1 DESCRI PTION Antenna Apparatus Technical Field
The present invention relates to an antenna apparat us
for use in non-contact typey IC cards into and from
whi ch data can be witten and read when the cards are
i nduction coupled wth an el ectromagnetic field by

el ectroni ¢ appar at usesDFESYRIPTAOSONMUNI cat i on
function. This application is based upon and cl ai nms

the benefit of priori fromthe prior Japanese

Pat ent Application hbg%§@@§§hﬁ%ﬁW@§ filed in Japan on
June 14, 2005, the entire content of which is

i ncorporated herein by reference. Related Art In

recent years, so-called radio frequency

i d ti%i cation (RFID) systens that use non-contact
TeChnl“if‘EElell cards or |1 C tags have been introduced into
automatic ticket gates at railway stations,

enThaprséebintergioauclatey to ys hethna apreestuofor assineyn-contact type
systens, and the like. As FIG 1 schematically shows,

t Fl DeSysSt I el udes a non-contact, type 1 G card, .
1C cark Gt D6 bR A £ SRR o Nl et R s 8 fpcuction
can wite data into, and read data from the |IC card
couplab@ithlan eldetroREgaptit Held byhdecteonioagpasattses havih@2 communication

provided on the reader-witer 101 radiates a
.yagnetic flux, the magnetic flux i-s nagnetically
coupled with a loop antenna 103 provided on the IC
card 100, in accordance wth the principle of
i nflistapphcationgsbaredngon And slaime thm benefit ofpriority from the prior
performed between the I C card 100 and the
JapanbRA%Eedt WiplieAtioch Mo, 2005-174178, filed in Japan on June 14, 2005, the entire

content of which is incorporated herein by reference.

Related Art

In recent years, so-called radio frequency identification (RFID) systems that use
non-contact type IC cards or IC tags have been introduced into automatic ticket gates at
railway stations, entrance/exit security systems, electronic money systems, and the like.

- As FIG 1 schematically shows, the RFID system includes a non-contact type iC card 100
and a reader/writer 101.  The reader/writer 101 can write data into, and read data from, the
ICcard 100. In the RF system, when a loop antenna 102 provided on the reader-writer
101 radiates a magnetic flux, the magnetic flux is magnetically coupled with a loop

antenna 103 provided on the IC card 100, in accordance with the principle of inductive



In the RFID system the user need not insert the IC
card into the reader/witer or set the ICcard into
contact with the nmetal contact point provided on the
reader/witer as is required in the conventiona
contact-type IC card system and data can be easily
couplapd fRsis, coMunuhRatent pee@timed betvaes the HOchddel 00Gndahé -
Since the reader/witer 101 supplies power to the IC
car by virtue of electronmagnetic induction, the
“%MBV%¢%3ﬁ38100 need not incorporate a power supply such
as a battery. The RFID system can therefore provide
| Cln the/RIEID hateray the atarpleed not insat trguCatard int@the, reader/writer or
i nexpensive and reliable. However, the IC card may

fakl _tao co nicate,wth,the reader/witer if it . .
set the . gordOntey oty St pdneht P g CRHAmPlidefl b ths tedereyiter as s
of 13.56 MHz. That is, the IC tag is influenced by
requiredyn thetcanvemrtidnat cedtadt-typekC oadrsystem, bl data dan ba edily and fast
conmuni cation achieved at 13.56 MHz by virtue of

writefRE Y OTRANEd ol T e ot g bRl Bt iR fs power o

changi n% i nductance. The change in inductance
the IG eagdi 108 by rviduestf ¢lectaimagnetic tion,ché € gardnkdy) mmed aot
change in the magnetic flux. As a result, no power

) , . D . '
inconf @R dpcRdr 3Bt as Sl IHERFIDERSEH QR pagR¥Eprovide 1C
100 and the reader/witer 101, the IC card 100 needs
cards that hepsimpld iseenfiguratina and,Geexpeasive and eghablean
el ectromagnetic field having sufficient nagnetic
£i . . . ‘ -
| iR BEIC Yot L OB crf A G el Bfer it
antenna i.s known, other than the techni que of

incorporaten g Hg tagleaving pompt@igation fregrerpyeof ISpXtHz  That is, the IC
Japanese Patent Application Laid-Open Publication No.

tag is £fiched] By dny Aftal nmMSE IR [Rs nell HETCLERI. 2Mn I &Mfwnication

apparatus tfor use 1n IC cards. This antenna appar at us

has a_pl] ate_of netic material, which _reduces the
achieyeekat l}épﬁiéel\@{z I@ﬁylnr&a%tcﬁ pieﬁgﬁg@gpet?c induction, the IC tag 1s influenced by

any metal member that exists near it, inevitably changing inductance. The change in
inductance results in a shift of the resonance frequency or a change in the magnetic flux.
As a result, no power can be aftained.

In the RFID system described above, to ensure a communicable range between
the IC card 100 and the reader/writer 101, the IC card 100 needs to have a loop antenna
103 that can emit an electromagnetic field having sufficient magnetic ﬁéld intensity.

A technique that can reduce the influence a metal housing imposes on the loop

antenna is known, other than the technique of arranging the loop antenna in an open space.



