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1 DESCRIPTION ANTENNA MODULE-USE MAGNETIC CORE
MEMBER, ANTENNA MODULE, AND PORTABLE INFORMATION

-TERMINAL HAVING THE SAME 5 Technical Field The present invention

relates to a antenna module- use magnetic core member suitable for use
with a contactless IC tag and the likewutilizing RFID (Radio 10 Frequency
dentification) technologies, an antenna module, and a portable
information terminal equipped with the antenna module. Background Art
Conventionally, known as a contactless IC card and 15 identification tag
(hereinafter these are collectively seallegradgontactless IC tag") utilizing
RFID technologies are those having an information recording IC chip and
a resonance capacitor electrically connected to an antenna coil. The

coniclsss G ags configuier a9 20 olgws Baglo WAVESALE woror e,

predetermine equency are transmi from a trahsmission eception

antennecefira peadeivoiiesta the aptennacoilitosactivate the aeantactless
IC tag, and the contactless IC tag is identified or monitored by reading
information recorded 25 in the IC chip in response to a read command on

radio, waye-data communication or by judging whether the IC tag
resonates with radio waves at a particular frequency. In 2
The present invention relates to a antenna module-

use magnetic core member suitable for use with a
contactless IC tag and the like utilizing RFID (Radio
Frequency dentification) technologies, an antenna module,
and a portable information terminal equipped with the
antenna module.
Background Art

Conventionally, known as a contactless IC card and
identification tag (hereinafter these are collectively
called a "contactless IC tag") utilizing RFID
technologies are those having an information recording IC
chip and a resocnance capacitor electrically connected to
an antenna coil. The contactless IC tag 1s configured as
follows. Radio waves at a predetermined frequency are
transmitted from a transmission/reception antenna of a
reader/writer to the antenna ccil to activate the
contactless IC tag, and the contactless IC tag is
identified or monitored by reading information recorded
in the IC chip in response tc a read command on radio
wave data communication or by judging whether the IC tag

resonates with radic waves at a particular frequency. In
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addition, many contactless IC tags are configured to update read
information and write history information and the like. As a conventional
antenna module mainly used for an 5 identification tag, there is one
having a magnetic core member is inserted into an antenna coil wound in
a spiral shape in a flat plane, generall{. in parallel to the flat plane of the
antenna coil (refer to Patent Document 1 (Japanese Patent Application
Publication (KOKAI) No. 10 2000-48152) ) . The magnetic core member of
this antenna module is made of a high permeability material such as an

arrgg[giho,us sheet and an elect%omagﬂﬁtic steel sheet ang . insertgdto

generalifyl Pnnpa%?l%YtoC%%tﬁgttp &he of the “dntehna ¢oilse thdtiRdiStance

of the antenna gol 1bJpgreases andi assomruRicationdistancadst ion and
improved. Patent Document 2 (Japanese Patent Application Publication
(KBRAD NG -2000-113142) discloses an antenna module having a

structure H‘sati'aé8@8&@%%@%&8%&8“1985%?{%@5%%? iQé%l%{aﬂ%'rtoan

a flat plane of an 20 antenna coil wound in a spiral shape n the flat plane.
Pateat Dotumenth(JapaneseRatens Application ridublicatipnec@KAb)r«
No. 2004-304370) discloses a structure that sintered ferrite is used as the

mBFEHAT Tof & mdbHRticbré henBer? 35 BUHalie rforimalion tBriindd rat
s PDA {petisanal digital agsigtants) and mopile phoneswvidely r1at

prevailing nowadays are always carried by users in 3

plane of the antenna coil (refer to Patent Document 1
(Japanese Patent Application Publication {KOKAI) No.
2000-48152)). The magnetic core member of this antenna
module is made of a high permeability material such as an
amorphous sheet and an electromagnetic steel sheet and
inserted generally in parallel to the flat plane of the
antenna coil so that inductance of the antenna ceoil
increases and a communication distance is improved.

Patent Document 2 (Japanese Patent Application
Publication (KOKAI) HNo. 2000-113142) discloses an antenna
module having a structure that flat plate magnetic core
members are stacked in parallel to a flat plane of an
antenna coil wound in a spiral shape in the flat plane.
Patent Document 3 {(Japanese Patent Application
Publication (KOKAI) No. 2004-304370) discloses a
structure that sintered ferrite is used as the material
of a magnetic core member.

Portable infermation terminals such as PDA
{(personal digital assistants} and mobile phones widely

prevailing nowadays are always carried by users in
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outdoors or other places. Accordingly, if a portable information terminal is
provided with a function of a contactless IC tag, the user is not required to
have, e.g., a contactless IC card in addition to the portable 5 information
terminal always carried by the user, and this is very convenient.
Technologies of incorporating the fun@tion of a contactless IC tag into a
portable information terminal are disclosed, for example, in Patent
Document 4 (Japanese Patent Application 10 Publication (KOKAI) No.
2003-37861) and have already been proposed by the present applicant

(JaBagese Patent A}P lication 2004-}(842143 : Si%%e a portable information
tefriral 74 An°ApParatus Wiich has AUH-FGRABRS white BERTS E8Mpact,

15 metallisicompenenisare moupted inia smalkhousirg at & highgensity.
For example, a printed circuit board used in a portable information
tefiiral Hases tohduEie |dyet miErie 6Fplofdl |apsrst Esktisnisave,

cqmponents are mounted. an.a mylf-layer prated giruit bpard at a high
density. 20 A battery pack to be used as a power source IS
accofpmosiated in-a portable infosmatioatetramat anthemeatadic and this

components such as a frame are used in the battery pack. Therefore, a

cortaltiéss O TGUSE Hntenha ool T pfvidet iF BRARGESAg GFa

partakle dnforgation. termingl bas a;more degraded communication

performance such as tendency of a short communication distance than 4
information terminal are disclosed, for example, in
Patent Document 4 (Japanese Patent Application
Publication (KOKAIL) No. 2003~37861) and have already.been
proposed by the present applicant {Japanese Patent
Application 2004-042149).

Since a portable information terminal is an
apparatus which has multi-functions while being compact,
metallic components are mounted in a small housing at a
high density. For example, a printed circuit board used
in a portable information terminal has a conductive layer
made of plural layers. Electronic components are mounted
cn a multi-layer printed circuit board at a high density.
A battery pack to be used as a power source is
accommodated in a portable information terminal, and
metallic components such as a frame are used in the
battery pack.

Therefore, a contactless IC tag-use antenna module
provided in the housing of a portabls information
terminal has a more degraded communication performance

such as tendency of a short communication distance than



the antenna module before provided in the housing, because of the
influences of metallic components employed in the housing. As the
communication distance of the antenna module 5 becomes short, there
arise the requirements for moving the antenna module toward a
reader/writer as near as possible in agtual use, which may possibly
damage convenience of a contactless card system capable of
transferring information easily and quickly. It is 10 considered that a
communication distance of at least 100 mm is necessary even in a case
where the antenna module is accommodated in the housing of the

pdTiSoR™ rfiBRAA TSR e naf °rifis REATOrARAWR spetifatidhedef an
ayomatic.traip tigket gxamination cortagtless 1C 1. carchaxsiem presently,

used locally. Disclosure of the Invention In order to improve a

comniuricatiors distance of an antenna module, high permeability

magneticpPO\/)églers have 20 b%en used conventio(rglall as the material of a
S e lca

s8'wiierd 4 Shefdr prafe AEFEDY MitkiHG®

. CoIumu
magnetic core mem%er. nacase wherea

magBetie Poyvdars with ainder isdusadas agmagnglicteoreJpenhanmag
permeability of the whole magnetic core member can be increased by

udihg MagRene 283bWdersOrE frde PRRFEE 516l teoweve et thes

it R SR e R A T Y
convenience of a contactless card system capable of
transferring information easily and gquickly. It is
considered that a communication distance of at least 100
mm is necessary even in a case where the antenna module
is accommodated in the housing of the portable
information terminal. This conforms with specifications

of an automatic train ticket examination contactless IC

card system presently used locally.

Disclosure of the Invention

In order to improve a communication distance of an
antenna module, high permeability magnetic powders have
been used conventionally as the material of a magnetic
core member. In a case where a sheet or plate made by
mixing magnetic powders with a binder is used as a
magnetic core member, a permeability of the whole
magnetic core member can be increased by using magnetic
powders of a large particle size.

However, as the particle size of magnetic powders

is made large, a power loss due to an eddy current loss



resulting in a lowered IC read voltage and a short communication
distance. More specifically, as a magnetic substance is magnetized in a
high frequency magnetic 5 field, there occurs a change in magnetic fluxes
in correspondence with the frequency. In this case, according to the law
of electromagnetic induction, there is generated an electromotive force
having a direction of cancelling out the magnetic flux change. Induction
10 current caused by the generated electromotive force is converted into
a Joule heat in the magnetic substance. This is an eddy current loss. In
order to reduce an eddy current loss while maintaining high a

pern&5iIiBPGRE Ty T S B M R SO §In oS HiFed AR fional
cases:takeR measure ffdiputing @ lage pasticle size,gfimagnetic powders

and reducing an absolute amount (mixture ratio) of magnetic powders to
beominedl ¢adweverd kedacing the'alssolateeamblmt bl magrretic Bgnetic
pov\\llgert':s Ieggsitso a thick ggdégr%e ma?q{}ftlgrcgre member in order to

95rhid FESIRSH MRFESTAG the

re?alnsngélessary nﬁaggﬁig’uc czharacflerlstlcs.

thickaess afrar antennar sNadueafres exampleniadhe stiugiure ohthe
above- described magnetic core member, a sheet thickness 25 necessary
fof AFEERTIKIEREGN Wistanse of T0BIHATRYAt |&dstidvier Fafm for a

magpgtia apge.member fiself i 2, pubstale [rupporting anantenng ol
and a shield’6 plate for avoiding the influence of metallic portions in
is generated an electromotive force having a direction of
cancelling out the magnetic flux changs. Induction
current caused by the generated electromotive force is
converted into a Joule heat in the magnetic substance.
This is an eddy current loss.

