr, Hf and Mo are, in particular, effective
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. In 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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from O to 10 atomic %, more preferably from O to 8 atomic % and 25

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 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

comihicteis ther guicklyacooleddwhereisy thepnorphots sdfemagstiels, a metal

metal powder can be obtained. Alternatively, a thin band-|ike amor(#)hou

ragoRhsdnetic metdithdetals chtahed Gy BIBRIT 5 Moftén Hhetar of aRigh
£ glnr ergﬁtt_e{i é;haﬁglyqnsé ger%t?ti{lrg_ec;? 9!&%91&:@51%'%1 %W@I@@g’ metal

whereby an amorphous soft magnetic metal powder may also be

wh produced.urtheraarey acgranulay lhamaspheus seficpagoetic mefal magnetic
powder is compressed by a roll, whereby a flattened amorphous soft .

me pragreticdnatat powder aiEiEdBeche obldinadaidweder, sincelvhaghatic-L11ike

characteristics of the amorphous soft magnetic metal %Otv‘ﬁ%re%reb lowing a

anQERIOT e due RFS Stess Ay plivERZation arcSHpresaish inthess
moMeifods.a 15 method whieh is,not affected by astress-as MUGh-aS ng cooling

possible is preferred. For example, a water-atomization method and a
rolas-atomizatientnethed:are-preferaply used Acearding tplthese soft magnetic
methods, a molten metal can be quickly cooled directly to form a powder,
mehAd arCaReItUS SofeMmagRelE ATBtaPFowdEWRIERTE HBE 20 ffEEEEH b§
a stress can be obtained. Furthermf)re, when the gas-atomiz

MGG S S0 oGS AR I B Gag w5 SO SganEon - L1
whg¥3999§99%539é%8%n5ﬁ59ﬁﬂ¥hs soft magnetic metal powder may also
be obtained. However, since magnetic characteristics of the
amorphous soft magnetic metal powder are deteriorated 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 &
powder, and an amorphous soft magnetic metal powder which is not
affected by a stress can be obtained. Furthermore, when the
gas—-atomizaticn 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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whereby a flattened amorphous soft magnetic metal powder to be

described below may be produced. Alternatively, magnetic 25

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 10

powder becomes fragile due to heat treatment, the flattening treatment by
poearpréssiomuithfa eaflidrthédiketis prefetably qeeriormied béford heatening

treatment. When the amorphous magnetic metal powder which becomes

ECREGREBY pRYIORHIRY RE&t tatiieit i$'5 ulveri26d s preférable 1 =T +a21Y
Pe%%ré%ﬂn% h%aetft reaér‘pl%%ttag%igaz‘gr EAiQin%%%dﬁgrg%%ngégs magnetic metal
Iverlzéit The oft

pu ion. amorphous soft magnetic metal powder used herein
potk be.an amerpheus softmagneticynetal poweer vgthhisproved softent Ls
magnetic characteristics by performing heat treatment. The conditions of
oul®beat rdatment deperd enahé eohwpasitidrooftheemaghtte Bstal again for
powder, magnetic characteristics intended to he exhibited and the like.

e L ARG, RdTomblitions 8ot paricuialy ffitdd” For example, the
heat treatment is perform Mp. e oximately.f n
o L0 L e o Lol L e I Soveral e ngun be 2
ambegirreaimentdime ispreferably: fromdwaeconditonl @ hputsrand sadre magnetic
preferably from 10 seconds to 5 hours. Accordingly, soft magnetic
chehzratteristicd canthe tmpfovet Thelsadt tFexmientis-prefEigplgonditions of
performed in an inert gas atmos§here. 20 Furthermor% ;Ct'hee

hefidndcryStaREB ARG AdtBnbaS soR agRete etdl powadiidarbe © ™2+
pd%@gyFGHééh%%q%”éEﬁ¥E%@¥kistics intended to be exhibited and the

like. BAccordingly, the conditions are not particularly limited.
For example, the heat treatment is performed at a temperature of
approximately from 300 tc 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 amcrphous 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 1like. Accordingly,
the conditions are not particularly limited. For example, the heat

treatment is performed at a temperature higher than the
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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 25 characteristics
intended to be exhibited and the like. Agcordingly, the conditions are not
particularly limited. For example, the heat treatment is performed at a
temperature higher than the 11 crystallization temperature, approximately
< r{rem:34Q 10,7008 degress reentigiaderah pieferably froreAGDD 65000 degrees
degrees centigrade for 1 second to 10 hours and preferably for 10
ceseécandsde 5 hours:eAccailinglyabe fdfocrystabar peistesighated mrade for
the amorphous 5 soft magnetic metal powder. Alternatively, the caonditi
1 8&8p&RE orPth cdiRpESition of %eéa%‘g%vﬁéfusfgd’%t rfr%g%ee %‘%ﬁ&&o P hours.
AcRudsr, However, yoder Speciic heat 1samept6pnditions: in the amorphous
nanocrystallization and soft‘ magnetic characteristics of the amorphous
sosaftmagneticanetal-powderiean berimproned attheysames] 0dimg, tions depend

Alternatively, heat treatment for improving soft magnetic characteristics 4
ormeybeperformad aftephanderysmitizalieh ST Hedtd@athefit Betal powder.

preferably performed in an inert gas atmosphere. Crystallinity of the soft
HowggRstic MEEMpGRaET-Car b8 Bakil rﬁ?a%nrﬁ?ap f%/eﬁ/&é\éélllﬁétﬁ%gﬂy

nabger g%%EiP?%%%%305ﬁ6d®3¥@0ﬂa§g%{@§iéh@ﬁ&ﬁ@éﬁﬁﬁtics of the

amorphous state, a clear peak is not seen in the powder X-ray diffraction
anRAtigrBLand only adynad halepatterpisidbserved. rea sapple where a-he same
nanocrystal is present by performing heat treatment, a diffraction pe

Cighows S0a OO EBitaspaTing 18 FHES Spalig R L ALk, "0 TiC
cﬂg¥§%g§?€§%wgédgggeﬁi%§Q§¥%%%8@%5%%@9”%§§8@¥¥@{%H%ization. The
heat treatment is preferably performed in an inert gas atmosphere.

Crystallinity of the soft magnetic metal powder can be easily
quantitativelyevaluatedknrmeasuring:ﬁxspowdeerraydiffraction.
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 halc
pattern is cobserved. In a sample where a nanccrystal i1s 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 um 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 inventicn, the crystallite

diameter calculated from a half value width of the diffraction peak
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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 25 formula. For the nanogrystal 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 12 of

o f thenpowderXray diffractiort bythe Seherer formulais preferdiolymota is
more than 100 nm, more preferably not more than 50 nm and further

b rpleferdblynopmate Hah30n At T HE oW Iifib 161 thé 2boVe trystaite than 50
nmgggﬂ'gc}e;?%%g%gﬁ%% S%%%}QT'tegbg However, when it is smal i e., 300U 1 imit

ICient accuracy is not possibly obtained.
o sAcerdingly,dhe Grystallite diameteraf dhe naneerysisd eentained mytheimited.
amorphous soft magnetic metal powder of the present invention is
Hopreferaplywnet leiss thanSuaiml The .crystalliteodianiester obthedaristeystar -
10 is in such a size, whereby improvement of soft magnetic charactgrjsti

S8 Bmall COFAVE fore GTHnE BPIIEY coTR" B (HE e faGEbaNA 17/ €he

ved;,

ociyueimproving anienng chargetedstics. Jpaidantally, Lsuallain @ PA3SEro rphous
aving such a'nano-scale crystall?te lameter, an amorphous phase is

soRisoRIgsent; When 215 the geystalfite diapetes oh the nasaeiystalis preferably
excessively high, and the heat treatment is excessively performed to such

noan extent thrti the mmorphousphesess notlongérprsent, theldiystappgrystal
possibly overgrow. Accordingly, the crystal cannot be already pres rgcas

155 fifle FARD-state ERstallie it IS RGCIREBE- Of Soft magne

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 nanccrystal 1is 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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20 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 25 be in any shape such as a sphere, an acicula, a
spheroid or an unshaped one. Particularly preferred is a flat shape. When

i nitiisdlat ar ynshapedpowdercan also be pefarably useeh Flatprss 13a1 shape
includes, for example, a smooth disk shape, an oval-spherical shape or

o rthenkike altaired: by peessing mnelcrishingralspheridal shapesdhgiieraa shape.
flat shape includes a pulverized powder and a small piece shape as well.. .

