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1 DESCRI PTI ON ANTENNA MODULE- USE MAGNETI C CORE
MEMBER, ANTENNA MODULE, AND PORTABLE | NFORMATI ON
TERM NAL HAVI NG THE SAME 5 Technical Field The present
invention relates to a antenpa nodul e- use magnetic
core nmenber suitable for uselwith a contactless IC
tag and the like utilizing RFID (Radio 10 Frequency
dentification) technol ogies, an antenna nodule, and a
portable information term nal equipped with the
antenna nodul e. Backgr opadcArtTfmnventional |y, known
as a contactless IC card and 15 identification tag
(hereinafter these are collectively called a
"contactless ICtag") utilizing RFID technol ogies are
t HOSENNAVMARU i USH SRFHET 6 ¢FeRDAHMBRGRY CANERNYA JHRPUAE,

r n Itor electrically connected to an
navghagr EafFE Sinsefegl: el FRYIRE Bonrimitea as
20 follows. Radio waves at a predeterm ned frequency
are transmtted froma transm ssion/reception antenna
ofreahnkieaderiawd ter to the antenna coil to activate
the contactless ICtag, and the contactless ICtag is
i dent i f Tleed roresemrti ttoveutbyn redditeg tof @ramitérora module-—

recorded 25 in the IC chip in response to a read
cORRRRARAt AR e WaTRSHat &l BthfutcEatF BN BFh iy

|08 phet e 05 L 169 3 [ESURaER M el p s

CQ@EQEE£@§Sdéﬁ%fﬁ¥$§t§5§)CEE%H&BfH@ieE? 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
technoleogies are those having an information recording IC
chip and a resonance capacitor electrically connected to
an antenna coil. The contactless IC tag is configured as
follows. Radio waves at a predetermined frequency are
transmitted from a transmission/reception antenna of a
reader/writer to the antenna coil 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 to a read command on radio
wave data communication or by judging whether the IC tag

resonates with radio waves at a particular frequency. In
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update read information and wite history information
and the like. As a conventional antenna nodule mainly
used for an 5 identification tag, there is one having
a magnetic core nenber is ipserted into an antenna
coil wound in a spiral shape in a flat plane,
generally in parallel to the flat plane of the

antenna coil (refer to Patent Docunent 1 (Japanese
Patent Application Publication (KOKAI') No. 10
2000-48152)). The nmagnetic core nenber of _this antenna
medAr&L P R SteTEd itgﬁsfje%e%ﬂﬁ% ity AEEEHFHISSCh as
a r S; I [ l, .she
e R s B R LR
ofthkheikxantenna coil so that inductance of the antenna
coil 15 increases and a comuni cation di stance is

i mproveldls a RaimrhtDosahemitéhn(a) apanésenPatgntused for an
Application Publication (KOKAI') No. 2000-113142)
dilsiensséscai Antt@na thavtiul® MRy iNdy1AgshrpRINate d KaLe
fl at Elate rraégqpettidc.cgre menbers are stack(gd.in ral
pAPEPFEI 1T o FIEC BPEReTBIPHTEE &RCENKERGI 1™ RoSRAT2
'%hﬁpépiﬁaé ﬁﬂﬂp%dbﬂeﬁhﬁeﬁéfglﬂyiyge arg@igfttél%ﬂé”%mgt
3 (Japanese Patent Application Pubplcatlon ( KOKAI)
N@1aR004f 3043 7N e@hing CLOSES (18 £t UCPHEBNE NBd cufdent-ened
ferrite is used as the material of a magnetic core
nedberne2d RorardbAppil Aok vt iRplicatiinal $KGHAH &9 .PDA
(personal digital assistants) and nobil e phones w dely

prEYAT £F he? HowadBy siagne taicnaps ecaprpel by tider anfanma

.o%t gg?{asis?rm 2 eheorf %l ggeﬁ, éA‘rCn:(L:eorbdllrJ]_gl ymal:frj‘?a]tp%rutc%bl g an

ntormatton termnal 1€ provided W th™a functison of "a
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 coil
increases and a communication distance is improved.

Patent Document 2 (Japanese Patent Application
Publication (KOKAI) No. 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 information terminals such as PDA
(personal digital assistants}) and mobile phones widely

prevailing nowadays are always carried by users in
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contactless I1C tag, the user is not required to have,
e.g., a contactless ICcard in addition to the
portable 5 information term nal always carried by the
user, and this is very convenient. Technol ogi es of

i ncorporating the function df a contactless I1C tag
into a portable information term nal are disclosed,
for exanple, in Patent Docunent 4 (Japanese Patent
Application 10 Publication (KOKAI) No. 2003-37861) and
have al ready been roposed by the present applicant

( PEHER_ER ‘F%toetﬁ‘ler REBFEEat PG o2 86R9 b FAo . pggﬁé’@l%\

P ' y rmnal i p . ich
e BEnEr gt B an® B Bn SRR R BT,
CRIReAENI Ss AN FRYNt efei s SNPBIHocthough N Ate A Hiakah
density. For exanple, a printed circuit board used in
aepgrt adl ecntnfaalegti 00 terdn inaladddsian conditct ipoethayer
made of plural |ayers. Electronic conponents are _
meOAPEEA AN Ferminpl| ajerypréanrdgdeby cihe Usar.d aag ghis
hi,gh density. .20 A battery pack to be used as a power
SOlir KT CULEEHFBHat e IHod HORT abt S RATEPRALEBA e

t ] ' ; u frame are
TR B, PR e e ar . P e Toes 1 ¢
t agfUsRa @it RanTBEAY| &re 25 H1Rscdedrbn dhendIQysiing of
a portable information ternminal has a nore degraded

c &ahemi cRaduwrenpedf oF apanese FudlenasApehdenciorof a short
conmuni cation di stance than 4 the antenna nodul e

bEFBEECHTRA dEQKRA) tNe- i Ty B6lherrdi ety aliyeady been

hg%éﬁﬁsge"f%y"fth%%%'sér‘ft comanents (SIRLoved p i the

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 uséd
in a portable information terminal has a conductive layer
made of plural layers. Electronic components are mounted
on a multi-layer printed circuit board at a high density.
A battery pack to ke 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 portable information
terminal has a more degraded communication performance

such as tendency of a short communication distamnce than
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As the comruni cation di stance of the antenna nodule 5
becones short, there arise the requirenents for noving
the antenna nodule toward a reader/witer as near as
possi bl e in actual use, which may possi bly damage
conveni ence of a contactl ess’ card system capabl e of
transferring information easily and quickly. It is 10
consi dered that a communi cati on di stance of at | east
100 mmis necessary even in a case where the antenna

modul e is accommpdated in the housin of the portable
i HR6r ARETUM L RaPe TRt PRORASANE PwHpf housing,

SBSE!J%%%% chhse 1%ff Qngg.% é%%rle%al sysigﬂ%% ents <) loyed

exam nation contac ess car presen

uggdthOCMddding.Di sclosure of the Invention In order to

i nprove a communi cation distance of an antenna

nodul e,Adiwgle permaeabidtion Egnehte pdHwder siritanea 20dule

been used conventionally as the material of a magnetic

cBrECHRNDErRT /n thegasarirertdica reHEdreBenpt i mRdérdy

% etl owder s th a bi der is used as a

bR Tr (o SR POV aE bt RGO TR B 1o I\ma &

e a
e %‘é{%o S A A E S A

agohhen add dre aSbaﬁt@étrwelalra BOWESEH ScapdaH 1B AE

| arge, a power | oss due to an eddy current | oss

- transferring -informatien -easifyi anﬂhquh@@h@lidtcbﬁe
menber becones considerable, resulting in a | owere
IEPP%%QPRﬂﬂt§ﬂ$§ anBOHNENAT 1080 AR RAREE | Oh A é@éﬁéeloo

Mor e, speci f

b
s PIer oty Fgh®if e, RaBHoEhe Sitdrha module

is accommodated in the housing of the portabkle
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
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5 field, there occurs a change in magnetic fluxes in
correspondence with the frequency. In this case,
according to the | aw of el ectromagnetic induction,
there 1is generated an electronotive force having a
direction of cancelling out>t he magnetic flux change.
I nduction 10 current caused by the generated
el ectronotive force is converted into a Joule heat in
the magnetic substance. This is an eddy current | o0ss.
In order to reduce an eddy current |oss while
nw%ttgienmﬁ%nﬁfjg% BRIFePRESBT | Permss &Oﬁlﬁéﬂ%@k&l%m e
menber 15; al nost al | Eenven&lorﬁ1 cages fake a

C

resultlng } a ow red
nmeasur e o Iarge part &size of° nagnetlc

p%&hﬁléagléﬁ%%t%&c@n bﬁha%o'slfbfe%ﬁ@&'ﬁy,( MXtUk8gnetic
rati o) of magnetic powders to be m xed.” However,

r edibeitagct hes aksplaitie cdmbund Mﬁgﬂﬂﬂﬁ@ﬁhbﬂcyZﬁhqnﬂmdﬁfS

| eads to a thick and | arge magnetic core nmenber in
orfded dy otherai rcnesess ahynamghetiagneacaét exestirnes.
This results in in egsigﬁ%the t hi ckness, of an antenna

mMoGGIEE SPROT RS TE, TE]TUCt urR OHS 158S8bove-
d%%% EQEQ mﬁgﬂﬁﬁJﬁa%OB% Qf£¢%¥o a ﬁ%@%@t %@ﬁ Q%?Sféére

necessary fOf a conmuni cati on I ance O

| @asyef¥stdd IR fQkcrbRINLFd Crdx@dee hARITRE! a i diS@ldtiohf of
a substrate for supporting an antenna coil and a

Slraekdlling out-the—magﬁetp¢aﬁkuﬁ(mhaageldlﬂn§UEheon
i nfluence of netallic portions in the housing are
SCHEKEHT t PR ESh Pyt hEenBale e st GhestroRPEker . I RECehe

d%g%gg%tggriékésgahgﬁieaﬂégérgﬂngﬂ' %ggggplc substance.
This is an eddy current loss.