In eorder to reduce an eddy current loss while
maintaining high a permeability of a magnetié core member,
almost all conventional cases take a measure of limiting
a large particle size of magnetic powders and reducing an
absolute amount {(mixture ratio) of magnetic powders to be
mixed.

However, reducing the absolute amount of magnetic
powders leads to a thick and large magnetic core member
in order to retain necessary magnetic characteristics.
This results in increasing the thickness of an antenna
module. For example, in the structure of the above-
described magnetic core meﬁber, a sheet thickness
necessary for a communication distance of 100 mm is at
leas§ over 1 mm for a magnetic core member itself. If a

substrate for suppeorting an antenna coil and a shield
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the housing are stacked thereon, the module becomes thicker. Recent
demands for a smaller and thinner portable 5 information terminal are
increasing more and more. There is no space left in the housing for
accommodating an antenna module ofa large size or thickness. As
described above, it is necessary for an antenna module employed in a

compact electronic apparatus such as a 10 portable information terminal
@@%@fyf% Fontatitiory reqtitemBRES furtherifhprovehterits Bhigns in

gommunication distance andurtberiedustion ptamonie thickiess,
mbodiments of the present invention provide a” 15 antenna module-use
magpetic-core member, an antenna module, and a portable information
terminal equipped with the module, capable of improving a communication
distanceRithout thickening thermedate: In erden ol sblverthisissue; thév 1 e
present inventors 20 have vigorously studied, paid attention to a loss

faetot BF & THAGRAICCOTE métnBer SCATT apphsd fodterty{etpr 1,56 here
MHz) ;and found, that a Gommunigation distance can. be improued without

thickening the module, by using a magnétic core member in which a
progichaf asecipeocal25 of theyless factonand aireakpart of azgomplex
permeability is a predetermined value or larger. In accordance with a first
a§5eet D tite regent inention) #wwe 3¢ provided anm aptehparmodyliévulse

magfetic gor,e member to be stzilcked on an antenna coil,
employed 1n a compact electronic apparatus such as a

portable information terminal to satisfy two
contradictory requirements: further improvements on a
communication distance and further reduction of a module
thickness.

Embcdiments of the present invention provide a
antenna module-use magnetic core member, an antenna
module, and a pertable informaticon terminal eguipped with
the meodule, capable of improving a communication distance
without thickening the module.

In ¢rder to solve this issue, the present inventors
have vigorcusly studied, paid attention to a loss factor
of a magnetic core member at an applied frequency {(e.g.,
13.56 MHz), and found that a communication distance can
be improved without thickening the module, by using a
magnetic core member in which a product of a reciprocal
cf the loss factor and a real part of a complex

permeability is a predetermined value or larger.
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characterized in that: said antenna module-use magnetic 5 core member
has a performance index, expressed by ' x Q, of 300 or higher, where a
reciprocal of a loss factor (tan S ="/') expressed by a real part' and an
imaginary part " of a complex permeabjlity at an applied frequency is set
as Q. 10 In accordance with a second aspect, there is provided an
antenna module having a magnetic core member stacked on a support
member formed with an antenna coil, characterized in that: said antenna

module has a peffofmancs ek, Bxprested by *k G 56t%500 Grhighér 15
whete.a recipracal of g logs,factor {tan S = gxprassed by a real part and

an imaginary part " of a complex permeabillity at an applied frequency Is
selasi@qris aceorsansea:thirg-aspect dhere-is provided arposiablena coil,
information terminal having incorporated in a 20 housing a support
frierlBer e $@spbriing Ancdntennd Coit nE Sighal PEotessingSErcofr Uit 1o
electricallé1 connggﬂted to said antenna CQilq?{ld disgosed on an inner

Gt mISTER Eofsdld antenia &oll, & magretic core member H' * ©r

tieaﬁ SI
stacked opn,said ?%&%&0” Mmemberand.a metal. 25 shield plafe stacked on

said antenna coil, said portable information terminal being characterized in
thatnsaid=magreflic corgpmenyzel hag aperdarmancetindéx aexpressed 7a

by ' x Q, of 300 or higher, where a reciprocal of a loss factor (tan 6 =
eXpréssed Byeireal Bartdt afd e haginaR paer bt atonilexn applied

pemeability at anapplied

In accorxdance with a second aspect, there is
provided an antenna module having a magnetic core member
stacked on a support member formed with an antenna coil,
characterized in that: said antenna module has a
performance index, expressed by u' x Q, of 300 or higher
where a reciprocal of a loss factor (tan o6 = u"/p")
expressed by a real part u' and an imaginary part p" of a
complex permeability at an applied freguency is set as Q.

In accordance a third aspect, there is provided a
portable information terminal having incorporated in a
housing a support member for supporting an antenna coil,
a signal processing circult unit electrically connected
to said antenna coil and disposed on an inner
circumferential side of sald antenna coil, a magnetic
core member stacked on said support member and a metal
shield plate stacked on said antenna coil, said portable
information terminal being characterized in that: said

magnetic core member has a performance Iindex, expressed
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frequency is set as Q. 5 The above-mentioned magnetic core member
having the performance index of 300 or higher can reduce a power loss
of the antenna module to be caused by an eddy current loss, can improve
a communication distance without inereasing a layer thickness of the
magnetic core 10 member. Embodiments of the present invention will be
described hereunder. Generally, as a high frequency magnetic field is
applied to a soft magnetic substance (hereinafter simply called a

hadhetic stbstanca) whith is1%'8 high'pihfeability mbtéfdifthe®™ @ 1oss
magnetic substagce ig »magnetized by a magnetization me%%@pi;%m suehy an

as displacement of magnetic domain walls and rotating magnetization. In
thia gase, ey peameabilitydmdigating.gnagnetizatien easiness is-indicatedby «d
a complex magnetic 20 permeability and expressed by the following
egaatie(y: 19 =eri"as (P: 8 Herein, ' is a real part of the permeability
and indigates the components capable of following an external magnetic
bR &

field, whergas ” &7&n imaginahy part oFthe - perm&abiiify Cidicatedthed 1
£empopgRtsunable to.followss an externalmagnetic field.and havinga .

phase delayed by 90, and is called a loss term of the permeability. It is
hoted that tisareimaginarynnit: Thersvisksetightuelation petweenithe real
part and the imaginary part of a permeability, and material having

current loss, can improve a communication distance
without increasing a laver thickness of the magnetic core
member.

Embodiments of the present invention will be
described hereunder. Generally, as a high frequency
magnetic field is applied to a soft magnetic substance
(hereinafter simply called a magnetic substance) which is
a high permeability material, the magnetic substance is
magnetized by a magnetization mechanism such as
displacement of magnetic domain walls and rotating
magnetization. In this case, a permeability indicating

magnetization easiness is indicated by a complex magnetic

permeabllity and expressed by the following equation (1):

o=t - dep" ... (1),
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10 a larger real part of a permeability has a larger imaginary part. It is
known that, in a case where a magnetic substance is magnetized by
applying a high frequency magnetic field, the permeability lowers as the
frequency becomes higher. A loss factor of a magnetic 15 substance at an
applied frequency can be represented8by using the real part ' and the
imaginary part " of the complex permeability shown in the equation (1),
and is given by the following equation (2): tan S = ... (2). 20 A high
frequency loss of a magnetic substance by dynamic magnetization is

equivalerﬁt to the abqve, loss fact(ir and can xpressed as a sum of the
cerelln S a4 read.

S a3
energy losses of three tpés, 58 givRA by fhie followhg B5aRtan (3):38F s

- =itadiSh tdantde +dafpdhentd. 2855el, 430 BhisA hystesasisessnai

and a work amount of a magnetization change indicated by a hysteresis
cUARE HntinEicdsts Hpdtidh tobd P Trebiefé)and rar Seoi§ dihe

eddy.current jass Wﬁmksa@gse@g{gy 08 S-CQMSt "F!e%réasb{%l“%ohe@éuoﬁh

generated by an eddy current induced in material in correspondence w

aamagneticrflux change.iltistneted thatitaneStisa s esidual desswhich, v
does not correspond to any one of the above-described losses. An eddy

chfrent38ss HanEd)inch RigPReqiersy Madhsticfemneabis s56:MHZ T
influenceddy.aconductivity angincreases.inaroportion to an applied

There is a tight relation between the real part and
the imaginary part of a permeability, and material having
a larger real part of a permeability has a larger
imaginary part. It is known that, in a case where a
magnetic substance is magnetized by applying a high
frequency magnetic field, the permeability lowers as the
frequency becomes higher. A lcss factor of a magnetic

substance at an applied freguency can he represented by

using the real part p' and the imaginary part u" of the

complex permeability shown in the eguation {1), and is
given by the following equation (2):

tan & = u"/u' e {2).

A high frequency loss of a magnetic substance by
dynamic magnetization is equivalent to the above loss
factor and can be expressed as a sum of the energy losses
of three types, as given by the following egquation (3):

tan & = tan Sh + tan 8e + tan 8r ... (3).

Herein, tan 8h is a hysteresis loss and a work
amount of a magnetization change indicated by a

hysteresis curve, and increases in proportion to a
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10 frequency, as given by the following equation (4): tan Se = e2pf-a ...
(4). Herein, e2 is a coefficient, is a permeability, f is an applied
frequency, and c is a conductivity of magnetic powders. 15 As described
above, the eddy current loss (tan Se) of a magnetic core member made
of a magnetic substance can be suppressed low if magnetic powders
having a small conductivity are used, in other words, if magnetic powders
having a large resistivity are used. It can be 20 understood that using
magnetic powders having a small eddy current loss can reduce the loss
nents, of the %gmplex ermeability of the magnetic core

tegm ! comcgvo [ .
MERBET S cAR ContAbuttoreRittiSATY 21058 $a¢tor O& Suthbd 1s

candegiivity,ofithesmagnstincere Memhes aie%a@%éwéﬂaetaeﬁgmsr@nd
particle size of magnetic powders to be used, a mixture ratio and the like,

afddEafierBe imidspetificallys Thetefbré ninah s s pradentciaventibn a
iqngl%?eetof thgzcond&gc%li;\{i%)é, a E%rfg%r]ngg%eeyq&xaits L{_'saed, %/\l(hich is defined
,in

as a prodlucct of ('3 an a case where a reciprocal of a bss Fattor
representad by ke wedlparicasdimaginasspaid of & e@RAPI% of the
permeability of a magnetic core member at an applied frequency is set as

G PRXERTAES B Bfs Myt -core member having the performance index
of 300 oaﬁigggaw%dglaeﬁ%% ot magagtigppwders of Sendust o ey

(containing Fe-Si-Al),

magnetic field at 13.56 MHz is influenced by a
conductivity and increases in proportion to an applied
frequency, as given by the following equation (4):

tan de = e2-p-f o ... {4 .