Di scl osure of Invention Problens to be Solved by the
I nvention Wth an antenna apparatus of the type
described in the above patent publication, the
conmuni cati on di stance can be increased, but to sone
extent only. Since the connunlcatlon range is
narrow, commrunication errors may occur with the

Jap%%rs]e GIRLAG pyh&ycﬁ)% ng%ﬁ#egchﬂfl%?{ﬁl Eﬂﬁzezﬁgl 3%&1 25 fpr example,

eq uent

dlsélys@? gﬂ gnt%ﬁ{adagpgtgﬂfs bt Yeedf e Y Rs] Tl %ﬁ%rﬁ:pgﬁe}ﬁ%ﬁ has a plate of

ment s e present invention prov
ma@ﬁh@ R Al RAk Rt HSudOthe YSBuehfe oﬂh%? el nedbet.ype 1C
card, which can not only be small and thin, but also
i ncrease the comunication distance between the IC
card and an el ectronic apparatus with a
Disclosmeinf iaentmn f unction. 4 In a first aspect of the
invention, there is provided an antenna apparatus for
bebé$mhbgsﬁwﬁibbﬁpé©ﬁmbvpe I C card into and from which
data can be witten or_read b el ectronic
appyithap saenmpnngmtes dohedme éiéﬁqﬂé’ﬁd i, thetabeye patgat publication,
n virtue.of. |quct|ve coupl i %s he ant enna a pa{a1§
L ec%’ﬁ’&i“i“é‘faﬂa“ St@lf&p“a@o ¥ IB“FB Bl SPmRgiSHE, only. Smee the

%t ve w.re ane and confi ured tﬁlgpr orm

confiAAHTaL S0 By oo B RO 8 ¢ non-contact
typ& Ry Fzrtrhrhg sorftd! Sasgﬁ r(fo?lgﬁqu&%g} @ANs ﬂffﬁgtﬁff()?‘ gno% co%g%t h’gg RC card

passi ng throu col
to fﬁlgeacgjé@gqtsgﬁg;egi@nég the ot her side of the | oop coil,
whHerein the magnetic nmenber has a first part
COMEHbdiIn@ne of tid pesent @@icBobrRiR Hi Aferdih: zfpb&afu@%r use in
coil, a second part covering the other surface
nonr@giaontypt ICherd, odficic osd notasrdy & simal emtlithin, par flso increase the .
passi ng through an insertion hole nade in the | oop
conguiilication udibtamg beéfavetn rthe Ifarcardamel! vheclsgeoind apparstuavdth a
having a small width than the first and second parts,
conypRi¢ahien dHstianyr f ace of the Ioop col



which is not covered with the nmagnetic nenber, is a
region for conmunication with the electronic
apparatus. According to the above enbodi nent of the
present invention, the antenna apparatus can be
small and thin. It can yet %ncrease t he communi cati on
di stance with respect to the el ectronic apparatus

h a\'fh %5 a%? L f]{h% fi’lli\jeﬁﬁ(g{, Lﬂgb?éi .isqiﬂovia&fs{ne %Elggéggag%tﬂ% ¥or use in

t he conmun Ion rang n a secon

a nbR€oktAYaYhd 0. catNGHE dnd MERUVEISE da SRt ROUr@En or read by an
adj usti ng an antenna apparatus for use in a

cledt@RicCPphratbestiaPR glaCogmhchidafibe fifetod, HIMiMiY SMndlRtide 6alpling,
be witten or read by an el ectroni c appar at uses

the B@enriaGipparaeobmpddiid: arodpudl prodyced y wikdintea cafductive wire in a
i nductive coupling, wherein the antenna apparatus

plamroamd rebsiegured togegomoitle ipdustive ealipbyg; avl rdnaggetic member covering
conductive wire in a plane and configured to perform

onet fyeface gegien vé ove Lle ﬁé thealogp ecoifa gasingc thugb ehe Heer agil. and
a.first part, coveri ng one surface region_of one side

covgfing the Othebf?ﬁloé‘d%flﬂ}‘e N, thelopp ¢ é’Y}F’Fan thednagppfés member

f i f | il q h )
s Gofit? B EPTRGIOE 76 AT e SRR R P o DRl o ffgeond pan
covsRE 1 i MR 3B O St o8 pf 3 iy BV P SifE ffouen

. . . .
an gerﬂ&'i SRR dn thd nzop héatﬁhg@%pg% % FRIPS! andf QAR prt and

r conmmuni cati on w troni c apparatus, a
havid}e sthAODWRIRSthah tHel¥arsi ARReEMId| partihing MhBdR AN §dhdWop coil,
the first and second parts of the magnetic nenber,
whitch @M RevEed Wk ¢homaoiictie ntdniter, is uiédaeior coapRaichN@l With the
are changed, thereby adjusting the intensity of an
eleamgivetpparafus.el d. The foregoi ng and ot her features,
aspects and advantages of the present invention wll
be Aeoerding partbetabbyorambedinent | @fwihegprgeand | ibegniion, the antenna
description of the present invention when_ taken_in

appaighs Lise theornal i lacab FplatiicAty B fRmmication distance with

respect to the electronic apparatus having a communication function, thereby expanding

the communication range.