In order to reduce an eddy current loss while
maintaining high a permeability of a magnetic 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
least over 1 mm for a magnetic core member itself. If a

substrate for supporting an antenna coil and a shield
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5 information termnal are increasing nore and nore.
There is no space left in the housing for
accomodating an antenna nodul e of a |arge size or

t hi ckness. As described above, it is necessary for an
antenna nodul e enployed in % conpact el ectronic
apparatus such as a 10 portable information term na
to satisfy two contradictory requirenents: further

i nprovenents on a comunication distance and further

reduction of a nmodule thickness. The present
i AFEREI BAT R EaY el PblEISRe Otfh@eta!sllc portions in

ahgyerdeser) bed nrablens. And. fias A L ssue. of prow ding
a an enna fmodul e-use magnetic ‘cor e neﬁ% an ant enna
mpelubgerand a portable information tern1na| equi pped
with the nodul e, capable of inproving a communication
di st anckecenitt hiembnthi ke anatihe rnmeddl €hikd poatdble
to solve this issue, the present inventors have
vilgépoustjestigdindda lpare trerarsion merg Eh@%smeT@ct ofhere
of a nagnetl core neﬁber at, an applied frequen

B Nt >GRO FOUHA AP ACCOMAT ot O
g&gﬂﬁg fh1L S e gpgg%lg&' WA HILEKEIL NIaLNE

usi ng netic core ne in which a

pﬁ@gblﬁib&i @dvegi REOEal nec@éséd}% lF08Sah agh ©dn@Nchcaun gal
part of a conplex perneability is a predeterm ned

vahpeoped |iar gercompachanbd gt rdriie pppseatus nuert isena
prOV|des a antenna nodul e-use magnetic core nmenber to
becstakked g aardepetermaEndal Sebisfandiade by

owders w inder to be a sheet
oPpPRedeRY alRLERRTRtr b hilher SUBErTRpees O
ngﬁﬁﬁﬂfgéfgﬁi B@sEQﬁEetgﬁh'?ﬂ¥%ﬁér rggﬁé%{gﬂn3¥'a module
thickness.

The present invention has been made to solve the
above-described problems and has an issue of providing a
antenna module-use magnetic core member, an antenna
module, and a portable informaticn terminal equipped with
the module, capable of improving a communication distance
without thickening the module.

In order to solve this issue, the present inventors
have vigorously 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
of the loss factor and a real part of a complex

permeability is a predetermined value or larger.
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havi ng a performance index, expressed by ' x Q of 300
or higher is used, where a reciprocal of a |oss factor
(tan S = g"/') expressed by a real part ' and an

i magi nary part " of a conplex perneability at an
applied 10 frequency is set’as Q The above-nentioned '’
magneti c core nenber having the performance i ndex of
300 or higher can reduce a power |oss of the antenna
nodul e to be caused by an eddy current |oss, can

I mprove _a conmuni cation di stance 15 w thout increasing
a | ayer "¢t tknddE BFeERBRE nbjffdt e Hrevifehberanteraa
principl e of the .present invention will be _described
ol EeRs ey T BT W B arad tetughat foored

figldnha1appli ethd haReSOlt mRONL L rRh3t 806820 with a
(hereinafter sinply called a nmagnetic substance) which
| Sindeli gb Pperaeakidt by phies alhe theneagaetdte member
substance is mnmagnetized by a nagnetizati on nmechani sm
seings chgiapt eiciarshtinothatgies i aeivdicn cand | werdred
rotating magpetization. In this case, a perneabilit%
a

i RAVERET AgPOE: HHGHEE FaPPEn FEGTEES P¥ Pndt S & 5Y
t biljty. t
SPPh T PPl L A Ryt e

ng equat i
(itsnas rLgl" pant cebrtbsepasymabichit paapd,i ndicanes the
conmponents capabl e of follow ng an external nmagnetic
fiiehdinanhergas: W' 9fan comgiaxamperpaabioityhet an applied
permeabi lity, indicates the conponents unable to
f dFEEWeBCAnt ®Xa%T 78l Qragnetic fiel d and having a phase

Sglr %Zg’p}? ﬁ}:?o%iet—?nre]gtkgngc?lrrltaeg%eacilco%grteerglénmlg)gr t‘t'ltl:l%ir‘lg 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 increasing a layer thickness of the magnetic core
member.

The principle 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
maghetization. In this case, a permeability indicating
magnetization easiness is indicated by a complex magnetic

permeability and expressed by the following equation {1):

po=p' o= diep" ... (1),
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Is noted that i is an imaginary unit. There is a tight
relati on between the real part and the imaginary part
of a perneability, and material having 10 a |arger
real part of a perneability has a |arger imaginary
part. It is known that, in a® case where a magneti c
substance is magneti zed by applying a high frequency
magnetic field, the perneability |owers as the
frequency becones higher. A loss factor of a nmagnetic
15 substance at an applied frequenc X can be .
represe%?%ﬁ”by“’uéﬁnﬁ Ferel R&EAL pdr the Rgrmeahd lity and
ln%ég%é% ptaﬁt f)om%fontgngs c%ﬁ)venxﬁ&etfﬁg?gojh% ansrégc\tm.re]rnal
e%@heemc(@el& aRlherzas/ u" - is drl)imagndPi g ro%qtaﬁecy
| oss of a magnetic substance by dynam ¢ nmagneti zati on
i peequblhl g, tiodikataboviee | @8 orfeattotunanre can fadlow
expressed as a sum of the energy | osses of three
t poesxtasngyt veagngyichbiebi| @w ﬁr@véqga@i B {)delpgrdsby
t%ﬁ Sh + tan Sg + tan Sr .. .. 25 Herein, tan Sh is
a yst%‘i"eéS “p %%da"i‘]dl‘if%/\&ﬁifm SﬁoE‘iﬁ? Rfrmpability. "It
n t hang hysteresis curve,
Zﬁ% GhLzation ghanag, D@é@fﬁaﬁg’ %é

I NnCreases i n propor ‘frequency, and tan
Be is am&ddy sCHr teght | 855 tWHnCRekfee@NtIRNGQY bASE and
consuned as Joul e heat generated by an eddy current
[ mﬂacedagxnany:@emalofnacpmxmﬂﬁhmﬂiegceanmtmatﬁrnaaghewung

fl ux change. iIs noted that tan Sr is a 5 residua
| @séaM??éthfde§’aﬁ(§t o€ ot r@%@@ﬁﬁ?l{letanya@n@ bfraeie

bove-descri bed | posses. qug current | oss gtan Be)
i ﬁmg hp ¥Vf9%§ g is known t, 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
substance at an applied frequency can be represented by
using the real part p' and the imaginary part u" of the
complex permeability shown in the egquation (1), and is
given by the following equation (2}:

tan & = u"/p’ ev. (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 equation (3):

tan 8 = tan 8h + 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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magnetic field at 13.56 Mz is influenced by a
conductivity and increases in proportion to an applied
10 frequency, as given by the follow ng equation (4):
tan Be = e2t fa ... (4). Herein, e2 is a coefficient,
is a perneability, f 1is an %pplied frequency, and a
is a conductivity of nmagnetic powders. 15 As '
descri bed above, the eddy current loss (tan Be) of a
magneti c core nenber made of a nmagnetic substance can
be suppressed |ow if_magnetic powders having a smal|
cERBHEERGY 1 \Ag} etRR RS 315n agt ﬁ%ﬁﬂywrcrsenﬁ floﬁﬁg\"i]é%‘?lé is
pQ %ﬁers haV|n %OI%r reS| t|V|§% (% d an
26 uRaeT S oot TEF A g Tra et a %?%r é%lng Sn
3%@&& c@%@@héﬂﬂﬂa%%bd|9§3m§%ﬁkﬂé%dEﬁecBPﬁeéﬁgﬁﬂéﬂéé”hlth a
conponents of the conplex perneability of
magpeéttc cine: rprhek . aﬁd1@aﬂo€6ﬂtfhiﬁﬂﬁhntﬁrFEQUQtIOn
in aloss factor. A suitable conductivity of the
rrﬁgﬁéti‘il@l core miursdr dogs mdtamparerbondt he anppengngt the
t|cI si ze of nmagnetic powders to be used, a

f’ﬁ? 345394 d°FR8St i ke, and cannot be linited
fi Il
speci figa fdﬁFhZUﬂS Prfy5d tta@;esélperrfrae%ﬁﬁce%%g@éﬁ&g

in place o e con VIt or na I'n

UgEEne Wi cft d1%1 def E89516 agA J@Q@@@Een@éd @pand ', in a
case where a reciprocal of a loss factor represented

byohtrectisalt pamd inandafes nagiprapyrpisci to ain appdipdex
perneability of a magnetic core nenber at an applled
f fegUePRsY i #5s6tvas by @@arﬁmléwaﬂgm@um*@gmth% ‘core
nenbertpaV|n thf' ngfornance Pdex of 300 or higher
are: in® f5se Hotro e (40