Herein, e2 is a coefficient, p is a permeability, f
is an applied freguency, and ¢ is a conductivity of
magnetic powders.

As described above, the eddy current loss (tan 8e)
of a magnetic core member made of a magnetic substance
can be suppressed low if magnetic powders having a small
conductivity are used, in other words, if magnetic
powders having a large resistivity are used. It can be
understood that using magnetic powders having a small
eddy current loss can reduce the loss term 1" components
of the complex permeability of the magnetic core member
and can contribute to reduction in a icss factor.

A suitable conductivity of the magnetic core member
changes with the type and particle size of magnetic
powders to be used, a mixture ratio and the like, and

cannot be limited specifically. Therefore, in the
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10 obtained are a magnetic core member having ' = 60 [H/m], " =12
[H/m] and a performance index of 300 at a mixture ratio of 45 [vol%] of;
and a magnetic core member having '=77 [H/m], " =17 [H/ml and a
performance index of 349 at a mixture ratio of 50 [vol%]. 15 Another
example in a case of magnetic powdéarg containing Fe-Si-Cr (10 wt% Si)
is a magnetic core member having ' =45 [H/ml, " = 1.0 [H/m] and a
performance index of 2025 at a mixture ratio of 50 [vol%]. Other
magnetic powders may be Fe-Si containing amorphous, 20 ferrite and the
like. The mﬁ?netic core member can be manufactured by mixing

R OISR Witk & BIRGRFARA 18fmIein ROEREN G ¥iaté shape.

Informinginiea sherborirlate shape iRigctian matdingdsyrefergbley As
the binder, 25 synthetic resin materials are applicable including nylon 12,
PPS (hoipshenylend stilfitRyepsietsylens andrthechile ol 3A bistered

substance of ferrite powders m ﬁp used as the magnetic gore member.
It%%?gféra%ee}tﬁa fg?rﬁéenﬁg{é%nga teg '!PSe%gjseedr ﬁgsin a mg%er{‘al c%rrlrg]position

thataytasonanse frequency of rodaiiar magnaticBsonance b is amktiestic
higher frequency side than the applied frequency. Accordingly, influence

b§ MaRUPEFFESIN SHce? of FEiite PRateTiafiifaR Bpplied $ledtieriey band can
be avoidegd.apd stable commynigation charagteristics cap ke [staiped.

performance index of 300 or higher are: in a case of
magnetic powders of Sendust (containing Fe-Si-Al),
cbtained are a magnetic core member having p' = 60 {E/m],
p" = 12 [H/m] and a performance index of 300 at a mixture
ratio of 45 [veol%] of; and a magnetic core member having
p' =77 {H/m), p" = 17 [H/m] and a performance index of
349 at a mixture ratic of 50 [vol%].

Another example in a case of magnetic powders
containing Fe-Si~Cr (10 wt% Si) i1s & magnetic core member
having p' = 45 [H/m}, p" = 1.0 [H/m] and a performance
index of 2025 at a mixture ratio of 50 {vol%]. Other
magnetic powders may be Fe-Si containing amorphous,
ferrite and the like.

The magnetic core member can be manufactured by
mixing magnetic powders with a binder and forming into a
sheet or plate shape. In forming into a sheet or plate
shape, injection molding is preferable. BAs the binder,
synthetic resin materials are applicable including nylon
12, PPS (polyphenylene sulfide), polyethylene and the
like.
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10 By manufacturing an antenna module by using the magnetic core
member having the above-described structure, a thickness of the
magnetic core member can be suppressed to 1 mm or thinner while a
communication distance of 100 mm or longer is ensured in the state that
the antenna 15 module is accommodated in a housing of, e.g., a portable
information terminal. Thinning the antenna module can be realized easily.
Brief Description of Drawings 20 Fig. 1 is an exploded perspective view
showing a structure of an antenna module 10 according to an
embodiment of the present invention. Fi%. 2 is a cross sectional side view

showing & i pbFforF BP & Bfiferih Motid SoPoyEsG 3 Ry be used
seherpgic diagiam shewing aadaiernal structure, asyiewed sideways, of

a portable information terminal 1 in which the antenna module 10 is built.
1Z<Figi gesmaparticly dut deeayback kiresv of theetpartablednfigrotaitioion
terglinal 1. Fig.5is a di]@gram showigg a relation between a_ frequenc

y
(abstissa) %%9 PERAT (ordiate) when-a Tigh B RRqUIRHRY Mag&Ropamce

isiapRiiediigemaggetie povideis:afFe-5% Siaad raagngtic, powglers of
Fe-10% Si. Fig. 6 is a diagram showing the relation between a Si dope

aﬁﬁ%ﬁ‘t‘fé@dssﬁ??&éﬂé‘_@%% &r‘?(f'hu?é’é%@ti\ﬁw (rdinadd). 10Tigards a
S%'F@S‘HSPE%QE@Q%&PQM”Q_}P%EG'E‘EBEied frequency band can be

avoided and stable communication characteristics can be
raetained.

By manufacturing an antenna module by using the
magnetic core memper having the above—descfibed structure,
a thickness of the magnetic core member can be suppressed
to 1 mm or thinner while a communication distance of 100
mm or longer is ensured in the state that the antenna |
module is accommodated in a housing of, e.g., a portable
information terminal. Thinning the antenna module can be

realized easily.

Brief Description of Drawings

Fig. 1 is an exploded perspective view showing a
structure of an antenna module 10 according to an
embodiment of the present invention.

Fig. 2 is a cross sectional side view showing a
main portion of the antenna module 10.

Fig. 3 is a schematic diagram showing an internal
structure, as viewed sideways, of a portable information

terminal 1 in which the antenna module 10 is built.
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between a permeability and a critical frequency of ferrite material. Fig. 8
is a ternary composition diagram of Ni-Zn- Fe203 of Ni-Zn-Cu containing
ferrite material. 15 Fig. 9 is a diagram showing the frequency
characteristics of permeabilities ' and " of Ni-Zn-Cu ferrite bulk of three
samples having different compositioni gatios. Fig. 10 is a diagram showing
the frequency 20 characteristics of permeabilities ' and " when Ni-Zn-Cu
ferrite of three samples having different composition ratios is stacked. Fig.
11 is a diagram showing a communication distance and a performance
index of egalch s%mfle of the 25 m?d?{netic core member made of composite

material according To 2 fitef &ftboaimant of i phsseht Tivhtidn. Figs.

124 anghh2B pre preeess diagrams.illustrating 13 a manufacture method
for a magnetic core member made of sintered ferrite according to a

second efﬁiik?)diﬁ}e?ﬁ at tﬁéaﬂé%’éfnﬁWéh‘t’i@néFi'g‘?]l@fiécﬁlfréaﬁ@ﬁéyl a
¢ g%%r SUig diagram, 2 .compaying commynication distances of one high

samp a magnetic core member made ‘of composite material and on
sampleseha ynagretic coref inenbarsmade: dfstackedhfernite: ikigpddde as
cross sectional view showing an example of the structure of an antenna

mBHule 26 Usilg "4 0RERREGE cBRY HidmbeE et dfstidked ferrite.

Fig. 6 is a diagram showing the relation between a
Si dope amount {abscissa) relative to Fe and a
resistivity {ordinate}.

Fig. 7 is a schematic diagram showing the relation
between a permeability and a critical frequency of
ferrite material.

Fig. 8 is a ternary composition diagram of Ni-Zn-
Fep03 of Ni-Zn-Cu containing ferrite material,

Fig. 9 is a diagram showing the freguency
characteristics of permeabilities p' and p" of Ni-Zn-Cu
ferrite bulk of three samples having different
composition ratios.

Fig. 10 is a diagram showing the freguency
characteristics of permeabilities p' and p" when Ni-Zn-Cu
ferrite of three samples having different composition
ratios is stacked.

Fig. 11 is a diagram showing a communication
distance and a performance index of each sample of the
magnetic core member made of composite material according
to a first embodiment of the present invention.

Figs. 12A and 12B are process diagrams illustrating



Best Mode for Carrying Out the Invention Embodiments of the present
invention will be described with reference to the accompanying drawings.
15 Figs. 1 and 2 are an exploded perspective view and a cross sectional
side view showing the structure of an antenna module 10 for contactless
data communication according to anidmbodiment of the present
invention. The antenna module 10 has a stacked structure of a 20 base
substrate 14 as a support member, a magnetic core member 18 and a
metal shield plate 19. The base substrate 14 and magnetic core member
18 are stacked with a double coated adhesive sheet 13A in between, and

tHe TRAYREI Eof MEmBEr 187 MaTAIHSd Al T6 5823 8RheKa4
with;a douhlercaated-adhesive shget 43B incbetweanydpfige 2 illygtratian

~of the double coated adhesive sheets 13A and 13B are omitted. 14 The
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- bagesubSsiraiy¢4td @h-insulating flexible substrate made of a plastic film

of polyim'kde p%/ethylen% terephthalat PET%, alyethylene naphthalate
(PEN) Or P T THE s SHAHA® 10 by B Ted Feit SRS made
ot-glass :epoxy-eithenlike: t Aarantésnacod L Swoond ivanonp strape in a
flat plane is mounted on the base substrate 14. The antenna coil 15 is

uBEA IS4 CoRtdI e tad RFAR B, SREPRRILEEVER CTUdted 36 dnone
antenna.unjt of ap.extemnal 10.readeriwiter (notshown}fory o forrite.

communications. The antenna coil 15 is made of a metal pattern of
copper, Fig. 14 is a cross sectional view showing an

example of the structure of an antenna module 20 using a

magnetic core member made of stacked ferrite.

