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1 DESCRI PTI ON MAGNETI C CORE MEMBER, ANTENNA MODULE
AND PORTABLE COVMUNI CATI ON TERM NAL HAVING THI S 5
Technical Field The present invention relates to a
magnetic core nenber, an antenna nodule, and a
portabl e conmuni cation term nal having this, adapted
for use in ICtags using 10 RFID (Radi o Frequency

I dentification) technol ogy. Background Art
Conventional ly, as an I g %ﬂ an i dentification
tag using RFID technology ? ese are hereinafter
referred 15 to collectively as "IC tag" as well),
devi ces_are known in which an I C chip haV|n§Frecorded

i HAGVERLT &P%&%&Rfaﬁwm%sm&cmﬁp ABLE
ebefih EGAT Yorf CReaNRE HRvARe ARi€enna coil. In these

devices, It I1s configured to 1nplenent identification

or nnnitoring by transmtting an 20 electric wave of a
eter d _frequency froma transm ssion/reception

aﬁ?% D r}E“?'%'-léi:;\der/writer to the antenna coil, to

acti vateeapreeehtadinddf i hiendid te@ad ot aemagﬁé@w&idx@
stored in the I1C chip in accordance with a read

CORRRENE RS e teRN@ainadubemand &t iRPF t@ibd ot RemEpBEER T ion
2P WRNE 1 q{%ﬂ%%:%gkgg 985 &hr% % &%.Sglﬁggcﬁsmg

occurs 8EtTT e wave of the Spéc
fREﬂMeﬂtyhx:Aﬂéquennglt&ent&ﬂ@caﬁldhm cartdacdogy.
configured to be able to update the information read,
and wite history information. 30 As a conventiona
aps @nfeodRduwe for use mainly as an identification

tag, a device is available in which a 2
Conventionally, as an IC card and an identification

tag using RFID technology {(these are hereinafter referred
to collectively as "IC tag" as well), devices are known
in which an IC chip having recorded information therein
and a resonant capacitor are electrically connected to an
antenna coil. In these devices, it is configured to '
implement identification or monitoring by transmitting an
electric wave of a predetermined fregquency from a
transmission/reception antenna of a reader/writer to the
antenna coil, to activate an IC tag, and then to read the

information stored in the IC chip in accordance with a

- read command based on data communication via the electric

wave, or depending on whether or not resonance occurs

with the electric wave of the specific frequency.

- Additionally, many of IC cards are configured to be able

to update the information read, and write history
information.
As a conventional antenna module for use mainly as

an identification tag, a device is available in which a
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magneti c core nenber is inserted into an antenna coi

~fornmed by spirally winding wire in a plane, so as to

be substantially parallel to the plane of this
antenna coil (see Japanese Patent Application
Publ i cati on No. 2000 5 48152). The magnetic core
menber in this antenna nodule is nade of an anorphous
sheet or an el ectromagnetic steel strip. The magnetic
c er s jnsert LN he . antenn I.l..S

¢ BEGPE TR c o iR, o e 8 S BBt o P
afibensda opispifally aduding ¥hee tin ckiassieQf solfstbe be
entjre antenna nodul e, However, since_ the antenna

nBHAP EAREVA hy (e AdB6ve tonEhe iRRRE Infilger aRFBRRaOL!

| {Sc8BgNG A &S L thaece%!%”’ﬂg{jl o To Y IR RRONS | SHEES -

or an el'ectronmagnetic eel strip, a Qfactor usable

f 68152 pqudihel msgoktabourre O@ribidz iis thiebinieas ejodude
for a case_ of a hi freguency such as .several Miz to
20 e PATE o b P Bop RoPRERE 0 i et REROERF BrkseL
tbetipt s TRef ashakt de opsrdwRniereddy ingHit €t fnto the
occurring in the anorphous sheet or the

- ePRESRHIERHEL (SO sPebP Berspoiantialiagperpdlebriec the

. rti r i A I
EIREE ot e BB e "SR Sog’ Bl fRege e
cone emtiorepraanicinme, modnbet he ant enna nodul e di scl osed
i n Japanese Patent |'i cati on Publication No.
2000- 4888 VEL NSt S able FHEIEAFOPE BRTHY i & FoRVe-
hp &b £ SR QR iBLSELELR NRY 6Ss dmaigHR thike cBlbefehiddtd mAie
sintered ferrité has hitherto beén known as a
nefran ianambeusesbeet ugabine altedtingmaghesgdenteel . strip,

wenbertusabie e enLees. o
R R e e e S S

I cula n errirte p
| sbtteidea i, N tu@r fugeaasade A RETHiGhC Fregdnse ndeth ids
order to obtain a thin antenna coil, the magnetic

- cHEENRENDEZ ite sa¥eERt i BARS & BFgakagErer hag been an

inconvenience that its Q factor drops due to eddy
currents occurring in the amorphous sheet or the
electromagnetic steel strip of the magnetic core member.
Particularly, in recent years, IC tags using the RFID
fechnology operating at 13.56 MHz have come into practice,
and the antenna module disclosed in Japanese Patent
Application Publication No. 2000-481%52 is not usable for
tags operating in such high-frequency electric waves.

On the other hand, a sintered ferrite has hitherto
‘been known as a magnetic core member usable at high

frequencies. However, the sintered ferrite is

comparatively fragile. Particularly, when a sintered

ferrite plate is made thin for use as a magnetic core
member in order to obtain a thin antenna coil, the

magnetic core member is susceptible to breakage, thus
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-3 inposing a handling quality problemthat its actua

usabl e environnent is |imted. In order to overcone
this problem an antenna coil has been proposed which
has a relatively high rigidBty and is designed to be
usable at 5 relatively high frequencies, by formng a
magnetic core nenber of a conposite materi al

~including soft magnetic netal, annrphous or ferrite

powder ., or flak%ﬁ_ and a Iastl r.ubber

S BERELRS ph A el Bk DRI g g 388ua

209332 58dR rorketuilshe s it 8 . JapAReserPabeftercome this
Application Publication No. 2000-113142 discl oses an

anr@hhgmnomweltmﬂ §gid beafbepn aanesed which has 2
a@%ﬁ&@ﬂ&f" r‘?J 'I%ﬂwa%népiﬁé a&édc}/ V}Qe%d't%gblé" ﬁsable at

ape gnet
neab&t1VQayenﬂgﬁnﬁméqhbﬁbeeﬁ SDyaSDﬁmlnb5abmagaeahbeéor@
this antenna coil. Furthernpre, Japanese Patent

ABBFPREIPorR TWRISdAE BATREL 2 Hel nalndiRg1 6odt sBRgResi
AR Ea £ 0T SnorBHYHAGHU LY FBL 4 WifgRKRsTBLAY a

powder, which is used as a choke coil nagnetlc core

- apllaskbicherd sukge deea ZJ@panmpostatentaPppilacatien

alighed in a S50 extrusi on during extrusion
n%?gfhiﬁtﬁgbgﬁ’ Bgtgﬁggl pllcatlon Publ i cati on No.
2002- Z&Q&&e@m&@boseép@ne@@rﬁat@ﬂtahp?mlua'tn@ua

conposite nagkgtlc body in which a flat metal powder
Igu%q‘%%%@dﬂb BRO08reEB 12 @m@l%%@%ﬁ%ﬁmmmdﬂe

gg@fﬁgg aﬁgoﬁr 11T1 h@hi(‘:llfea n%e&lln ul‘:gll C{Q!Sf@fmed

e |n ormation termnal 1Tn or
shylsﬁyr&ihymwaadahgndard WDnhﬂMO}éﬂanHHzanByatﬁbaMﬂy,

ear,s, a reli bIe rat.in ironnent is
Bt MAINREIS. GREBMPROT RS oIHAALRG BESTSER 190 5t tO

l\aklz-pfﬁn@iarﬂ@ enial aﬁtéﬂna esdm of their

Furthermore, Japanese Patent Application
Publication No. Hel 11-74140 discloses a dust core
manufacturing method in which a metal powder, which is
used as a choke coil magnetic core and which is made of a
composite material, is aligned in a direction of
extrusion during extrusion molding. Japaﬁese Patent
Application Publication No. 2002-289414 discloses a
configuration using a composite magnetic body in which a
flat metal powder is pressed onto an electric wave
‘absorber for adhesion to the back or the like of a liquid
crystal of a portable information terminal in order to
satisfy a noise standard for 100-400 MHz.

By the way, in recent years, a reliable operating
environment is needed for RFID-based IC tags operating at
13.56 MHz. For example, also in terms of their

communication characteristics, the longest possible




io0

15

20

25

30

conmuni cati on characteristics, the | ongest possible
communi cation di stance, as well as a flat, wde
communi cation area for a reader/witer facing a tag
are called for. For exanplea in a case where an
article to be 5 identified is nmade of a netal, an
antenna coil used as an identification tag has an
electrically insulating spacer interposed between the

antenna, coi|] and the article in order. to avaid
i FPPHBREER B (tE SfAmicer e 2SaKELE MRS shdd@t: Mfepe
SWBhhb H 20 d0Mardn & HRANELLGF AL (B SO0RRg 10re
cases (see Japanese Patent Application Publlcat|on .
20001¢d38a2). On the other hand, since there nay be
cases where _an.antenna coi | |ncorporatﬁ £
vari ous Ccotdkr Cat i-8n? eaﬁ?%d%ﬂﬁrelﬂﬁeagﬁfg fa 80?? may
bedeasi Fyed S Affret @& Bymatd®] adh ifntRaila ceMeNukbdids an
is not the article to be identified, positioned
théﬁ@%}ﬁﬁﬁﬁﬁquwtaﬁr@éﬁ 8 9%%¢%F¥Qﬁ¥§Y'ﬂﬁ@Péaténﬁ spacer
d%{:g%é&f &S %%l QPtQJﬁi‘é SdS adherad EQtQBfe bﬂ?k
(sur or adnesi on commiini cation surface
supfeesiso fdwdidudnifGnsncae BP clesmanticdis, oand the spacer

char eristi,cs caused by a netallic body see
J'&ﬁ%ﬂ%“se‘s%’:&fﬂl PEa]P%oiﬁ RIS S i ENgeTEppin some

328943) (s U’&%&Qs&hﬁaEEHﬁtAﬁéiﬁ&‘tﬂ& ©BlB1ication No.

conmuni cation™ characteristics can be prevented by the
shP@PdL i ld2e,. 25 this also means that the

.COYTTTUI’]I Caﬁ:&_l ogﬁara i stics %q?r%h%ﬁ?gégnna c Iwhea ee

degrade to a cer aln eveFKb

Thnsgnifarem tdag 1v ilev\@ﬁi:ai:p@fateerm angiongatrtieus

conmuni cati.on characteristics, the presence of the
sFPBETYRiGAtics egULR™BRE A %%ﬁ|%ﬂR?qﬂéggPFQemFXCP%rea%&ﬂY

TRF AV &PH bhingeah L Y8t HoPy, 4 der 1401 SURBECEfe
article to be identified, positioned therearound. In

order to avoid this, there is a device in which a shield

- plate is adhered to the back (surface for adhesion) of a

communication surface to suppress fluctuations in
communication characteristics caused by a metallic body
{see Japanese Patent Application Publication No. 2002-
325013} .
Although the fluctuations in the communication
. characteristics can be prevented by the shield plate,
,thisralso means that the communication characteristics of
. the antenna coil are degraded toc a certain level by the
shield plate. Thus, from the viewpoint of enhancing the
‘communication characteristics, the presence of the shield
plate could be a serious negative factor. |
To overcome this situation, in order to suppress

‘degradation of the communication characteristics of an
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degradat.i on of the conmunication characteristics of an
5 antenna coil due to the influence of surrounding
netals, if an antenna nodule is configured such that

t he above- nentioned nmagneti & core nenber is

I nterposed between the antenna coil and the shield
plate, the shield plate can 5 be nmade to function as

if it were not present as viewed fromthe side of the
ant enna _coi | (#a anese Patent pljcation :
2664555288371 H‘é)d'TP eR& LHBREF o h SRR EH REFaLS:
stifughUbBtehRs | HKHNG: 3R 2BLENRErEQ! duct? tIREN@hHC 2687 E-
menber, and a 10 shield platé, the magnetic core
meebé i ohad t hegns tid] eoyer fagmher bbs hintdupaseidolpesveen the
alaln .19 %3161 aaprgf N3 %%Iilelgio Zég (IQ,I btl_l'Fe ! thsi.elcil late can
commni catton performince; “aRd*an ‘e eé?ronagﬁeglc