Fug Figtherére fit @ﬁ@&%@%ﬂ&ﬁ&%ﬁ%é@ﬁ&wﬁé’%%865%& Glg¢ ! prece

Shin tgeapsre%%qtlinvention has a flat shape with a ratio of a minor diameter

{04 thickness (minor diameter/thickness) of from 2 to 3,000. For

exanples itis preferable thattbesoft magnetie metal powdenhasadfiat metal
shape having an average thickness 10 of not more than 25 pm. Itis ,
popréferabte thatra flae ponetes hiasl ancaverage thisknebsaf fafthep with a ratio

preferably from 0.1 pm to 10 pm and an average mingor diamete t?f .qu(rplelss) of

o4 #3006 PAT. IEiTHBIE Preferable tHat 15 Soft TiatHetit FEWAE has an
rrR¥era0e L) g%ggfbngf fiom 0,3:49.3 b 20d 20 yerage miner diametenef sote

om2to2 or the soft magnetic metal powder used in the
malfesentinvention, pawdersis substantially same shapesmaydeausedhickness

alone, or powders in different shapes may also be mixed in the ranges in

ofwhich there 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 pm and an average minor diameter of from 2 to 200
um.

For1jm3softn@gnetﬁ:metalpowder‘usedintﬂuapresentinvention,
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.

Fortﬁm&softnmgneth:metalpowder'usedjjlthepresantinvention,
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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effect of the present invention is exhibited. 20 For the soft magnetic metal
powder used in the present invention, 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 25 magnetic metal powder of a different composition may
bealsodhe ysediinmixture. Furthae anamprphaussoftmagoetc matakials, for
powder and a nanocrystal-containing amorphous soft magnetic metal
expowtler niay tdthe usetiinrhixure tharthekneragottieksaagnetieed in mixture
~ materials, for example, ferrite, sendust and the like, m%y also beng%% :;Lnon is
inpfixiGird GRIRS ranhedihinichehé Biettofthe prasEmSAvENtion is
X ibi}%%-ﬁ As an amorphous metal constituting the soft magnetic metal
powé]er, a Fe based amorphous metal and a Co based amorphous metal
car berusess though:netrestrictes thereto: Among.sueh Metalsgrthe ke metal
based amorphous metal is preferred because the maximum magnetic flux
poudasity is Figho Exarhplas Mhérens imdidd 18/Fb-mERIIBRPEAség o phous metal
amorphous metals such as Fe-B-Si type, Fe-B type, Fe-P:C type and.th
Cafiked andEE trahitioA MG bhsEY %ﬁ&rﬁﬁo&%%ﬁg%}s‘ Sueh %}S(Ef:esi%qh fletals,
cnlYPE. FEeHLIYPE, EecTi tvpe And the like As e FesSkBAAsed the maximum
amorphous metal, there can be mentioned, for example, Fe78Si9B13
matpiemic9e) |, Ee78SiE0R12 (atomig %) , FrB1GiiB5B3 5E2:15 (dmitds)
Fe77Si5B16Cr2 (atomic %) , Fe66C016Si1B15 (atomic %) ,
FeFapANUBIRBITMEZ atoriie ve ) araehe likes AiHong E6cFmotalgpe, FeB type,

e S B TR R 1 A e P RB AT B LB o rpnous

metals such as Fe-%r type, Fe-Hf type, Fe-Ti type and the like.

ex

As the Fe-Si-B based amorphous metal, there can be mentioned, for
example, FesSigBiy {atomic %), FessSiyeBiz (atomic %}, Fegi18i13.5B3.5C7
{atomic %), FeSisB:¢Cry (atomic %), Feg018511B1s {atomic %),

Feq N1,51,B,7Mos (atomic %) and the like. Among such metals,
preferably used are Feq3519B:3 (atomic %) and Fe.8isBq,,Cr, (atomic %) .
Particularly preferably used is FesgSigBi3 (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 soit 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 1llustrated.



Particularly preferably used is Fe78Si9B13 (atomic %). Table 1 illustrates
examples of the soft magnetic metal powder 20 which can be used in the
present invention. Furthermore, an antenna core of 21 mmx3 mmx 1
mm is produced in the same manner ag;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 Q value measured in the same

manner asin Example 1 are illustrated. 1.5 [Table 1] L value Q value L x

QVvalue [/mH]Fe73Si8A110B9 16.4.kb 246 Fe67Si12A112B9 16.9

372 Fe67Sil6A18B9 16.7 20 Bad: Fe68Si14A (i?%aa‘" bf17.34p ]Lﬁé@ value
FeFEEIRIIAIANDABI0 17.3 49 848 4Fe61SI13AI12Nb4B10 17.4 6018044
reEEO3SAEZ2, BAT722ND6B14 171.64 82.:5 914 FebB8Si18Al10Nb4BI0217.2
Felf482 F@&(5SIBAISND3BY 1111632 547 Feb6 SIIAISNDS5B16 16.4315 246
e EORSAHAAIRMO3BY 17.4°62 10793 Fe66Si14AI87a3B9 17.4 7Q 1258
Feb 800 ARIBEIFBY 17.2 32 ¢ 507 Fe66SI14AI8VEEB9 17.3 40 692843
Fet CO0SAAAES HIBI T7.3 47815 Fe66SIT4AI8WEB9 17.4 62 1071944
F6505112.8Al7.2Nb5814 17.4 52.5 914
FQ5gSilgAllng4Blg 17.2 28 482
F875Si8A3.5Nb3B9 17.1% 32 547
F8665i8A15Nb5Blg 16.4 15 246
F@658i14A18M03Bg 17.4 62 1079
F@555114Ai8Ta3Bg i7.4 70 1218
F6668i14A18Cr3}39 17.2 32 550
F6668i14A15V389 17.3 40 692
F€56Si14A18Ti389 17.3 47 813
Fe(,GSilqugWng 17.4 62 1079
FQGGSii.@AlgMn3Bg 17.72 32 550
Feassil.;Alng:ng 17.4 56 Q74
FesgsiMA}_ngng 17.4 02 1079
F6568i14A18Y3Bg 17.3 44 761
F853Si13Al7Nb4Pd3B10 17.4 53 922
F663Si13A16Nb4RU4810 17.4 47 731
Feg1S114A18214BCy 17.3 44 761
Fe63Sil4A162r4BmP3 17.3 31 536
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Fe66Sil4AI8Mn3B9 17.2 32 550 Fe66S114AI8Hf3B9 17.4 56 974
Fe66Sil4Al9Zr3B9 17.4 62 1079 Fe665i14AI18Y3B9 17.3 44 761
Fe63Sii3AI7Nb4Pd3B10 17.4 53 922 Fe63Sil3AI6Nb4Ru4Bl10 17.4 42
731 Fe61Sil4AlI8Zr4B9C4 17.3 44 761 Fe63Si14Al6Zr4B10oP3 17.3 31
536 16 [Table 1 (continued)] L value [/mH] Q value L x Q value
Fe66Nil,65S114A16.4Nb3B9 17.4 53 922 555 S _5Nb3B9 17.3 40 692
Fe6udNiINI 2.45i9: 6A1ai6ND3B9 17.4 53 922 Fe66Ni2.8Sill,

2A18NDb3B9 17.4 53 922 Fe59Ni4Sit3A14Nb6B14 17 44 53 9272 value
Fe66C0166Si14AI644Nb3BI 17, 4 B6:974 Fe66CO4STTAA4ND3BY 17.9

redAi122.F1666009:6518,4A18Nb3B971.743 40 692 |F&73.5CulNb3S1A35B9
Feldd 69552047 Fert MG uINDb5Si1315B9 17.4 70 1248 692
FeEe/395CuIMOBSITHERY 17 . 3651125 Fe71.5063M05Si13.5B99P24 67
relhob, E€YRCETRZSEL2B8 17.4 631096 Fe/3,5CUAZr3Si13.5B9 472 3
rebni0B5, FE /R d Hi4Si14B8 1713 604038 53 922
F665C01_68i14Als_4Nb389 17.4 56 974
F@ggCOqSilquqNbg,Bg 17.2 42 122
F665CO5_5Si8_4A18Nb3Bg 17.3 40 092
Fe73_5Cu1Nb3Si13_589 17.4 69 1201
Fejl,sculessilzg_g,Bg 17.4 70 1218
Fe73,5Cu1M03Silg_5Bg 17.3 65 1125
Feqp . 5CuiMosSigz,5Bs 17.4 o7 1166
Fes,0u1Tas35112Bs 17.4 63 1096
Fe73_5Cu~in3Si13,589 17.3 61 1055
Fe,sCu Hf 451,488 17.3 60 1038
Fem,gCul,g,SilngNbgAul 17.4 06 1148
Fegg(:ulSil-,-B-;Nb_r,Rul 17.4 66 1148
E‘enCulSimBnggTil 17.4 69 1201
(Feo_95COO.05)72CulsilngNb3CI1 17.4 67 1166
FEQUZI7B3 17.4 52 905
Feg NbBg 17.4 54 940
Feggﬂf—;BL} 17.4 62 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 coupling 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 anocther without conducting insulating treatment.