Brief Description of Drawings Fig.1l is a perspective
vi ew showi ng a conventional RFID system Fig. 2 is a
circuit diagramshowi ng an RFID systemthat uses an

antenna apparatus according to an enbodi nent of the
present invention; Fig. 3 | 7 @ pl an view show ng t he
antenna appar at us accor di an to an embodi ment  of the

Sglnstgcforn \éag netcg HF thfe ﬂngmtlén ?#}ﬂﬁf dd/ ?MIt &P&P{) stino an

amagnelc e an

anteﬁ]qu gﬂﬁ['alﬁ?s BE oIl g%st&n%@t ﬁﬂp‘?@ | BRNhto%nd tden %ﬁ;ﬁ‘?ﬁ{a can be

tion; a p an view of an antenna .

ert?aﬂQﬁ‘rr@éd M&ﬁ%f&g}gﬁ:&aﬁ@&t R&¥ing FRedinuBRbtiS] fundthR, by virtue

present i'nvention IG6 is a plan view of an
of IRRBRNGUPRRANMdIGn thirtdhnh Sipparapanpidey @ leopaal wodiaed by
conparison with the antenna apparatus according to an
winéifg @diomdmttivefwitchia pplesemtd configeredi toperfamad thel i@tive caupling
side view of the conparative exanple of the antenna
and appregnaiugembgdsvi rsf prtt Queriyd ap Buface regionf one bidp of the
Ant enna appar at uses accordi ng to an enbodi nent of the
loomeasls 8 Agcone pah £ ESHIngihel ot suxé%é?gl%af i {99p cat.eand qp dnsertion

to the d F
partgpatag (TSI nglsl R GHPERRE i o éOO'QEC%raa?ﬁawiwgttH% first part
h
and B BB PSRBT AR e SR P b B oyl O witn
the A dic ARG Mol Bl ePCABEHEIRA VR 1 SIERE AL ableds, and the
reg;t)ﬁspgf‘ th%I $ ﬁ)l £1lc%g:h]are JRRrdd®yCRE Girst ah$ s&oﬁ@bﬁ@s{ M th€ & gnetic

car does not incorporate a power supply
member, from one surface and the other surface, respectively, are changed, thereby

adjusting the intensity of an magnetic field.
The foregoing and other features, aspects and advantages of the present invention
will be come apparent from the following detailed description of the present invention

when taken in conjunction with the accompanying drawings.

Brief Description of Drawings

Fig.1 is a perspective view showing a conventional RFID system;

Fig. 2 is a circuit diagram showing an RFID system that uses an antenna
apparatus according to an embodiment of the present invention;

Fig. 3 is a plan view showing the anienna apparatus according to an embodiment
of the present invention;

Fig. 4 is a side view depicting the distribution of a magnetic field at the antenna
apparatus according to an embodiment of the present invention;

Fig. 5 is a plan view of an antenna apparatus according to another embodiment of

" the present invention;



such as a battery, in conpliance wth, for exanple,

| SO7810 Standard. The IC card 1 is of the same size

as a so-called credit card. gThat is, it is

rectangul ar and has such short sides and | ong sides

that it can be placed, inits entirety, on the palm

of FHGe barplan Viesy 6Gin aseshalappacaing ovhadles azosipasdtivetegample for
and has a |loop antenna 2 and an integrated circuit

compggis it (L e R PR b i A oo Bl oRe pyen
transmts data while it remains coupled with an

invengbecndomagnetic field. The 1C 3 includes electronic
circuits and a nenory. The electronic circuits

oSG TaRA By AEER3R O by Bt

formed by winding a conductive wire in a plane. The
| oop coil 4 is connected in parallel to a capacitor
5. The coil 4 and the capacitor 5 constitute a
m&.ﬁh i op antenna 2 is coupled with
Bestl?lﬁ@@ el ect rogrgjgjf%tei%@dgﬁd radiated fromthe | oop
antenna provi ded on the W50, which will be ] )
dedeVeTadppaatises Jeording o amembedimens of therpresenhimvention will be
el ectromagnetic field into an electric signal, which
describsd SHRRet@EndeRo tedihbein haghudes a rectifier
circuit e6, a rggﬁeator %hﬁ?g ll}%gﬂgs filter (HPF) 8,
a _denodylation circuit 9, a sequencer 10, a nenory
11Firsinan REVDSysEm eving ar antenna apparafes agcerding fethe embodiment
circuit 6 receives the electric signal supplied from
will bk BRplaitRd. CAs shdwaiidl FIECE,i thé RFIDNGstef iﬁemlhes SHBRLBAGS type IC

the sane. The regul ator 7 receivés the electric
signal suppl.ied fromthe rectjfier _gircuit 6 and i
card k@%ﬂ@%@e@ﬁa@% premgtigen to agRdWipF Thed3AW aBcsn avrite data
hi gh-frequency conponent fromthe electric signal
into, aidaehd ésla iopmth&BCeaetifier circuit 6. The

denodul ation circuit 9 denodul ates the hi gh-frequency

si ghal i n .fromthe HPE 8. ~The sequencer 10
colBe i caRhl isglieReiy fost Eé cajfbadocs Rt wepmorala apqyer supply
process in accordance

such as a battery, in compliance with, for example, ISO7810 Standard. The IC card 1 is

of the same size as a so-called credit card. That is, it is rectangular and has such short
sides and long sides that it can be placed, in its entirety, on the palm of thehand. The IC
card 1 incorporates a substrate and has a loop antenna 2 and an integrated circuit (IC) 3.
The loop antenna 2 and the IC 3 are mounted on the substrate.  The loop antenna 2
receives and transmits data while it remains coupled with an electromagpetic field. The
IC 3 includes electronic circuits and amemory.  The electronic circuits perform various

processes to write and read data.