S beehdiagtd upgidtabrohspAEV €0t wage e ARisRIMAA @O0k ewed
frombeing affected by the shield plate. 15 However,
n&gRBt FBe pibferaf dder eglierea epil h&anm iPateBfe

TRERes cLos G LR 140 38baggg) coi | to exhibit the

requi red conmuni cation perfornmance are not

necessaki lan @mpansbinedwl ¢ hharaigneta dapriopéeeti esructure
regu#rgd of the n%gnetLg core nenber to Sathﬁfﬁ'tth
20761 BEH D ity FREEENEN PRI U n® FIHER T h BEEWEERPERe 219 @
aphesand prdaid, e thenshiel 8opd aledbehis, thBempagsent
situation calls for proper selection of a magnetic

cBrEfPEMDIottha fupghiopaad afowing dhemanterppofeil to
ggg{:@{@riéé 'c%%m‘&%liéggioﬁ”ég{‘f@r Qlde agalngt 1ts

omagnetic s I'Ng unctiond fromthe shield
ptatet rdimeyyEtdseghiehdéntyi dundtaisorh eeh precenichingi eke of

the above circumstances, and therefore has_an object
| BRe o L T BN 69 o Era Y e SReBAa okS o,

aﬁqd a t@é@@,%ﬁgﬂ%ﬂ&@ﬁ&&keﬁgﬁr@%me&i BE thés,
mggnetff gére member to allow the antenna coil to exhibit
the required communication performance are not
necessarily compatible with magnetic properties required
of the magnetic core member to satisfy the
electromagnetic shielding function between the antenna
coil and the shield plate. Thus, the present situation
calls for proper selection of a magnetic core member that
can trade off the communication characteristics of the
antenna coil against its electromagnetic shielding
function from the shield plate.

The present invention has been made in view of the
above circumstances, and therefore has an object to
.provide a magnetic core member, .an antenna module, and a
portable communication terminal having this, which has a
configuration capable of satisfying enhancementlof the

communication characteristics of the antenna coil, as
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30 configuration capable of satisfying enhancenent of
the comunication characteristics of the antenna
coil, as 6 well as its electromagnetic shiel ding
function fromthe shield pl&te. D sclosure of the
Invention 5 In order to achieve the above object, in
the present invention, a magnetic core nenber is
characterized in that a first surface opposed to an

SR A R A S

o@mgéldlglgﬁgferably in the magnetic core nenber, it
may be configured to nake a filling rate of a
magneti c powder in the first surface |ower than a
fid;l icﬁ%sﬁ?%eontﬁQ wggaeti ¢ powder in the second
surtace, er eby na Ing the first and second surfaces
have nagnebideprieperchieselbhdi dbeventbfecam déachhet her .
This perm,ts, in the first ,surface, to increase its

| REGFEPFOoAY SR flic@ B88PReFdSsCORdMeREnd & he

CpEMALeatl 98q diStanGea 2Rdstl Bul PSS e ¢bf age,

to obtain a sufficient el ectronagnetic function
bengreanat feihmmwha seorhdagdr face stpredaeditar € shdeld

I d
AL EBPLIE! s o RIUTL) S AUVRNL 2058 ARV e ARLALIRA ol

first sprdoaebly, aidi tRethafndel Pette teabet At Sheetbe
surface, and to align the magnetic govvder in_ the
SSEBEHQU§%@ﬂéb@ﬂHﬁ ﬁaﬁéﬂﬂépgtﬁa¥%é3 HEQPQ?&FFSCEOWder in

t Eﬁ&e?¥r§@kéﬁkgfa%$ot1%%etﬁ* EfilnaQde 5 S agegnaf the

magnetic core ave magnetic properties
dinhfeeeht Howinredoh tbehercoSii Shrader rdisreblyy pakingayhe

b Qfl red to make_ the magnetic powder in the
{ FRERC ST7Y e 4t THEPREGNBTTTE MRS H1f PG S48k ond
Sdﬁ.fﬂéﬁeltl@ £ dnf &lachnoshape, #Hi @R¥mits, in the first
surface, to increase its insulation to reduce coil loss
and extend the communication distance, and, in the second
surface, to obtain a sufficient electromagnetic function
between the antenna coil and the shield plate.

Alternatively, similar advantages may be cbtained
“if it is configured to align the magnetic powder in the
 first surface in a direction perpendicular to a sheet
surface, and to align the magnetic powder in the second
surface in parallel to the sheet surface, thereby making
the first and second surfaces of the magnetic core member
have magnetic properties different from each other.

Still aiternatively, it may be configured to make
the magnetic powder in the first surface and the magnetic
powder in the second surface to differ in shape, thereby
making the first and second surfaces of the magnetic core

member have magnetic properties different from each other.
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30 making the first and second surfaces of the
magneti c core nenber have nmagnetic properties
different fromeach other. 7 Even alternatively, if
machi ned marks are formed in7 the first surface of the
magneti c core nenber, magnetic paths in the first
surface are split by the machined nmarks, to suppress
eddy currents occurring in the first 5 surface. This
perm ts_enhancenent .of .t he, conmyni cati on. distance of .
Che. antEFih ASeFOAELREN sett PP QIRGHeMRG Enee (Tqgked in
suhEagery¢ tdudfd@ogulrathti f8gnst 16 | radeaBbagefia @bk ic
be obtained. As nentioned above, according to the
naghbsi &n cdre firgtneupéacefardesplidsdm thaveachonedi t

b S ssible to ti of .t .
BT BP0 o8P I ARER I g o' b s
asunarscéd f | ahest pehett s araghieidments bif ekHé ngodimuaciidaori on
between the antenna coil and the. shield plate., This

nekesange Rfs fh5 8EENRRNEPREL ule kW18 AR drrfy ibidgl &he

- Nayipg Y@FALQUS (GORMHDLEAE] 8P £ 18N AGhEALSL heFaltdded can

hi gh degree of freedom ©f design through arbitrary
skt eghbttainest. magnetic properties for the antenna side
and the shield side of the nmagnetic, co nmenber.. 20
Ui t hePomE Tt ARBRI SR o SRS RaG T RGN i core
COSMDG K it pbTebBAON POFaEIh N it PRebAabkepossible to
conmuni cation termnal, it becones possible to

P2 Haf enhareereBRaghetit FIMBITISCREACE BRPLRRPF tPfe the
agh £a0a, Gojsh agd g{gbf ggwufcfg;dit%ﬁmt 8h 0L PRbma Sk {us

t o ensure proper operation e equi pnent? Bri ef
Detsiog 1 guitricp rf vaic t Doawbeigeedn g:hel argeanpl anivi ewd ofhan

20Lenng modul © £ 2600rdi 09 10,2, 015 SRR RNk ehn
antenna module having varicus communication
characteristics with a high degree of freedom of design
through arbitrary selection of magnetic properties for
the antenna side and the shield side of the magnetic core
member.

Furthermore, when an antenna module having such a
configuration is incorporated in a portable communication

terminal, it becomes possible to eliminate

. electromagnetic interference between the antenna coil and

the communication terminal, and thus to ensure proper

operation of the eguipment.

Brief Description of Drawings
Fig. 1 is a plan view of an antenna module 1
according te a first embodiment of the present inventiom.
Fig. 2 is a schematic sectional view taken along a

line {2]-[2] in Fig. 1.
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30 Fig. 2 is a schematic sectional view taken along a
line [2] - [2] in Fig. 1. 8 Fig. 3 is a schematic
sectional view of a portable conmunication term nal

i ncorporating the antenna no8lule 1, show ng an
operation during communication with an external
reader/witer 5. 5 Fig. 4 is a schematic sectional
view of the portable comrunication term nal .

i ncorporating the a%gnna, nmodule 1, show ng an bl
oper at i BHE i (g S SRRERPELE | SHERL Aol PLr RapoT@Ple
t 28mRun Ok i Sh 11102200 2R SHOV ihd "L dehah MeasLs 1,
the 10 induced voltage and conmunicati on di stance of
ashaniemnen epitativona dvshpaceerewni @ tdand wikhgans is a
schgmatif sectio al.tvi ew of an antenna nodule 1 for
e%ﬁ T ngreaaseer ond “€fb3di nent of the pr esent

i nventimiy. X5 ild @& séhkfiatis Chwimildnals edewondl té ew of

an antenna nodule 1 for explaining a third enbodi nent
oPCTRRLHR c2iUniGard AR SATIFRY NG DLTSEHEFt e antenna
SRGh Va6 fon MEREME, bdrfun§¥AL86A! Ph
aﬁgg%:?‘?ﬁi'erﬁ)%ﬁ{ n%%ogg%ﬁggzonpr eséﬁ% [ nveﬁti on. Fig.
9ansexrtacheatd casedt.i onal vi ew of an antenna nodul e

1 for explaining a fifth enbodi nent of the present

i nvent i'g¥- B ¢S 20989538 ¢ % ti"&:Pi %ﬁSFggi‘éW%l%s aie
anheRPed A la@13l cShh s B D A ifdteshceXafiphe Qhitenna
Fig. 9. Fig. 11 is a schematic sectional view of an

afeEhnn Fitectless E%pFakdi ng a sixth enbodi ment  of
the pr%ﬁ%ﬂtG Hgvgnghﬂgmatic gsectional view of an antenna

module 1 for explaining a second embodiment of the
present invention.

Fig. 7 is a schematic sectional view of an antenna

~module 1 for explaining a third embodiment of the present
iﬁvention.

Fig. 8 isg a schematic sectional view of an antenna
module 1 for explaining a fourth embodiment of the
present invention.

Fig. 9 is a schematic sectional view of an antenna
module 1 for explaining a fifth embodiment of the present
invention.

Fig. 10 is a schematic sectional view of an antenna

~module 1 showing a modified example of Fig. 9.

Fig. 11 is a schematic sectiocnal view of an antenna
module 1 for explaining a sixth embodiment of the present
invention.

Fig. 12 is a schematic sectional view of an antenna
module 1 showing a modified example of Fig. 10.

Fig. 13 is a schematic sectional view showing‘a
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Fig. 12 is a schematic sectional view of an antenna
30 nodule 1 showi ng a nodified exanple of Fig. 10.
Fig. 13 is a schematic sectional view showing a 9
nodi fi ed exanpl e of the confeguration of a magnetic
core nenber. Fig. 14 is a schematic sectional view
showi ng another nodified exanple of the configuration
of the 5 nagnetic core nenber. Best Modes for
Carrying Qut t I nvention _Enbodi pents_of the present
BHERSH SFITPHR Todlfi BERTHEVEANITT (0] f BREAEELE Goore
t hemgdeawi ngs. 10 (First Enbodinent) Figs. 1 and 2
show the configuration of an antenna nodule 1
accor di lﬁfggt d4a ifs rastscéﬁm@‘dimﬁctbifoqalie vpews shpwing
|nv an view of .the an na
Fhe : dfﬁgd %%qpieagge% Tonal W ew 1 eﬁ%aﬁgﬁg a
15abh6€1&2&0re[ﬁﬁmde_Flg. 1. The antenna nndule 1
i ncludes an antenna substrate 2 having first and
second antenna coils 11, 12 formed therein, a shield
p qg&q@% e | sposed
Eé%geﬁm? quﬁienna sggsgggt%ﬁ% anof3 égghield 20
pI at e Fmbodigtemtanbénnbe spisdardt drenthionf witl bat enna

connun cat on wth a reader/witer, and

%S%‘é%%%%% e AtL c6FFeE%”‘F%rt%otrﬁﬁJ%eé‘5’t1Pgﬁ with an

IC t ag, (EYEt ambodimbé&crard, are disposed and forned
on a conmmon base film25 10. The first antenna coil 11

IS dlsﬁﬁééﬁ éﬂéﬂ@o?nﬁHO%rﬁh%iQﬂﬂﬁﬁﬂﬂ§a§99§ of an antenna
8&&1‘&“1"2&&‘8}&%”%89??? é;&beo&ﬁr?é t '5 Hpéoﬁe%&t
e second antennda col I'S dl spose or on

aﬁnvewnldnufHeEeslEbg(w.gmde.@ﬂpnsvtewtofttmE antenna

module 1, and Fig. 2 is a sectional view taken along a

line [2]-([2] in Fig. 1.
The antenna module 1 includes an antenna substrate

2 having first and second antenna coils 11, 12 formed

therein, a shield plate 3, and a magnetic core member 4

disposed between the antenna substrate 2 and the shield
plate 3.