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

As described above, the eddy current loss (tan de)
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 p" components
of the complex permeability of the magnetic core member
and can contribute to reduction in a loss 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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magneti ¢ powders of Sendust (containing Fe-Si-Al), 10

obt ai ned are a magneti c core nenber havi ng = 60
[HmM, " =12 [Hn] and a performance i ndex of 300 at
a mxture ratio of 45 [voI@a of and a magnetic core
menber having ' = 77 [FVn] =17 [HmM and a
performance i ndex of 349 at a mixture ratio of 50
[vol94. 15 Another exanple in a case of magnetic
powders containing Fe- Si-Cr (10 mﬁ@bSi) is a magnetic
core nenber having ' = [H "= O [HnNn and a
pé%xre&feﬁﬁn&avewo%e of ?é?Se ‘i’f tf}ﬁ ﬂ%ﬁé‘cfiéﬁ*ﬁyofa 50

%%r%ormar%ge{nd{%%%e uf%df oy r| h {8 ek%ene?ll %s a _ﬁ"roduct

ntai"ni ng - anor e "an

RGNS bEJCRT & f@rﬂo%!as@anhéﬁe R AGI8d BY aMaddd
magneti c pomders wth a binder and formng into a

siteetoar (pl'Ae) stgpesehnefasyi g imelad pashegt aord pl ate
shape, injection nDIdlng is preferable. As the binder,
253 megARREY | R2¥edt'h qqfaﬁepplap%e%rr@ra}%tﬂvuléaéyeﬁ n@lwmglc

nylon 12 PPS ( pol hen ne sul fide), polyethylene
keEnuE bk et P SRPUE A of B Gt A9t by 1t o

powder S%??ﬁ(]% % %%thsmg&?e{%g%%tﬁe mg gr r@mﬁ{gs the 1S

prefera ferrite materi al used

ﬁ@b@&b@iﬂaﬁ@@pﬂﬁiéﬂ @F 3bbabr aqicﬁfeqn%ri@e HﬁeQU&&H?é/ o@.f
rotati on nagnetic resonance 5 1s on the higher

f meguenty sowietshaf Skhedappl (@othtaindggefeySi- Al):
Accordina;y, i nfl uence by natural resonance
(il

f @PFpige i BIMAIRCEACapPre é@f“fbreéfq@éﬁé?gbland: c5é)n [Béml,
aVQ' de?g, ﬂxg/ 3f 3Bl £ CommnLcatlon gharact g5 st 68 153%ure
ratio of 45 [vol%] of; and a magnetic core member having
p' = 77 [H/m], u" =.17 [H/m] and a performance index of

349 at a mixture ratio of 50 [vol%].

Another example in a case of magnetic powders
containing Fe-Si-Cr (10 wt% Si) is a magnetic core member
having p' = 45 [H/m], p" = 1.0 [H/m] and a pexrformance
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. As 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 nodul e by using the
magneti c core nmenber having the above-descri bed
structure, a thickness of the magnetic core nenber

can be suppressed to 1 mmor thinner while a

communi cation di stance of 168 mmor |onger is ensured
in the state that the antenna 15 nodule is

accommobdated in a housing of, e.g., a portable
information termnal. Thinning the antenna nodul e can
be realized easily. Brief Description of EXamnn%s 20
Fig. 1 ®sSHitesrg st pers Rictiord e enP i MgyaPe used

ure of an ant enna jpodul 10 acco d|n t% an

stru
I AL SR S P e  ShRCC 1 oss
segti-9pal méﬁ&%a\i' ew EQOM‘%&Q s 'Ea&n%tgﬁ?iél Oébngfoéit%%on

antenna nodule 10. 25 Fig. 3 1s a schematic agram
shawing adsdmdrRiengreqSEndgt oif Erotas ivheneghsi dewayssnante
a portable information termnal 1 in which the
ansennathedulghel0 firsgbeinty . side thiag. thejsrpligaitial ly
cut away back view of_ the partabl e infornmation

L &FRARGTCY.: fﬁicﬁor@“il%l% &%d‘r“&ﬁ\cghlaw ?@t%allelrﬁﬁf’ﬁﬁnce
t
SPoERar Sy RER T Sh°U8 A eanfll hend g g

(ordi'na requency

aRRbE 884 t HndTBGISh kC cBRANER! Satdfor @nala Ste AL MBINRAL Ge
powders of Fe-10% Si. Fig. 6 is a diagram show ng the

rekakinadbet ween a Si dope anpunt (abscissa) relative
to Fe and a resistivity (ordinate). 10 Fig. 7 is a
schematBx r@ﬁ@éﬁaﬁvsh@wm arienng| arfleke Wetusday ghe

erneability and tical requenc
p agnetgc core me er avfng the‘yﬁoveydescrlbed 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 1s 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 1s an exploded perspective view showing a
structure of an antenna module 10 according to an.
embodiment of the present invention.

Fig. 2 1s a cross sectional side view showing a
main portion of the antenna module 10.

Fig. 3 1s 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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ferrite material. Fig. 8 is a ternary conposition

di agram of N -Zn- Fe203 of N -Zn-Cu containing ferrite
material. 15 Fig. 9 is a diagram showi ng the frequency
characteristics of perneabilities ' and " of Ni-Zn-Cu
ferrite bulk of three sanplé@ havi ng di fferent
conposition ratios. Fig. 10 is a diagram show ng the
frequency 20 characteristics of perneabilities ' and
when Ni-Zn-Cu ferrite of three sanples having
different conposition . ratios is stacked. Fig. 11 is a
di agr ami shovi N & E8RhhATtatT%hn aW&ﬁ’sFéﬁEe"%ﬁ?g of the
pg&&gg Cﬁhf %ai?& %gggiggfpﬂe of the 25 magnetic
core nenber nade of conposite material according to a
first eppodisment 06ibheaRr 858NN AVERLLONen HidSiech2A
and 12B are process diagrans illustrating 13 a
neEetjaeh oy e(dateddicd af oOrnd phgnet W qordinetbderwiade afigh
sintered ferrite according to a second enbodi ment of

t Heedppegemagnptdmt ifdaldRE 9. agt el &of meguehky powders
characteristic diagram 5 copparing co nj cation

Gt BREES $F ¥e MEURBE &° PR TagHeFFE 6T & nember

made of.C it i al n S ;
nagneti%u%gﬁggﬁ%%bg?gﬁggg D s{%kﬁ% g?%?%ég g Fg?e?4a
I $iadepOseneiant i @Ralivkew SAMiING 88 rexanple of the
structure of an antenna nodule 20 using a 10 magnetic

coeeipbhbery npdelioktst acked ferrite. Best Mbdde for

Carrying Qut the Invention Enbodinents of the present
i nventi Wil 1sp@ schematic diagram showing the relation

between a permeability and a critical frequency of
ferrite material.

Fig. B is a ternary composition diagram of Ni-Zn-
Fe:03 of Ni-Zn-Cu containing ferrite material.

Fig. 9 is a diagram showing the frequency
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 frequency
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
maghetic core member made of composite material according
to a first embodiment of the present invention.