Best Mode for Carrying Out the Invention

Embodiments of the present invention will be
described with reference to the accompanying drawings.

Figs. 1 and 2 are an exploded perspective view and
a cross sectional side view showing the structure of an
antenna module 10 for contactless data communication
according to an embodiment of the present invention.

The antenna module 10 has a stacked structure of a
base substrate 14 as a support member, a magnetic core
member 18 and a metal shield plate 19. The base
substrate 14 and magnetic core member 18 are stacked with
a double coated adhesive sheet 13A in between, and the
magnetic core member 18 and metal shield plate 19 are
stacked with a double coated adhesive sheet 13B in
between. In Fig. 2, illustration of the double coated

adhesive sheets 13A and 13B are omitted.
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aluminum or the like patterned on the base substrate 14. In this
embodiment, the antenna coil 15 is constituted of a loop portion wound in
the flat plane and 15 a wiring portion for electrical connection to a signal
processing circuit unit 16 to be described later. In the figure, only the loop
portion is shown. A second antenna dail may be formed on the antenna
module 10 for a reader/write function. In this case, the 20 second antenna
coil may be formed on the base substrate 14, for example, on an inner
circumferential side of the antenna coil 15. The signal processing circuit
unit 16 isTr}Qou ted ogughsetsurface f the base substrate 14 on the side of

the 25 magnetic-core Memisar-Ls: THiS stjhal Processhiy cirdaif thitLe is

dispesed-an-andarerside of the @ntenna goil £15 and electsically
connected to the antenna coil 15. 15 The signal processing circuit unit 16

iPEdnSfletrsart € O 18haheuntiiy b sigraly pedoessing circuit and
steffadnlomation aggessansfor {he contaglless, data cammupieaan, ..,
. ; 2

and electric and 5 electronic components such as a tuning capacitor.
signad proeassing circuit uaintaimaytbe tanstituied: of arphiality ofe .
components as shown in Figs. 1 and 2, or may be constituted of a single

componétlt 18b-§28RofM'ih Rig. “@He diyndl pRIVRsERRPEIrddit éinit 18t
isganneqted e 10 apriptegdicirquithoard 12 (Fig. 3) of a paitakle: o nna

information terminal 1 to be described later, via an

ceil 15 is used for a contactless IC tag function, and
inductively coupled to an antenna unit of an external
reader/writer {nct shown) for communications. The
antenna coil 15 is made of a metal pattern of copper,
aluminum or the like patterned on the base substrate 14.

In this embodiment, the antenna coil 15 is
constituted of a loop portion wound in the flat plane and
a wiring portion for electrical connection to a signal
processing circuit unit 16 to be described later. In the
figure, only the loop portion is shown.

A second antenna coil may be formed on the antenna
module 10 for a reader/write function. In this case, the
second antenna coil may be formed on the base substrate
14, for example, on an inner circumferential side of the
antenna coil 15.

The signal processing circuit unit 16 is mounted on
the surface of the base substrate 14 on the side of the
magnetic core member 18. This signal processing circuit
unit 16 is disposed on an inner side of the antenna coil

15 and electrically connected to the antenna coil 15.
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external connection portion 17 to be mounted on the base substrate 14.
The magnetic core member 18 may be an injection 15 molding member
formed by mixing or filling soft magnetic powders with or in insulating
binder such as synthetic resin material and rubber, and forming into a
sheet shape or plate shape. Soft magfietic powders may be Sendust
(containing Fe-Al-Si), Permalloy (containing Fe-Ni)220 amorphous
(containing Fe-Si-B or the like), ferrite (Ni- Zn ferrite, Mn-Zn ferrite or the
like), and the like, and these materials are selectively used in accordance
with a communication %erformance, use a[JlEIicationﬁéarrTl1 the like. As will

be later de88riad e MEYHEEE dbte 25 MembaF 18 may bé formed with

a siiered {erdte plate obtained by coating netah pastesiormed by
dispersing fine powders of ferrite material into organic solvent, in a 16
shrEstsHspe) anelithevdaftanth ey reson . bpgamie Solaritarfe

pgqggsgwgttgg%ti%ggn%gtsgntgg%&%gpgarplagggti_c §9re merber 18, 4
functions as a magnetic core of the antenna coil 15 and also avoids 5

elecyomagnieticdnterterence haiweendhe antenng cod 1o anerthe metal
shield plate 19 by being inserted between_the base substrate 14 and the

ot HAétal SRR Hidtd £9.* An'dpétiing 184 BFsrmad thfctgted of 2

gRelie cofe memben 18 i 8 cantenama ofthgsmagnetic core membgr
18 to 10 accommodate the signal processing circuit unit 16 mounted on

theebaserstibstrated] 4£10A criwgitle efdheanagheti®lcore mbawerit8, Biyg.

rQPP“%?Qi%?gﬁg?jg?gggéﬁggg“ﬂircuit unit 16 is connected to
a printed circuit board 12 (Fig. 3} of a portable
information terminal 1 to be described later, via an
external connection portion 17 to be mounted on the base
substrafe 14.

The magnetic core member 18 may be an injection
melding member formed by mixing or filling soft magnetic
powders with or in insulating binder such as synthetic
resin material and rubber, and forming into a sheet shape
or plate shape. Soft magnetic powders may be Sendust
{containing Fe-Al-$i)}, Permalloy (containing Fe-Ni},
amorphous (containing Fe-Si-B or the 1ike), ferrite (Ni-
Zn ferrite, Mn-Zn ferrite or the like), and the like, and
these materials are selectively used in accordance with a
communication performance, use application and the like,

As will be later described, the magnetic core
member 18 may be formed with a sintered ferrite plate
obtained by coating metal paste formed by dispersing fine

powders of ferrite material into organic solvent, in a
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connection portion 17 to be laminated on the base substrate 14. 15 The
details of the magnetic core member 18 will be later described. The metal
shield plate 19 is made of a stainless steel plate, a copper plate, an
aluminum plate or the like. As will be later described, the antenna module
10 20 of this embodiment is accommigdated in a terminal main body 2 of
the portable information terminal 1 at a predetermined position.
Therefore, the metal shield plate 19 is provided in order to protect the
antenna coil 15 from electromagnetic interference with metallic 25 portions

m one ts, wirin the inted rcwt ard 12 | the terminal main
?5 g2t ﬁwe’taﬁgh Fc?‘ plrée’f %9 is acéo usa qur coarse Nva gadt Ustment
Ocﬁﬁgf&ﬁ)ﬂa@@@\f@ﬂﬂ%@& (b Hhis examplen dSuof MAZoftherrntensa
module 10 so as not to make a large change in the resonance frequency

of the ant&nFAHBHGIEC 1O DEARWEBHRAE arfteANA AiGdIE 185in%a Bisthefels
stateand-the antenna module 10,assgmpled I the, tanminal main body 2.

Figs. 3 and 4 are schematic diagrams showing how the antenna module
10 kavingrihgrstructurendesdribesh abovetisassenibdedurt thenportakile 15
information terminal 1. 10 Fig. 3 is a schematic diagram showing the

ifdide Gt th 8 ePmiral Hafh Body 2 &sgvtétvéb‘fétagw%eéﬁ&%&e&téean
partiatysRokendew-showing:the ipgide;ofibe tHPINAl shield plate 19.

An opening 18a is formed through the magnetic core member
18 in a center area of the magnetic core member 18 to
accommodate the signal processing circuit unit 16 mounted
on the base substrate 14. On one side of the magnetic
core member 18, a runout 18b is formed for the external:
connection portion 17 to be laminated on the base
substrate 1i4.

The details of the magnetic core member 18 will be
iater described.

The metal shield plate 19 is made of a stainless
steel plate, a copper plate, an aluminum plate or the
like. As will be later described, the antenna module 10
of this embodiment is accommodated in a terminal main
body 2 of the portable information terminal 1 at a
predetermined position. Therefore, the metal shield
plate 19 is provided in order to prectect the antenna coil
15 from electromagnetic interference with metallic
portions (components, wirings) on the printed circuit
board 12 in the terminal main body 2.

The metal shield plate 19 is aiso used for coarse
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main body 2 as viewed from the back side. The portable information
terminal 1 shown in the 15 figures is a portable phone having the terminal
main body 2 and a panel unit 3 rotatably mounted on the terminal main
body 2. In Fig. 3, the terminal main body 2 constitutes a housing unit
made of a synthetic resin material, aitl the surface thereof on the side of
the 20 panel unit 3 is an operation plane on which ten-key input buttons
and the like are mounted although not shown. Built in the terminal main
body 2 are the printed circuit board 12 as a control board for controlling
the, .function or ojperation of the por able information 25 terminal 1 and a
batery pack 2 for suppRing A Sowar. = Fhe baltery pack Fis*fsP &ample,
ailghisuniien pagiery randihas aveciangular parallelepiped shapeas@ a
whole, 18 and its outer frame is made of a metal material such as
alihffurinTRE Datery PACKk L RIGIEFEséd AT PFItGT bbby B Ristle

Sheiastic and formedIn Ing.tering maj, Roey 2.0 The.prienna tadule
10 is accommodated in the terminal main body 2. Particularly in this

embadiment, the anterna maodule 10 Blaccoremotated at arpostiéanjuss 1
above theg)artition member 5 accommodating the battery pack 4, and the

dftern& ol 15-faces a back surface 2a 10 of the terminal main body 2. It
is noted thatthespasition wherethe.antepnamadule 10 is.ageommasated

is not limited to that described above.

the antenna module 10 having the structure described
above is assembled in the portable information terminal 1.
Fig. 3 is a schematic diagram showing the inside of the
terminal main body 2 as viewed sideways, and Fig. 4 is a
partially broken view showing the inside of the terminal
main body 2 as viewed from the back side.