In the antenna substrate 2, the first antenna coil
11 for communication with a reader/writer, and the secocond
antenna coil 12 for communication with an IC tag, such as
an IC card, are disposed and formed on a common base film
10. The first antenna coil 11 is disposed and formed on
a surface side (communication surface CS) of the base
film 10, and the second antenna coil 12 is disposed and
formed on an rear-surface side (a side opposite to the
communication surface CS) of the base film 10 (Fig. 2).

The base f£ilm 10 is formed of an insulating

material. The base film 10 may be formed of a material
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conmuni cation surface CS) of the base film10 (Fig.
2). 30 The base film10 is forned of an insulating
material. The base film 10 may be fornmed of a materi al
10 having rigidity (a self-supporting property) such
as a glass epoxy substrate, or a resin film having

flexibility, such as polyimde, PET (PolyEthylene

Terephthal ate), PEN (Pol yEt hyl ene Napht hal ate). 5 The
base.film 10.has coil. formng. portion_10a of . a
'BEhe PR B SRLnArBRELRELRY At BhenTre 1
agdakbeeseepnshivytiranaa eel b #dsah ef fid Meehingndlaxibility,
connecting portion 10b of a small surface area on

wEHER agrpebitisrida. FETn(RalYEehvikans f§rsorthahats) f ofEN
el j I ' with the term nation of the
fi(rgé%{’ta‘r% %ee%egr%\%%glﬁ?g‘%%ggébils 11, 12 is formed. The
ext er nafhd éramendilmcooness i angoqudr ticamibh§ peraiew 10a of
conpnected to term nals of ,air;ICchi term nal s ofa
bct 1 11

oP MEEIE (P SRS ehGaFR RBVITHCY tHRE A8 ARBORR GO

thaaeohe Qcddie ahtkfnaakbinoiz shawkorkadl t ahg Hot ed
that a reference nuneral 16 in Fig. 1 denotes an

| AoRRe¢alAarg eomtdeni Agbpoftéa oFmdbk irdece axppyon which

CHMEEL AP SLE" Sladle RPSE AR 19 L0 Y8l e

cetneed eibn ati thr etet esfhesk pasidf ame dirkbheardt ssd@id
term nal 20 connecting portion 15. Moreover, over.coat
nBRbEe Pilgadd ot 2ah®i Feumed | na'hﬁa?’é??%a]artéaré‘}%’é‘l
pESdladh lonSh 855 01 060380 LH B L0erminals of
respectlvrfcg'{]3?[?)??5;'12;)?1 2). Séacjf1 of the fti rst an?lg%%acsoi?
1dn aF@ cltie . seeondnadat emna wointel? wigimgdboafdghaving

A R B e
of a candugt hveepash£s d trdfermeicedntiiatal hes Wiltiig. 1

l ength, filmthickness, ,
denotes an interlayer connecting portion for electrically
-connecting both sides of the base film 10, through which
the first and éecond antenna coils 11, 12 are connected
at predetermined positions of the external terminal
connecting portion 15. Moreover, overcoat members 14
made of an insulatingrmaterial are also provided on both
sides of the base film 10, respectively (Fig. 2).

Each of the first antenna coil 11 and the second
antenna coil 12 is made of a conductive material which
includes a thin film of a metal such as aluminum or
copper, or a printed body of a conductive paste.

It is noted that the width, length, film thickness,
or coating thickness, to be formed, of each of the
antenna coils may be set suitably in accordance with

.communication performance required.

The first,. second antenna_coils 11, 12 are loop
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or coating thickness, to be forned, of each of the
antenna coils may be set suitably in accordance with
30 comuni cation performance required. The first,
second antenna coils 11, 12 ®re |loop 11 coils forned
by winding wire in the plane of the base film 10. The
positional relationship between the first antenna
coil 11 and the second antenna coil 12 is not

part, cuIarI l.imted,. However, ese

P AbGAPERmed Tiha Stisia ViEe ARt TLAE (F GepBass
atfiaf hBnerTheP@oiskRehak 1 Stdeafoddifpf besleant endar Loid
11. The shield plate 3 and the nagnetlc core nenber 4
aateanrtngeel h atl‘ﬁ?e t@aed@esppdsaméem@ tdpdl 12 is not

the nenna.
%ég%ﬁggﬁg%%pcor e % Fa s:L d| spo gsbe%[ ween {iﬁment,
amhenpacsub sdritairma? caid 1thesshi@bskdal afte ad ihher

shield ate 3 and the nmagnetic core nenber 4 each
aP@rf'B:P%éﬂlt%‘dc? §t §h§u5§i‘-’§ﬁt?’&¥¢r§ﬁa &qddl 1o t he

ant ennaI‘l?é"té?ltleﬁtiepgatghg gﬂaﬁh gicl Eoﬁcgrﬁgﬁb&? A

conductive 15 materi al e antenna nodule 1
[ srenbmmfmda@n |th30seqla| pp,_emliswm adea cpmmuabbetlon

ni c termn shi el d I e 3 ha

TEFTee s Ok 5PEnAREsnna) Bibfthatsnat: oTis Breds Gz sore
bﬁiéMB@ﬂ 4 hes FitpaRad pEbgbeAt end Sitd@mAndubBerate 2 and
communi cation termnal side. 20 The shield plate 3 is

f BReethbld @lgte &-nethe §hifld platiens adnd heimgeEwtic

Llymn
t heFs i, 4] SBRLAEeEBtiea N f 1P Wb AR G1a HlY
fetha hgr@rthensmtannagsohteraed Buch as, e.g., a 25

synthetjc resi erial mnt a soft. nagne omder
ona Mo BERlane kel s Th e o Fofsauér R

tﬁ&terlal and, when the antenna module 1 is 1ncorporated
into equipment such as a portable communication terminal,
the shield plate 3 has a function of preventing
electromagnetic interference between the antenna
substrate 2 side and the communication terminal side.

The shield plate 3 is formed of, e.g., a metal plate,
such as a stainless steei plate, a copper plate, an
aluminum plate.

On the other hand, the magnetic member 4 is formed

by filling an insulating material such as, e.g., a
synthetic resin material with a soft magnetic powder, and
then by machining or molding it into a sheet. As the
soft magnetic powder, Sendust (Fe-Al-Si base), permalloy
(Fe-Ni) base, amorphous (Fe-Si-Al-B base), ferrite (NiZn
ferrite, MnZn ferrite, and the like), sintered ferrite,
and the like may be usable, and selectively used in

~accordance with intended communication characteristics or
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soft magnetic powder, Sendust (Fe-Al-Si base),
permal l oy (Fe-N) base, anorphous (Fe-Si-Al-B base),
ferrite (NiZn ferrite, MizZn ferrite, and the |ike),
sintered ferrite, 30 and theldike may be usable, and
sel ectively used in accordance with intended

communi cation characteristics or 12 use. By arranging
such that the nagnetic core nenber 4 is interposed
between the antenna substrate 2 and the shield plate
3, there are advantages that degradation of 5
connunlEyuannanyﬂm@oBn&thhdUethe)mﬂgnﬁnman&gnetmember 4
|nterference‘§ ween th ant enna strate 2 ang t he

shfel BEpTREES e&él 5 .aaaen%% JErede Rafl
behyeea phecant enr reUBst! alifarc ARk td}ﬁtsme%kadat%ﬁ Sf

can be reduced. 10 Figs. 3 and 4 are schemafic

s eemneRbrati@nwpasifoamapeet 8be et e ratincaEigostier ni nal

29n£Q§f@f§Hé§'ﬂ¥%4ﬁéﬁ tﬁntgnggnﬁnxgjbsq$ tﬁnztgﬁd the
ures,” an exa Shown in- wh %e “aft enna

rmﬂmébd Ipiscais rﬂﬁﬁﬁ%el asbil@cdheasippall asc@has8Uafl gae

' de of a term nal body 21 of the portable
cg P%E

15
RRHIRFR st RS RPN SRR T aghe? tAhiThe Shagjdoplate 3

| PRI Or A fsddrerein an electronic circuit board 22,

and a battery 25. The electronic circuit board 22 has

a CPU aﬁd;sot Repndefeate mlmrmimﬁemts'ona’hevm ST \Bes
various, 20 fgn th bl e

LRREOINLS et n LOSHA AH SRO-BRLAERAS the

caﬂwma:atdcmcaf unct iwncHeo fﬁ%ul&%%f OhfidxaMpPe ds shown in
connunlcatlon network. Part of the surface side of

t Welelerimsamtisaey pedide nhaks b Groseddiaphdy seetwmer
th% Wnot %S%q%d Cﬁ%%ﬁkaldlb%g ol Mgr ERYSortable

shown ere are provide
CcoOOmuumL iRt MBamsnahciwdlng a

The terminal body 21 incorporates therein an
electronic circuit board 22, and a battery 25. The
electronic circuit board 22 has a CPU and other
electronic components. The CPU serves to control various
functions of the portable communication terminal 20 that

has an information communication function to be performed

. via a communication network. Part of the surface side of

the terminal body 21 is made up of a display section 23,
such as a liquid crystal display. Moreover, although not
shown, there are provided communicating means including a
transmission/reception antenna necessary for exchanging
information via the communication network, a control
input section, a microphone and a speaker necessary for a
telephone function, and the like.

The antenna module 1 iS-disposed.inside the

terminal body 21 with the communication surface CS of its




10

15

20

25

30

transm ssion/recepti on antenna necessary for

exchanging information via the conmunication network,
a control input section, a mcrophone and a speaker
necessary for a tel ephone fuenction, and the |like. 30
The antenna nodule 1 is disposed inside the termnal
body 21 with the communication surface CS of its 13
antenna substrate 2 facing outward. At this tinme, the
external term nal conneg¢ting portjion_15 of the antt%réna

sBBEERAR PP T A EnReEREURT PUENRED - 2Rl BOLH iy
PLgparssh {inide 2BhARRR: SYDSLEAES: A5 BTREe! Sufdhd

24 stores an I D and other various information to be
r enlds whatre thel poonabbeedonmunt cati agn ACechiipak4 20r¢pared

to co nicate wt n external reader/witer 5 via
Rt T g R bE E e TR e i 24

st or es Pk aeCeSpPLoCLEt&s HiepD Hhd prRgE aMxidey
information and the |ike necessary for reading or

wiREera t i ramabeoseatovben  theyrpesiadilgacomeunt gyt Hon

(PR ah 1Y cLNBohilific P68 Hih ) hkeobaapssary.
en the portablé communi cation term na Is to
cosaden Catiren Bhviibetkat Binst dr@drag @oiilalihe Adecond

15 antenna coil 12. In the portable c%gmruni cation

tBRHT et SHRacCoFEPRES 30 34T Qe UBotrRAt, as

S oMby Edin)Fl &ey3intBeRat hen 401 ndmal1i2Q heck8sary for
communi cate V\n_th the external reader/witer 5,
prewuding mmedritaner kaf pore i atbdned Aa 2p eEemapl 24

is_transmtted vi.a the first_antenna.coil 1
i B PRt P e PR R ) B et ey,
fwiie@s e gortpdild bymbihinidatigh adrag nkinedi o8 o this
portabl e conmuyni cation termnal 20. Mreover, as shown
i?PWW%PlQEtQMﬂéﬁhtngt%ﬁ?ﬁ¥ﬁﬂl:ﬂ? tag 6 via the secon

antenna coil 12.

In the portable communication terminal 20 according
to the present embodiment, as shown in Fig. 3, when the
terminal 20 is to communicate with the external
reader/writer 5, predetermined information stored in the
IC chip 24 is transmitted via the first antenna coil 11
of the antenna substrate 2. Hence, e.g., transportation
fares can be paid by utilizing a tag function 6f this
portable communication terminal 20.