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

an epoxy resin, a phenol resin, an unsaturated polyester resin,
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Fe 70.5Cul.5Si15B9Nb3Aul 17. 4 66 1148 Fe69CulSil7B7Nb5Rul
17.4 66 1148 Fe71CulSil5BgNb3Til 17.4 69 1201 (Fe0.95C00.05)
72CulSil4BgNb3Crl 17.4 67 1166 Fe90Zr7B3 17.4 52 905 Fe84Nb7B9
17.4 54 940 Fe89Hf7B4 17.4 62 1079, The soft magnetic metal powder
used in the present invention may be a soft magnetic metal powder
subjected to a surface treatment 5 using a coupling agent or the like in

a advance, Alternatively, the, softrmagneticynetakpawdes may, be tksatedsa resin

as to insulate electric connection among soft magnetic metal powders
andsirigean insulating frepdingisigents etitheisaftmagretic aretalspowderppay resin
be used at a state that soft magnetic metal powders are electrically
angbridueked A0 te6rie andther Withal YordedingaRslIaang HeRrRERL FCe L tent

. _the theymosetting resin used as a binder in the present..in ion, ] in
lntht}}% S:Lers%ﬁﬁé}o%a% Sta%)lllst 'a_.gger mop gg%% tFur\ﬁ‘pég, M%Vy&lh resin,

€SINS can pe used. FOor exam epoxy resin, a pheno

o €8I, a0unsaturated polyester resing 14 r-aeethan@yest, endrealiesiy aate is
melamineresin, a silicon resin and the like are preferably used. Among

f asticharesing, iarhepaxy wesins add iamphenotresimaresuitably usedbetanseclding
they are excellent in the dimensional stability after molding. Further, in

arghchYesin. 'Spreferably used is a resin of a grade in which the curing rate

TR St e g, e OG A n c
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 &
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.
It is preferable that the storage elastic modulus E' at 80 degrees
centigrade is from 0.1 to 20 GPa and further preferably from G.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



10

15

20

25

kinds of resins of a main agent and a curing agent, but a plurality 10 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 guch that the desired productivity
is exhibited. The thermosetting resin used as a binder in the present
invention may be used singly, or a plurality 15 of different thermosetting

defgsinsmay,be Useddn gombinalion.AHse.. 88 Aecessary.rergagicflamer example,
retardants such as a halide or the like may be used in combination. The

thantennaxpredf dhe presentidventdh has athigh etastic asodulgs §deh exhibits
that it is hardly deformed even at a high temperature. 20 It is prefer

le
thhat BREsiBradE eRistib FodtE £9 8t 86 Hehice eetigiadé is ﬁBmE%). 19§97 ees
20 GPa and further preferably from.0.5 Pa at S rom
ceﬁe&grage F%.O%%n-g\%ﬁ]ure ng%reqﬁ%&g o@ai.%”@f‘, l‘éﬁ%‘@?@%ably £

ency o en the storage *elastic modulus E'" at 80 degrees
0 .gentigrage iswithin such-a rangss «aa BteNNa-gore iecomeshanety.
deformed even at a high temperature. 25 Meanwhile, the storage elastic
midduhiseErafithe antenrs corgef tHexpesentindention i adiigh Blasfiedrees
modulus which is almost constant in the temperature range of

f .
ceigarafife 136 48° 4B Reds ot rad®)tto High ferfiferditre” %‘r%%rg%%?g‘%ﬁsm
nody fxa”holeaéhgétafag%&%@%%mdgﬂﬂ%g' at.30 degregs geafigrades quency of

extibits the“same valde as the storage elastic modulus BY at 80 degrees

1 .eentigrage at &-measuramentirequency af A0 ki pfeferakly frora Se@dbly from
20 GPa and further preferably from 0.5 to 10 GPa. Furthermore, the

0 .stotagelélastie modulus BY at 100 degrees centigrade also exhibits the

same value as the storage elastic . :
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 obtain 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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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 10 0.5 to 10
GPa. In the present invention, to use a thermosetting resin as a binder,
provided is an antenna core excellent itkshape machining property,
capable of industrially continuous production at a low cost in a short takt
time. Furthermore, when the thermosetting 15 resin is used as a binder in
metheRast thas beem considered thatcsoft magresic cheracteristios afare of the
magnetic powder are deteriorated. However, in the present invention, it is
prpessitlel tovprovide:an aht&naedresia whicl detdotafidi of nTjetc -
characteristics is suppressed even with the use of a thermosetting, 20 ,. . :
rdsitt By comBinieFa specifittsoft ifdghetic metl BRd a. tﬁgsréoggttfingbmder e
miESIN Alsg, it @o@%sﬁ@é%gk?@%{@i%lamﬁmrGor@h\@Q@Qﬂ%@ﬁfd%e resulting
eformed even at a high temperature and excellent in the dimensional
ristabifity by combiringdemetal poyvdes rhaving racsipiicific forrifactor dpgogm Lrom
thermosetting resin. 25 At the same time, it is possible to obtain an
thantenna dordwhich asdurthier @it intniabhelie carabmhidtits AsaPet et

method for forming an antenna core, there can be used vari :
O ONT A thE bl ey Sapls SN e S of g ° moieind
naMiesgat invention can be molded in the following manner. First, a powder

of the thermosetting resin used as a binder is mixed with a soft magnetic

metal pewedesr Thereafter; therressilting: Sgnixewrermay e meldedisingr can be

various molding machines known from the past in the shape of a tablet, a
mﬁﬁﬁéh%%éhﬂﬁﬂ@(ﬁQfEéméﬂnetlc metal powder in the followlng manner.

First, respective powders of a main agent to be the thermosetting
resin and a curing agent are mixed together. At this time, various
mixing machines, mixers and the like known from the past can be
used for mixing. To mix a main agent with a curing agent, as
necessary, a curing accelerator, a mold release agent or the like
is combined in a desired content. Next, this fully mixed powder
of the thermosetting resin is mixed with the soft magnetic metal
powder. Comparing to the mixture of a main agent of the
thermosetting resin with a curing agent, when the thermosetting
resin powder obtained by mixing a main agent and a curing agent
is mixed with the soft magnetic metal powder, a difference in the
specific gravity is great. Accordingly, mixing conditions need
to be set up to give a fully uniform mixture. At this time, the
soft magnetic metal powder may be subjected to a surface treatment
or tﬁe iike.

Finally, using a fully uniformly mixed powder mixture of the

thermosetting resin powder and the soft magnetic metal powder, an



10

15

20

25

or a powder-like powder mixture per se may be molded using a molding
machine. The powder of the thermosetting resin used as a binder can be
10 mixed with the soft magnetic metal powder in the following manner.
First, respective powders of a main agept to be the thermosetting resin
and a curing agent are mixed together. At this time, various mixing
machines, mixers and the like known from the past can be used for

anMbfng. T mix adnain agentwith acuringagent iamlhspgessanadhine, a
curing accelerator, a mold release agent or the like is combined in a

t rdesiferkconiehtnNextthisfullyamixed powder opthdithermicsetiify 9asiie 11ke.
is mixed with the soft magnetic metal powder, Comparing to the mi'xtu e

oF RFA&IPAGeRPSf REHHEHbSetiit reSih WRH A dtHing AERE Whenttis Perding
onthﬁ{renocs@%%“l%azé’i@é'%Eoﬁﬁ]ert?%%mc?gebé{tm}%%”%@ﬂﬁ“qﬁgﬁgéé‘nﬁlﬁxmg with
curing agent Is mixed with the soft magnetic métal powder, a difference in
a ther spreifisgravityiscareab Aecordingly: maixingegnditiensineedrip be setually
up to give a fully uniform mixture. At this time, the soft magnetic metal
pepdwdmerairbe subjested e tusinface reaiher P2 Bi- N kel FiRglly 50 to 200

using a fully uniformly mixed paowder mixture of the thermosetting resi
Ao SO A B TLA ol ler 4 20 AeRba e s 200 degzees

ce%@k \th a %‘?{Q_pﬁ%é%@'ﬁlﬁ‘ﬂi@@%@@d%&ﬁaﬁ%f,er f‘?ﬁldi@gample, in the

machine, an injection molding machine or the like. There are optimum
raeeuditianfor meldingorespectively depending 1gn ihe cambinatipn afthé to 100
thermosetting resin in use, mixing with 5 a soft magnetic metal powder or
MPthe like, but molding is usually

The curing time is, for example, in the range of about 5 seconds
to 2 hours, but it is preferable to adjust other molding conditions
so as to be molded for 30 seconds to 10 minutes.