The portable information terminal 1 shown in the
figures is a portable phone having the terminal main body
2 and a panel unit 3 rotatably mounted on the terminal
main body 2. In Fig. 3, the terminal main body 2
constitutes a housing unit made of a synthetic resin
material, and the surface thereof on the side of the
panel unit 3 is an operation plane on which ten-key input
buttons and the like are mounted although not shown.

Built in the terminal main body 2 are the printed
circuit board 12 as a control board for controlling the
function or operaticn of the portable information
terminal 1 and a battery pack 4 for supplying a power.
The battery pack 4 is, for example, a lithium ion battery

and has a rectangular paralielepiped shape as a whole,
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For data communications between the antenna module 10 and an
external reader/write (not shown), the back 15 surface 2a of the terminal
main body 2 of the portable information terminal 1 is moved near to the
antenna portion of the reader/writer. As electromagnetic waves or a high
frequency magnetic field transmitted¥fom the antenna portion of the '
reader/writer passes through the 20 antenna coil 15 of the antenna
module 10, induction current corresponding to the intensity of the
electromagnetic waves or high frequency magnetic field is generated in

the antenna cgil 15, This inductiog current IS reciified in the Js_ignal
an 1TSS ou e]i fraflg 1S éfg e O a meta ma&:er&a ?uch a5
processing circuit unit and converted Into a read voltage for reading

infotmation . recokdaskintan 1Cehip: 16a: Tharegd dpformationdsrtition
modulated in the signal processing circuit unit 16 and 19 transmitted to

e RRENTa Pofford f Terdaderifittef WA Ae HhtéMta EBIME Nexta in

dgtajled,description will be made on the magnetic core member 18
constituting the antenna module 5 10. The magnetic core member 18
may be Madezas annimjectibnlmoldingsin @acsheetshapsion platé shape,
made of composite material formed by mixing or fiIIing soft _magnetic

poWdErE ThelSinaitar 8dlisd maghatS PoideYs) 8k 1O hiyH PEHeas ity
materighwith-or inan insulating matesialdbindes suchassynthelic resin.

Magnetic powders to be used are, for example,
above the partition member 5 accommodating the battery
pack 4, and the antenna coil 15 faces a back surface 2a
of the terminal main beody 2. It is noted £hat the
posgition where the antenna module 10 is accommodated is
not limited to that described above.

For data communications between the antenna module
10 and an external reader/write (net shown), the back
surface 2a of the terminal main body 2 of the portable
information terminal 1 is moved near to the antenna
portion of the reader/writer. As electromagnetic waves
or a high frequency magnetic field transmitted from the
antenna portion of the reader/writer passes through the
antenna coil 15 of the antenna module 10, induction
current corresponding to the intensity of the
electromagnetic waves or high freguency magnetic field is
generated in the antenna coil 15. This induction current
is rectified in the signal processing circuit unit i6 and
converted intc a read veltage for reading information
recorded in an IC chip 16a. The read information is

moduiated in the signal processing circuit unit 16 and
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crystalline alloy such as Sendust (containing Fe-Al-Si) and Permalloy
(containing Fe-Ni), amorphous alloy 15 (containing Co-Fe-Si-B or the like),
ferrite (Ni-Zn ferrite, Mn-Zn ferrite or the like), and the like. The patrticle
shape may be a flat plate shape, a needle shape, a flake shape or the
like, but is not limited to a particular sttape. 20 In the present invention,
the magnetic core member 18 formed by mixing magnetic powders with
binder is considered as a single magnetic member. The magnetic
member is structured in such a manner that the magnetic core member
1% has afegfocrlmgncghindex, defined b tx , 25 of 300 or hi%her, _
aSETMTY fnath Fetiprbcal BF 81085 B36tor Uan°S - 8%presdaa A to&F
parta anckan rigraginanspart i ©f a complex permeability (refer to the 20
above equation (1)) at an applied frequency (in this example, 13.56 MHz)
of the malfietic fekitierad Qs erdértbdmpréve the contmunitation

dipiaes oL 8 ANRINRLI0GYe 0, [P NRCERIANLO SYRRIERS ST, 2o
current loss components generated in the mag%etlc core member 18. TO
thi¢ end, a variety of selection judgments are therefore necessary such

that magnetic powders having a small conductivity are selected, a mixture

ratio of MAGNBAEPOWIRrE S DiMeeriE addistBdyYa Parfidgsizs 160s made
smayle 20850 AR HOWEVER IR tBEJreseRk Javention, the perfarmance .

index of the magnetic core member 18 as a finished product is evaluated
sofhabitposite material formed by mixing or filling soft
magnetic powders (hereinafter called magnetic powders) of
high permeability material with or in an insulating
material (binder) such as synthetic resin.

Magnetic powders to be used are, for example,
crystalline alloy such as Sendust (containing Fe-Al-Si)
and Permalloy (containing Fe-Ni), amorphous alloy
{containing Co-Fe-3i-B or the like), ferrite {(Ni-Zn
ferrite, Mn-Zn ferrite or the like), and the like. The
particle shape may be a flat plate shape, a needle shape,
a flake shape or the like, but is not limited to a
particular shape.

In the present invention, the magnetic core member
18 formed by mixing magnetic powders with binder is
considered as a single magnetic member. The magnetic
member is structured in such a manner that the magnetic
core member 18 has a performance index, defined by u' x Q,
of 300 or higher, assuming that a reciprocal of a loss
factor {(tan & = p"/u') expressed by a real part pu' and an

imaginary part p" of a complex permeability (refer to the
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Is possible to establish the criterion of whether a target communication
distance can be ensured. 15 As indicated by the embodiments to be
described later, use of a magnetic core member having a performance
index of 300 or higher ensures an antenna module communication
distance (communication distance in&0state incorporated in a portable
information terminal) of 100 20 mm. Further, since it is possible to
increase a permeability of the magnetic core member 18 without
increasing a sheet thickness, a thin and light antenna module can be
sggctured and a mouigﬁpace for the %rltggn% module in the housjng can

b rRdtcEd F5 25 ekamplalin Srditio ehsuré aLBHmUnidation distance

ot 208:mum, a sopveptionalynagnetia.core Memherrrquires a sheet,« .
thickness over 1 mm, Whereas a sheet thicknesg of 2; abqut 0.5 mmis
sufficient’decoFding tethE present thge MR THe el e dihsdgingsy parts

“and " of d %n@%QBEHEéo%qe_rftCO“sStiﬁ%t!:”@F‘she ma@é‘egﬁﬁg,{%%e@é’gﬁ
change with a composition ratio and an app |ecﬁr£quency, even in the
samermaignetis powdersy erg. s thesesehaktay wwhieh contajns Ha=St:€ireFig.
5 shows the relation between a frequency (abscissag5 and 'and g"

(SYRREE) While Thighife§iency®magnttitfietd isspprcd 1 101AagRaES
powders, of Ee:5% RLand %@%n%lh(‘cﬁo‘é’ﬁﬂs REER=10% Si Tendency, ; g

understood from comparison between both magnetic powders is that the
nmgimiblpmdgpg:@ﬁﬁéig}o%re selected, a mixture ratic of

magnetic powders to binder is adjusted, a particle size
is made small, and so on. However, in the present
invention, the performance index of the magnetic core
member 18 as a finished product is evaluated so that it
is possible to establish the criterion of whether a
target communication distance can be ensured.

As indicated by the embodiments to be described
later, use of a magnetic core member having a performance
index of 300 or higher ensures an antenna module
communication distance (communication distance in a state
incorporated in a portable information terminal) of 100
mm. Further, since it is possible to increase a
permeability of the magnetic core member 18 without
increasing a sheet thickness, a thin and light antenna
module can be structured and a mount space for the
antenna module in the housing can be reduced. For
example, in order to ensure a communication distance of
100 mm, a conventional magnetic core member reguires a

sheet thickness over 1 mm, whereas a sheet thickness of
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Si have a smaller loss (") in a frequency band of 13.56 MHz, whereas the
magnetic powders of Fe-10% Si have a 15 larger loss as the frequency
becomes high. In order to reduce the eddy current loss of the magnetic
core member, as the magnetic powders constituting the magnetic core
member, those having a high resistivify (low conductivity) are preferable.
If 20 the resistivity is used as a criterion, although it is obvious that the
magnetic powders can be selected on the basis of the kind thereof,
another way of adjusting the resistivity depending on a composition ratio

ol pagnelic; pawdels May.be anpied. Fig. & $hows the, 1ellign 25,
between a Si dope amount (aﬁsmssa) relative to Fe and a “resistivity
(drelirate) oAs apparent from this diagram, it can be understood that a

high resistivity is obtained 22 at a Si dope amount of 10 to 13 wt%. If the

conductiviFof fiagntic potidersas iskads® the chitktidh, iCi§ dféctive to
reguceea particlesize iporder 1o, reducethe eddy.curentioss. Namely. it

is 5 necessary to reduce the particle size of magnetic powders

pakticudarly forthese dravirg hiliigh cohdactivity, mda tipd padicle sipecary,

be made Iamtqg: for those ma%rr:etic §OW ers having a low conductivity. For
n (4

examplé maghetid Boiers Having 8 conductivity 10 6FTILEF 6 (1Y x
108) er spralles afe made fobave @ ipartislesdistrbution of3Q pmsar
smaller, magnetic powders having a conductivity of 0.909E + 6 or smaller
between a frequency (abscissa) and p' and pu" {ordinate)
while a high frequency magnetic field is applied to
magnetic powders of Fe-5% Si and magnetic powders of Fe-
10% 8i. Tendency understcod from comparison between both
magnetic powders is that the magnetic powders of Fe-10%
Si have a smaller loss (") in a frequency band of 13.56
MHz, whereas the magnetic powders of Fe-10% $i have a
larger loss as the frequency becomes high.