Moreover, as shown in Fig. 4, when the terminal 20
is to communicate with the external IC tag 6,
predetermined information stored in an IC chip 6A within
the IC tag 6 is read via the second antenna coil 12 of
the antenna substrate 2. Hence, e.g., information such
as the balance for the IC tag 6 can be checked via the
display section 23 by utilizing a reader/writer function

of this portable communication terminal 20.
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25 is to communicate with the external I1C tag 6,
predeterm ned information stored in an I C chip 6A
within the ICtag 6 is read via the second antenna
coil 12 of the antenna subsi4ate 2. Hence, e.g.

i nformati on such as the balance for the 1Ctag 6 can
be checked via the 30 display section 23 by utilizing
a reader/witer function of this portable

conmuni catjon termnal 20. 14 It is nated. tha

power stppty BUred ket A8 au??V?E|$RPR#¥3qpéé&é??ﬁ?%?er

f%@.tl'lgﬂn?t bee bAdd RIY/ w23 tef shhecPok! a:mee battery 25 of
conmuni cafion termnal 20 is used. In th case, an

ortﬁewp@eda@su epmrofnidad iy Sermseabnel a!r&t eme&l 5 Bojtlkis

11 contribute t.o a re Lon of

coRsh Ry RE B 4 et Gmr gF c BT Rt F B AREP™30.
Newilknit heianiepnrmdvueelcdi spps@icding ¢ pbeer
portabl e conmmuni cation term nal 20, the shield plate 3
p@PPéPWﬁtaﬁne@%dﬂﬁbﬁﬁ&ﬁé@ﬂ@ §ﬁm@P%H?EF¥QﬂuﬁﬁﬁﬁnnBét%@en

10 the g enna ubsHEEhE,: metﬁ'!gj[éhf Bl I G5 F4E CLhd

board 22, thereby preventing ectro netlc
|pbet&blenc@mmﬂnﬂcﬂaamnthermmnahbﬁ@,cﬂhﬂnshueaﬁlpmate 3

'terntnal 20 and the antenna su

ate 2. Thi
DPEDTES AReest LPIABRET GRoe A mt-URS ) FS5aPP RgEveen

- dyhkNgn CORMAI N iitr@R eVbaahher hid r SlecthrSecendcant eppard

coils 11, 12 from adversely affecting the electronic
c??eu?he¥ﬁkwcPEEFEHWBﬂgoﬁéﬁCtr@mﬁgﬁﬁﬁwﬁ|h?ﬁ9§ﬁérﬁ§ﬁﬁer 4

has &é‘é‘ﬁtt{ﬁ’éﬁo aé)q%;g %HHRESA rlfe 'HEgﬂgSaEhﬁnthe

per or rance ntenna su s ra
sapperss i auosdretisr anagriei ¢ ErErdntisenhenaned badiveions

Ege antenna substrate 2 and the shleldﬁplatg
PAT $E5 b O HEF TG Ay aei Sﬂm‘B‘FnWPetJﬁH’g Eof&rst,

rrgaéslgd dabdrinPed8gCh i beds below Mddrdeaf erereetifg the
;%ectronlc circult board 22.

Moreover, the magnetic core member 4 has functions
of both enhancing the communication performance of the
antenna substrate 2, and suppressing electromagnetic
interference between the antenna substrate 2 and the
shield plate 3.

Details of the configuration of the magnetic core
member 4 will be described below with reference to Fig. 2.

The magnetic core member 4 has a two-layered

structure including a first layer 4A on the side of the

. antenna substrate 2, and a second layer 4B on the side of

the shield plate 3.

Each of the first layer 4A and the second layer 4B
of the magnetic core member 4 is formed by filling an
insulating material (binder) 30, such as a synthetic

resin, with a soft magnetic powder 31. The soft magnetic
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The magnetic core nmenber 4 has a two-|ayered 25
structure including a first layer 4A on the side of
the antenna substrate 2, and a second | ayer 4B on the
side of the shield plate 3.1%ach of the first |ayer
4A and the second | ayer 4B of the magnetic core
menber 4 is fornmed by filling an 30 insulating

mat eri al (binder) 30, such as a synthetic resin, with

sof.t netic r 31. sof t owder
Speiger Tontt PHFAMLPAS IR LRobte S B o
f ti 1eBgNGE | tﬁa%@éﬁi@'ﬁtﬂmeﬁsﬁﬂe agsédeysafe spEgnetic
powder 31 int present enbodi ment, needl e- shaped,
f |ne@98§hapeqw%@rfet i et p@ﬁeenerewf@im% rrwaedé‘,e-
u e f
¢ shaolR. EERE pabdd BRI pEPERN (R ik
beﬂweebetheabierst | ayer 4A and the second | ayer 4B

thereby configuring such _that a flrstjéyrface 4a n
si de 10T®pPss F §56 T ETRATLRFRL s gkt rdtle 12 %anEte of 'tiie

S%%@Bdm§%ﬁé@£@ pdRadN 38 3:0828PPOS &8 £1Q:41 R 1SRkl ehe
plate 3 have magnetic properties different from each

ofhzpt layvehetimgrkithe seopadnbiper 4B, Thereby,

amouat s | of t he gsof n r.31 for iLlIling
PRl Suing Tt e T i St P hy S AR e B4d8nd

| aiépbsé@ 1Scblctfhé hait drive fshblstﬁ@té at Qarmf ai heceafit surface
naggetlc powder 31 in the first surface 4a_becones

| 8ReP™ & haH] IPHISed 4§ Faﬁeslaﬂfelc%@lsactﬁ 3rdigiet pagnetic

g%ﬁéré” éfhlﬂfé%e%%c%}gmsé , it tt?l% magRetic

re menper 4. 20 As a resu I's configuration,

| porbemé¢mbest 4 | ayer 4A where the f||||ng rate of the
Soft TSI, BRWSt s3he! tnd Wy iR ARUEAIALE 51 for

filling are adjusted for the first layer 4A and the
second layer 4B such that the filling rate of the soft
‘magnetic powder 31 in the first surface 4a becomes lower
than the filling rate of the soft magnetic powder 31 in
the second surface 4b, in the magnetic core member 4.

_ As a result of this configuration, in the first
layer 42 where the filling rate of.the soft magnetic
~powder 31 is lower, the insulating material 30 takes up a
relatively large presence due to the lower filling rate
of the soft magnetic powder 31, and thus insulation in
the first surface 4a is increased. As a result,
occurrence of eddy currents in the first surface 4a is
suppressed to facilitate flow of currents induced in the
‘antenna coil 11 (12), and hence to reduce coil loss
(increase the Q@ factor).  Therefore, a voltage induced in
the antenna coil 11 (12) is increased to increase power

to be supplied to the IC chip 24, thereby extending the




10

- 15

- 20

25

30

relatively |arge presence due to the lower filling
rate of the soft nmagnetic powder 31, and thus
insulation in 25 the first surface 4a is increased. As
a result, occurrence of eddy currents in the first
surface 4a is suppressed to facilitate fl ow of
currents induced in the antenna coil 11 (12), and
hence to reduce coil loss (increase the Q factor)

Therefore, a voltage induced in 30 the antenna coiI'11
( FOYMPRL PRIy é%?qene el P natQ?#i?'supplied to

the |1 C gty p 24ndWaerabyrexiensiditig MRt a0rRHENG Cad d Y
di stance of the antenna coils. Fig. 5 shows the

r dbat foeeht prenstessat ingethef sleaxpnegmfamegenance; it is
representin he sharpness.of _re ance: it i
oPRRFRF e Pohis il 6 SRR 3t R R ke Pdteda o

VObl 8gge a4l crmmiitiication distanee of aan aatkanaacedl lof
of a typical contactless IC card. It is seen from
FRgtyBicahfortpctlsisEade torde Jlppri E68°LoTFPR FAT i p
a I t i j i ' SgsWid h
R R A B (e Y Pl
othercdramdyidatitdne dietande | iyereak® whdihe inkgeagingi®g
rate of the soft magnetic powder 31 is higher,

e???%?%n Rﬂ%l?qﬁﬁpgﬁ FRelshield plate 3 is covered

W th tde csef briBgnahhg, Povwdale 3kcbad bl ki-ngs bacoreshe

high, and thus the el ectromagnetic shielding function
bét Wity el fakhenfalsupaaneric poxdeTt Ré 3R eigher,

p e 3 c t i,on .0 {th
C%?nirh%]iec a‘ﬁ{] c‘fﬁ %hp 21?1 %?rrgﬁ% e%deﬁﬁ g{l}%{% e r? n g Sc: %P{?‘gfﬁ% , Wlltz
cale hernbe rzenetddupedde b3 Bofker ,£idd ivigeedofhesnhidie, and

antenna coils 11, 12, .20 the filli rate of the sq{t
RGBT FHRRGECIRITRCE s h Ui S 148 PSCHPEh, e
anf e SfdsvrRgRebl an@oMEersBik1d plate 3 can be
enhanced, and degradation of the communication
performance of the antenna coils 11, 12 can hence be
reduced.

Moreover, as viewed from the antenna coils 11, 12,
the filling rate of the soft magnetic powder 31 in the
second layer 4B is high, and the soft-magnetic powder 31
is aligned in a direction of magnetization, facilitating
passage of magnetic flux through the.layer 4B
(permeability is high). This increases the inductances
of the antenna coils 11, 12, thereby enhancing the
communication distance.

As mentioned above, according to the present
embodiment, the filling rate of the soft magnetic powder
31 in'the first surface 4a is made lower than the f£illing
rate of the soft magnetic powder 31 in the second surface

4b, in the magnetic core member 4, to provide a structure
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is aligned in a direction of nmagnetization,
facilitating passage of magnetic flux through the

| ayer 4B (perneability is high) . This increases the
i nductances 25 of the anterida coils 11, 12, thereby
enhanci ng the comuni cation distance. As nentioned
above, according to the present enbodinent, the
filling rate of the soft nagnetic powder 31 in the

fi,rst. surface 4a is de r n the fil

 4PVBTR (S i A e PRI S ietre 20 BONA
sHabaeeic 4bro ékﬂﬂé% RAGFeLb6 L COrem NEBAREothel. 0 PhEVESSTe,
a structure in which the first and second surfaces

44t hecemse pPoREgide Eopippienell enlignmeswntt pSntBach
OE S&unlé‘aeng eérfr sta'ntcebg‘fogﬁé 2008 dﬂs%otl‘is gg',fggptas

ancene conmuni cat 1 on tance
anéemnascmbﬂainih,shZflaseﬁtmelécEMbmﬁgnmtﬁcashméiath@nt
el ectromagneti c shleldlng function between
aﬁtle%h%gﬁ*qweff the aREeTAR <Pkt dl-plat @né UP‘F plield
nggggetyat the magnetic core nenber 4 having the
above configuration may be forned, e.g., of a 10
| ami nat®ed ifsi netkdvihgt atlpe uragriabicoicoreanembgr &8 having

netlc coa terial for formng the figrst |ayer

ARE e RanaBREogR: gy it AT o8 Bor PRt he
sm@ﬁ@h&ayehlﬁBhanhgba plhekl gy drGAeki 6fShegignetic
formed of the first layer 4A and a magnetic sheet

f ePretRDMatfeisgdcbay FayBinag-hes figHdt heyer) tAjand a
fHé%ﬁE%lé“Hé%}ﬂh 3%aEQ§1£ilkb%‘k#fﬂ%ﬁgthEhgecéﬂétlayer 4B,

eti'c powder I'n each rst, secon
Iayebﬁ stA ckiBg 8 magneblbesh&&tuﬁﬂnmedebfneue DuISthayer

be se suitablx accordance with factor such
(PR SO SR LBr BREFE | ST [¥ed s GRFORE KFAE:
shefeshe¥, the

It is further noted that the f£illing rate of the
‘soft magnetic powder 31 in each of the first, second
layers 4A, 4B is not to be uniqueiy defined, but may be
set suitably in accordance with factors, such as the
magnetic properties derived from the kind, shape, or the
like of a magnetic powder to be used, thé required
communication performance of the antenna coils, and the
like.