Furthermore, to complete curing of the thermosetting resin
and/or to improve magnetic characteristics, an annealing process
is preferably carried out after molding. The annealing conditions
are different depending on the thermosetting resin in use. The
annealing conditions are usually an applied pressure or a
pressure-released state in the range that decomposition of the
thermosetting resin can be allowed, the temperature range of 100
to 500 degrees centigrade for about 1 minute to 10 hours. Annealing
may be performed inside a mold without taking out an antenna core
from the mold, but may be preferably performed by taking out an
antenna core from the mold. AL this time, annealing is performed
in an applied pressure or in a pressure-released state using an
annealing furnace or the like. Continuous molding can be performed

by using an annealing furnace. Accordingly, the takt time can be
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performed in the temperature range of approximately from 50 to 300
degrees centigrade and preferably in the range of 100 to 200 degrees
centigrade. The pressure during molding is, for example, in the range of
0.1 to 300 MPa and preferably in the range of 1 to 100 10 MPa. The
curing time is, for example, in the range of about 5 seconds to 2 hours,
but it is preferable to adjust other molding conditions so as to be molded

shden-30,secends torl0 punudtest Fuithermare, te completewiiring of the
thermosetting resin 15 and/or to improve magnetic characteristics, an

annealing processais preferabirearfed btr aftsRmblding. ThEAhNeail§
conditions are different depending on the thermosetting resin jn.use; The
CherReaRid CoRUIiERS Bré'd ugu?fégn%% NG e

pﬁ§§ pressure or a
ressure-released state in the range,thas decompasition of the 20id-1ike
tht rglr?n%és%%gnggres%n can be allowed, the temperature range of 100 to 500 ‘
 hdegreesteentigrads for aboutsl mimdtegoab@:hourst Anealingemayise @ curing
performed inside a mold without taking out an antenna core from the

aceoldhutamay be'preterably sitstmeth6y kit 66T Bitefind Sofe *S+6°¢

from the mold. At this time, annealing is performed 25 in.an applied. retardant
a9prdssiireP o pressineréieased %ga e%éﬁg an nar?ﬁgaél}}]g furnace or

sug}? like. Continyous malding.can; Re PeEfPrmed By ysing:anannealings .

urnace. Accordingly, the takt time can be 21 shortened and the
productivity eae be impraved. Furthermone sas thinthermosattingtesine aso L &
liquid-like thermosetting resin may also be used. When a liquid-like 1d for

magrermbseningrbsipydREdNAFREIN dy et b ATRURERKEUT 1nte @ Mo

molding using a molding machine. When a solvent is contained,
molding is performed after the solvent is volatilized.
Alternatively, the solvent is volatilized in advance and the
resulting mixture is put into a mold for molding with the use of
a molding machine. In such a manner, an antenna core having a
desired shape can be produced.

The antenna core of the present invention can be used as an
antenna by winding a conductor. Forx example, a coated conductor
subjected to insulation processing in the vicinity of the conductor
having copper as a main ingredient is wound around the antenna core,
wherebyenlantennacxn1begm0duced. As the winding coated conductor,
various conductors known 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, receliving
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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5 thermosetting resin and a curing agent are combined and a curing
accelerator is usually added, and as necessary, a mold release agent is
added. Furthermore, as needed, an organic flame retardant such as a
bromide or the like may be mixed priorto use. The combined liquid-like
thermosetting resin and the soft 10 magnetic metal powder mixed in
advance are put into a mold for molding using a molding machine. When
arsolvientds contained. MoldingJs pestormesafterdhesolvant isnvention were
volatilized. Alternatively, the solvent is volatilized in advance and the

de sesulfirgimiktate isput intoce diclie Tosmealding withithe tisefofiiseg Present
molding machine. In such a manner, an antenna cq{grha%/kil%a eesig%d

in¥Rzhd Chn BErodticed & ARterha cora Yt the présent ivention can

mMsed as.an é%n@ebyé &/&@(@@_g a conductpr. For exa.m.plle, a coated
conductor subjected to insulation processing in the vicinity of the
conductor 20 having copper as a main ingredient is wound around the
antenna core, whereby an antenna can be produced. As the winding

EXgY&ted<conductor, various conductors known in the appropriate field can

be used, but a fusion bondable coated conductor is preferred becau -
, 4 1 th
the EA-FHETRS dURRG %ﬁ&ﬂgﬁo%ggsijﬁgTc%ﬁ%brear%eepu ced. %rﬁgadlnilte%%a ov e
re%éféﬂgép%§%@£HM§DBQD'Sﬁeﬁﬁﬁ%QﬂaB%ér SEULNG, receiviRdcand s not
transmitting/receiving an electric wave at a low frequency band of from 10
rekiz 1e20dMHz and-preferablyfrem.30 to 300 kHz. 22 As described
above, embodiments of the present invention were described, but such

efiibodihents &e exanplesTsiang brEsiftt mbeREBRSand 9ariBGg s red tn the

caonfigurations other than the above . . .
folloéﬁng manner. An averagé main diameter and an average minor

ve
e

diameter were calculated by analyzing image data resulted from the
observation of the shape of a soft magnetic metal powder using a
SEM (scanning electron microscope). An average thickness was
calculated by analyzing image data resulted from a cross section
obtained by embedding the soft magnetic metal powder in a
powder-embedded resin and cutting off such a resin using a SEM.
The storage elastic moduli E' (Pa) of antenna cores prepared in
Examples and Comparative Examples were measured in the following
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 freguency of 1.0 Hz. As a measuring apparatus, a
visco-elastic analyzer RSA-TT manufactured by Rheometrics, Inc.

was used.
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embodiments can be adopted. 5 EXAMPLES The present invention is
now illustrated in detail below with reference to Examples. However, the
present invention is not restricted to these Examples. 10 The shape of a
soft magnetic metal powder was measgied in the following manner. An
average main diameter and an average minor diameter were calculated
by analyzing image data resulted from the observation of the shape of a
soft magnetic metal powder using a SEM (scanning electron microscope).
An average thickness was 15 calculated by analyzing image data resulted

Exfroynia closs section obtained by embedding the soft magnetic metal
powder in a powder-embedded resin and cutting off such

SEMOTAE Stofage Bfastié rhbul e’ tPA) SFafitePinad Sﬁegpségslﬁ%ng avention
reff} %T%eﬁth%nq e %@E‘Vﬁﬁ%eﬂ@'@%’%%@ ”ﬂﬁaw@&!@ thedollowing: 205 sort

manner. The prepared antenna core material was cut off in a size of 25
matie ¥ S-mhe Xal.0 pand and dhe cutreff materiabwas used asee sampleExanple 1
The storage elastic modulus E' (Pa) was measured by gradually heating
0ftk@mpl@mwmmnltemﬁémaﬁé«@dégre@% gehigrade)ippsocomposition

degrees centigrade at 2.3 x 109 Pa at a 25 measurement frequency.of
of el %l“ﬁfe]dg ﬁﬁ@&ﬁp‘&?ﬁ?u@agevé%Oel%sﬁlcaﬁﬁaﬁ]/zer A L% Yot fegrees

ce@@?&%&@%%‘x&@ewa{'%r%e‘f‘l@? used. 23 Exampled, |na(?fc§|etfk‘i@ molten

clarify the inventive step of the présent invention
metal was allowed to flow downward through a nozzle equipped at

the bottom of the melting furnace. The molten metal was finely
granulated using a high pressure argon gas of 75 kg/cm? from a gas
atomizing part installed at a tip end of the nozzle. This finely
granulated molten metal per se was allowed to collide against a
conical rotating cooler having a roll diameter of 190 mm, a vertical
angle of 80 degrees and a rotational speed of 7,200 rpm for quickly
cooling, whereby a soft magnetic metal powder having a composition
of FegeNi1:S51:4BsAlsNDbs was prepared. This soft magnetic metal powder
was in an oval-spherical flat shape. Specifically, 1t was a flat
soft magnetic metal powder having an average main diameter of 150
um, an average minor diameter of 55 pm and an average thickness
of 2 um. The ratio (average minor diameter/thickness) was 27.5.
The powder X~ray diffraction of this metal powder was measured and
as a result, it was confirmed that only a halo pattern of a typical
amorphous phase was shown, and it was completely in an amorphous
state.