In order to reduce the eddy current loss of the
magnetic core member, as the magnetic powders
constituting the magnetic core member, those having a
high resistivity (low conductivity) are preferable. If
the resistivity is used as a criterion, although it is
obvious that the magnetic powders can be selected on the
basis of the kind thereof, another way of adjusting the
resistivity depending on a composition ratioc of magnetic
powders may be applied. Fig. 6 shows the relation
between a 51 dope amount (abscissa) relative to Fe and a

resistivity (ordinate). As apparent from this diagram,

it can be understood that a high resistivity is obtained
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are made to have a particle distribution of 100 pm or smaller, and
magnetic powders having a conductivity of 15 0.1E + 6 or smaller are
made to have a particle distribution of 200 p.m or smaller. A flat plane
shape is used as the particle shape of magnetic powders. A mixture ratio
is preferably 40 to 60 vol%. On the oth#&r hand, the magnetic core member
18 can 20 be formed with a sintered ferrite plate obtained by forming
metal paste made by dispersing fine powders of ferrite material into
organic solvent, in a sheet shape, and thereafter thermally resolving the

organic gglvgnt and ro%e_ssgg.Bhrggglfgna@osmtenng.-Thls sintered 25

ferrite shiéet nOW%SB/ '] tamiration structural"boﬁdy by laminating a plurality

of sinteregferrite shertswith-iasulatingdayers:heinginsarted s used as
therebetween. 23 Also in this case, the magnetic core member 18 is
strituréd 1P sLER a manher thdEReiMaghetic egrememper tighas al ze

performange fndex, defined| ééé% of 390.9¢ df%%@esﬂw gleQisa, ;g

reciprocal of a loss factor 5 (tan S = expressed by a real part “ahd an

imaginasy part:tofra complex pepmeability at anapptieda requency ofdke s
magnetic core member. Generally, although a high frequency magnetic
niitefiarid dghikedd HaVR®S nigh infitfal etitabif) 46 Ghitd higrRfhit
frequepgy.t is alsesimpartantithat the. high freauency magnetic material

has the frequency characteristics having a stable initial permeability in a
powders having a low conductivity.

For example, magnetic powders having a conductivity
of 1.11E + 6 (1.11 x 10° or smaller are made to have a
particle distribution of 50 pum or smaller, magnetic
powders having a conductivity of 0.209E + 6 or smaller
are made to have a particle distribution of 160 um or
smaller, and magnetic powders having a conductivity of
0.1E + 6 or smaller are made to have a particle
distribution of 200 pm or smaller. A flat plane shape is
used as the particle shape of magnetic powders. A
mixture ratioc is preferably 40 to &0 vol%.

On the other hand, the magnetic core member 18 can
be formed with a sintered ferrite plate obtained by
forming metal paste made by dispersing fine powders of
ferrite material into organic solvent, in a sheet shape,
and thereafter thermally resolving the organic solvent
and processing through main sintering. This sintered
ferrite sheet may be a lamination structural body by
laminating a plurality of sintered ferrite sheets with

insulating layers being inserted therebetween.
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high frequency band. However, as schematically shown in Fig. 7, the
frequency characteristics of spinel type 15 ferrite such as Ni-Zn containing
ferrite has the relation that if the initial permeability (') is high, the limit
frequency (fr) lowers, and if the initial permeability is low, the limit
frequency increases. The limit frequericies are approximated by a straight
line called a 20 Snoeck's limit line. A limit frequency of ferrite in a high
frequency band is determined by a resonance frequency of rotation
magnetic resonance (natural resonance). Therefore, in a case where the

antenna module 10 is. 25 used at an applied frequency of 13.56 MHz, the
natural fesdRante (FotitiSA Haghdtic ﬁii%hea%:'ccé) %?f%e Rttt Eore

mambet18ds requisadiio heam Mg higher fraquiency4 sidethan giber
frequency band of 13.56 MHz. Otherwise, the natural resonance
phénbaferforPbeéomeand tomiiAart factHE bEtheY cBmporients farid Stabie

cpmmunicatipn. eharagierigligs otihe qaterpa module Lo capnot e o,
obtained’ There ore, in'a case where the m gnetic core member 181s to
betmadé of afeuite naterial tharavis a Ik in papagpitude ®f aof the
complex permeability, and it is not preferable to use the material

eXBaadRr & fifrlit Beclsé' " fiitiBasEs BRttRa!petforhaicetifderrid &3
lowers, die,permeakilinaGrRy Af ferite matgrial changes greatly with a

composition of constituent

Generally, although a high freguency magnetic
material is required to have a high initial permeability
and a high limit frequency, it is also important that the
high frequency magnetic material has the frequency
characteristics having a stable initial permeability in a
high frequency band. However, as schematically shown in
Fig. 7, the frequency characteristics of spinel type
ferrite such as Ni~Zn containing ferrite has the relation
that if the initial permeability (p') is high, the limit
frequency (fr) lowers, and if the initial permeabllity is
low, the limit frequency increases. The limit
frequencies are approximated by a straight line called a
Snoeck's limit line. A limit fregquency of ferrite in a
high freguency band is determined by a resonance
frequency of rotation magnetic resonance (natural
resonance) .

Therefore, in a case where the antenna module 10 is
used at an applied frequency of 13.56 MHz, the natural
resonance (rotation magnetic resonance) of the magnetic

core memper 18 i1s required to be cn the higher frequency
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elements of the ferrite material. Fig. 8 is a ternary composition diagram of
a case of NiO-ZnO-Fe203 at 9 mol% 15 of CuO with regard to a ferrite
material (bulk state) containing Ni-Zn-Cu. It can be seen from Fig. 8 that
p' and " fof the ferrite material containing Ni-Zn-Cu become smaller as
the composition ratio of NiO is highet 4nd that the natural resonance
frequency can be positioned on 20 the higher frequency side than the
applied frequency (in this example, 13.56 MHz) of the antenna module
10. In this case, the eddy current loss becomes dominant in the p"

componsnis of fhe pagpet _J?a}!s%rﬁ%!- In-a.case where the, magnetic core
member 18 is made 25 of sintered ferrite, ' and " become smaller |?a
sirterechpowaler sheehmermbehisruseddhabaistaga terrteunaienial in a

bulk state. Figs. 9 and 10 are 25 diagrams showing the frequency

chafdciériStics Bf pernfedBRiEs" Hid *Bf biikAREMmsErE Y -Sintered

powder meembers oustayerJamination member ta be deseribedl later) of
samples A, B and C at three 5 composition points shown in Fig. 8. If the

applied frsueddyeoftherantehnazmodatke ¥0<is<13:56 MEunaférriteore
%%E%g‘g' cg@taiglngoNlﬁzen-Cu sutl)tgbée Eor the ma&n%té%&:grle m%rgger 181is

T ade rri . is a
assumed to be "a smterednpowder mem%er OF%U aferrlte which contains

10:e203 of 4 7 101 49:81e %0, NOoef 16.0 1330 sn0l%6 406k of 1440 to
25.0 mol% and CuO of 7.0 to 12.0 mol% (a rectangular range indicated
b%WﬁmﬁBoﬁéhémqnﬁﬁ%ﬁﬂé?ble te use the material exceeding

the limit because u" increases and the performance index
lowers.

The permeability (pu', p")} of ferrite material
changes greatly with a composition of constituent
elements of the ferrite material. Fig. 8 is a ternary
composition diagram of a case of NiQO-Zn0O-Fe,03; at 9 mol$
of CuO with regard to & ferrite material (bulk state)
containing Ni-Zn-Cu. It can be seen from Fig. 8 that p'
and p" of the ferrite material containing Ni-Zn-Cu become
smaller as the compesition ratic of Ni0O is higher, and
that the natural resonance frequency can be positioned on
the higher frequency side than the applied frequency {in
this example, 13.56 MHz) of the antenna module 10. 1In
this case, the eddy current loss becomes dominant in the
u" components of the magnetic material.

In a case where the magnetic core member 18 is made
of sintered ferrite, pn' and u" become smaller if a
sintered powder sheet member is used, than using a

ferrite material in a bulk state. Figs. 9 and 10 are
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8). Herein, if Fe203 exceeds 49.8 mol%, ' lowers, and 15 if Fe203
becomes smaller than 47.0 mol%, a Curie point (Tc: magnetic
transformation point) lowers, thereby limiting the use environment. If NiO
exceeds 33.0 mol%, 'lowers, and if NiO becomes smaller than 16.1
mol%, " (influence by natural resonafée) increases to be unable 20 to
obtain stable communication characteristics. if CoO of 0.1 to 1.0 wt% is
contained in ferrite containing Ni-Zn-Cu, the temperature characteristics
can be stabilized and it is possible to suppress a change in the
communication characteristics to be causegak%/ a 25 temperature change

oPthRIIEE En Uit EHHERt b the BREBHHE MEAER T SEet EXanidie) 26
Aptannasmodiles 10,having the syeciireishowib U Eid: AWt te red

~manufactured by preparing a plurality of samples of the magnetic core

mReHBErnTeRiebss cofpusitba Htdtetialhavihg diffevereaypds ob mixture

"3fios. of S mAdnelic.Rowders, g feciprocal Qe Iggs factor and a
performance index (Q x') were calculated on the basis of if and " at the

timenpfagplying & bigh-freguenay imagnegticdield (13.56 MHz), and
communication distances (communication distances in the antenna

module stdte™§ a8BEmbist i & Peitible foFhMatieA tefhmal iale 10

evaluated, ¢Nylon 12" (rads name)was sised s g Hinder vEXpariment

results are shown in Fig. 11 and Table 1.
suitable for the magnetic core member 18 is assumed to bhe
a sintered powder member of bulk ferrite which contains
Fe,053 of 47.0 to 49.8 mcl%, NiO of 16.0 to 33.0 mel%, Zno
of 11.0 to 25.0 mol% and Cu® of 7.0 to 12.0 mol% (a
rectangular range indicated by two-dot chain line in Fig.
8) .