Furthermore, the soft magnetic powders 31 used for
the first, second layers 4A, 4B are not limited to the
same kind, but may be of different kinds as well.

(Second Embodiment)

Referring next to Fig. 6, the configuration of an
antenna module in a second embodiment of the present
invention will be described. Note that in the figure,

portions corresponding to those of the first embodiment
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“forne

i ke of a magnetic powder to be used, the required
comruni cati on performance of the antenna coils, and
the like. Furthernore, the soft magnetic powders 31
used for 25 the first, secarsl | ayers 4A, 4B are not
limted to the sanme kind, but may be of different
kinds as well. (Second Enbodi nent) Referring next to
Fig. 6, the configuration of an antenna nodule in a

second enbodi nment of the present 30 invention wll be
d@ser feReteddte thrartamR FRECFERTR SYTqNSri gRe that their

CAEEESPOR did\h 1 iReSe 20k bBLfdg St enbodi ment 18 are
denoted by the Sanme reference synbols, and that their

det ai | ¢ mapwEtiipt cons mewberi 42 éthrmdngagneantesoa enodule

mber 42. form ng an_ant enna nodul e according to
[ Roasretdins o dhenprate ol ety ha S tipl Ravfres
i Bekudt e a ddinstingayeri42A Daydha s ¢ eheaniast efnan
substrate 2 and a second | ayer 42B on the side of  a
sANEpEND| s tyratpaehapd ﬁh§e$@¢%thﬁfﬁeﬁ2§2AFaﬁHetﬁéde of

sec r...42B of the magnetic core nenber 42 is.
§ Qﬂ%jb@%ﬁﬁtle % .

f Ing 10 an insulating material (binder)
30, suddadds o syat hktrsc Iepem, 428 bindatbef seocumgmhetaywer

owder_31. The soft nagnhetic owder 31 is i gned. .
o759 e, e Lo rothr herteet 147 e tprudnpy “EEf1ing

eghoths®Nciny Makabh}1t opiAboMe- stRAt hangdsfhEBétic
embodi ment, the filling rate of the soft 15 nagnetic
pooRiar, 3ths angeétt vagnetee pretdesend t-heThe raefly gaemetic
42A and f.he second l.ayer_4 t hereb fi '
S e i L R RN o
subst r aire theapdesese cansbdindmce sAnblapppsed tioe tdleove-

shield plate 3, of the magnetic cqre nenber 42 have
mentioned first embodiment, the filling rate of the soft
magnetic powder 31 is made to differ between the first
layer 42A and the second layer 42B, thereby configuring
such that a first surface 42a opposed to the antenna
- substrate 2 and a second surface 42b opposed to the
gshield plate 3, of the magnetic core member 42 have
magnetic properties different from each other.
| That is, amounts of the soft magnetid powder 31 for
filling are adjusted for the first layer 42A and the
second layer 42B such that the filling rate of the soft
magnetic powder 31 in the first surface 42a becomes lower
than the filling rate of the soft magnetic powder 31 in
the second surface 42b, in the magnetic core member 42.
Now, in the present embodiment, the first layer 42A
has a composite layer configuration including a plurality
of insulating layers 32 and magnetic layers 33 each being
laminated alternately one upon another, thereby making

its filling rate of the soft magnetic powder 31 lower
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20 magnetic properties different fromeach other. That
is, anmounts of the soft nagnetic powder 31 for

filling are adjusted for the first layer 42A and the
second | ayer 42B such that the filling rate of the
soft magnetic powder 31 in the first surface 42a
becones lower 25 than the filling rate of the soft
magneti ¢ powder 31 in the second surface 42b, in the.

neti or nber 4 Now, in the present,
B FERE, OF HERT |38t bR eaoALRas IhesORGOEFE Tayer 33
canf ifgumabi BY £ Ul RGhed iBLUIALILY mPfed NBULR kAGH the
| ayers 32 and magnetic |ayers 33 each being 30
| &eifhataenari@rpeitddsy 3dne upon anot her, thereby making

its fi lﬁ%hn%tf%%@ﬁ%ft tp:%igog n nlgti.c owder_, 31 _l ower

19 than e second ay1 © hénnﬁaﬁeF%ES

| Aperr382aishdos matk B 1flihki rgté hef i sl YA Gagakes bal
30 with the, soft magnetic powder 31. As a result of

t RP¥AEBNF T gtf AGHRE . ither RBSPLREING gnatgrda il 3R kpkee up a

the1hthleng TAK Yrelbecaohlic r@%gﬁ{é Clovfé@"%ﬁl%i‘xgi Pate

|l ower, the insulating nmateria takes up a
r efatheet9ft avagmepicspowdedudlt candhecHumperinfullbingn in

r of the soft neti ¢ powder. 31, and thus
| BhE sPran Hartace, TR Ob' ToPreidananroti rerilbed. As
aotestiténced OO eieeent s eodyr el rfigts sukrhhe firsd
surface 4a_is suppressed to facilitate flow of

citPRrRSSshdreddciditpbe fhtermia avitents dndpcednin the
h u Lh | I ncr . aC .
Thar eTer SR i (2 | AT nep AR AR RelTCASE 1)
(12pcreasanditmaedatoorncr daseefone; A5vobtdes sitphldesd in

R B3 Y 0 U1 e e
otbee NaMp1ilda thecnecen dcﬂﬂ?@/ 4 ,43:%e%%¥f3 exEQﬁdiﬁé; | d g
rate of the soft magnetic powder 31 is higher,
communication distance of the antenna coils.
| On the other hand, in the second layer 42B where
‘the filling rate of the soft magnetic powder 31 is higher,
efficiency with which the shield plate 3 is covered with
the soft magnetic powder 31 for filling becomes high, and
thus the electromagnetic shielding function between the
antenna substrate 2 and the shield plate 3 can be
enhanced, and degradation of the communication
performance of the antenna coils 11, 12 can hence be
reduced.

Moreover, as viewed from the antenna coils 11, 12,
the filling rate of the soft magnetic powder 31 in the

second layer 4B is higher, and the soft magnetic powder

31 is aligned in a direction of magnetization,

facilitating passage of magnetic flux through the layer

42B (permeability is high). This increases the
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efficiency with which the shield plate 3 is covered
wth 20 the soft nagnetic powder 31 for filling
beconmes high, and thus the el ectronagnetic shi el di ng
function between the antenn@ substrate 2 and the
shield plate 3 can be enhanced, and degradati on of

t he comuni cation performance of the antenna coils
11, 12 can hence be 25 reduced. Moreover, as vi ewed

fr.omthe_anten coi 11, 12 t he f||||n te of

t B Rn RS Ok T SiePng: CPRLEhLL: chborPaTEDY 4B i s
hiigheemeaddng r@'ll’ﬁéﬁderr@&ﬂn et €End O&‘Qﬁﬁunfébﬂl%naldhgﬂﬁﬂcé n
a direction of magnetization, 30 facilitating passage

of magn®$ i ketlipnech gy, tﬁ@cqna@iemg tuphepprasadt | ity
h h

gﬁggh%ghgggk'éq%Qﬁfgﬁighg%g 89|£ ?%&hﬁ?%@éngglg sowder

eahamnenhetfiﬁsﬂInmrﬁaﬁﬁunzaaisomadbshﬂnﬁethéa the

n%niloned above, according to the present enbodi nent,
t hé H’PQ.E@‘C? eﬁfetélﬁ Fﬁgtsﬁﬁfnﬁ‘éﬁﬁeﬁ?“@e&o\ﬁ&eﬁn 5hg1se@ond
tBgrkhests ﬁyrEﬁ?%h@zﬁa?ﬁeﬂ§gec69@ﬁ&aﬁﬂﬁn4bhet8'b%b@ﬂde a

rate of the soft magnefic powder 31 in the'second
s@kfackeurepin iwhitche thaghérse aund csemmisesugZaces 42a, 42b

id structure i, N i the first an
PREVL (Badhesitd §5benstls BLERI IR, ol eR08 SFRPET ont
f TRerehshe OtthElbecheEhpd5§:§ﬂBEe td ﬂ(iﬂ@maﬁtp@ﬁﬁmb&@né&
inPIenent enhancenent . of the communi cation distance
ofLt Hee FREHHY cesitpg distance of tiig ankenpg epibenih 12,

ﬁéfd:é‘ifrﬁs &l Leharpone uffhéﬂlﬁée%sﬁf%%gﬁgfaa{ghg&get ween

e antenna coils 11, 1 ate
Fﬂhi¢&dxng%£unmmaondbagweentthﬁ;Hnﬁanna emmmdlnkntlz aﬂda

II| e_of the soft magnetic powder 31 in the
?%trﬁéﬁéﬁ PAZKEof -t he magneti c core nmenber 42 can be

Furthermore, according to the present embodiment,

- the filling rate of the soft mégnetic powder 31 in the
first layer 422 of the magnetic core member 42 can be
adjusted arbitrarily by the thickness and the number of
laminated layers of the insulating layers 33, and thus
the magnetic layers 33 can be made to have the same
configuration as the second layer 42B,.

It is noted that the first layer 42A of the
magnetic core member 42 having the above configuration
may be formed of, e.g., a laminated film having a
plurality of coats of a coating material for forming the
insulating layers 32 and a magnetic coating material for
forming the magnetic layers 33.

"It is further noted that the filling rate of the
soft magnetic powder 31 in each of the first, second
layers 427, 42B is not to be uniquely defined, but may be

set suitably in accordance with factors, such as the
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'adjusfed arbitrarily by the thickness and the nunber

of lamnated |layers of the insulating |ayers 33, and
thus 20 the magnetic | ayers 33 can be nmade to have the
same configuration as the s2tond | ayer 42B. It is

noted that the first |layer 42A of the nmagnetic core
menber 42 having the above configuration nmay be

formed of, e.g., a lamnated filmhaving a 25

plurality of coats of.a.coatin erial_ for formng
e e T
Matigel alf hOokhagh®f 18 bwddie tERBBehbE11&Y elthe3eguli red
further noted that the filling rate of the soft
mEGRENE Cpbhee resaf Quna@seh obf thReanterne apdendand the

| guers 42A, 42B is not to be uniquely defined, but may
bé "set suitably in accordance with factors, such as
the 21 fugivd iEmbprddpent)es derived fromthe kind,

shape, or the _like of a magnetic, powder to be

appl i ed™ ¥ he’ rEfS &8¢ EORMIATERTTIh PePfForRbREB2 ofodule
the antRNPE SRbdBimedtd Jrhenkl KBesere (IMVdrt ikmROOT Frery )
Fig. 7 shows the configuration of an antenna nodul e

i mogethihat ebbodindiigugk  t herpiesentoiraapending o those

not.e h in the fi re, rtions..cor.respondin o)
[ Bectnd [fboydlddift il 4,01 LSO R SHRONEAFh Oy

denet egmbyrdfkAdires agmbbeker gne ecisytriesr a@rdat hat
their detailed descriptions are omtted. A magnetic

c OPECHERbEI 9 4% Hik§Sdn ant enna nodule 1 accor di ng
to the present ;embgdl MRk, HAs, dﬂiﬂr%é%%?gntéfi{%éﬂ%éﬁ@le

including a first layer 43A on the si an
adt enpardimstrattdie? pardent sevbodinenytehadB oot haysied

f%grﬁc§9£§'f£é¥éﬁf%g3a %%%Qtoia§gg lgﬁsgﬁlt%%egiégAbgngn
-antenna substrate 2 and a second layer 43B on the side of
a shield plate 3. Each of the first layer 43A and the
second layer 43R of the magnetic core member 43 is formed
by filling an insulating material (binder} 30, such as a
synthetic resin, with a soft magnetic powder 31.

In the present embodiment, the soft magnetic
powders 31 in a first surface 43a opposed to the antenna
substrate 2 and a second surface 43b opposed to the
shield plate 3, of the magnetic core member 43, are
aligned differently from each other, thereby configuring
such that the first, second surfaces 43a, 43b have
magnetic properties different from each other.