Figs. 12A and 12B are proceés diagrams illustrating
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described wth reference to the acconpanyi ng draw ngs.
15 Figs. 1 and 2 are an expl oded perspective view and
a cross sectional side view show ng the structure of
an antenna nodule 10 for contactless data

communi cation according told@n enbodi nent of the
present invention. The antenna nodul e 10 has a stacked
structure of a 20 base substrate 14 as a support
menber, a magnetic core nenber 18 and a netal shield
plate 19. The base substrate 14 and magnetic core
nénBeruiachres Adbedd IRt A M2ORRHAIS EocGaleP e esievet
sheet 13A Ln_bet ween nd the _ magnetjc core b 8
AHATreran Hirer SRPETT0T s 28 SUlekSHER I qeuble
coatednadhesivie stheet 13B in between. In Fig. 2,
il'Tustration of the double coated adhesive sheets 13A
and 13Brage Mritst @d fréddueddie dagaciebsttbd edibdram an
insulating flexible substrate made of a plastic film
ofcopply i Ny decmmypglopsti Ay | ehetangaspipthakat sagiET)of a

pol yet hyl ene naphthal ate (PEN) or the |ike, The base
sﬁ'&gPFﬁgﬁ U Sl eBe™aAr | GF LCEMESESEL B2 hakE* bR 25§
e r_th ' . t iy 1 ' I
SRARELE ok F gt o oL A g BrambaSdd 0.
substrateg 144 The aapt €853 &Qidnaldviiswusiesh ff aa
contactless IC tag function, and inductively coupled
t exanpaat efinchaisitiruotuvaa ektaer raltebfar sadeld il tuering a
(not shown) for communications. The antenna coil 15

| 2FREELIBf CAr hEeAPepaleee P ofstedser feralt®n num or the
i ke patterned on the base substrate 14. In this
enbodi nent, the antenna coil 15 is constituted of a

| 220+ PRLAL OF, MUY i Byt Hge Tt 1hlane;aRd

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
é 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. 1In Fig. 2, illustration of the double coated

adhesive sheets 13A and 13B are omitted.
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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 coil may be fornmed on the antenna
nmodul e 10 for a reader/wité%unction. In this case,
the 20 second antenna coil may be forned on the base
substrate 14, for exanple, on an inner circunferentia
side of the antenna coil 15. The signal processing

circuit_unit 16 is mounted on the surface of the_base
subst r ath PAsEnSEREER R ©F hén 2BSwRfndld £legikle

MEORer . 8 S ¥ gngiagéfgeéﬁﬁhn”%fc%énﬁ% idit 16 0s

di'sposed on an inner-side of e an coi'l 15 and

ehecleteddie GRRagatad1 At t NeHNt 8BNGe 0 lenkd. 15 The
signal processing circuit unit 167is constituted of an
| Gaphtipalfae NMEPENY | bg Bhei Dtled. pPhocesss pgbeickatet 1anthy
storing information necessary for the contactless
d&ea2 cHhgnfhiedsitoat e anade| @ctalics sandoBy ebedtheordiike -
conponents such as tuni ng capacitor. The si.gha
processaqufqﬁePBGi?oﬁ%i¥ 1% lBeacgﬁ%ﬁi4Aﬁ9§dl fagflat
p [ e igs. n

Ry et L SRR O Ehe PRt ah ThE et
i BoFL015 # uEka sbgnal coiocassisigIei £&4i tuddtilon}baha
connected to 10 a printed circuit board 12 (Fig. 3)
ofindupbitely eocupflednation drgreminaabnit tof ey desernbéd
later, via an external connection portion 17 to be
nbAAERE Hh e (Bakeshaibstios eoruunipet irignet Tecore

TSR AT A0F Byl L o5 |20k, TRLEL A, TR Lot e
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 portlion 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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powders with or in insulating binder such as synthetic
resin material and rubber, and formng into a sheet
shape or plate shape. Soft magnetic powders nay be
Sendust (containing Fe-Al - S| Permal | oy (contai ni ng
Fe-Ni ), 20 anorphous (contalﬁlng Fe-Si-B or the |ike),
ferrite (Ni- Zn ferrite, Mi-Zn ferrite or the like),
and the like, and these naterials are selectively
used in accordance with a conmmunication performance,

use application _and the |ike., As will be |ater

descrlb%%ﬁ %%ﬁ?Q%aQﬁQFFES%%ﬁe?%ﬂ?uﬁénﬁﬁﬁtl% ﬁﬁ? be
|nt red ferrite at.e obt ai n by
?%é%é asﬁe foPan{%a T usflpé"flgl ngsf“rJ efl powder s

%rh%egiﬁg r@if&dlaal anBt 9+ OF BN 16 FRKeRbn flé'ce?ss]a@y for
eet shape, and thereafter thermally resolving the

organton ot bids and aprones:si duy itdir,ougl shéat sidtaerd ng.
The magnetic core menber 18 functions as a magnetic
celecbtornhe ammmmeateoshch Aamd tandogavabasitgr. The
el ectromagnetic i nterference between %he ant enna coi

g@lgﬁﬁa P %C%sg‘iﬂzng Shrefy piat's 'fomsy B AT TRt 2
DRAYRER: o) N6 DBSBRUREL 2L Soldyand EhG.! OReLpdTe) Aoy oy

openlng 1 'S ired 1 hr ou

n@gnebhstﬁm&mjﬁoar siA§1é NedngeRRher 186€as 0dhdie in Fig.
magneti c core nenber 18 to 10 accomobdat e the signal

pHoCceRs g gniaf.cpirbecens ind G:impunt ednionl 6 tike doasected to

substrate 14. On one side of the magnetic core nenber
18, PALRRAO AL TBE Y $orsfnkd Bt e €kt érpartable
ection partian n _the base

Pof
saecrhrelod Yemtinl nefa e G RReSHagnEtt ¢ Cor &
”%Q@@En&? ¥3Aﬂeé¥ionl9B§E1Q§Sf¥'é%ege mounted on the base

substraﬁe 14.

The magnetic core member 18 may be an injection
molding member formed by mixing or filling soft magnetic
powders with or in insulating binder such as synthetic
resin material and rubber, and forming intoc a sheet shape
or plate shape. Soft magnetic powders may be Sendust
(containing Fe-Al-8i), Permalloy (containing Fe-Ni},
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 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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The netal shield plate 19 is made of a stainless

steel plate, a copper plate, an alum num plate or the
like. As will be later described, the antenna nodul e
10 20 of this enbodinment is_accomopdated in a term na
main body 2 of the portablé6infornation termnal 1 at
a predeterm ned position. Therefore, the netal shield
plate 19 is provided in order to protect the antenna
coil 15 fromelectromagnetic interference with
metallic 25 portions (conponents, wirings) on the
pFPﬁ?§dSE?P%mu%nd EBSFEai99¥rﬁQQﬁFW%éNnFﬁéP Y&ﬂ91q§6dy 2.
The netal g ate 19 is £ rse 17
AGraRtHene S ABdohBateet Tad SRR nerhi SR,
13.56 Migd Rfgdhe -apteangemaulie Hinspi &ss Nl tﬁaqﬁgglc
a large change in the resonance frequency of the
arbeanar omeuechdabebieens toel antsenaachdsul e 10 in a
discrete 5 state and the antenna nodul e 10 assenbl ed

i Bleherowagnetalc iwﬁienfba@yc@ befiygen Shanenienyae coil 15
schemati ¢ di agrans_show ng how the antenna npdule 10

hé@ﬁn@h?h%egﬁjr GGt aégE? i bedy H5o0Pd 8o AESENEd PR
ﬁ ggbl éégé wﬁglgﬂd ?ﬁénf% er melglFﬁﬁhe %a%e 19.
ema i agram show ng e’inside o Fm nal

r%nopegyn B s W dmsh deneyisoh ahd Fhgnetid SHe member
partially broken view showi ng the inside of the

taesntinak cemidr ody Bfasheurmmtfﬂoonfbtrhemdzrm slisdeo

The portable information termnal 1 shown in the 15
f egapeBofiate Hor vdbnal photree HEich§ithbit etithal® mevpted

body .2 and a panel un£% 3 rotatabl ted on tF
CEPnERAI D5, TG00 TS, L G008, StE TormmARORET fe

b%g¥e member 18, a runout 18b is formed for the external
connection portion 17 to be laminated on the base
substrate 14.

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
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 protect 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 also used for coarse
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constitutes a housing unit made of a synthetic resin
material, and the surface thereof on the side of the
20 panel unit 3 is an operation plane on which ten-key
i nput buttons and the |ike are nounted although not
shown. Built in the termndl’ main body 2 are the
printed circuit board 12 as a control board for
controlling the function or operation of the portable
information 25 termnal 1 and a battery pack 4 for
supplying a power. The battery pack 4 is, for
eX&npPEment | ¢% K BdSicaAnBat fePgrenayd (RRsTALF et3mRI A ar
par.al.l e i pe hape,as_a whol.e 8 and its outer

P Aamee WERLGEE P BReRind S 1 sen 8 hot i, 2
The 88t LELNGPAGK vhel $odbIRASEUrIdLRBYM LELLON arEHhEr
5 made of ﬁfastlc and forned in the térmnal main
badyiuZe b0 Thervaninetha EREehea kbduS eacooniiDglad £ckbidtet he
term nal main body 2. Particularly in this enbodi nment,
t B&¢adnt emdatimpdultenie gdate ochfhwdateatlad an pust tiegminal
just above the partition nmenber 5 accommodating the
b&Pt8r Yod%ack 4, and the antenna coil 15 faces a back

Chat (B oa Bha oAbESAlacTRl R4 B0EHnE  crldylnd RELC

that the osi t'ion ere antenna’no ule 1
a%ﬁ@”HHQé%ﬁ%jﬂdau1%0&0|hH%IﬁﬁiEﬂ% tshat,cdeseradast ahave.