with the data supplied fromthe denodul ation circuit
9. The nenory 11 stores the data supplied fromthe
denodul ation circuit 9. The6nodulation circuit 12
nodul ates the data transmtted fromthe |oop coil 4.
The_rectifier circuit 6_inc|udes a di ode 13, a
r e¥he Idéip afer?A® ) c@ﬁﬁﬁﬁﬂeﬁ% a]léop tog 4 f@ﬁﬁéﬂ?‘o}? Wuﬁﬂiﬁgh conductive
of the diode 13 is connectéd to one end of the | oop
. .coil 4 and to one_end of the capgcjitor 5. Th i

wire 1B 3pf8Ke 5&\6&&%90%5 1§ pramgrisdan parailel te@rﬁase(flt@a%t o Thggoil 4 and

other end of the resistor 14 and the other end of

the ca}l)ﬁtﬁto@ 3Raakitfe dfesoddiRe B! OThd hopritdnng 263 e lédwith the
5 are 7 connected, at the other end, to the other

e S e o e B s 0.t

el ectric signal generated by rectifying and

be deseribed bitdtg  Tihe 1ebeaitehen 3 camna@its shipglbiteshmagreic ekl e electric
coil 4. The signal output fromthe rectifier circuit

: 6 is,suppli,ed.tg t regul ator 7 and the HPF 8. The
Slgllalr‘éfb{ﬁtﬁfg‘?pl}}leagog?)?ﬁct ed to the cathode term nal of .
the diode 13, to one end of the resistor 14 and to

on€held 3ahclities £aptitiet circult®, afregidetoaB oy bigtiqsmss filled HPF) 8, a
rectifier circuit 6. The regulator 7 controls the

| tage fl.uctuation ta conponRent ). of t .el ectr.
demoéﬂaﬁ%r?cu tg%lai sggu?r}cg&?ﬁhaemre . ??eqﬁdcq Wg%n%gcucm{ f2. The
thereby stabilizing this electric signal. The signal
rectifieheiscuitst mbeives the dlactsesiphaledpplaesd fdGngbeoop dod 4 dmel rectifies the
sequencer 10. Thus, the voltage fluctuation that
. 0 . C .
signalf SFPEBRANE Mimky . TRCraklabE] pFERRE U IERHE iga bBfied from the

~consuned in the IC card 1 changes, are suppressed.
rectifigintizevitifeandsenstvents thessignal to A€t pewérond heddPke 8 estracth e
sequencer 10 or the like to make errors in its

high—i?%@]lreg }i(r) W t ' the aééﬂiﬁ g@% %ﬁ%ﬂ??deﬁ%l e r@ffief circuit 6.

U extracts t quéency
conponent fromthe electric signal supplied fromthe

The dewedulatien ciruit B idemedulasdhe high-freqigney signalinpaieom the HPF 8.
supplied to the denodul ation circuit 9.

The sequencer 10 controls the data-writing process and data-reading process in accordance
with the data supplied from the demodulation circuit 9. The memory 11 stores the data
supplied from the demodulation circuit9.  The modulation circuit 12 modulates the data
transmitted from the loop coil 4.

The rectifier circuit 6 includes a diode 13, a resistor 14 and a capacitor 15. The
anode terminal of the diode 13 is connected to one end of the loop coil 4 and to one end of

the capacitor 5.  The cathode terminal of the diode 13 is connected to the other end of the

resistor 14 and the other end of the capacitor 15.  The resistor 14 and the capacitor 15 are



The denodul ation circuit 9 is connected to the other

end of the capacitor 16 and one end of the resistor

17 of the above-described HRF 8. It denodul ates the

hi gh-frequency signal input fromthe HPF 8 and

out puts the signal to the sequencer 10. The sequencer

connetfed, AORE BHAERE, 16 ﬂi@cﬁﬁel%ﬂcbloﬂfﬁmdp dod@Mndand othef andlefMhe

access nmenory ( RAM and is connected to the

tion_.circui.t_ 9. Inth sequen&er 10

capacgt% al JFF% BRHERESITGU R putphis AR dlertae iigh |g&p?rat?dchyrr@av@mg and

9 is stored into the RAMand is 8 analyzed in

smootiie@the e erivsizhaltshpplisdforts leupasbil 4 tTie: M o@put iem the
basis of the results of analysis, the data stored in

the ne 1. neede e data supplied
rectifif G his B ioRs SredTPEl AR gl LPERT fon i nt ot he
menory 11. The sequencer 10 generates a response

si JhalregulMitor id cormegtpd e thetcathidie temdualatfidendiode ¢8)tb one end of
12, thus giving a response to the command. The

enn IS con uted b volatil.e

the reJSIBR1 ad 10 PpEGRF O hifieibe 5 Bt B B R Circuits.
menory (EEPROV), which does not need electric power

The régwlatbo¥ donfgold ﬂ’leavctltage ¢iuotuatiod (data campesdngrbftthe eleetric signal
sequencer 10 descri bed above. The nenory 11 stores

s BBt S5 FRNRAE R St D iona s

y the sequencer 10. The nodulation circuit 12 is
stabllxzmh sstsupplied] as V@ pewrt, & theisequencend 0. bk theevai@ge A ctmation
field-effect transistor (FET) 19. The inpedance 18 is

that ofARREHEIC PR BlorpR, fices PRLIRABIR il ecurs s
the other end, to the drain term nal of the FET 19.

the pomrer copsumed intheilbaiardl changeszre seppressednnblotedbiat sichveltage
ground. The gate term nal of the FET 19 is connected

thorsfipf B SRS rp I o TREHEl ARS8 Spdriion

constitutes the
The HPF 8 includes a capacitor 16 and a resistor 17. It extracts the

)

high-frequency component from the electric signal supplied from the rectifier circuit 6.
The high-frequency component is supplied to the demodulation circuit 9.