This soft magnetic metal powder was heat-treated in a nitrogen

gas atmosphere at 550 degrees centigrade for 1 hour. The powder
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relative to the prior art disclosed in Patent Document 1, a soft 5 magnetic
metal powder was prepared in accordance with Example 1 of Patent
Document 1. Specifically, an alloy having a composition of
Fe66Ni4Si14B9AI4Nb3 was made into,a molten metal at 1,300 degrees
centigrade using a high frequency melting furnace, and the molten metal
was allowed to flow downward through a nozzle equipped at 10 the

%~ batjom of the melting funace. The Mmeltenmetal wascfinely (grasulaigd er heat
using a high pressure argon gas of 75 kg/cm2 from a gas atomizing part

t rinstafledtatwa tiprend of the aogzies Ehisdirielyt granbidied snblter theaf pepct ion
se was allowed to collide against a conical rotating éooler ha%vin
de& 5

‘ I
Do darARBF o 160 e GEHILAR 15 HhDIE oF Bo'etrdde hrd A fotlignar © vatue

.speed of 7,200 rpm f ' ' h 0 icyetad .

G hang s mBSaiin o FoOeN S AR NS v preparod.

TnThigsoftanagneticmetalpowden wasiin-an ovial-sphericalflaishapesse did not
Specifically, it was a flat soft magnetic metal powder having an average

£ uthlin dispaeter of 15620 pm tae avefdg@afincridisnaérdf BSHG andde Lt neat

average thickness of 2 pm. The ratio (average minor diameter/thickness) .
TSR THE PONRTIC TS BSOS (e BET DGR e eving 2

«rPeasyred and; a5 a result, it was confirmed that pplya bala-patiergeafifer.  The

typical amorphous phase was shown, and it was completely in an
heamorpheus.Ab-statep Ehistsoftmagneticgnetat powdeewasthestireatedtinne was
a nitrogen gas atmosphere at 550 degrees centigrade for 1 hour. The

P rsowalarezy Doy e ten of the ¥6ft Mddifetie idtal Poveh itedt heatorrhous

pggggngggf%aéfgggﬁgg%fﬂgL%Sfﬂegggtagg%%?n¥gédg¥§%I§1lite diameter

became high, whereby the nanocrystal phase could not exist. To
exhibit soft magnetic characteristics suitable as an antenna core,
it was important to perform heat treatment such that the
crystallite size calculated from the powder X-ray diffraction was
about 20 nm.

In this Fxample, as a binder, a thermosetting resin different
from that of Example in Patent Document 1 was used. As the
thermosetting resin, an epoxy resin (product name: BEOCN-102S
manufactured by Nippon Kayaku Co., Ltd.) was used. 61 welght parts
of a curing agent {product name: MILEX XCL-4I (modified phenol
resin} manufactured by Mitsul Chemicals, Inc.) was added, based
on 100 weight parts of the thermcosetting resin. Furthermore, as
a curing accelerator, 5 weight parts of product name: 350ZT
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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peak appeared. The crystallite size calculated from a half value width of
its peak by the Scherrer formula was nearly 20 nm. 5 Incidentally, a halo
pattern indicating an amorphous phase did not fully disappear, and in the
soft magnetic metal powder after heat ;treatment, an amorphous phase
and a nanocrystal phase having a crystallite diameter of about 20 nm
were present together. The heat treatment temperature was high or the
a MReattreatment time was 10 prolonged for progressing crystallization,
whereby the amorphous phase could disappear, but in that case, the
cRistaliteediametéy barame sty afiersy hs FamitydtaPprEse coaf treated
not exist. To exhibit soft magnetic charac eristifgg,uitabl?}as an ant(%mgf;}@3 epoxy

Wikr& StwASTnipORint 19 Etfoh hedt feamient sudh it s ©
reSHystallite size calcylated from the,pqwder Xsay diffactionwas (abeule name:

nm. in this Example, as a binder, a thermosetting resin different from that
kpafExample i Patant 20eument A wassused oAs thel thermosetting resinweighed

an epoxy resin (product name: EOCN-102S 20 manufactured by Nippon
anfa§alki Coniked waslusela 61 Weighepardasiecding agént fruaes and the

_name: MILEX XCL-4L (modified phenol. resin) manufactured by Mitsui 1
A BN WA AR TR ST eight Barts o i Hethe meta
poWé@0ﬁ§§'Q& resin, Furthermors, as- g GUiNgpceeisratara s Weightealtso be a

of product name: 3502T 25 manufactured by San-Apro Ltd. based on the
ra@pexyresin ang:fyrthetr Snvkightparts of LicowaxnOPemanufastupechby uniform

Clariant in Japan as a mold release agent were compined for_pulverizing
Poﬁﬁﬁﬁﬂ%mﬁﬁﬁm¢250%ﬂﬁ§% - of the soft magnetic metal powder and the

thermosetting resin.

The mixers used for mixing up to this operation were all hybrid
mixers manufactured by Keyence Corporation. In the following
Examples and Comparative Examples, this mixer was also used for
mixing.

The powder mixture of the provided soft magnetic metal powder
and the thermosetting resin was filled into a mold having a diameter
of 30 mm x 15 mm. The mold filled with the powder mixture was heated
at a temperature of 150 degrees centigrade and pressurized at a
pressure of 50 MPa. After 5 minutes, the mold was opened for taking
out an antenna core material, and thereafter the antenna core
material was annealed in an oven at 180 degrees centigrade for 2
hours.

When the antenna core material was continuously produced, the
heat and pressure treatment was performed for 5 minutes, and then
the mold was opened for taking out an antenna core material.

Immediatelythereafter,1ﬁuanextrahrpowderﬂﬁxturecxnﬁﬁibefilled
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The previously provided soft magnetic metal powder was treated with a

silane coupling agent. Based on 100 weigh parts of the epoxy resin, 5

weight parts of a silane coupling agent (product name: 5 KBM-403

manufactured by Shin-Etsu Chemical €9., Ltd.) was weighed and fully

mixed such that the soft magnetic metal powder and the silane coupling

agent became uniform. The soft magnetic metal powder mixed with the
i nsilane seupling agenbwasweighed tobea: ratio of 8Bdveight 86 ahg realized.

mixed for 10 minutes to obtain a uniform 10 powder mixture composed of
Thehecsoft nfalghetic asetabpowdér Bh8 W€ thermosetting resin. The mixers

used for mixing up to this operation were all.hybrid mixers manufactured
g Koy oot aoR A e TOIBMG EXRHI G o T o 160

deFXampIes this,mixer was alsg,used far dp Mixing:nThe pewdeerixtutesafeafrer,

e provided soft magnetic metal powder and the thermosetting resin was .
anfiled étea moldhaving-adiametén of 30 menE1l3 mm Thé mold-fillegum. This
with the powder mixture was heated at a temperature of 150 degrees

Cugertigrade aHaTsreS ST et At & ROTFESSUrE T SoAMPAP Aer Bifiutds, @ Fo5 "
the mold was opened for taking ,out an antenna ¢ore ' coate
ha{ﬁ%’?&aﬁe‘r‘iﬁ‘é% 1SR %’r :L‘Icsg Hot enc;s. ﬁ po'f[1 %réaéh%%% ated

€ matenal was annealed’in oven at 180

cofggrees.centigrade for 2. hauts, Whep the apieppa efermpaiartalivas he bobbin
continuously produced, the 25 heat and pressure treatment was

wipaerfermedfenb minvtes, iand:thead thémuid was epened f6) takiftpotitaprepare
antenna core material. Immediately thereafter, the next raw powder

anmiiRNEGUd beSildaeder: HP4284A manufactured by Hewlett-Packard
Development Company, L.P. was used for measuring the L value and
Q value as antenna characteristics at a freguency of 80 kHz. The
antenna was determined to have both of the L value and Q value

exhibiting high values as well, and have excellent properties as
an antenna. Furthermore, it could be confirmed that the antenna

was suitable for continuous production as well. The results are

shown in Tables 2 and 3.

Comparative Example 1

The same soft magnetic metal powder as that used in Example 1
was used. The resin used as a binder was the same as that used
in Example of Patent Document 1. Specifically, pellets of
polyethersulfone manufactured by Mitsui Chemicals, Inc. were
frozen and pulverized to prepare a polyethersulfone resin powder
having a particle diameter of 100 upm. 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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into a mold, and continuous production could be easily realized. The takt
time was about 7 minutes. The antenna core material after the annealing
treatment at 180 degrees centigrade for 2 hours using an oven was
cooled. Thereafter, 5an antenna core yyas cut off in a size of 21 mm x 3
mm X 1 mm. This cut off antenna core was inserted into a bobbin made of
a resin having projections at its both ends. A polyurethane coated

niGANdUctrhaving a diameter of0; 10 Mé’ia?\é!%@% areund the babhin powder .

with an antenna core insertéd thereinto at 1,300 turns to prepare 10 an
Thanteppad<CRrmetanrHP4284Aimandfactiured bycHewleft-Raekardn Example 1,
Development Company, L.P. was used for measuring the L value and

Q .
hevdige aahteRRd CIRFFRERTISTS EIA REGUEIEY of 80 kHz 2Tie Afifefllig nta+ned

35 delermined to have both of (ng . value apd O vale xbilogioBe 15 wea
values as elﬁ andeﬁavgexcgllen properties as an antenna.