For data conmmuni cati ons between the antenna nodule 10
apthoan extesdwmiblieeadar thei perididle dhdonhatide ook nal51.
surface 2a of the termnal nmain body 2 of the portable

i Aigr nat {ore tetheimaglic1disgray edhavdag thet hes i @ringhe
portion of the readsr/mwiter. As el ectromagneti c waves
0

FeRMAPgh Ty faey < nagnet $eed isdrgver ansd tied f fork® 2

t%grtially broken view showing the inside of the terminal
main body 2 as vieﬁed 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 operation 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 parallelepiped shape as a wheole,
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antenna portion of the reader/witer passes through
the 20 antenna coil 15 of the antenna nodul e 10,

i nduction current corresponding to the intensity of
the electromagnetic waves or. high frequency nmagnetic
field is generated in the afitenna coil 15. This

i nduction current is rectified in the signa
processing circuit unit 16 and 25 converted into a
read voltage for reading information recorded in an

I C chLE 1l6a. The read information is_ nodul ated in the
siPgfal tpr oceRsiHGTe fEuPedRtt A 6c5Rd Tt F+Hh St 88
tq.the antenpna portion of .the.reader/witer _ via,the
aRt enna" Coi | f53aké§¥y Rrstal &3 des Pipti‘on ampF‘Ftbglon
MREeLeR & NRaadRaN@hig L COr SndBiIGleal8nCOAS i d MG kh€n
antenna nodule 5 10. The magnetic core nenber 18 may
becagde.as an injection nolding in a sheet shape or

pl ate shape, nmade of conposite material forned by

m xi ng Bre fantenng zefele et fecponddaseq Her éhgaft er

call ed neti ¢ powders) of 10 high, pernmeabilit

o> atias hevd Ea_odiyvﬁgan arrstmcagﬁﬁﬁ;? iRt AR -
s resi p?ggﬁgl r : s
a#gg ?%?éﬁgiﬁg%%@e g?yg%a |neC§%F%§mggc éé?%ggﬁéuigSt
(egBtal fihdprariMiod hemBéE PeidFoYat Rt @idligiGtery
Fe-Ni ), anorphous alloy 15 (containing Co-Fe-Si-B or

t becki ke)gnd artrel tetéhha Zooil dry ifbeesMa-Zack erurifiageoRa

the like), and the like. The particle shape nmay be a
f Pat thf atersiidde madnnkedy & shdpels wrfehkdashspe or

t%gsnggk wlgrg %hgogn LgléEﬁ%&ﬂiealopggtLgégégoég%%geis
not limited to that described above.
For data communications between the antenna module
10 and an external reader/write (not 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 ceoil 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 coil 15. This induction current
is rectified in the signal processing circuit unit 16 and
converted into a read veltage for reading information
recorded in an IC chip 16a. The read information is

modulated in the signal processing circuit unit 16 and
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20 In the present invention, the magnetic core nenber
18 formed by m xi ng magnetic powders with binder is
consi dered as a single magnetic nenber. The nagnetic
menber is structured in such a manner that the
magnetic core nenber 18 had®a perfornance index,
defined by ' x Q 25 of 300 or higher, assum ng that a
reciprocal of a loss factor (tan S = "/') expressed
by a real part ' and an imaginary part " of a conplex
perneability (refer to the 20 above equation (1)) at
aﬁféBEWFEHﬂ¥Féh&@ﬁc?nF?PP§rﬁ%?t%&hﬁflE?elfﬁqﬂ?qﬂWf}tSF
the netic menmber.is.QIn order to inprove the

Sl nﬁg%aﬁ?%ﬁ?ni S é%cz5bf the antenna nodule 10, it
I's necegsaly de@adHoR! &SSc LGN ond wEHE N8 tnd R5%n the
conponents generated in the nagnetic core nenber 18.
Taathesi €nthrea meabkeet ¥8 oforsed iaaition phdgaeidrtma aoeule
t heref ore necessary such that magnetic powders having
al9mal | conductivity are selected, a mixture ratio of
magneti ¢ powders to binder is adjusted, a particle

size 10THS TEdETSfmFPEe dMHIST Off. “RBwRY 124G At AB
%gﬁgghoﬁ '}&’oef}fl'ﬁlg;”n%n Qe%rﬁ’eeéé AL %ﬁ'egf'%e Q ha&algie,smade

rc core er 18 as afrnis produc
eval Hahssk @ hatrikl FSrias U phe xtagest ablishg Bert
criterion of whether a target communi cation distance
canghet bnspvetbr s15hAse i maf woat ech 10y dt hegeeatiod iprenies st oof
be described |ater, use of a magnetic core nenber
hadphgrarprafidifanBateririexdigih 30018r 2hi HHerl adnsdr es
an_ant enpa comuni cation .di stapce

odul
(BB bt S sPARBET o QAL ZPREDT porated in a
POT t ablig, 40 TB 08 4 &14TNAL O 5100 25 WiharElEs her.

since it 1s pos e to 1ncrease

crystalline alloy such as Sendust (containing Fe-Al-85i)
and Permalloy {containing Fe-Ni), amorphous alloy
{containing Co-Fe-5i-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 1is structured in such a manner that the magnetic
core member 18 has a performance index, defined by p' x Q,
of 300 or higher, assuming that a reciprocal of a loss

factor (tan & = p"/p') expressed by a real part pu' and an

imaginary part p" of a complex permeability (refer to the
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pernmeability of the magnetic core nmenber 18 wi t hout

i ncreasing a sheet thickness, a thin and |ight antenna
nodul e can be structured and a nount space for the
antenna nodul e in the housing can be reduced. For 25
exanple, in order to ensureZd conmunication distance

~of 100 mm a conventional magnetic core nenber

requires a sheet thickness over 1 mm whereas a sheet
thi ckness of 21 about 0.5 mmis sufficient according

to the present invention. The real and inmaginary
p&PPIe egprfconyf(ldhe atnafndRR il SsoigerEeReRst 11 (itiifg

t he _magnet j I er, 5 change wi th a_conposit.i.on

| FRHBIREH L COMRATEER L FAANAS il 8 POTROSU/AR)

nmagnet i £, ROWAST $o EnProvd NOSE c%&mghheaétiami&fgtca%teabﬁs

Fe-Si-Cr. Fig. 5 shows the relation et ween a

f reguentynfiabseidsalloandt' iantkdescang pat e)ppdid eday
hi gh frequency magnetic field is applied to 10
nEgreent povteropehepgs 596 Birahind Anghbei va positer sogk
Fe- 10% Si. Tendency understoqd from conpar.ison

b&ERBER ot hTonﬁﬁﬁ%t‘f%d'p(ﬂ/\d’é‘lr§eit§ ?ﬁa?e]ter%:lﬁélgﬁgfigleents
p%§g6£§e£g§§¥a:Hggbf§%§2a¥§ﬂ§‘ﬁﬁﬂéhsrnggﬁg ééﬁdéf% %aving

frequency band o reas gnetic

pPaWdRk $1 oforfeirckQ%i By Bayesal df dar dehi k0sse agatliRe of
frequency becomes high. In order to reduce the eddy

cuageatid gssvdafrst he bimgaeti aguetrgpberpaasi dike size

magnetic powders constituting the magnetic core

mégbBede t {Hsld -haridn§oacn hi ieweEsr st jvitthe @Erewent

conductjvity) are preferable. If %O ghe resistivity is
% Ofgthg

udBYBE F crite PESA O TEPE DU bUF Bt h & the
MRARBLL Cr PSS $:1088nRE SPAARICT sO8vhNEated 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 requires a

sheet thickness over 1 mm, whereas a sheet thickness of
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basis of the kind thereof, another way of adjusting
the resistivity depending on a conposition ratio of
magneti ¢ powders nmay be applied. Fig. 6 shows the
relati on 25 between a Si dope anount (abscissa)
relative to Fe and a resis@ﬂvity (ordinate) . As
apparent fromthis diagram it can be understood that
a high resistivity is obtained 22 at a Si dope anount
of 10 to 13 wt% If the conductivity of magnetic

powders is used as _the criterion, it is effective to
ré&BEE 9 5aWW|%ﬁ gufifigieph %ﬁQﬁﬁdHﬂg Fedhie R?ﬁ?%&&dy

cyrrent . oss. Nanely, it is 5 necessary to reduce the

partlc eOS|ze of magnetic powders particularly for

those hayd ndA hinghiceROUCH) Walis ARdand e RAT thel e
size can be made | arge for those magnetic powders

hausbngt fic | wawdond wohis i t yt i fpreex amaphet i oagnsd inember
powders having a conductivity 10 of 1.11E + 6 (1.11 X
1G6pnge @rﬁdﬁl%ﬂwswﬁ@@nt@M@D@ apappptied frequency,

distribution of 50 pmor sm magnet i c owder
hﬁVFHgl% h RS %ﬂaﬁ‘i}ercd’ S+ 6 re sh%‘??% ov%dgﬂ-ioy