Herein, if Fe;0; exceeds 49.8 mol%, MU' lowers, and
1f Fez03 becomes smaller than 47.0 mol%, a Curie point
(Tc: magnetic transformation point) lowers, thereby
limiting the use environment. If NiO exceeds 33.0 mol%,
p' lowers, and if NiO becomes smaller than 16.1 mol%, u'"
(influence by natural resonance) increases to be unable
to cbtain stable communication characteristics.

If CoO of 0.1 to 1.0 wt% is contained in ferrite
containing.Ni—Zn—Cu, the temperature characteristics can
be stabilized and it is possible to suppress a change in
the communication characteristics to be caused by a
temperature change ©f the use environment of the antenna

module 10.

{First Example)
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NLUOOX(PLNnV~0OOOMMNX NOO NVGti O IC-+0 ,W-l.a
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Antenna modules 10 having the structure shown in
Fig. 1 were manufactured by preparing a plurality of
samples of the magnetic core member made of a composite
material having different types or mixture ratios of
magnetic powders, a reciprocal Q of the loss factor and a
performance index (¢ xu') were calculated on the basis of
p' and g" at the time of applying a high frequency
magnetic fieid (13.56 MHz), and communication distances
{communication distances in the antenna mcdule state
assembled in a portable infermation terminal) were
evaluated. "Nylon 12" (trade name) was used as a binder.

Experiment results are shown in Fig. 11 and Table 1.
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(OUNOLIOC-mn O-t1-ONO-{0OOCOGONN-HONO ita20
OUH,-ITUPUL1IOX-"UC-WS4W UUUNU UOu)olIn-H-HO.i
-H NfIN UNa)UNN-H1)NJJ-HJi +iUCUU NNCrONNFrox
rCcm.C EUFCUS5U 28 InFig. 11, a height of a bar graph of each
sample indicates a communication distance, and a polygonal line
indicates a performance index. In Table 1, "Coil Q" indicates a Q value of
an antenna coil and is different 5 from Q as the reciprocal of the loss
factor. Magnetic powders used for each sample will be described below
briefly. Samples 1, 3.and 4 use magnetic powders cantaiping Fe-Si-Al
aving (e corlpoS iR (REC SorEEAR T8 fwiky Bt nateeLe
differentmbdure e 0f 4 vodH, 45stance, and a polygonal line

indicates a performance index. 1In Table 1, "Coil Q©
indicates a Q value of an antenna coil and is different
from ¢ as the reciprocal of the loss factor,

Magnetic powders used for each sample will be
described below briefly.

Samples 1, 3 and 4 use magnetic powders containing
Fe~3i~Al having the same composition (B5Fe-9.55i~5.5A1
{wt%)) and have different mixture ratios of 40 vol%, 45
vol% and 50 wvol%, respectively.

Samples 2 and 5 both use magnetic powders
containing Fe-5i-Cr and have different 3i contents of 5
wt% and 10 wt%, respectively.

Sample 6 uses amorphous magnetic powders made of
70C0o-5Fe—-1031-15B (composition ratio of wt%).

Sample 7 uses ferrite magnetic powders made of
Fe;0z of 49.3 (mel%), Ni0O of 28.% {(mol%), Zn0 of 12.6
(mol%) and Cu0 of 9.2 (mol%).

As apparent from Table 1 and Fig. 7, the
communication distance and performance index are in an
approximately proportional relation, and the
communication distance becomes longer as the performance
index is higher. The communication distance of 100 mm or
longer is ensured particularly at the performance index
of 300 or higher. It can be seen from the results of

Samples 1, 3 and 4 that & higher performance index can be
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vol% and 50 vol%, respectively. Samples 2 and 5 both use magnetic
powders containing Fe-Si-Cr and have different Si contents of 5 wt% and
10 wt%, respectively. 15 Sample 6 uses amorphous magnetic powders
made of 70Co-5Fe-10Si-15B (composition ratio of wt%). Sample 7 uses
ferrite magnetic powders made of FE203 of 49.3 (mol%), NiO of 28.9
(mol%), ZnO of 12.6 (Mol%) and CuO of 9.2 (mol%). 20 As apparent from
Table 1 and Fig. 7, the communication distance and performance index
are in an approximately proportional relation, and the communication
di%gnce bgcome Ionlger as the]peggorm ce indeﬁx IS higt&gr. The
coOmmunication dis E3ncéxotflfbeo i or 2 Ion‘agzr}?s efistired ﬁé:rﬁcﬁfarly at
the pgeformangedneex +ofa3Q2: o bighaiclt candae seen fram dhe e sults-of
Samples 1, 3 and 4 that a higher performance index can be 29 obtained
aS¥RelfixelnerrbRiebfrhaghetie powtets 18 1aryet fafd thatthka raer -
pesformance. ind )ié’f 300 or higher can be obtained at the mixture ratio of
45% or larger. (Second Example) 5 Antenna modules 10 shown in Fig. 1
were manufactureddypreparingsa pturality ofisampleg«of¢he magnetic
core member made of sintered ferrite containing Ni-Zn-Cu and havin

fSr3hE fiidtERsl ComBbERDhE the rBLiptedal'd of the To8s fattdrartd the
Pesformancedadex A0:(0 x hweee calcuiated nthe:-basisof cand-arah g
tgi—Zn—Cu and having different material compositions, the
reciprocal O of the loss factor and the performance index
{0 x u') were calculated on the basis of u' and u" at the
time of applying a high frequency magnetic field (13.56
MHz), and communication distances {(communication
distances in the antenna module state assembled in a

portable information terminal) were evaluated.

Experiment results are shown in Table 2.



time of applying a high frequency magnetic field (13.56 MHz), and
communication distances (communication distances in the antenna
module state assembled in a portable information terminal) were
evaluated. 15 Experiment results are shown in Table 2. 30 Lsalu LU r7
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Samples A to C were formed at three points in the
composition diagram of a ferrite material containing Ni-
Zn-Cu shown in Fig. 8: 48Fe;03-15Ni0-28Zn0-8Cul (Sample
A}; 48Fes053~22Ni0-21Zn0~9Cul (Sample B); and 48Fe;0;-31NiO-~-
124n0-9Cu0 {Sample C).

Samples A to C were manufactured by processes shown
in Fig. 12A. Namely, constituent materials were weighed
for each sample, mixed, pulverized and dispersed in
organic solvent to make the materials in a paste state.
After a degassing process, the paste was coated on a PET
(polvethylene terephthalate) film to form a sheet.
Thereafter, solvent components in the paste was resolved
and removed by a thermal drying process. The PET film
was cut at a constant size and then formed to be an outer
shape of a magnetic core member, and then sintered. Next,
the PET film was peeled off from the manufactured
sintered ferrite sheet. Three or four sintered sheets
each having a thickness of 0.15 mm were laminated with
invelvement of hot melt resin. After the surface of the
laminated structure was covered with PET or PPS, this
structure was formed in a size shown in Fig. 12ZB.

As shown in Table 2, Sample A has a large u"
although p' is also large and the performance index is as
low as 250. This may be ascribed to that the applied
frequency (13.65 MHz) approaches the limit frequency of
the ferrite magnetic powders and the loss factor (', u")

increases by the influence of natural resocnance.
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U'UCCC ~qUU roH 31 Samples A to C were formed at three points
in the composition diagram of a ferrite material containing Ni- Zn-Cu
shown in Fig. 8: 48Fe203-I5NiO-28Zn0-9CuO (Sample A);
48Fe203-22NiO-21Zn0-9CuO(Sample B); and 48Fe203-3INiO- 5
12Zn0-9CuO (Sample C). Samples Azo C were manufactured by
processes shown in Fig. 12A. Namely, constituent materials were
weighed for each sample, mixed, pulverized and dispersed in organic
solvent to make the materials in a paste state. 10 After a degassing

process, the paste was coated on a PET époéﬁ.?thﬁlene terephthalate) film
toOTAT A%hedt® THErRAFEF Ko it tompoRERE i the HaStE AR catton

resqlvad cand semoved byna therpaldrying.piocess: dhe PET film was
cut at a constant size and then formed to be an outer 15 shape of a

nfagritic-eoreSihbathéie BRdRENMRerée. RexebheiPET film was peeled
off from the m nuf%cture intered ferrite sheet.. Three or four sintere

&)
Chocts AR ki 1 O 16 i Lol Pt e
invalvemeot of hofumelti resin. Afterithessuréace of thedpdaminatedsample
structure was covered with PET or PPS, this structure was formed in a

sizePdh SRR ik Hig r1 SBRE BRBWN rTEBESS SampBPAShds addigerugh
ajthough, s also lakge and the.parfomanes index.isas, pe understood

from this that an eddy current loss can be made smaller
with a magnetic core member made of sintered ferrite than
with a magnetic core member made of composite material.
.This is apparent from the coil resistance of the antenna
characteristics. Fig. 13 shows the antenna resonance
frequency characteristics comparing the communication
distances of Sample B and the above-mentioned Sample 5.
It can be seen that a communication distance of Sample B
(sintered ferrite) is longer than that of Sample 5
{composite material) over the whole frequency range.

The embodiments of the present invention have been
described above, and it is obvious that the present
invention is not limited to the embodiments, but various
modifications are possible on the basis of the technical
thought of the present inventiocn.