£ Jrurihermore it souldihe canfinmed that the antennanwas sitablesfatoo led down
continuous production as well. The results are shown in Tables 2 and 3.

tCohparative Exarmpleil; 26 Fhd sanmie softgnagrietic:metab powder &6 thaterial .
used in Example 1 was used. The resin used as a binder was the same

Thgs Hiat skt ih EXBRTFIE SF Ptehit DRt ttertas SpEctay FeRts of » 2nterne
1 PO¥ENeaions, mapuiacyien oy Misuh Chemiealatng, iele; 19260 06 e es

.Sa ma as
pulverizéd to prepare & polyet one resin powder 25 having a particle
THiameteriof 1 09-pms e softmagnetic metal powder and the resin

powder were mixed for 10 minutes such that the soft magnetic metal _

pdwdsirdaas 81 Waight 96 to ptepareca ponsigr 27ed for cooling the mold in
Comparative Example 1 from 350 to 150 degrees centigrade. When
the thermoplastic resin was used for continuous production, 1t

could be confirmed that about 50 minutes of the takt time were

reqgquired.

Comparative Example 2

An antenna core 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. Thercafter, 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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mixture of the soft magnetic metal powder and the resin powder. This
powder mixture was filled into the mold used in Example 1, heated up to
350 degrees centigrade over 1 hour, and then maintained at 350 degrees
centigrade and pressurized at a pressyte of 15 MPa 5 for 10 minutes.
Thereafter, the powder mixture was cooled down to 150 degrees
centigrade for taking out an antenna core material. The resulting antenna
core material was used to prepare an antenna in the same manner as in
Example 1 for evaluating its properties. The results are shown in Table 2.
Exdfgieidentally, 40 minutes were required for cooling the mold in
Comparative Example 1 from 350 to 150 degrees centigrad . When the
tHerRTdpaRAG FEdiA WAS hge dREH ESTHiINGSUS prEsRICRON. Tt EeBﬁmS%‘e ranner as

s nCRAfimmad.that sbout 0 minytes el e daittime wore. fequited, 1. preparing

ompfratwe Exampr% 2 An"antenna core material was prepared in the

a SYPE magnRtasimEompyaive Examplerlzandprassutizegratai (81,515
pressure of 15 MPa at 350 degrees centigrade for 10 minutes.

SpEhereaftet, lthe prossuierzolwas releasat sthdrtieating Wed stoppad. At firred to

point of cooling for 10 minutes, the mold was opened for attempting to
CofakeBut3R Hiténria BB imatdri&°Rt tie 58’iﬁt8%81‘|‘ Rt D wiHuaeTepY 2

sofe 'pxglfrg% pcer‘%g!%%\{?o%{a%pegge%sacwggia%ﬁgg{Ia%gngﬁrg@ £REDe was

materia not lose ity. As a result, the antenna core 25 material was
obdeforrmad while iwas takerseutdrant te moldse that the arteanastenedrhaving
a size of 21 mm x 3 mm x 1 mm could not be cut off. The results are
ansRoWrr fuTameiny diameter of 70 um, an average minor diameter of
20 um and an average thickness of 3 uym. The ratio {an average minor
diameter/thickness) was 6.7.

The prepared soft magnetic metal powder was maintained in a
stream of nitrogen at a temperature of 380 degrees centigrade 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.
It 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-1028 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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28 Example 2 A soft magnetic metal powder was prepared in the same
manner as in Example 1, except that a composition of an alloy for
preparing 5 a soft magnetic metal powder was changed to
Co66Fe4Ni1B14Sil15. Specifically, the.finely granulated molten metal was
allowed to collide against a rotating cooler for quickly cooling, whereby a
soft magnetic metal powder in an oval-spherical flat shape was obtained.
and 18 Softemagnglic metal pewderwasin aflat shape hawing:10 an average epoxy
main diameter of 70 pm, an average minor diameter of 20 pm and an
reaveragerthicknessof 3. Fhepatiedanaverageairoranner as in Example
diameter/thickness) was 6.7. The prepared soft magnetic metal powder. Tabl
1 {ag mEmAIAGAT at bheBAPEFTIrOGEn atd feniferature o%’é%o%&g""r%e%“ apie
3 centigrade for 15 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. It was
confirmed that only a halo pattern specific to the amorphous phase was
Exabgerged, so the amorphous state was kept. 20 An antenna core material
was prepared in the same manner as in Example 1, ex eé)t tg%ltéaroduct

nhfher EGENEL68 farliactted by RiBRGH RayaKd CO. TERggs 2o in

td Was lised as
an epoxy resin instead of productmame; EOCN-1025 mapufasiureddyc nat of
Exﬁfn %% %afaihﬁ%so? %dgé?rllqg product na?me: PN-80 (aapolgcondensate of
rxPhgnal and 25 fasmaldehyde) manufactused: by Nippen Kayakn Coacttdred by
was used as a curing agent instead of product name: MILEX XCL-4L
NimanufEetuedd: By MitddiGheamcakethas and 8Re BrhgHdertWasisey-t name:

ngfgg (a polycondensate of phencl and formaldehyde) manufactured
by Nippon Kayaku Co., Ltd. was used as a curing agent, and the curing
agent was used in the amount of 38 weight parts, based on 100 weight
parts of the epoxy resin, to give 72 weight % of a ratio of the
magnetic metal powder to the binder. An antenna was prepared in
the same manner as in Example 1 for evaluating its properties. The

results are shown in Table 3.

Example 4

An alloy having a composition of FegeNiSiigBeAlyNbs 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/cm2
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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29 amount of 38 weight parts, based on 100 weight parts of the epoxy
resin. An antenna was prepared in the same manner as in Example 1 for
evaluating its properties. The results are shown in Table 3.5 Example 3
An antenna core material was prepared in the same manner as in
Example 1 using the same soft magnetic metal powder as that of
Example 1, except that product name: EOCN-103 manufactured by 10

£ Nippon Kayaky Ce. Lid. was ysed as an.epexytesin apdpreduet Hamme; a
PN-100 (a polycondensate of phenol and formaldehyde) manufactured by .
coNippentKayakis Qe 4 kid Jvagsysedias aeuring agengand The susingt magnetic

agent was used in the amount of 38 weight parts, based on 100 weight

mefarts BPHFEEEDAERYeBirt: 16 GRAST2 Whight™B Bt 2 rationst the 18Thagnetdd #as @

qi0gt P%Vdg%é the b}?d$£-cA?n a@é@””aowgé prepared in_the_same . carticle
rsnanner as in xamp e (_EL orevaluating its propertles. he results are

a:shewn in Tables3. kxample 4,20 Ancalloy; baviag & compositionel a ratio (an
Fe66Ni4Sil4B9AI9ND3 was made into a molten metal at 1,300 degrees

aveaniigeade usingdd hightfeequencya prelting furndce drenmotteh Mhataf wagss) of
allowed to flow downward through a nozzle equipped at the bottom of the

h

9 - mélfiig fiiralediagRe Hirély Grantl &Y RIng Ahighressire Sgo gas b - o9°"
gal> KIIE02 25 florm A gas alprizing.pad instglerdal a4p andighihe mhe pouder

nozzle.” Atcording to a water-atomization method comprising dropping
% -this, finelyrgrapulated golienanetat persgrageinst aeeoalingovater batfrer heat
freatment was measured. As a result, it could be confirmed that
only a halo pattern was observed and the soft magnetic metal powdex
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.