FEFLOC anagu% RALL] CEEO\A&ﬁfg“ E“Eh&fx‘s Ahet 92 181 85,

magnefi c aving a conductivity of

15e9wégn +5 O ) queRh| ekpaE Bsdmdenio uhayed aupardddaghete)
di stribution 8% 200 pmor smaller. A flat plane shape

| ghilisea syt heregarhiel aghepe dfiefdghet app piowdeos. A
m xture ratio is preferabg§r40 to 60 vol% On the
oﬂﬁéﬂehhﬁcPOWQﬁ?SnﬁénEFT%’ @nfeMBeRe18C crpvdexy Bé Fe-

{ 3P R moRAR=RaE TR OFeRer SN T e HAHED P

‘;ﬁé%é&@ﬂ%ﬂde@s 501 0n OF 9B GraSRLYER! polidle A HHEGL-10%
Si héve a smaller loss (M") in a frequency band of 13.56
MHz, whereas the magnetic powders of Fe-10% Si 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 thé maghetic core member, these 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 ratio of magnetic
powders may be applied. Fig. 6 shows the relation
between a S5i 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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and thereafter thermally resolving the organic sol vent
and processing through main sintering. This sintered
25 ferrite sheet may be a | am nation structural body
by lamnating a plurality of sintered ferrite sheets
with insulating |ayers beirff i nserted therebetween.
23 Also in this case, the magnetic core nenber 18 is
structured in such a nmanner that the magnetic core
menber 18 has a performance index, defined by ' x Q
of 300 or = higher, where Qis a reciprocal of a |loss

f &t 6r Sisdpparpreunt oty 1dybeek3dtt %y a real part ' and
an imagipary part, q..o0f a c | ex perneability at an
ool 1ot Lt aan¥si % hE GEgR e P b e Yoclas

Caner akh Yer 864, h0UGN sachicghe {f&AUENQNIRINE L Lricle size
material is required to have a high initia

pemmeabeki ty rddhcgndha bugh thridnt negyenaypmdlty,i St is
al so inportant that the high frequency magnetic
MRCERSaR T hako t1rslucee gheneyrehalactiae ofi nagketvingpavders
st abl e iTitiaI erneabiliti in a. hi%h frequency band.
HEREVE P 3kt 5 PE5I 9V ERdvh Hieh Ergduetivify, and

f L8AUBOEY; SHATACKLLSt L6S, 0f SPINE! AyPends. felfida
o Bk PEIT 116 had *fhe 4T dF

SucC n co_ntal ni ng e_rr_ _he _re 10N
t Batakbstheviny 4 abwpebpBadiidisy, (') is high, the

litmt frequency (fr) lowers, and if the initia

per meabidr texanmplel, omaghdtel d ipnudefrsefaeiny 4 noreasesvity

The limt frequencies are approxi mated by a straight

| chelcalFet @ ﬂzé}smé@i)' 1 sl LpFnere Agdenite have a

EEBHEREY oy Sy felog Muglhd Loayency bondle

n@ggﬁ&kg ﬂ&éﬂﬂ?%@%oﬁaéEHI@Qtyr&?Qﬂ%@@E)+ 6 or smaller
are made to have a particle distribution of 100 um orx
smaller, and magnetic powders having a conductivity of
0.1E + & or smaller are made to have a particle
distribution of 200 um or smaller., A flat plane shape is
used as the particle shape of magnetic powders. A
mixture ratio is preferably 40 to 60 vol%.

OCn 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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Therefore, in a case where the antenna nodule 10 is
25 used at an applied frequency of 13.56 MHz, the
natural resonance (rotation magnetic resonance) of
the magnetic core nenber 18 is required to be on the
hi gher frequency 24 side tRan the frequency band of
13.56 MHz. O herwi se, the natural resonance
phenonenon becones a dom nant factor of the
conmponents, and stabl e conmuni cation characteristics
of the antenna nodul e 10 cannot be 5 obtained. _
Ther ef #es0 iR §hé§s§a%ﬁer¥b%Iﬂ@gﬂﬁﬁhét?%r%xﬂﬁ?beﬁeﬁﬁe%s

be .made of a ferr t here
Enrbehle et D Hehua Bt hate BonBran BEF e femper
ang h&s'é Sts Rrehetabhged 0 diss bhepprieri al, exceedi oy
the I'rmt because " increases and the perfornance
i ndgker 10Hawers.(uFhig perseahiddibyobal 6F Hfidser Fateor
material changes greatly with a conposition of
cdansti ® remt”"/Hé) emsnresofd thhe af eppl tRanmtier iaald. akig. 8
is aternary conposition diagramof a case of
Nllfﬁ@‘ih’@lﬁé’ﬂ%tat“ 9°ﬁoﬁ%ﬂ‘§°1(ﬁx eserGRrbh+ Bt anpagplied

”'Ltlgn t%e &Qg gic,% C%el)e‘ m% %glmng Ni -Zn-Cu. It

can: pe rom of the ferrite

”Hterlfﬁedé%%hé Ni AP MNbuhAD-Cuh 1B8CePBquSH®Y) Ifignat ithe

composi tion raylo of Nﬁ%yls h?éher qand thgf t he

nabhteal aY eisonanne rbdegoenoye cahibh poastiibDnedrerb20ity

the higher frequency side than the applied frequency

(iepd @mnsgreﬁaﬁpltefrgsu%cmgt 6 ehecarmeetanfodlipe the
thi s case, edq%%curr nt | oss_becones

dgﬁﬂg Fﬁeqq$qﬂwemagnggh5 'S0 PPReRaghttqtency
F?h%%%é%érﬂ§1f%scﬁﬁ%lﬂ@eg L8 MRARELLE SOLRJRTORY 1R o

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 (pu') is high, the limit
frequency (fr) lowers, and if the initial permeability is
low, the limit frequency increases. The limit
frequencies are approximated by a straight line called a
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
used at an applied frequency of 13.56 MHz, the natural
resonance (rotation magnetic resonance) of the magnetic

core member 18 is required to be on the higher frequency.
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25 of sintered ferrite, ' and ™ becone smaller if a
sintered powder sheet nenber is used, than using a
ferrite material in a bulk state. Figs. 9 and 10 are
25 diagranms show ng the fre%uency characteristics of
perneabilities ' and " of bélk menbers and sintered
powder nenbers (four-layer |am nation nmenber to be
described later) of sanples A, B and C at three 5
conposition points shown in Fig. 8. If the applied
frequency of the antenna nDduIe 10 Is 13.56 Mz, a

f &t Ftéhﬂﬁt%ﬁ?zﬂrQﬂHﬁPEYn?%EF é@ M§6rtéﬁpéerFethe

TRARChLE,ERL S IBIBEL 18 LS AsaUTRd g be, @ piater ed

er OFT] hoggntalns €203

OffafI:ZOQ @)P 4 "”Qzlorﬁao%&spf a]rﬁi Q,tt391§3 Qmﬁ[:g'{l%atgzgg
of 11.0 to 25.0 nol%and CuO of 7.0 to 12. mol % (a

repbaagueé el stiaoge fi nde cateshhy r:tdAimdouocdaanrtbti iee in
Fig. 8). Herein, if Fe203 exceeds 49.8 nmol% '
| erepsnednd TheBeforee 208 sheasrevhesnnl the magartiz. core

% a Curje point Tc: _magneti.c transformation
pﬁlﬁﬂ%?rl bhers, B her E‘Bé ¢% rﬁ STF itRe™BERT Vi oREntS 2

If’L:LNLQ f%%?%&n%%ugengt(y% m:ﬁ' }%\@Eggpﬁggégrr&aglllty,

beconmes snual t han ence

nahyr at £§S&ftafﬂﬁ%keh:a§1@a@&%ste0 the HRableaPQiRabhai n
stabl e communi cati on characteristics. If CoOof 0.1 to

ltBewt ¥nits lportaiengt imcfersdst endcohtapear figendincéniGdex
the tenperature characteristics can be stabilized and
|ﬂ°W§r§OSS|bIe to suppress a change in the

connunl tion _ch fcter st|0§ be cal e%@?% %

{enper at't ESCHERGELEY t HE &8 eRbi FoRAETR BEoEhE

aELQHEQS greatly with a composition of constituent
elements of the ferrite material. Fig. 8 is a ternary
composition diagram of a case of NiO-ZnO-Fe03; at 9 mol$%
of Cu0 with regard to a ferrite material (bulk state)
containing Ni-Zn-Cu. It can be seen from Fig. 8 that u'
and p" of the ferrite material containing Ni-Zn-Cu become
smaller as the composition ratic of NiO is higher, and
that the natural resonance frequency can be positioned on
the higher frequency side than the applied freguency (in
this example, 13.56 MHz) of the antenna module i0. In
this case, the eddy current loss becomes dominant in the
pu" components of the magnetic material.