That is, the soft magnetic powder 31 in the first
surface 43a of the magnetic core member 43 is aligned in
a direction perpendicular to the sheet surface, whereas
the soft magnetic powder 31 in the second surface 43b ig

aligned parallel to the sheet surface.
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second | ayer 43B of the magnetic core nenber 43 is
formed by filling an insulating material (binder) 30,
such as a synthetic resin, with a soft magnetic

powder 31. 20 In the present2znbodi nent, the soft
magnetic powders 31 in a first surface 43a opposed to
the antenna substrate 2 and a second surface 43b
opposed to the shield plate 3, of the magnetic core
menber 43, are _aligned differently from,each ofher

{ her ebyA S dhi TG mg T2 BB RO A ARG r 4p. EBECBHEFE
syriacesz A3meABRRAve s t”ﬁgﬁﬁé tfc BSaRet i:as idi Bheggad in
fromeach other. That is, the soft magnetic powder 31

i B dheetiicn pewmdmadeudan bd tihe shrpletduriasee mhabeeft
43 is aligned.in_a.directio r pendi.cul.ar .t o e
SReufe iy AR a0 a5 REE5PRE BB shoshersune

| AitBet 566w 6 Wirkee i48bok Smaqhégined: ipar ah el to the
sheet surface. 22 As a result of this configuration,

i fleaeronrgretigyeves3genpered Hy ddit AGRER Eopdidkt-

31,iseali i LELECL} i h
crRer PR SReGpbE R SRR S el B

sibgemnd3ial | gonsetthenshye 3 dieceoeisopoasikhldi rectxtemd
of nagnetizatiqn by, el ectromagneti c waves gener at ed

byPE NECURE A 18 F48131°€ 12 facilitating passage of

magnet ign fdHeX dehkeuaind hein laxersA3Na Cagsequenfly, it
becomes possible to extend the comunication .
deEfbmkencyl ovigh whacht Rbe lakrild i altse 3sd€oRavea§ervith

colie a8 s FRE S e PRt 7 Songa BetpRed highy pod
beloseshdi gl ctamthaghbusct kel &l diatg dhagndonc behweexli tige

function between the antenna substrate 2 and the
sﬁ?%@%Piﬂ%HQ§??%E§n2b@n§5t%ﬁﬁﬂﬁﬁéﬁfF&ﬁﬁedégFﬁaa Fon of

t BENLOMERINI LR Iy radation of the communication
-performance of the antenna coils 11, 12 can hence be
reduced.

Moreover, as viewed from the antenna coils 11, 12,
the soft magnetic powder 31 in the second layer 43B is
aligned in a direction parallel to the sheet surface, the
soft magnetic powder 31 is aligned substantially in the

same direction as a direction of looping the

- electromagnetic waves generated by the antenna coils 11,

12, facilitating passage of magnetic flux through the
layer 43B, which thus contributes to enhancing the
communication distance of the antenna coils 11, 12.

- As mentioned above, according to the present
embodiment, the soft magnetic powdexr 31 is aligned in a
direction perpendicular to the sheet surface in the first
‘surface 43a, and the soft magnetic powder 31 is aligned

in a direction parallel to the sheet surface in the .
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performance of the antenna coils 11, 12 can hence be
reduced. Moreover, as viewed fromthe antenna coils
11, 12, the soft magnetic powder 31 in the second

| ayer 43B is 20 aligned in a28lirection parallel to the
sheet surface, the soft nmagnetic powder 31 is aligned
substantially in the sane direction as a direction of
| oopi ng the el ectronmagnetic waves generated by the
antenna coils 11 12, facilitatin assage of

e SR ERCF n B it e BeeRsERC 4887S RURT s tO
C@Haviiaet asstouephanGimanike +BeMIVALE AP Lligtigance
of the antenna coils 11, 12. As nentioned above,
aceBEara§ ¢d2t hedlyriasenmagnssdrnenepertiees olitf feggnst Erom

p r .S j LN directi. rpendicular to

PRACE otfiek? MGUBAALR B £ ISSLOR LEDIRTIERAL |

t kehsoftemangnef | the attmundtat $oal dgeesthdd o diheeahtenna
arallel to the sheet surface in the 23 second surface

2§I8,1 Pntthelfmgtfeti®! lcGfe tRefBER 1R $HFEisti6Rtde a
Skh et BeRad e Mk Cghitéi%liﬁltgr §ﬁn§???1§ AL erP Lghfeagﬁtﬁ.eﬁﬁg’

43b have nagnetic properties erent from eac
ocheéls Ther®f crrel tihe isbipddspbhieetd. i npl enent 5

ant ennat® ot pete th8THEe U SRR, R the
stibfhet PAtcord erineragBehheisdi Ehdli dbdelrShirogubet ¥6&en
the antenna coils 11, 12 and the shield plate 3. It

| SaRoPRd- R (WEH {thet FhgerozMasmatie POWARENEE C
v R, R PRt b oA G L OBy B
i-Aorhinglia ecititomsihgwa magbéiei d | guateiry magegial for
(PR (e (AT ayEr B9h M CIRES ey Dby Sedy

- hardening the film while externally magnetizing the film
~in a direction perpendicular to the sheet surface.

(Fourth Embodiment)

Fig. 8 shows the configuration of an antenna module
in a fourth embodiment of the present invention. It is
noted that in the figure, portions corresponding to those
of the above-mentioned first embodiment are denoted by
the same reference symbolg, and that their detailed
descriptions are omitted.

A magnetic core member 44 forming an antenna module
1 according to the present embodiment has a two-layered
‘structure including a first layer 44A on the side of an
antenna substrate 2 and a second layer 44B on the side of
a shield plate 3. The first layer 44A and the second
iaYer 44B of the magnetic core member 44 are formed by

filling an insulating material (binder) 30, such as a

synthetic resin, with a soft magnetic powder 31A and a
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15 hardening the filmwhile externally magnetizing the
film in a direction perpendicular to the sheet
surface. (Fourth Enbodinment) Fig. 8 shows the
configuration of an antennazaodule in a fourth

enbodi ment of the present invention. It is 20.noted
that in the figure, portions corresponding to those of
t he above-nentioned first enbodi nent are denoted by

the sane reference synbol % and that thei rﬁget ail ed
dBSEY RIS aReVORTt £ 48, (R FRGIROSSCoPE freftber 44
f?éﬂi@lé‘;ﬂ AMeRRRAAREW, e  ERRhl oRCERELE NEo£10 ddifhetic
pfesent enbodi nent has a two-layered structure
| povdelrs1p 1R .f i3t ibagdigddd pardlielsitde tbe gheetndenkace -
substrate 2 and _a second | ayer B_o i f .
ahi el d sty naRBEE T o Ahe a2 18 LSO aBgptic
| sy@de 4 4R Dfarchaimagpeht Cr £6h eedBiRehed4 iar ehhpe meghdby
30 filling an insulating material (binder) 30, such as
afosyint dhiec figsitn, sarend ol aetys effB Bbwefae LT

g iC dey . (. 0 fo
et HscTRIBEh, o B R Y B R BB EE e 1
negmetduredpeuetdr shatAa BilBst sswifiageed 4pacppbedd tioo tiHe

sheet surface. The_soft nmagneti %%ﬁder %‘»1 and th e
STty RSE T a5 S pAunEe? B 1 ‘%Prlﬁi(?i BFEBNt *Pr IR LETH =°
ot hersiit1shaR8cedBdnhye hENG Phepbirtsts SEEANKENE

| ayers 44A, 44B of the soft nmgnetic powders 31A, 31B
hixom eadiltf foehent shapes magngtsic copki BENBETstkh that a

and o Sondis (PEEEAH chpsianeph 1 GAf ot Mgl

and a Second sur opposé

- phbede3 shav €ctraghzl L ig ptiopefidas 1diykies ent has ransmesich

other, .in the magnetic core nenber 44. Now, in the

prsertl S BalrTERL (St Rer sHE M dEEE) - pbRABYFPRESET or
foddiNGEdde Jri baliy! ayeredA hasiR $9BkL surface 44a to

‘facilitate flow of currents induced in the antenna coils
11, 12, and to reduce coil loss. This permits
enhancement of the Q factor of the antenna coils 11, 12,
and extension of their communication distance.

On the other hand, the soft magnetic powder 31B for
filling the second 1éyer 44B hags a large particle
diameter (e.g., 60 pm or more), to enhance the
permeability of the second surface 44b and enhance the
electromagnetic shielding function between the antenna
substrate 2 and the shield plate 3, and also to
facilitate passage of magnetic flux generated by the
antenna coils 11, 12 through the surface 44b to enhance
the communication distance.

It is noted that, as shown in the figure, the
filling rate of the soft magnetic powder is made to

differ between the first, second layers 44A, 44B as in
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particle dianmeter (e.g., 40 umor less), to suppress
15 occurrence of eddy currents in the first surface
44a to facilitate flow of currents induced in the

antenna coils 11, 12, and t2% reduce coil loss. This
permts enhancenent of the Q factor of the antenna

‘coils 11, 12, and extension of their conmunication

di stance. 20 On the other hand, the soft magnetic

r. 31B for . fil he see ond
PERE el i e ng L PSP o G Faoay g frte of
ephanssr %gxﬁ%rlﬁgawhékya,ﬂi t hayss eGand ngui-haseofdhe
and enhance 't he ectronmagneti c shielding function

bépﬁkenﬁstrtﬁetlemmvﬂ&r251§hbswiatﬂes noand@ot he dhméred
a to | e, pas magneti c
f#ﬁégﬁg%éragggoggrth% an]éﬁagkcgg?s§%%$1€%dthrough

themmmﬁidﬂnioﬁ4@e&&oemhaa@e thd@arailel dakineber of the
di st ance. is noted that, as shown in the figure,

tﬁ‘éft geﬁqr}qqa%gowéﬁé 3iA(He 5 (EiRsindaveTpsifieray e

Brfid kebnbehwepn t & d idiSiersecordhayssse 44A,
44B as In 25 the above-nentioned first enbodi nent (the

fiagnetgia gowdelr 38Reisothe negyretd dayewdéAB31A < the
fllllnqgé%%ﬁng ng%% ft magneti ¢ powder 31B), but is

not to Fet 0. Mor eover, dependi ng on the

requiredgh 9OBRUWECEhd Oébﬂﬁrgf&hmeﬁeoftaﬁ Pafdired érodule
di ameter of the soft magnetic powder 31A in the first
| 5y et f@zﬁ,&hw&ylbﬁélmﬁﬁﬁ eOf alfitfe PREFEATL H@VEBF%P’&F e Note

SR 36, iu5e!LoofRRIR GneiBhalih LB Lt o
ttha(ahdwqgmeatuonedffanszu&mhudimmmﬂuhEe danatédfbi1the
enbodi t of the fsen ‘#ﬁptlgﬁ e 1£h3t in the
1 & e 155PTFanEYEbP e iissdebr
descriptions are omitted.

A magnetic core member 45 forming an antenna module
1 according to the present embodiment is formed by
filling an insulating material {(binder) 30, such as a
synthetic resin, with a soft magnetic powder 31. Flat
magnetic particles are used as the soft magnetic powder
31, and are aligned pafallel to the sheet surface.