For example, in the above embodiments, description
has been made on an example of the structure of the
antenna module 10 in which the antenna coil 15 together
with the signal processing circuit unit 16 is mounted on

the base substrate. The present invention is also
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low as 250. This may be ascribed to that the applied 25 frequency (13.65
MHz) approaches the limit frequency of the ferrite magnetic powders and
the loss factor (', ") increases by the influence of natural resonance. 32
Although the experiment results indicated a communication distance over
100 mm, stable communication charagteristics were not able to be
obtained. Samples B and C have a very high performance index 5 and a
long communication distance. As compared to Sample 5 of the first
embodiment compared in Table 2, although 'is small, " is smaller than . It
can be understood from this that an eddy current loss can be made

sAvller St & haghetid Lord HembRF iWadd 6 EMi&edTeftthan 16

with. s nagngticcerednsmbarinadg of compogitecmateriayyy Jhhis is

apparent from the coil resistance of the antenna characteristics. Fig. 13

showsthé artenna ¢eddnamde fidguehdyceheiacteristies ebhsparing the

co ml%r;:ig%tior} edistancenseof Sarr%)le B and 1tlhe,tagg\a{e-én(ilatio ed Sample
a

. g, d
5°X5 7t ¢an Be 'seeh that a communication distance ot mpI8 &hhtered

fesrte)4s lengerihantbabaf Samplabl (composite material) over the
whole frequency range. The embodiments of the present invention have

been desd&iBedapBvERERE itiETHHAGEs B RS PréSemZrtinvehtibhds
npLlimited fo the embadiments, but yariqus, madifieatigns, age possible on
the basis of the technical thought of the present invention. For example,
insthreuatiove e mpodihosmts, idesciiptiond . In an antenna module 20
shown in the figure, a magnetic core member 18 made of
sintered ferrite is stacked on a base substrate 14 having
mounted thereon an antenna coll {and a signal processing
circuit unit), and this stacked structure is molded with
synthetic resin material, and a metal shield plate 19 is
adhered to a nen-communication surface (lower side in Fig.
14) of a sealing layer 21. With this arrangement,
sintered ferrite which is easy to be cracked and bad in

handling, can be applied easily to the magnetic core

member.

Industrial Applicability

As described so far, according to the magnetic core
member of the present invention, it is possible to
improve the communication distance without increasing a
thickness of the magnetic core member so that the antenna
module can be made thin and light. Accordingly the
antenna module can be built in the housing of a portable

information terminal or the like at a small mount space,



has been made on an example of the structure of the 25 antenna module
10 in which the antenna coil 15 together with the signal processing circuit
unit 16 is mounted on the base substrate. The present invention is also
33 applicable to a case where only the antenna coil 15 is mounted on the
base substrate 14 and the signal proédssing circuit unit 16 is mounted on
another substrate (e.g., the printed circuit board 12 of the 5 portable
information terminal 1). In a case where sintered ferrite is used for the
magnetic core member, the antenna module may be structured as shown
in Fl 14. In an antenna madule 20 shown in the figure nama c.core
e TH ARG 18 St Tome e hackea S nad e e
hahﬂagomrﬁm therapman agtenna eell Anthasigral processisgneircuit
unit), and this stacked structure is molded with synthetic resin material,
aﬁ&‘é’%ﬁ@ﬁﬂ HicldIARr B s HUNRBE T8 Bhdh- bﬁﬁﬁaﬁﬁzaﬁﬁn%ﬁfﬁ@e‘j
(lower side in Fig. 15 14) of a sealing layer 21. With this arrangement,
sintered ferrite which is easy to be cracked and bad in handling, can be
applied easily to the magnetic core member. 20 Industrial Applicability As
described so far, according to the magnetic core member of the present
invention, it is possible to improve the communication distance without
increasing a thickness of the magnetic core member so that the antenna
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25 module can be made thin and light. Accordingly the antenna module
can be built in the housing of a portable information terminal or the like at
a small mount space, 34 the communication performance of the antennal
module disposed in the housing can be suppressed from being degraded
and a target communication distance 7S ensured. 35 Claims 1. An
antenna module-use magnetic core member to be stacked on an antenna
coil, characterized in that: said antenna module-use magnetic core
member has a 5 performance index, expressed by ' x Q, of 300 or higher,
where a reciprocal of a loss factor iap:9,5 "/") expressed by a real part '
and an imaginary part g" of a complex permeability at an applied
fréquehy i5erag Qo 2¢ Theamedns Medyedsaaaeieticcdre

me bq{r %ccordinrg toclaim 1, cthractg{ized iQ that: tge maggetti_ﬂc core

5 cKe [e359=1 antenna £0i1l, characteri 110 ac...
member 1s made of a composite magnetic material formed by mixing soft
magneticaowdars: svitheahidere 16s3 Theastennacmodule-tse magretic
core member according to claim 2, characterized in that: said soft

MRGREAE TR Ters B CRIRAAE Y RMoiphouSalley mdlriaF higher,
coplaining Fe, 20:4-cFhe apienna madulgiss,magpgtis corg memper

according
expressed by a real part ¢' and an imaginary part u" of a

complex permeapility at an applied freguency is set as @.

2. The antenna module-use magnetic core member according
to claim 1, characterized in that:

the magnetic core member is made of a composite
magnetic material formed by mixing soft magnetic powders

with a binder.

3. The antenna module-use magnetic core member according
to claim 2, characterized in that:
said soft magnetic powders are a crystalline or

amorphous alloy material containing Fe.

4. The antenna module-use magnetic core member according
to claim 1, characterized in that said magnetic core

member iz made of a ferrite material.

5. The antenna mocdule-use magnetic core member according
to claim 4, characterized in that:

said ferrite material is formed with a material
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to claim 1, characterized in that said magnetic core member is made of a
ferrite material. 25 5. The antenna module-use magnetic core member
according to claim 4, characterized in that: said ferrite material is formed
with a material 36 composition in which a resonance frequency of a
rotation magnetic resonance of said fetrite material is on a higher
frequency side than said applied frequency. 5 6. The antenna module-use
magnetic core member according to claim 5, characterized in that: said
ferrite material is a sintered powder member of bulk ferrite containing

Fe2Q8:2f:47.6:10 A9.81mello s NiOseh16:04033:800/%, 2700111040,
25.0 mol% and 10 CuO of 7.0 to 12.0 mol%. 7. The antenna module-use
NTERFRTE coré PRembRF acedrdingctd-elaim 6 charavtérzed i trata said

buylk ggri_,tel{;gg %inrsi CoO.%{ O.Jg.hto 1.0 wt%._15.8. Tﬁpe antenna
mod%le-use mégﬁet? core member ggé‘édﬁ%ﬂté% air%]rf,q(t:lﬁélrcﬁterized in
that: said applied frequency is 13.58 MHz. 20 9. An antenna module

having a magnetic core member stacked on a support member formed

with al ahténi£ 8o, BRArGERZEdT Bt dsidaftenfaThedueTsas ding
pedormange index, .expressed by 5 Q.,0f 300 or higher where a

reciprocal 25 of a loss factor (tan S ="/') expressed by a real part
said ferrite material is a sintered powder member

of bulk ferrite containing Fep0; of 47.0 to 49.8 mol$,
NiC of 16.0 teo 33.0 mel%, Zno of 11.0 to 25.0 mol% and

CulC of 7.0 to 12.0 mol%.

7. The antenna module-use magnetic core member according
to claim 6, characterized in that:

said bulk ferrite contains Co0 of 0.1 te 1.0 wts,

8. The antenna module-use magnetic core member according
to claim 1, characterized in that:

said applied fregquency is 13.58 MHz.

9. An antenna module having a magnetic core member
stacked on a support member formed with an antenna coil,
characterized in that:

said antenna module has a performance index,
expressed by p' x Q, of 300 or higher where a reciprocal
of a loss factor (tan 8 = p"/p'} expressed by a real part
k' and an imaginary part u" of a complex permeability at

an applied frequency is set as Q.



"and an imaginary part " of a complex permeability at an applied
frequency is set as Q. 37 10. The antenna module according to claim 9,
characterized in that: a metal shield plate is stacked on a surface of 5
said magnetic core member on a side gpposite to a side facing said
support member. 11. The antenna module according to claim 9,
characterized in that: 10 a signal processing circuit unit electrically
connected to said antenna coil is mounted on said support member in an
area on an inner circumference side of said antennal coil. 15 12. The
antenna module according to claim 11, characterized in that: said signal
processing circuit unit is mounted on a surface of said support member

ot &-side"6f SA1d$hagnEGE steaRERTBENEnd 20%d dgnetic core
m&%@%@t’?é?ﬂ@%ﬁ vyLiﬂw an.gpening for accommodating said signal

processing circuit unit. 13. The antenna module according to claim 9,
characterzet:irethat lsaid hagnetic deresnembed ismade: 25 of sintered
ferrite and molded with a synthetic resin material. 38 14. A portable

infGrhafSie RsHifa R Aing SRES PRl fi4hatiisy A iporemehtier
foF SUPPEIingG AN ANERRR member .

11. The antenna module according to claim 9,
characterized in that:

a signal processing circuit unit electrically
connected to said antenna coil is mounted on said support
member in an area on an inner circumference side of said

antennal cecil.

12. The antenna module according to claim 11,
characterized in that:

said signal processing circuit unit is mounted on a
surface of said support member on a side of said magnetic
core member, and

said magnetic core member is formed with an opening

for accommodating said signal processing circuit unit.

13. The antenna module according to claim &,
characterized in that said magnetic core member is made
of sintered ferrite and molded with a synthetic resin

material.
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coil, a signal processing circuit unit electrically connected to said antenna
coil and disposed on an inner 5 circumferential side of said antenna coil, a
magnetic core member stacked on said support member and a metal
shield plate stacked on said antenna ggil, said portable information
terminal being characterized in that: said magnetic core member has a
performance index, 10 expressed by ' x Q, of 300 or higher, where a
reciprocal of a loss factor (tan S = expressed by a real part ' and an
imaginary part " of a complex permeability at an applied frequency is set

as@. A portable information terminal having incorpcrated
in a housing a suppert member for supporting an antenna
coil, a signal processing circuit unit electrically
connected to saild antenna coil and disposed on an inner
circumferential side of said antenna coil, a magnetic
core member stacked on said support member and a metal
shield plate stacked on said antenna coil, said portable
information terminal being characterized in that:

said magnetic core member has a performance index,

expressed by p' x Q, of 300 or higher, where a reciprocal
of a loss factor (tan 0 = p"/p'} expressed by a real part
H' and an imaginary part p" of a complex permeability at

an applied frequency is set as Q.