Exanple 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 FegCuiNbsCRy, s5114B11.s 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 um, an average
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30 for quickly cooling, a soft magnetic metal powder having a
composition of Fe66Ni4Si14B9A14Nb3was obtained. This soft magnetic
metal powder had a circular flat shape. Specifically, it was a disk-like soft
magnetic metal powder having an average particle 5 diameter of 45 m, an
average thickness of 5 pm and a ratio (an average minor
diameter(average particle diameter)/thickness) of 9. This soft magnetic

nmimetal poyderwas, heaitreated,in a pitkgen, gas@aimosphere 84802 um.  The
degrees centigrade for 1 hour. The powder X-ray diffraction of the soft

ralagnetic metahporderiafter hbiadOteeattieit wassmeasaredi As a
result, it could be confirmed that only a halo %)attern_ was observed and

thEEOHNEGRAE e bRl POWHRT WaB &ht AbrsHouy staté SFuRfBimbfe 3 tment

heat treatment was performed in a nitrogen gas atmo ph%gg 192Q 16, it was
£ Cdobrbes centigrads for Thou Y hersafier (e powdier X-ray diftaction”

s'centig ereafter, the powder X-ray diffraction

coMas measured 45:again. Asaresult it was cagfirmed thatainanecrystaheter of
having a crystallite diameter of about 20 nm was precipitated. An antenna

abwas piepared iz theo samemanterdas infErampleud, texcept ahaethea

thus-prepared soft magnetic metal powder was used for evaluating its
chispeftiesl The GesairCar§dvi th TaBke3.°20 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

£869GUIND3CR155Si14B1i.5 as a soft magnetic metal powder 25 for
evaluating its properties. Herein, the soft magnetic metal powder had an
ovaih-sptterivat flat shape: Spetificaly dtyeaeimanner as in Example 3, except

that a ratio of a magnetic metal powder was 86 weight % based on
a binder using FegeCuiNbsCR; 551148115 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 pym. 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.

Conparative 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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a flat shape having an average main diameter of 41 pm, an average 31
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 5 confirmed that the nanocrystal having a
crystallite diameter of about 10 nm was precipitated. The results of

a ignRa characigdsticsare;showq in, Tablg; 3 Examplg £:10 AneantepPacient 1y
was prepared in the same manner as in Example 3, except that a ratio of

sp@emafhetic yetabpowtlerwas 6oweight % based;onhadinderlusing.ng to a
Fe69CulNb3CR1.5Si14B11.5 as a soft magnetic metal powder for

cadrisdting s Prepefifed: Heteim the Borfmayrenic thel {polvaeraig € Fatent

ranular ppowder. S ecif'cal]!r,i as a granule haying,15 an aver 1arlv high
D meter b1 0 s THG 1ol (AR GVar B s 8 SLtuLarly nig

madjameter(gueragenarticle diamstery/thickness(average partieler diameter)) a soft
was 1. Furthermore, the powder X-ray diffraction after heat treatment for

magreeipitating agianoorystal Wwas mepsured.vAs agesyly ittwad 20lianeter of 10
confirmed that the nanocrystal having a crystallite diameter of about 10
M was PREGINiItAtelC THE TedBIES B artehii ThaPdctefistics ard oW i 1 e by

ni LR S COPRIATYE EXARIE 28 AN SXRSIUBGRLIPT Somnalng it

enna perrormances as descri ocument 2 was

caonducted n-Example-as, deascriped infatent Dacaimest i, itwasdifficyltexcept

to mention that
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 deteriorated 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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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 (Fe85Si10AI5) having singularly high 5 magnetic
permeability and suitably used for an antenna core, a soft magnetic metal
powder having an average particle diameter of 10 pm of a sendust

ceRPWGEL (Rrodyet name: 8ER-EeSiA anajufactured by NippageAtomized, though
Metal Powders Corporation) was used. An antenna was prepared in the

t hsamenpanaet.as indxampleu3, iexcept c16 that SERFFeSiN Wwasnsedhgee, the
soft magnetic metal powder, and a ratio of the soft magnetic metal 1 ‘

e1paiviler Was B5elht Y BasBa DA BiRder, afd HaisropéaiE fer?s aimes
evaluated. Its results are shown in Table 2 yalug ofthe antenna s nardl

Corﬁrse%paa?;td in}leg%%%%gtﬂ/%Y’Eggr%pﬁg Was a%%%% 1173 as comparlgitlj)1 to tha’f |

deebExMPleQfthepresent kb inveptienrwhite theiQavalue wastabiout enkalf
as compared to that of Example of the present invention. Accordingly, it

diceuld ben gdnfitmbd thatyabtennartharacteristiesavérbideteribiateaatsoutc metal
1/6. 20 Example 7 Furthermore, an antenna core material of 25 mm x 5 .
f%%l gonflrmed

POHE X B NS BRSHredSY iSRG he danté fdterialahd histhdd &8'Th
th1:61hos§hof Exgrﬁ%)le 5. The set%aeqﬁ%lggig p%%%s = &%@k\y@s&%@ggg ristics

;/C gradually heafing This antenna core material fromToom temperature 25

an(B0-degrees septigiade) 9250 degrars centigradesab2i3ve 69 Pa mi@ results
measurement frequency of 1.0 Hz. The storage elastic modulus E' was

arg.331GRa at 30Tddgrees centigrade, 2.28 GPa at 80 degrees

Even though the same material and methcod 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 wvalue Takt o
i Moldabilit

Binder [ /mH] 0 value ime Y
Example 1 The;mosattlng 17.5 70 7 min. | Good

resin
Comparative ‘The?moplastic 15.0 66 S0 min. | Good
Example 1 resin
Comparative The;moplastic 5 _ 20 min. | Bad
Example 2 resin




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 5 deformed
even at a high temperature and excellent in the dimensional stability by
combining a specific soft magnetic metal powder and a thermosetting
rgsipEurher, it could be confirmed that the antenna core excellent in soft

magneticscharaglarstics: apa-dhe productivity at the same time was Batenna
1 H i erliormance
achieved. The results 10 are shown in Table £2Evef-fidtigh-the-same—
material &t 1éthod as those gf EXaMples”1 9.4 and @ ifkre, sxlad;%trlm@s vaiue alue
| Exanpie 1g Fe66N1I4Si_,14§_§A Nb , HNanOCrysta JI50 1 55§ Ui A9 17.5 70
At ol EXEmRe 7 -0 e otherl haTdh-according:o the conventional 17.0_| %9
exaterh Ajcdl JepEdEde 2 iR antenn a2 1S e in.C i R!éﬂusing 16.1 | 65
Examnle 4 Fef6Nid4811989AL4ND3 | . | nanocrystal 45 ] U 16.3 165
Exafb IO MOPIERUGHESHT o o HTEET Iey, DEeasTiy UeTOMmed,ata Nigh pn 16.5 | 66
exaterppergdiaresantemaly Haveworsessheat rasisfante~Furthermore,-the 11.2 | &3
adiifentia eere using a thermoplastic résin eagily causes a change in 5.5 38

magnetic characteristics attributed to deformation. 20 Table 2 T Binder

(value Q value time Moldability Example 1 Thermosetting 17.5 70 7 min.

Good resin Comparative Thermoplastic 15.0 66 50 min. E—;ood Exgm‘pleEl
omparative Example

r&sin"G6mparalive THeriBHaLico0 Min Eago1e + O

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 1s
suitably used for an antenna for transmitting and receiving an
electric wave at a freguency range of 10 kHz to 20 MHz called a
low frequency (LF) band.

As 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



Example 2 resin 34 Table 3 ntenna Particle erformance Soft magnetic
metal powder 4-1 Composition Crystallinity Main Q alue diameter ~~~
value Example 1 Fe66Ni4Sil4B9AI4ANDb3 nanocrystal 150 pm 17.5 70
Example 2 Co66Fe4NilBI4Sil5 amor hays 70 pm 17.0 69 le 3
Fe66Ni4Sil4AB9AI4ND3 nanocrystal 150 pm 16.1 65 Examp Example 4
Fe66Ni45il4B9AI4ND3 nanocrystal 45 pm 16.3 65 Example 5
(TEe69CUINDICHS AR hanoerstal Alpm 6.5 berExample ben, an
Fe69CulNb3Crl.5Sil4BIl.5 nanocrystal 7.0 pm 11.2 63 Comparative
e 1Ee85810A 15 Crystab 10w 515 38nErartihe 3 Ayelearfrom thd ectronic key,
comparison of Example 1 to Comparative Example 1 and Comparative

angedRipte 2 Aludrite ¢ P FabIR™S! dRigh s BErformGer SitaRnatord Coliff 581t

ATl sy bysara e bupeigsinghs o

e present invention as a binder. Furt
atrExamplestescomparative Example illustrated in Table 3, an antenna
excellent in antenna 10 characteristics could be provided by using the
specific soft magnetic material powder of the present invention as
compared to
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the prior art. INDUSTRIAL APPLICABILITY 15 The antenna core of the

present invention is suitable for use in a small-sized antenna. In

particular, the antenna core is 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. 20 As the applications

of the antenna core and the antenna of the present invention, there can

be exemplified a keyless entry syst%lﬂAf[cBgsautomobile/immobiIizer, atire

pressure monitoring system 35 (TPMS), a radio frequency identification

(RFID) system, an electronic article surveillance (EAS) system, an

electronic key, an electric wave clock and the like. According to the _
1. pPesentt vention: i isoobsitsiel toyprovide trese $9&tema IR atsiranaizel yowder