The magnetic core member 45 is formed such that a
first surface 45a opposed to an antenna substrate 2 has
machined marks formed therein, thereby configuring such
that the first surface and a flat second surface 45b on a
side opposed to a shield plate 3 have magnetic properties
different from each other. In the present embodiment,
the above-mentioned machined marks are substantially V-
shaped slits 35A arranged in a matrix-shaped or grill-
shaped pattern over the first surface 45a of the magnetic

core member 45.
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t he above-nentioned first enbodi nent are denoted by
the sane reference synbols, and that their detail ed
15 descriptions are omtted. A nagnetic core nmenber 45
form ng an antenna nodul e 12@ccording to the present
enbodi ment is formed by filling an insulating
material (binder) 30, such as a synthetic resin, with
a soft nmagnetic powder 31. Flat 20 magnetic particles

ol | onod AT S 165 RATEReLtA S 1 aiee HFRS UBRBET c1o2

Coffe tABMaginddi ¢ Sedr@r medbeuchs| hadg@et fd rp%lth%u rhaeRe
45a ogposed to an antenna substrate 2 has machined
n&iKSTf SRAERCE HEreiaxe SRéiEby YT PGITIEg SuBRreSsidmiof

{ gcméﬁcé%fae% i eggalt?t oEE % SHIIAcR é%btﬁg a

e opposed to e nagnetic
pmegnetlescothMGMb@ntdheonbeahh Déhett idm cfthehpr msenétic
enbo t he above-nenti oned machi ned narks are

SBBCRENt o TSP X aenEd SPRY SCSSuenh Laksed R 5 Tosult,

MahEhXa 81@Peth Mhedieikkt 30ushaped RALILIRRANEEA! hsnd also
first surface 45a of the magnetic core menber . 26

Bﬁlmrﬁf mpteats iindugsA in tiwe atntre;'mas@pﬂéeelzlsalz ofs
m 45
{ PETRINSAS (3 HPTE R P TRANC b PR bRt 880 s

oénhatest)r enarl ot eddy BucoRss Spcﬁﬁﬁlblfeheosékﬁéﬁﬁ ehe
the 5 nagnetic core nenber due to the formation of the

Mﬁﬂﬂﬂﬂ%?aH%W%éhﬁFﬁéF%by reduci ng eddy-current | oss.
As ar gmlafh?y' eﬁ%é e d A8 HfilbhSbeS ﬁéagflééﬁgﬁ

enhanced, ow of currents induced I n
aﬂm@hwﬁﬁ(ﬂhdx; apﬁrlﬁresw1dGmAIuhemMe@@ptherebyeredLC|ng

o OethED o ED OV B e BhcbS 1T RN Yag FoRCeordhiice
dirBEIRNO® communication frequency, the kind, filling rate
of a soft magnetic powder for filling, and the like.
Note that the permeability of the surface can be
maintained higher as an aperture width being narrower.

On the other hand, by making the second surface 45b

of the magnetic core member 45 flat, the effect of

‘covering the shield plate 2 with the soft magnetic powder

31 is enhanced, and the electromagnetic shielding
function between the antenna substrate 2 and the shield
plate 3 ig ensured.

As mentioned above, according to the present
embodiment, machined marks, which are the slits 354, are
-formed in the first surface 45a of the magnetic core
member 45, to provide a structure in which the first,
second surfaces have magnetic properties different from
each other. Therefore, it becomes possible to implement

enhancement of the communication distance of the antenna
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Requi rements for the formation of the slits 35A, such
as their aperture wdth, their depth, interval

(pitch) to be formed, nay be set suitably in
accordance 15 with the conm#®¥ cati on frequency, the
kind, filling rate of a soft magnetic powder for
filling, and the like. Note that the perneability of
the surface can be maintained higher as an aperture

wi dth b arrowe he ot her hand...b ki ng the
S684ME Sht Te SPoBe 13058 L reSihal tsd e Bnbor 45

f babetibmagidtacd Bfie169¥Er Fgct vh e tRlednpkateadtamid

the soft magnetic powder 31 is enhanced, and the

ekeél g olbgriet iaadslyhel ghigldfpirts on bet ween t he

ant enn t I

ensur e (ﬁ%%%kgﬁ %h% g%l£%03%h%%ggggd?%g ?ﬁﬁﬁ gd to the
peksestisenodingente ghohe neshtrbrres] admfdguaaelone but
slits, 35A, _are formed in the first _surface 45a of

t Y miRids ForEeSdrBehaysng (3 {nglicde CLOSE  BRT LT RP

I Buuhi &b SR 116St ¢ . gSeCPg. Sil f apgseboNe, MONalHL s1its
properties dlfferent fron1 0 ‘each other. Therefore, it

- besknterpussi BI58) t@ren@remﬁd Jemhmtcénﬁtnt:e@ft@h@he

nic di st an f.enna 27 1 2,
a§g€%h¥'s aﬁéé 85tgFﬁE§ 2 ???ch%ﬁ1teré ge Fgﬁa ne ﬁ%vg:
shi gtk fgbrieynehie0B1REE VSR [N ARILIBR) maylse lioried by
and the shield plate 3. Note that the _nachined marks

af kRN Maghigdngonefacds ST SBSAYAPIng! FRvE
alpgé!l?lrﬂﬁ'l% '%%ﬂ;ﬁgnf“ﬂﬂz_r g@; BQHt F@é!véé]oiéﬂ%e may be

gr ooves B "havi ng an ang Cross ectlon such as
sholed mith @ diEfgredd. indulenvierg madwrtiihé.slits 35A

(groove E)E ejarrar ged isnot [imted to the

matri x- éﬂﬁ% §F°8+T? =’shaped pattern nentioned above.
10 Fur tfhigr.mefieghths shé tSomSAWGEE8WES L 38B) afBynhe
fégéﬁ%tk?g a sixth embodiment of the present invention.
Note that in the figure, portions corresponding to those
of the above-mentioned first embodiment are denoted by
the same reference symbols, and that their detailed
descriptions are omitted.

A magnetic core member 46 forming an antenna module
1 according to the present embodiment is formed by
filling an insulating material (binder) 30, such as a
synthetic resin, with a soft magnetic powder 31. Flat
magnetic particles are used as the soft magnetic powder

31, and are aligned parallel to the sheet surface.

The magnetic core member 46 is formed such that a
first surface 46a opposed to an antenna substrate 2 has
irregularities in the form. of depressions and projections,
whereby it is configured such that the first surface and

a flat second surface 46b on a side opposed to a shield
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‘a known machi ni ng nmet hod, such as cutting, |aser-

machi ni ng, etching. The slits 35A (grooves 35B) nmay be
filled with a different insulating material. (Sixth
Enbodi nent) 15 Fig. 11 showsd he configuration of an
antenna nodule in a sixth enbodi nent of the present
invention. Note that in the figure, portions
corresponding to those of the above-nentioned first
enbodi nent are denoted by the sane reference synbols,

aR4tRat HHE r‘“a@@te&lFeBr?EeHE%%? iPtifGrenkr ET0Mi FREW. A
NBEREE | C 1¢0kBeNBIREEN A Badidnfich BN c AR B{RS: ”&S’Mfce ksa

according to the present enbodinent Is formed by
fnblf@@m@dlmnﬂgﬂaamang,nareegudaxtnunﬁacp 30, such as a
synt het a soft n er_31. Flat
28 mgret Mo £Bp o8B E et P SepeoloF e tmadng e
pevEermerdder ad tar Badki gRedyppdidiels tia the sbegtor
surface. The nmagnetic core nenber 46 is formed such

t fapressiqnss andy pragecabanep At ttis aathat épnghe first
SQQ?E&&E‘%@% g%% F&E@gﬂya£hél %?%ﬁ%éi% forfﬂfg permits

depressi ons oj ecttons ereby it
csmﬁpgns&xbnsuﬁhotbarreheefofséddyudﬂmmenaadovarfth&
second surfa%ﬁa46b on.a side opposed to a s

PUEERCE [k SnBREDPLL By Oer (1R i Bt CPF ofrERRSLon
obhethe hnfhdae 1B BEEAL, b o R ,edh@ecﬁkféﬁtsyéggce As a

45a is forned into a wavy, irregular surface. By
ek Wi t Haistilpsdoguihaklee 46K 9 suivarggheei &s enkapesd,

q?er 46150 ha cﬁ%%gggéa{ﬁ ﬁégﬁlfﬁ ﬂe fo gﬁﬁé oils 11,
pr essi ons an proj ec |1 C pa I N t%e

fiz sis fagifidcatdba aherémwlﬁeducﬂﬁ@ecdemrESssODSheR@is
permts  suppression of occurrence of eddy currents
oWRFEQhd s §TPRERALT IR Hagdrdts OeCoMESnBHBREPHRE? o

tdiec ] M @Bmmunication distance.

Requirements for their formation, such as amounts
of the depressions (projections), widths of the
depressions {projections), pitch between a depression and
a projection, may be set suitably in accordance with the
communication frequency, the kind, filling rate of a soft
magnetic powder for filling, and the like.

On the other hand, by making the second surface 46b
of the magnetic core member 46 flat, the effect of
covering the shield plate 3 with the soft magnetic powder
31 is enhanced, and the electromagnetic shielding
function between the antenna substrate 2 and the shield
plate 3 is ensured.

As mentioned above, according to the present
embodiment, the first surface 46a of the magnetic core

member 46 is provided with irregularities in the form of

depressions and projections, to provide a structure in
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10 of the magnetic paths, to reduce eddy-current | oss.
As a result, insulation in the first surface 46a is
enhanced, and also flow of currents induced in the
antenna coils 11, 12 is fadditated, thereby reducing
coil loss (the Q factor is enhanced), and it thus
becones possible to 15 extend the conmuni cati on

di stance. Requirenments for their formation, such as

anmpunts _ of fhe depressions_(projections), w dths of
HBLChorhect ity (Beopec Bl BReF oS Hth TRScR BropSrties

d@l@_ﬁf?éﬁéﬂf‘ At & d¥ QcBELl ONphdTRYe @, S8t BHELAD Y 1N
accordance wWith the 20 communication frequency, the

kpnas:Lb1¢ | tmglrmite@e@lt anbaficememy net mhqmm@nnigatlon

LI h k hey., hand makj :
t Heob8n L S ar'chine Bot R Phaghan 1 wsid ABnpBraip o
f batfléh@n@féwdtx@fmagﬁ@wm 8giéheishi Rt tpbat Beﬁwééﬁ hthe

the soft magneti c powder 25 31 is enhanced, and the
ePEE?F’éﬁa‘é‘?ﬂgﬁr dishilel apigthe usiekh Mettfeén t he

ame””gqé'&éb%tr{a%t €né @59%115‘&1 Al r%' abe §H‘n§ted to the

ensure nenti one ove. accor di ing to the present
eabbds NBR hat\hmgf ithet abové agen dbmment ddmélgagaeion, Corte

30 nepbe rovlded with jrregularities

T BrC Tl SArBReLaRE B o REtT b SRS BREIRbLY o
SERMSEHr &rddl 2RoMbahshbe 4L rstowsaepnd gur f aegs tave
magnetic properties different from each ot her .

THeexshir ethe tfiFecorustapesstdl ks Ry duhglednihth an

d
eE t@%%a COl Eli'&ffff%nggmné\E% IthQOtO |1S;|_tk%n§g§9 I%lfl ci ent

eMezédswmm,g net nGys BuEF titagt hat ciheo idpateseepnkhend
antenna coils 11, 12 and the_shield plate 3. Note that
t RECHREH O Faltks A1BShotuTfanse &fa &rtehéor@?iits 35A

ha¥ o 48 RRQY 6 RBRNELORET $N | SHINAHd ABgnBYic core

member 46 by using a die having a properly machined

surface. Furthermore, an air layer formed by the
depressions and projections between the first surface 46a
and the antenna substrate 2 may be filled with an
appropriate insulating material.

While the embodiments of the present invention have

- been described in the foregoing, the present invention is

not, of course, limited to these embodiments, but various
modifications may be possible on the basis of the
technical ideas of the present invention.