In a case where the magnetic core member 18 is made

of sintered ferrite, P’ and p" 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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nodul e 10. (First Exanple) 26 Antenna nodul es 10
havi ng the structure shown in Fig. 1 were manufactured
by preparing a plurality of sanples of the nagnetic
core nmenber made of a conposite material having
different types or mixture ra&tios of 5 magnetic
powders, a reciprocal Qof the loss factor and a
performance index (Q x') were cal culated on the basis
of ' and p" at the time of applying a high frequency
magnetic field (13.56 MHz), and communi cati on
disPanéBs sieprtuiiieafrsAlensy fvesctariableaht@hna
modul e state. 10 gssenbl gd | ortable informatio
erRaR) Ther e 1B B St T FeBesg 1 TR s
$25d85 AebAer (£ouXREE PR £,85UlhS kB S QWE,d N

u
Fi'g. 11 and Table 1. 277 r NMOMNMO0O o OO SJ N

Ode@clHig¥ed) 1M Y )0 sEplié&a 2,0 BN@dCO B Qnhfee ,C O O O
NMOr OOx 0." ft N'"~NNHd; HMNNx Nr O O

HoNm8as O hon pddn®s shown in Fig. 8.

If the applied frequency of the antenna module 10
is 13.56 MHz, a ferrite material containing WNi-Zn-Cu
suitable for the magnetic core member 18 is assumed to be
a sintered powder member of bulk ferrite which contains
Fe,03 of 47.0 to 49.8 mol%, NiO of 16.0 to 33.0 mel%, Zno
of 11.0 to 25.0 mol% and Cu0 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%, u' lowers, and
if Fe;0; 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 Ni0O becomes smaller than 16.1 mol%, pn"
{influence by natural resonance) increases to be unable
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 caused by a
temperature change of the use environment of the antenna
module 10.

(First Example)
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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 (Q xp') were calculated on the basis of
p' and pu" at the time of applving 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. "Nylon 12" (trade name) was used as a binder.

Experiment results are shown in Fig. 11 and Table 1.
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mO m r NNUaaUa) -H
a-) to+) -H+i NmCro N CNa) NCla O01lro
4-) mrnro Em.CCCN.C ~UFCU~U- ----- -
R 28 In Fig. 11, a height of a bar graph
of each sanple indicates a%®munication distance,
and a polygonal line indicates a perfornmance index.
In Table 1, "Coil Q' indicates a Q value of an
antenna coil and is different 5 fromQ as the
reci procal _of the loss factor. Magnetic powders used
for eachsErfbl &lni Pl "B&Ih el 3 hed BERBW D i%sfahy sample
Sa;L Ii%s éL é% Cand 4ius imaggetéc owder,s cogjgyai niar]%l.
Fe- S CAF S RaVi Fig e "8 58" cOhp ot oA " 88 P2 &% 5 1ARE
10 M s A VBN EndiECE 88 x 1M HUEELT At 05 Qi 14Gn
vol % 45 vol % and 50 vol % respectively. Sanples 2
arcdichetd ase wHgRebifCapotissma eeAllabni Nis ke SierGht
and have different Si contents of 5 wt%and 10 wt %
r égpachi gl yhe 1BcdawplaleofisEdse dmssplisatoragneti c
powder s made .of 7QCo-5Fe-| OSi - 15B (conposi tii onbEaati 0

of VVt%Magnet:Lc powders used for each sample will

LU -H
0 m

described below briefly.

Samples 1, 3 and 4 use magnetic powders containing
Fe-8i-Al having the same composition (85Fe-9.58i-5.5Al1
{wt3)) and have different mixture ratios of 40 vol%, 45
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.

Sample 6 uses amorphous magnetic powders made of
70Co-5Fe-10S1-15B (compositicn ratio of wt%).

Sample 7 uses ferrite magnetic powders made of
Fe;03 of 49.3 (mol%), NiQO of 28.9 (mol%), Zn0O 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 a higher performance index can be
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Sanple 7 uses ferrite magneti c powders made of Fe203
of 49.3 (nol%, NNO of 28.9 (nmol %, ZnO of 12.6

(mol %9 and CuO of 9.2 (nmol % . 20 As apparent from
Table 1 and Fig. 7, the conmmunication distance and
performance index are in an““approxi mately
proportional relation, and the conmmunication distance
beconmes | onger as the performance index is higher.
The conmuni cati on di stance of 100 nmor 25 |onger |is

%ured artlcularlé at thewgerfornance i ndex of 300
PPRAYREY .29 (theamipEuEs e Fr oMk H@W@Eﬁ?t%‘“ﬂ?erss&ﬁpl es

’la§ apd 4,4 hat,.a.hig Shedst anocr MNGE.,! {:‘Qe%t?mg:e%?gﬁgr

obtarned &S the mi xture ra nagneti c” po

| degehe @Hch that attheheeﬂ}@imcx%tuedex 963 300 1Qrge

hi gher can be obtained at the m xture ratio of 5960r
| dsgeend K:Begdrd Exanple) 5 Antenna nmodul es 10. shown
in Fig. 1 were manufactured by preparing a plurality
of sanpiEsreR rreulamghetiioveore Fﬂeﬁbelf waide of

t d f t t Ni - Zn- d h
S T LT ol 0 PO ey
t t

b0 3 ] R 0P8 P L0

0f\11az>@lc/m rhgma raivgigl aeaEenoit Mageet bt Ebmbehithidns6 the
MHz), and communi cati on di stances (contuni cati on
dirstapeesl D tdfe thnt tosa fadulre agtlat ke geseihiredceniadex

portable i nfornmation term nal ) were evaluated. 15
O BEXBef i MENtWS Es GRLSUAR ECS HOWT ien PTabF 0D R 3R @"~3t the

time of applying a high freguency 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.
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X s 4) Hx H-.i OHOCOa)CI ~ 1- i- UOUH
auUCOU U NOSL'H-H OJ3UMU .HSI s-I U
NN -H+4) Na) a) UU a) ml~Fa 4 Sa isro4Jro
AUU rt H31 Sanples Ato C were forned at three
points in the conposition didgramof a ferrite
material containing Ni- Zn-Cu shown in Fig. 8:
48Fe203- | 5Ni O 28Zn0O- 9CuO (Sanmple A);

48Fe2(B- 22N10- 21 ZnO 9CuQ( Sanpl e B); and 48Fe2(3-3I Ni O
5 12Zn0-9CuO (Sanple C). Sanples Ato C were

rmnuf actURRIEDY FPoE¥eER fs%"\‘ﬁﬁi altntFF@e APt NERe e

titu terials _wer hed, for_ each sanple, .
%% 051 Veiﬁaagf an8fd|sg%?%% ﬂ?t erial containing Ni

Zn- Cu shown in Fig. 8: 48Fe03-15Ni0-28Zn0-9Cu0 (Sample
A); 48Fez03-22NiQ0-21Zn0-9Cul(Sample B); and 48Fe,0;-31Nio-
122n0-9Cu0 (Sample C).

Samples A to C were manufactured by processes shown
in Fig. 12A. WNamely, 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
{polyethylene 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
involvement 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. 12B.

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 (p', u")

increases by the influence of natural resonance.
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organi c solvent to make the materials in a paste
state. 10 After a degassing process, the paste was
coated on a PET (polyethylene terephthalate) filmto
forma sheet. Thereafter, solvent conponents in the
paste was resolved and remoed by a thernal drying
process. The PET film was cut at a constant size and
then forned to be an outer 15 shape of a nagnetic core
menber, and then sintered. Next, the PET film was

peel ed off fromthe nanufactured sintered ferrite
sRedfoughir Bee of RGeSt nFeF et S hgkticatedc A Ay cation

t n 0. mm wer e an1nate wi.th invol venent
Pﬁ%%ﬁgég V?%gﬁﬁ)nﬁkter ?%e co lcat%OPhe 20

| aaRatedr SE# USd UlB VRS CONEL ef.do Wd REIneg. PPS, this
structure was forned in a size shown in Fig. 12B. As

shown i par@lde B an8anphevd has s haggeperfatidiidghndex

is also large and the performance index is as |ow as

250d afhilgngragfowra@@rcilbeddmtqm- t he appbdregl 25 Sample

fre C 13. 65 MHz), roaches the limt fre uency
LFJ h¥ ’Ejrlfst"e %Yﬁ’é’r?é@? Ep%%?éar%eda&al TRBLP0ss &

( ' sﬁgf GQ§e§sbgmLEf?%nﬁl¥ane O{ Q§§uk%|understood

r Esonance, Al't'hou e exp & i'ment Fesu

| Fdomat Bds A MAM @Rl fir rél 15 11GE cavehe LAMdMmaller
stabl e communi cati on characteristics were not able to

b@iobt ai meghetSanploes Beaber Gdtiy @ fasveryréd gferrite than
performance index 5 and a |ong comuni cation
dWéFan%é“a%echéde@b%mﬂdee of gpmppaife mpterial.

di t Tabl |.t
B R e R R ﬁﬁ%&éf‘-&?gsdoff%em%egna

tQﬂgrggtéfggkf&greplgnggisﬁx%sbghgagg .EQ a

magneti c core nmenber sintere errlte t an
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 obvicus 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 invention.