.atalow cost. 36 CLAIMS 1. An antenna core ?ro_duc%d bg/ S ap{in a %oft metal
w1 aghdtie ifeft foRBEr WhT e iS5 a P8ISS 8 iR SHRe

ger?w erel

poa%fégleaiggﬁeg'&? metal 5 pawder is.an amorphous seft magnetic metal »

powder or a nanocrystal-containing amorphous soft magnetic metal
napowdes represented by the genersthformula (1), andribe fesinatsetl aader
binder is a thermosetting resin, (Fel-x-yCo,Niy) loo-a-b-cSiaBbMc (1) 10
rewhersintiadhbfoimeladeye el didesstione diementdeldeted Iom theed as a

_group consisting of Nb, Mo, Zr, W, Ta, Hf, Ti, V, Cr, Mn,
bihder is a thermosettling resin,

(Fe1y-gCouNiy) 100-a-0-cSiaBeMe (1)

wherein, in the formula (1), M is at least one element selected
from the group consisting of Nb, Mo, Zr, W, Ta, HI, Ti, V, Cr, Mn,
v, Pd, Ru, Ga, Ge, C, P, Al, Cu, Au, Ag, Sn and Sb; and each of
x and y represents an atomic ratio and each of a, b and c represents
an atomic %, satisfying the relationships: 0Sx<1.0, 0<y<0.5,

0<x+y<1.0, 0%a<$24, 1%b£30, 0%£cs30 and 2£a+b=30.

2. The antenna core according to claim 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 mcre than 100 nm,

{(Fer-xM'y) 100-a-p-c-aS1ahlpBcMy {Z)

wherein, in the formula (2), M' is Co and/oxr 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, Ru, Ag, Sn and
Sb; and x represents an atomic ratio and each of &, b, ¢ and 4

represents an atomic 3%, satisfying the relationships: 0%x20.5,
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Y, Pd, Ru, Ga, Ge, C, P, Al, Cu, Au, Ag, Sn and Sb; and each of xandy
represents an atomic ratio and each of a, b and c represents an atomic
satisfying the relationships: 0<x<-1.0, 0<y:<0.5, 15 0!-x+y<-1.0, 0:-a<24,
1<b-<30, 0!-c<30 and 2<a+b<30. 2. T@g antenna core according to claim
1, wherein the soft magnetic metal powder is a hanocrystal-containing
amorphous soft magnetic metal powder represented by the general

g Sfogg%ua Sé)bqr}%for <eigzi<l% 20 &gg&-irﬁaggg tl}%%gféu netic metal

%ow &r, and & ctystallite” diameter of the nanocrystal is not more than 100

nm, (Fel-xM ' x) 100-a-b-c-dSlaAlbBcMd (2) wherein, in the formula (2),

M'"is Co and/or Ni; M is at least one element selected from the group
3 . cohsistingfiNbeMos Ze ¥ r 25T tefcTi MpGr, MheYelbd, ®ig GafGaagnetic

C, P, Cu, Au, Ag, Sn and Sb; and x represents an atomic ratio and each of
meaag, ROUHPE +EpPesERR A atoMROSHIERHThe TasTGHsMBE 6L e pTs: Sented
b Bzh%<a%%4,r%-b%-29m%}%<3& )O<-&<1O and 2<a+c<30. 3. The antenna

Ycore ac%or&inglto claim , wheérein the soft magnetic metal powder is an

amospheus sqft magnetis metal poyder represented S by the general
formula (3), (COI-xM ' x) 100-a-b-cSlaBbMc (3) wherein, in the formula

(AhMtisiBe and/onNi;Misval keast ond blémeResalReerifriim/thé groupt Least
consisting of Nb, Mo, Zr, W, TatHf, Ti, V, Cr, Mn, Y, Pd, RudFG%,bGe C, ar W
onp, ALK SKg SFY SN dricBb" id K eSS AR atdhic talo and > 257

tio’an

eaghof 3, apd ¢ reprgsents an.gtorpic satigtying.theelaionships:,, au, »g,
TaO:-;%(Efd.B, U<ab24; 45b<30, 0<c:-10 and '4<a+2/<30.' ’
Sn and Sb; and x represents an atomic ratio and each of a, b and

c represents an atomic %, satisfying the relationships: 0<xs0.3,

02a<24, 45<bs30, 0<c€10 and 4=5a+bs30.

4. The antenna core according to any one of claims 1 to 3, wherein
the soft magnetic metal powder is a soft magnetic metal powder
subjected to heat treatment in an inert gas atmosphere in the
temperature range of 300 to 500 degrees centigrade for 1 second

to 10 hours.

5. The antenna core according to claim 2, wherein the
nanocrystal-containing amorphous soft magnetic metal powder is &
nanccrystal-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.

§. The antenna core according to any one of claims 1 to 5, wherein
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4. The antenna core according to any one of claims 1 to 3, wherein 15 the
soft magnetic metal powder is a soft magnetic metal powder subjected to
heat treatment in an inert gas atmosphere in the temperature range of
300 to 500 degrees centigrade for 1 segond to 10 hours. 20 S. The
antenna core according to claim 2, wherein the nanocrystal-containing
amorphous soft magnetic metal powder is a nanocrystal-containing
en £MOIBROYS 30t maonetic. mefal pouider sobtained by beateatingsthelsqftucer
magnetic metal powder in an‘inert gas atmosphere in the temperature
haFaRge af 30Q to ZQ@slegrees 25 centigrade for 1 second to 10 hours. 6.
The antenna core according to any one of claims 1 to 5, wherein 38 the
soft magnetic metal powder is a soft magnetic metal powder having a flat
shape. 7. The antenna core a ,cording (’[:cigl:?im66, ‘\r%tt]ereinrgh@hseog £t magnetic

7+ mdh it S RREPEEWHET BBS Hffat Shape With 4 fatio o

10 of a minor diameter

mel® A %m%@ nor ghampetgrihickness) of 2 e 3000 & Hhe:aptem@aneter to

core according to any one of claims 1 to 7, wherein the thermosetting

a fesinis:atleastone selected-frem/theigroup sk) corfisigting ofak @poxy
resin, a phenol resin, an unsaturated polyester resin, a urethane resin, a
urea resin, a melamine resin and a silicon resin. 9. The antenna core

according to any one of claims, 1 to 8, wherein 15 r lastic i
O o ICE £ B B0 G ek aniaTae S Ry UL 1620 b T v wherein
th@%&%‘%@g{%%%e%ﬂrﬁgﬁzaé-ol@ﬁ‘s%nt@ﬁ@a fermed by windingehe group

conductor around the antenna
consisting of an epoxy resin, a phenol resin, an unsaturated

polyester resin, a urethane resin, a urea resin, a melamine resin

and a silicon resin.

9. The antenna core according to any one of claims 1 to 8, wherein
the storage elastic modulus E' at 80 degrees centigrade is from

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

19. An antenna formed by winding a conductor around the antenna

core according to any one of claims 1 to 9.

11. The antenna according to c¢laim 10, wherein the antenna is an
antenna for transmitting, recelving or transmitting/receiving an

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

12. A keyless entry system for automobile, wherein the antenna
according to claim 11 is used as a transmission antenna, a reception

antenna or a transmission/reception antenna.
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core according to any one of claims 1 to 9. 20 11. The antenna according

to claim 10, wherein the antenna is an antenna for transmitting, receiving

or transmitting/receiving an electric wave in a low frequency band of 10

kHz to 20 MHz. 25 12. A keyless entry gystem for automobile, wherein the

antenna according to claim 11 is used as a transmission antenna, a

reception antenna or a transmission/reception antenna. 39 13. A tire

pressure monitoring system, wherein the antenna according to claim 11 is

used as a transmission antenna, a reception antenna or a
1 strapsmissionireseptien antenna, bitd; Aryeleeitic wave elock; whereinghea

antenna according to claim 11 is used as a reception antenna. 15. Aradio
actrequsnty identification systeme WRsréint e dmeARa 010l diRg fo Teception

claim 11 is used as a transmission antenpa, a re%eption antenna or a
anf&RéifisSorireceplicA ahteiiy 18C A eI8RtrGHic @fidie surveillance

system, wherein the antenna according to claim 11 is used as a

transmission antenna, a reception 15 antenna or a transmission/reception
14antenndl.ectric wave clock, wherein the antenna according to claim

11 is used as a reception antenna.

15. A radio frequency identification system, wherein the antenna
according?x>claim]&.isusedznsatransmissionantenna,eareception

antenna or a transmission/reception antenna.

16. An electronic article surveillance system, whereln the antenna
accordingtx;clahnll:Msusedeﬁsatransmissionantenna,(3reception

antenna or a transmission/reception antenna.