For example, while the magnetic core member is
configured to be a sheet having a uniform surface in the
above embodiments, it suffices that the magnetic core

member is at least interposed between the antenna coils

~and the shield plate. Therefore, the magnetic core

member may alternatively be formed into an annular sheet
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may i nclude depressions 36 having a substantially V 10
shaped cross section such as shown in, e.g., Fig. 12,
whereby the first surface 46a is provided with an
irregular surface with a geastooth-like pattern.
Moreover, it may suffice that the depressions and
projections in the first surface 46a are fornmed 15
simultaneously with the nolding of the magnetic core

nmenber 46 by using a di,e havin roper | chi ned
DT BRI (HOTRAPBTAATAEY 0 ot SONAE BYSPREOE the

dgpkesshoRs: pnd projections between the first surface
46a and the antenna substrate 2 may be filled with an
20 apprBpritaraorssubtiagtrateranle Wai Wgichetwo types
eg?oghnegiésé# gg%en@rg%ggﬁnénvga é‘%ﬁ h%&ﬁarge Qrmed on
described 1h 't e oregorng, the preséent i nvention is

nNehe Bhs€ofilse 10 o the hAtéheses@dindiveent Basbbten
various. nodifications may be possible on the basis of

t ABSOBIRRR it CAI® PHEHS STOPRETPRESeritng APERPRBNSURBTTate
exanphe, Sc#"éo%hrfs'éﬁ FRQDNEL s Cr G OFigs STETRRT mﬁ?t ﬁgo&fm' G Eha

to be a eet having a uniform surface I above
egbbsii reerd iaviings philiyceset tape tdie aragmaRi cocdr formed

- er.is at least interposed hetween t he antenna
B Mt R8P ondl G e S ey LTS ot 6
CQbS1 i dfRer imByhabhes nad dvel x@ﬂaﬁ:éscyimgd ciBt@i@nis

n

annul ar sheet 30 in a manner corresponding to the

| fopred Koy Seapsing eRcRFERtEAmhicvianst oFberhelpeteonic

' ' ' f the first,
oo IR EATRLE, bnd AL S0l 1S e base
film 1®Edlt ferahéemoe Sulist raatneg iZulrasibeeonf ddser i bed
in the above enbodi nents, the antenna substrate is,

BRI T STt Se MEIMPRT t £ 1O thiTsL E85ut-CnkPe b8 an AntiE i

the magnetic core member is laminated on a non-
communication surface of the antenna substrate, but may
include, as shown in, e.g., Fig. 13, a configuration in
which an antenna substrate 2 is embedded in the surface
of a magnetic core member 47A. In this case, in a first
surface 47a of the magnetic core member 47A on a side

opposed to the antenna substrate 2, a soft magnetic

: powder 31 for filling is aligned gradually upward at both

end portions of the sheet such that a loop surrounding
the antenna substrate 2 is formed so as o correspond to
a direction of forming magnetic paths of an aﬁtenna-
generated magnetic field, whereby it becomes possible to
enhance the communication distance of the antenna ceils
11, 12.

It is noted that another configuration example for
aligning a soft magnetic powder so as to correspond to

magnetic paths of an antenna-generated magnetic field as




substrate having only one type of antenna coil forned
therein. Furthernore, an enbodi nent nmay al so be 10
applicable, in which a signal processing circuit is
formed by nmounting an RFID I3 chip and ot her

el ectronic conponents on the sane antenna substrate.
Still furthernore, the configuration of the nmagnetic
core menber is not limted to the one in which 15 the

fi m i | i f ed )
CBRRGHPRe | 2P s AR BRI IR Y orr SAOBEPREEC AT

MA¥nbéACL tBleshddh SROWAGl. N14€hds ,a &Et hdgnetic powder 31
configuration in mhicﬁ an antenna substrate 2 is.
eabégaed 9 e sudPgpesusroundinhaad éotenpanpetl 11
4 ln.this.c [ fLrs 0 face A4 L1 he
mifaki T s isaeByly 5% SRS SRt

5 amheneilsybstisated 2, magaetic BBl igengrewddr a8lther
filligﬁ%is aligned gradual | y. upward_at, both _end

pBREFRIR LY 1B SREE: OSubhe ittt £1bap % PotfTi A
HDeeRid eNNARINGGUALS Znl nd OFIREL SRuARL0468T 6E5H0M! to

to 25 a direction of formng magnetic paths o
abhemrteyenevdisédatagietic fiel d, whereby it becones
possi bl.e to. enhance th 0 ni_cation djstapc f- the
At ennd L GTE SRmeLe: TICHUSHcHE FRIPCERG AerLd For

10 COsmgMIdioh Evanpheohothe Hbmhirgatdoa satfasagretsft
powder so as to corresgond to magnetic paths of an

aFfie R ERe SAPEG T ARG net PEN R I cadagpereRRPERet Fig.
a i hn F 4 ; t1.C r
A7 e e UMY, | b don A e oA PSR M T che
alnginedivad feotenaal copls are Uidinegl esxthadhyehnaa ouiner
11 12 o _as.to_correspond to a di.rection of form ng
vt i e BESn TRooan kleRePl Giher M
15 agtlina G lkheBecanhtRé éhongdief st HhgRigSi 98Scas be

obtained.
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viewed in the figure, in the first surface 47a opposed
to the antenna substrate 2. In this exanple, although
the magnetic field for 10 comunication formed on the
conmuni cation surface CS of 32 he antenna substrate 2
exhi bits a manner shown in Fig. 13 macroscopically,

t he magneti c paths generated by the individua

antenna coils are forned actually in a manner such as
shown in Fig. 14. In view of fhi advant ages 15
simlar to those in the exanﬁﬁ@lgﬁown in Fig. 13 can
be . obtaimethe 3% CoteMacmber A WRINEHIL FEHMRAMBYDLI11ing
which is fornmed by filling an insulating materi al
WBPh1BSHhgRERY dngided, WaRl ahhednetic ghawstershapddwiakeh
di;spofied: DALMEED Al ALEAN8aCBLLuSar AIEd hnSPLER] | Y
wnding wirein a plane -and a conductive s rél d
plfareed char sigt walilredrindihbawir@ fn restplsnd aneé an a

si de oggosed to the _antenna coil and 10pl atea second
sGPRALECHYF LRIHE BIF68ed PR SRR d ™ thate

magnet i£ minoRerdieacdi bhes epiad rdﬂﬂa%%ﬁh 8t PRE- adf€hna

magneti ¢ core nenber according to aim1,
1sehbraederized in that a filling rate of the magnetic
powder jn the first _surface is

[ | ower than a _fill,jin
Pare ot s g, RREFaS8Caler 45 REPbekantoSERe el s
Theategneti ¢ core nenber according to Caiml,
characterized in that the nmagnetic powder in the first
20 sur f5eE M@ IREL R b PREEL IS dififenepsr heAni eafarother -
a sheet surface, whereas the magnetic powder in the
second surface is aligned parallel to the sheet
sur f ac&hed magnetimgrets onadreer rewbediagcoodChain d,

.m . . U ,
C%ﬁhraéterlzed in that a filling rate of the magnetic
powder in the first surface is lower than a filling rate

of the magnetic powder in the second surface.

3. The magnetic core member according to Claim 1,
characterized in that the magnetic powder in the first
surface is aligned in a direction perpendicuiar to a
sheet surface, whereas the magnetic powder in the second

surface is aligned parallel to the sheet surface.

4. The magnetic core member according to Claim 1,
characterized in that the magnetic powder in the first
surface and the magnetic powder in the second surface are

different in shape.

5. The magnetic core member according to Claim 1,

characterized in that machined marks are formed in the

first surface.
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25 characterized in that the magnetic powder in the
first surface and the magnetic powder in the second
surface are different in shape. 5. The magnetic core
menber according to Claim 1,3330 characterized in that
machi ned marks are fornmed in the first surface. 33 6. ...
The magnetic core nenber according to Claiml,
characterized in that the first surface has an
irregular shape. 5 7. An antenna nodul e including an
antenna coil formed by spirally winding wire in a
plsane, Bhe andpcdtie coleehdmb®k a4 €co@litha teheehiahaped
magneti c core_nenber which is disposed between the
affernatest Fe@nt: tHets fhel §ippht sunbremdidss aflodpEganyar
f%&é%gg an insulating material with a nmagnetic

po r, characterized in that: the nagnetic core

menber has: a first surface on a side opposed to the
antenna__coil and a second surface on a side OEEOEGd

t 4t he “hiBIF R OARCE, 1A AH MR AEGKREPRC C© ormed
PLoPspi+&B1 ¢l f 816l wikemigaghy1 siders Bnalleieat A&
nodul e according to claim?7, 'characterized in that a
fPlatag and e gthasie sihagadt hegRet povatre membis which is
SYk Es.l.ower than_a. filling.yate f the ghetic
S5 HEEE S, s el rine O L T MeriioTRdTRtE
agnar té nEpAre i Mil]linghan abh@il acichd matthatal heith a
na%netip powder in_the first 25 surface is aligned in
a"IFRLCHF PP pe FUPERFREY 152 IBHAW 'sur f ace, wher eas

the ma [ Il ahPat . surface is aligned
G nfagPRYGEr chfe u@g{gm.

.parall el to tthe sheet s

~a first surface on a side opposed to the antenna
coil and a second surface on a side opposed to the shield
plate, which have magnetic properties different from each

other.

8. The antenna module according to Claim 7,
characterized in that a filling rate of the magnetic
powder in the first surface is lower than a filling rate

of the magnetic powder in the second surface.

9. The antenna module according to Claim 7,
characterized in that the magnetic powder in the first
surface is aligned in a direction perpendicular to a
sheet surface, whereas the magnetic powder in the second

surface is aligned parallel to the sheet surface.

10. The antenna module according to Claim 7,
characterized in that the magnetic powder in the first

surface and the magnetic powder in the second surface are
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10. The antenna nodul e according to Caim7, 30
characterized in that the magnetic powder in the first
surface and the magnetic powder in the second surface
are 34 different in shape. 134 The antenna nodul e
according to Caim?7, characterized in that nmachined
marks are fornmed in the 5 first surface. 12. The

ant enna nodul e according to Claim7, characterized in
that the first surface has an irregular shape. 10 13.
AdpbsEeapnl dbrthatiecati on terminal having an

i nformati on comuni cation function to be perforned via
a conmuni cati on network and incorporating an antenna
madul e Thencmteinmg andahé eaceowding frar madiby 7spiral |y
wi_ndi ng wir [ pl ane, a_conductive shiel d Iate
aﬁgaﬁa&n eé%&ﬁ’e&haﬁab‘ﬁﬁlli’ae‘éd?aeﬂ?ﬁer?df& L Fg
dicspages,peimeen the antenna coil. and the shield
plate and is forned by filling an insulating materi al
with a magnetic powder, characterized in that: 20 the
agnet g Core MRIDGRNAS lLiplh Yl agesgn a side
oppose o “the ‘dit enna cor 48 $8c5hd Qulface on a
scHerappnsiestd dnt kRashtré dfﬂ:ﬂi esunficeh hhavenmagheditar
properties different fromeach other. 25 14. The

p%lF- BfH1 e comunication termnal according to Caim

13, characterized in that a filling rate of the
magneti c powder in the first surface is |lower than a
f13ling pa:lreabﬂet hemrrmghaiii@rpmﬁdmrinaﬂl hheins@oaund
sur%ace ortabl e comuni C%tl on term

att rd?aer% coﬁ“&?ﬁ?%ﬁ’sm%h PECHEH 780 PPnPERAPTTH Via a
neghfinicatawilehetRork and incorporating an antenna module

including an antenna coil formed by spirally winding wire
in a plane, a conductive shield plate, and a sheet-shaped
magnetic core member which is disposed between the
antenna coil and the shield plate and is formed by
filling an insulating material with a magnetic powder,
characterized in that:

the magnetic core member has a first surface on a
side opposed to the antenna coil and a second surface on
a side opposed to the shield plate, which have magnetic

properties different from each other.

14. The portable communication terminal according to
Claim 13, characterized in that a filling rate of the
magnetic powder in the first surface is lower than a

filling rate of the magnetic powder in the second surface.

15. The portable communication terminal according to

Claim 13, characterized in that the magnetic powder in
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35 the first surface is aligned in a direction
perpendi cular to a sheet surface, whereas the
magneti ¢ powder in the second surface is aligned
parallel to the sheet surfac® 5 16. The portable
conmuni cation termnal according to Caim 13,
characterized in that the magnetic powder in the
first surface and the nagnetic powder in the second

supLage, S %fc%r ‘%‘Lr.l;t ﬁgépfn & Veat;if&% ?J%’Efi)gmifcular

comuni ca erm nal cord I nNg
char actkséiz egthniadd) atwhmaehs nelde n‘mfg}i‘ﬁetﬁrcﬁ poeidaedini the
the first surface. 18. The portabl e communi cation

t SFAPRAI SWdAi&itvy 3daned eeralielk ta fiheashertzearface -

that the first surface has an irregul ar shape.

16. The portable communication terminal according to
Claim 13, characterized in that the magnetic powder in
the first surface and the magnetic powder in the second

surface are different in shape.

17. The portable communication terminal according to
Claim 13, characterized in that machined marks are formed

in the first surface.

18. The portable communication terminal according to
Claim 13, characterized in that the first surface has an

irregular shape.