The demodulation circuit 9 is connected to the other end of the capacitor 16 and
one end of the resistor 17 of the above-described HPF 8. It demodulates the
high-frequency signal input from the HPF 8 and outputs the signal to the sequencer 10.

The sequencer 10 incorporates a read only memory (ROM) and a random access
memory (RAM) and is connected to the demodulation circuit 9. In the sequencer 10, the

signal (command) input from the demodulation circuit 9 is stored into the RAM and is



above-nenti oned resonance circuit. The nodul ati on
circuit 12 causes the FET 19 to performswitching in
accordance with the signal gupplied fromthe
sequencer 10. Namely, the nodulation circuit 12
perfornms so-call ed added nodul ati on, causing

analyZeduf be@driantellith B rbgl%ﬁ‘l ﬁf)refdflﬁ theREANC eyl bﬁ!ﬁ 8f the results
respect to the Ioop coil 4. On the other hand, the
ncl udes, contr ol IrCUIt 51, no ulatlon
of anabr% et stgred 1y themsmArkd iéwead@&aﬁ@de?s?r tgﬁ datg spppjisd from
antenna 54. The control circuit 51 controls the data

the dehfoda@atiohane it Otis draied ihecReE MRho fIQ fTII%‘é'sé? ePBer 10 generates a
CI rcwt 52 nodul ates data, and t denodul ati on

SRR e TR M-

el ectromagnetic field. The control circuit 51
the coggn@idt es control signals in accordance with the
i nstructions externally input or the program stored

ein contr nals ¢ thermulati n, .
| Thé ey 3158 Berstineit B st etnempte SR h eflmically
generate transm ssion data that corresponds to the
erasableypograrhinable redthenty mesiorg GEIGPR O g wiscls dogs rice de¢delectric
the nodul ation circuit 52. Further, the control

5 nerat es rod ata from,th -
powefiof g dard R E A ERL SORRE RO E it D fescribed bpve.
53. The data thus reproduced is output to an external
The neppaydi wsoredthe datedsipplied froni the diemdellatiod ciratit 9 onithe basis of the
transm ssion data input fromthe control circuit 51.

ol B 4,17, 2

nodul at ed wave supplied fromthe |oop antenna 54,
gehbe madm@@amn@u[tdﬂe&dcmmmdm:/ 8 seiaalaincyit sﬁpplbecbdcrt b8 and a
the control circuit 51. The |oop antenna 54 is

field- e%@?ﬁﬁ[ﬁéﬁt&d(@l"ﬁd OO GftdedhRe s R¥niicisl, 3801t end, to the

conductl ve

cathode terminal of the diode 13 provided in the rectifier circuit 6, and at the other end, to
the drain terminal of the FET 19. The source terminal of the FET 19 is connected to the
ground. The gate terminal of the FET 19 is connected to the sequencer 10. The
modulation circuit 12 is connected in parallel to the loop coil 4 that constitutes the
above-mentioned resonance circuit. The modulation circuit 12 causes the FET 19 to
perform switching in accordance with the signal supplied from the sequencer 10. Namely,
the modulation circuit 12 performs so-called added modulation, causing fluctuation of the
load of the impedance 18, with respect to the loop coil 4.

On the other hand, the R/W 50 includes a control circuit 51, a modulation circuit



wire in a plane. The | oop antenna 54 radi ates an

el ectromagnetic field that corresponds to the
modul at ed wave supplied from the nodul ating circuit
52. The |l oop antenna 54 also detects the | oad
fluctuation of the |oop coil 4. A capacitor for

52, a daRoMaNE SRS and adésantenReial IRle @htrohcig@iil £Scdirols the
the |oop antenna 54, in accordance with the antenna

data 1@ De Gt g Tetet ot o ool Syt S e s dam, and the

circuit 51 of the R W50 generates a wite cormand

demogi@tiah circvie§3 dedadakatosidaty. t Mehellosy anteiina04 themits and receives
data-write instruction |s given to the ICcard 1. At

the sane i Lw?e contr rcwt 51 generates
data l? n@l‘@ﬁﬁﬁ%{s Fﬁﬁ)@gm? '\NI‘I tten) that accords
with the data-wite instruction. The transn ssion

daflhe icentselpiicuitd ltgentiatesoodtrbbdigients mi accoidan&2with ke instructions
modul ation circuit 52 nodul ates the anplitude of the

0$Cl- ti I .gnal : al . T
extengﬁgr@})u&% of ﬁtﬂeﬁrﬂm it gii%g%ft?;g% Bﬁ?ée%ﬁ#rgl lﬁgﬁﬁ tr&ethe modulation
antenna 54. The | oop antenna 54 radi ates an
circuitb2end thealgnedutationetictud &) mxbgmeiatytramsnikson dptatthat corresponds
nodulated S|gnal The resonance circuit provided in
to the tﬁﬁ%{tﬁ&n@ﬁ Ui ﬁ?(! R)ethé ﬁ?o?iufeﬁiolnrcf‘rcuﬂ%é
apaC| tor as a resonan reque
exanpl e, 13.56 MHz. This frequency corresponds to
Furthemhemsnirl cirdudrd If gengraserapproduced data frosythenesponsé dath supplied
signal transmtted fromthe RRW50. Hence, the
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converts the electromagnetic field into an electric
appargfugnal , which is then supplied to the IC 3. The
converted electric signal is input to the rectifier

Ci gl hﬁo&ﬂaﬁﬂﬁeclfc%ﬁtﬂjrhs&ﬂﬁtaﬁ % ﬁarﬁnﬁ%fdd ddt& i |Eﬁ'0m the control
signal, snooth |ng the sanme. The electric signa
. .snpot hed is su dto ator 7. _The
circuif elyu| heodatz @Qﬁ@t@ﬁ $ &Uﬁﬁfl@gtottgé ifoquw wewadon (dat a
conmponent) of the electric signal
The demodulation circuit 53 demodulates a modulated wave supplied from the

loop antenna 54, generating demodulated data.  This data is supplied to the control circuit
51.