For example, in the above embodiments, description
has been made on an example of the structure of the
antenna module 10 in which the antemna 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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10 with a magnetic core nmenber nmade of conposite
material. This is apparent fromthe coil resistance
of the antenna characteristics. Fig. 13 shows the
antenna resonance frequency characteristics conparing
t he conmuni cation distances3of Sanple B and the
above-nentioned Sanple 5. 15 It can be seen that a
comuni cation di stance of Sanple B (sintered ferrite)
is longer than that of Sanple 5 (conposite nmaterial)
over _the whol e frequency range. The enbodi nents of the
prPERAEAPHY it ifoiFaRsv BN BER O e 8 Bageapdveiladd if
is obviqus that .the present. 2Q jnvention_ is not

| eREat e B ERSaPRERPE et AR 508 < H cat i ons
arpe;oegggmég e diRe WRasi $6 0f s hRink@ahBhC@horHdiought of
the present invention. For exanple, in the above
ershbditehE S(e dpSCrhpt boint ddschesn tnaderOn A exaepl e
of the structure of the 25 antenna nodule 10 in which
t hergabéanniinatisnt bgemhesl Mith the signa
processing circuit unit 16 is nounted on the base

subst r at’®e.® FRESplasERt ST vty dirrratal §p wed for the
L t 115 |
o € b e TEEER%. IRt Pty BEGRRLIRT R T

PEREAESHhAEH s GhiokmUNht FiH. i 1 NOEAt &d Ot ARAt ABAule 20
substrate (e.g., the printed circuit board 12 of the 5
pehbabl &nitiforfigtiren & enagmedicdl corknmamicas el SmMneie of

sintered ferrite is used for the nmagnetic core _
meabEered heermrttenia ookl miy shbasst puktttradd d¢ SABWAY

in Fig.dlt. I n_an_ant enna nodul e 2%3 shown in the |

f FGUPEST o liFRG FE BB & it 187 ffade™ ¥ 40 FEHEEPERT

fenbiher i snishackad PR: 8 PASGAHRILLALEd4 NAWINEG with
synthetic resin material, and a metal shield plate 19 is
adhered to a non-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,




nmount ed thereon an antenna coil (and a signa
processing circuit unit), and this stacked structure
is nolded with synthetic resin material, and a netal
shield plate 19 is adhered_to a non-conmunication
surface (lower side in Fig.3415 14) of a sealing |ayer
21. Wth this arrangenent, sintered ferrite which is
easy to be cracked and bad in handling, can be
applied easily to the magnetic core nenber. 20
IngustrialjgppLicabilit¥ As described so far,

aCEhr AP A HETRGREPTRARGT €T BRDBFEGINHhdPdsent
[ Lon,. jt.,is o] [ e .
corephrof oo e tBESTHS Fod Gon ' SREPEE I NCr o 5 i8ness
OtiebREIERANRY ioC t6RHEt NBHRRIN 5% thikat 4t ey eN@ndlred.
nodul e can be made thin and |ight. Accordingly the
antenna nodul e can be built in the housing of a
portable information terminal or the Iike at a snal
nmount space, 34 the communication performance of the
antennal nodul e disposed in the housing can be
suppressed from bei ng degraded and a target

conmuni cation distance is ensured. 35 Cains 1. An
ant enna nodul e-use magnetic core nmenber to be stacked
on an antenna coil, characterized in that: said

ant enna nodul e-use magnetic core nmenber has a 5
performance i ndex, expressed by ' x Q of 300 or

hi gher, where a reciprocal of a loss factor (tan S
expressed by a real part ' and an imaginary part " of
a conplex perneability at an applied frequency is set

as Q
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10 2. The antenna nodul e-use nmagnetic core nenber
according to claiml1, characterized in that: the
magneti c core nenber is nade of a conposite magnetic
material formed by m xing soft nagnetic powders wth
a binder. 15 3. The antenna dul e-use magnetic core
menber according to claim2, characterized in that:
said soft nagnetic powders are a crystalline or
anor phous alloy material containing Fe. 20 4. The
ant enna nodul e-use magneti ¢ core nmenber according to
cIain11 characterized i n $¥dfSsai d nagnetic core

a ferrlte materi al .

odule us IC c_{:otlc c%gr eréber 3:0 be to

enna nD u e use nmagne re ne accor

c |sa:|a@kéd shaERCE A drRd cbR 1! Natarsaidd ifeur hhechmt . erial
is formed with a material 36 conposition in which a

r esonanseid retieney moHule f 0d@tnghetivgBot & Cne@SON&ACEa
of said ferrite material is on a higher frequency
sirg& toRBAn SR Jdncbeppl cEprepegdancyt' 5 6 JIhe3ddt@ndwgher,

ij%}ele use netlc core_nenber accordin tog cIa|n15
c

58t€r’f§% Wf:allhaﬂf ashPEs 175 (FatefiaIn /4 a

bedepoyglel JBADRG Ol DU e lithe oG
reapeerod7"5 % 50, 5rei by R A
Zl’d:@m@fl_e;l1p@r1ﬁéh}:2:@.J_Qy”@lto/%tﬁnﬁbplll(é@fgeqtleﬂcg 19 & Qs o.
mol % 7. The antenna nmodul e-use magnetic core nenber
according to claim®6, characterized in that:

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 is made of a ferrite material.

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

said ferrite material is formed with a material
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said bulk ferrite contains Coo of 0.1 to 1.0 wt% 15
8. The antenna nodul e-use magnetic core nenber
according to claiml, characterized in that: said
applied frequency is 13.58 MHz. 20 9. An antenna
nodul e having a magnetic cor¥® menber stacked on a
support nenber fornmed with an antenna coil
characterized in that: said antenna nodul e has a
performance i ndex, expressed by ' x Q of 300 or
hugher where a reciprocal 25 of a loss factor (tan 5
f“pfsé>t<bi’%sjs‘éd"hd3?haar ESFOPAR e 'f%eaﬁm Hag netption

p%ﬁgnetgg §e§9 c&% Ef%gsgbﬁ%éé a%mterlggp%%ggig

uency Is se e antenna

ag¢GhdrNgrtQuadB) @1%e c6haragierd q.e'dnftrgéi‘\ﬁen%/.rmt al

shield plate is stacked on a surface of 57sa

magneti c core nenber on a side opposite to a side

facing said support nenber. 11. The antenna nodul e

aébor hPereRanatgl e imagnetiizedoF h ndwkler #gcarding
naI ng circuit unit electrically connected
sﬁﬁagﬂ % éh?é% tFrF§eﬁnh%t¥ﬁF§Jn sai d support

nerrber 50 @ ANER 0N I d

said antennal coil. a?@ %%Pqﬁ%e an#g%géggggmf frefiber

aeﬁobdulagfé@rloié:llcﬁhﬂmm@ar@@g est zed o Rot BBt g mei 4,

signal processing circuit unit is nounted on a

stinPacé bf.&did 3suppoeis nedmerorilalside2®f0 saild and

gnetl
Cu0 of 7.0 to 12.0 mols.

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

said bulk ferrite contains CoO of 0.1 to 1.0 wt%.

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

said applied frequency is 13.58 MHz.

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

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

an applied frequency is set as Q.




10

15

20

25

core nenber, and 20 said nagnetic core nenber is
formed with an opening for accommobdati ng said signha
processing circuit unit. 13. The antenna nodul e
according to claim9, char Q}erized in that said
magnetic core nenber is made’ 25 of sintered ferrite
and nolded with a synthetic resin material. 38 14. A
portabl e informati on term nal having incorporated in
a housing a support nmenber for supporting an antenna
coil, a signal processing circuit unit electrically
connected to said antenna coil and di sposed on an

. | tenna coi | and di sp: n
el R I i U e

anthagapetkal zeshireldhapl-at e stacked on said antenna
coil, said portable information term nal being

char act erneted ishithdt plsae di egreeked onre swnbere hds a
performance index, 10 expressed by ' x Q of 300 or
hiSgREr MagpetEc £I%ECcprRBeal on of Bideosprpactortg tarside
expressed by a real par " and an imaginary part " of
aéggﬁﬁpeiaﬁ%rﬁﬁﬁﬁﬂﬁq 5§m%?r'an appl i ed frequency is set

as Q
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 coil.

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 9,
characterized in that said magnetic core member is made
of sintered ferrite and molded with a synthetic resin

material.
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14. A portable information terminal having incorporated
in a housing a support member for supporting an antenna
coil, a signal processing circuit unit electrically
connected to said 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 & = p"/p') expressed by a real part
k' and an imaginary part pu" of a complex permeability at

an applied frequency is set as Q.