The loop antenna 54 is constituted by a loop coil formed by winding a conductive
wire in aplane. The loop antenna 54 radiates an electromagnetic field that corresponds to
the modulated wave supplied from the modulating circuit 52.  The loop antenna 54 also
detects the load fluctuation of the loop coil 4. A capacitor for resonance may be

connected in parallel or in series to the loop antenna 54, in accordance with the antenna



supplied fromthe rectifier circuit 6, thereby
stabilizing this electric signal. The signal thus
stabilized is supplied, as I power, to the sequencer
10. The signal rectified and snoothed by the
rectifier circuit 6 is supplied via the 11
drive-uduit sststamm ofthedRMW 502 to the HPF 8. The HPF 8
extracts the high-frequency conponent fromthe

ri ' I ' . rectifi r rcur
EITE S, SRR G ot ASRHREHLRE, fo Pl e 1 ofthe
denodul ation circuit 9. The denodul ation circuit 9
R/W Hegovuites 2 writheomingindfsignal sraogosiageavithipeiinstroctidn when a
The signal denDduIated is supplied to the sequencer
he I [ .-
data. vgwfi)he 8@8% 9&5 i%%f’%fem Eﬁ‘a tslﬁlfr)l% tglllér Igﬁe ?ﬂ)ngb‘i‘ circuit 51
Usi ng t he program stored in the ROM the sequencer 10
generaigairgnsoyssior dataddath to be wirlttenptiet accofdstwigh thesdata-srité instruction.
the anal ysis perfornmed by the sequencer 10, the

TRt R o gty U 1 PO i
put fromthe denodul ati on circuit Is a read
modula@tth@r@mpbw e of Hee eswsiflavippstgnabbased a8 tlne iput signate mﬂl? signal

11 the data that corresponds to this instruction.
thus nRSRMERRGBpYlidd ol HE 16 ARG 4l I q“Hetl&ﬁp R i‘adlatﬁbean
sequencer 1i)%hper forms™ swtching ont 9@ % b
nmodul ation circuit 12. \Wen the FET 19 is turned on

electromagnati fieldicorsespendioe te theinpyt medidated signebi | 4 i s
connected in parallel to the inpedance 18. Wen the

FEThd fesbaricelcireslit ?f‘(ﬁwdéd‘ﬁl th@ PP c&@ 1 arftl é(ﬁasﬂﬁltécPW fHe loop coil 4
connect ed |n parallel to the |npedance 18. Asa
resul t he dance of the ant 54 of the

and theoppagafor AT ‘Ff‘n@efﬂaﬁ-‘&ﬁ\éf’f da g Wihiz tHais

| oop antenna 2 of the IC card 1, changes |n

frequede 9 @bfasRdid theldieillagos fiddichcy T&m‘ﬁaf@ Ecfuentipof the si al

term naI vol tage of the | oop antenna 54 varies w

v R A H B o e e, o

term naI vol tage, whereby the RA V 50 can receive the
the radieed efttromagnetic field. The resonance circuit converts the electromagnetic

field into an electric signal, which is then supplied to the IC3. The converted electric
signal is input to the rectifier circuit 6. The rectifier circuit 6 rectifies the signal,
smoothing the same. The electric signal thus smoothed is supplied to the regulator 7.

‘The regulator 7 controls the voltage fluctuation (data component) of the electric signal
supplied from the rectifier circuit 6, thereby stabilizing this electric signal. The signal thus
stabilized is supplied, as DC power, to the sequencer 10,

The signal rectified and smoothed by the rectifier circuit 6 is supplied via the



Thus, communication is acconplished between the IC

card 1 and the RFW50. Nanely, the RRW50 can wite

data into, and read data frpm the 1C card 1, though

it does 12 not contact the IC card 1 at all. The

| oop antenna 2 provided on the ICcard | is an
modulatiparcrauiappao dteddPBG. s dheddPE Sidxthetd tashighdwquéntcy component

FIGS. 3 and 4. The antenna apparatus 60 iIncludes a

[l ' £, 62..vThe 4 coi |
from (8RR gl suPRlp o TG e BRS¢ o Ve FRE SRy
pl ane and configured to performthe inductive
compenensid suppliddhto thagretadolatenivincus 2.  dbedemodnkatior gironit 9
6la of the loop coil 61, fromone surface 171 of the

cemoli 80 S8y (BTG R 39 SoRRAASRAES ilbppted
the 1loop coil 61, fromthe other surface F2 of the
the seqragneee 9.1 Bhe senpentard noakds tha R share thef signmd (cdmymand) input

etching foils of conductive netal, such as

. , i . f
from - SERIPUHIENEREAFD: PIFHL BEDraRioted L IRTROM thésoquoncar 10
exanpl e, polyimde, PET or the |ike. The nethod of
analyzes the signalh e Ungbp basis pf e resnltsipdthe analysiscparormied Sy thesequencer

| oop coil 61 may be formed by printing conductor

10, th@ AlchRSrd 3 1 ¥R theldabOBHEGH & Sifpligd %ﬁm@gxe@pg}ag&@i?n circuit 9.

paste, or by sputtering a netal target an

formng conductor_patterns_on the substrate. The )
r eﬁﬂﬁw sigeal (gomptand) Byt %orizeﬂvle@l@plqd@iaﬂoe cirgwig? is a read instruction,

conductive wire that forms a rectangul ar coil opposed

the sedjree€ 10 RiahE fronTihe thaABrE Pl thebhi st cofbshARRIHS BB instruction.
ese%ol e 61 c, th%nugh whi cllfrragr?eti c rrecr?‘glgrsﬂ)dggﬁitéﬂﬁgmsmcum

i nserted d held., The turns of the |loop cojl|, which
In accprdange wathdbe afa readom, %W’Ht%g}?&eﬁ‘ﬁ}wﬁ@(bﬁ@

at intervals, different fromthose at the opposite

switching en the FETI9 ofdxemotitRitibA@icaivll R. | Wiah (B8 FRITELY is@dned on in
one, which can further expand the conmmuni cabl e

the mé@ﬂ%qe@ %]g."%ét% ﬁ]%;lhép gﬁﬂﬁﬁé gq?l%qegﬁa%i in pgriaﬁlglt to'the hngcezc%hcg 18.
When the FET 19 is turned off, the loop coil 4 is no longer connected in parallel to the
impedance 18.  As a result, the impedance of the loop antenna 54 of the R/W 50, which
remains magnetically coupled with the loop antenna 2 of the IC card 1, changes in
accordance with the read data.  Therefore, the terminal voltage of the loop antenna 54
varies with this change of the impedance. The demodulation circuit 53 de_:modulates this
variation of the terminal voltage, whereby the R/W 50 can receive the read data.

Thus, communication is accomplished between the IC card 1 and the R/W 50.

Namely, the R/'W 50 can write data into, and read data from, the IC card 1, though it does



part62c. The first part 62a covers the one region 6la
of the |oop coil 61, fromthe one 13 surface Fl
thereof. The second part 62b2covers the other region
61b of the loop coil 61, fromthe other surface F2
thereof. The insertion part 62c passes through the

not comaaithe Kncardl leat aflic and connects the first and second
parts 62a and 62b. That part of the surface Fl,

whi j ' |.C er 62

cer o0 AenGEY BRI A 16 GROTR b tRlaogidtys 60 s0

Nanely, the surface FI is opposed to the RRW50 to
constaatied @s ehown imbiKES at arght.wi The atfenii ApBOatuT6R inchglesa ladp coil 61

the other surface of the loop coil 61, which is

and ASHEIEC pier 22 | THRABKH SAEET i oo EWTHRANE) bpctive wire
. one surface F 1 of the loop coil 61, whichis
in a pgeapd gonfigwred fie petferan thedndu@me cotipling  nlyneagmetic member 62
menber 62. The exposed part of the [oop coil 61,
. _ . : ’
covers V\,ﬁﬁ% ﬁeéil(gl??ﬁgéf th@%(z}ir:?ﬁmi%eﬁgrld,ﬂlbﬁegﬁﬁ%cﬁelc e R chg?éi. The

one s I'S used as comu ion

region. The insertion part 62c_of the magnetic nenber
magnghc mempbr bdupapses flpugih tierlper £oid fd and sovers thseother region 61b of the
and 62b thereof. To manufacture the magnetic nenber

loop & 612 HHRG RS dtRetirAbe F3 oP A _1{5@0}1@1’. m xing a binder
made "of rubber-based resin, wth nmagnetic powder, a

solyent and addi ti ve. this example, the

naé'ﬁeﬂw %ﬁﬂhﬂ&m f@lfmfrxis v sshmngiayn eF sandvative matal, such as

that contains 96 w%of Fe, 3 w%of Cr, 0.3 w % of
clectrélgtedshpet Poviliad on BB eiHabes B £fidabR hshIHERG Im RS ubstrate made

magnetic paint is filtered, renoving, fromthe

of o GG RN Gk ke | RedReth OB e fosp cofl 61 i

nol di ng machine, the nagnetic paint is extruded from

not liraitédakthishr otigHiosp coid 6b etayeisnformpdiby Rintinglcbfthsotor patterns made
thereby formng a |long magnetic strip having a
of cotp(fu%g\% Sr é C e{shsiil%rnﬁa%fc’é, OIT lf)]}([e sél?tpegmg%gnqgttai t%rg_;sett .'Eullé) thereby forming
conductor patterns on the substrate. The regions 61a and 61b of the loop coil 61 are
conductive wire that fofms arectangular coll opposed to each other.  The loop coil 61 has
an insertion hole 61c, through which magnetic member 62 is inserted and held. The turns
of the loop coil, which lie at one side, may have a width and may be arranged at intervals,
different from those at the opposite side. In this case, the loop coil is an asymmetrical one,
which can further expand the communicable range.

The magnetic member 62 has a first part 62a, a second part 62b and an insertion

part 62c. The first part 62a covers the one region 61a of the loop coil 61, from the one



14 is dried, renoving the solvent therefrom Then,
in a coating machi ne, one major surface of the
magnetic strip is coated wi1t® adhesive while the
strip passes through the nip between a pair of
rollers. Further, the magnetic strip is
surfagedticthersofs s e s¢amndipag Rbrayestlicotheerdgsm Gt dkthé kppaoil 61,

predeterm ned profile. The nmagnetic nenber 62 thus

r ' e . 00 T . .
o BR800 oS LSSl s s o
material and produced by any nethod, so long as it
61c and eorpiects thefirs and segopdmpatts 624 andt 62Zb. acThatipsttiof she stinface F1,
magnetic material may be, for exanple, anorphous

18] s %@l ] : :
whictfis 8o SRR P i ing B i3 sorfER B Aoy paton region
X owder of such an alloy is kneaded with a
with the B, 50 a siamsly, ther sustage Bil dpepnosed torthe W 50 dimachieve

providing a paste. The paste is applied, formng the

commiTeREbh Syl /W Apt ernatively, the magnetic nmenber
may be a thin soft nagnetic plate forned by

electroplating or sputtering., Still alternatively,
t hiﬁe FRRAILRY tge ﬁgméﬁrfwfﬁhe lpopiepi 63 uwkigh lastevem% wilbfthe
a single material such as ferrite-based powder

second] Mart 42blbgHd ﬁxﬁgﬂé ('jc'\fﬁe%elf 67, hak ﬁla.rgﬁr alﬁﬁéahﬁgﬂﬁ o Pli%he one

contal nl ng no DI naer. Mor eover n ayer

formed.on the plate de of the )
Suffacggﬁvﬂg?%ﬁpp&ﬁ ) Is covered wath e firsieartfaiod thewgagnetic
| ayer, an oxide filmmy be forned by heating and

membe6D. bThaerealedbart@f thalodpicait 611 1.6n hBYaRiot S6VEREH With the
sputtering on the plate nmade of the powder. The

secon@%g%gj)gwﬂﬁ tlseﬂar;oal‘{\é é%grﬁgﬁ%f%t has mféyjp gétip bility.

material, such as a ferrite plate. The magnetic

neitheinséiohagut 62¢ dfithe magnétan@edibe£62 isdihmoer than the first and
effective magnetic perneability ' (real-nunber part)

secon&{)ingsoﬁfa{an@éfo%@eo%n effective magnetic perneability

To manufacture the magnetic member 62, a magnetic paint is prepared, by mixing
a binder made of rubber-based resin, with magnetic powder, a solvent and an .additive. In
this example, the magnetic powder made of Fe-based magnetic material that contains 96
wit%o of Fe, 3 wt% of Cr, 0.3 wt% of Co and some other magnetic materials isused. The
magnetic paint is filtered, removing, from the binder, any magnetic particles having
diameters larger than a predetermined value. In an extrusion molding machine, the
magnetic paint is extruded from a tank through a nip between a pair of rollers, thereby

forming a long magnetic strip having a predetermined thickness. The long magnetic strip



(i magi nary-nunber part) of 1.0 or |less, each at the
communi cation frequency. Since the nmagnetic nenber
62 has effective magnetic pggneability ' of 30 or
nore and effective nagnetic perneability " of 1.0 or
| ess in the antenna apparatus 60, the range of

1s drieth remaoviagthespaeit veesfirdhe e ant chbatng niabBing WebBajor surface
can be expanded even if the thickness of the

magnetic, material, i.s reduced.; .Jf.the effective )

of the g itisSoalen T AREEE Sugleght Hipasish Brbligh the nip between
conmuni cati on di stance can be increased. To

a pairrdmoliexs.t uFerthdrethanianstc spipds ptoch-Hissed nfoirgha magietic
is connected to the loop <coil 61 that has been

c ' beve. r [t. the,l.C chi
mem B B T R RRRKT L 168 BB kb B o has o
The I C chip 63 used is, for exanple, an I C chip that
thickrmss of H600iuinor 865.14443 St andard or | SO 15693
Standard. The IC chip 63 is connected to the | oop

co r r : e .
et s dasficic BRI €2'calt b T8 4 sotRfEn L iRl g
limted to these. Next, an insertion hole 61 c is
produgediby any mrashod; sadang gsdt extabits satisfacwpy vwighetfachasacteristics. The
the magnetic nenber 62 may pass through the | oop
e . P ot
magnP Inafekial RS U2 09 ShmpIt ARREpR o ol T oy, i Palloy
coil 61 and the magnetic nenber 62 are bonded to each
Sendust Aoy Eieondr Sy, HeMN@llppFe-CotNi dllay arithelike. hePovadgredisech an alloy
menber 62 is so positioned that the adhesive-coated
isneEd R o b O R e SR B} bRl hpaste. The
manuf.act ured through the process_ described above.
paste i5 Applot e ggagnetic wsnhche Migmativelyfhebwgnetc member may
| aid one on the other and then bonded to each other
be a thinisbftaaRaREY plattMorheds dBEIRPlathg driipeiidBl. | StiiNfternatively, the
insertion hole 61c, the antenna apparatus 60 can be

easi |y manuf actured. i iew of its.structure. Iln 16 .
magngiiime Fwi%ﬁl&h@ﬂéﬁ%ﬁpﬂc{?@f@@@%n@w@ﬁwhﬁéﬂm—bmd
smal | because both the magnetic
powder (Ni-Zn ferrite or Mn-Zn ferrite), press-sintered and containing no binder.

Moreover, an insulating layer may be formed on the plate made of the above-mentioned
powder. To provide the insulating layer, an oxide film may be formed by heating and
then be annealed, or an oxide film may be formed by sputtering on the plate made of the
powder. The magnetic member may be a sheet that has flexibility. Otherwise, it may be
a hard plate made of sintered material, such as a ferrite plate.

The magnetic member 62 has, in its in-plane direction, an effective magnetic

permeability p’ (real-number part) of 30 or more and an effective magnetic permeability |



menber 62 and the |oop coil 61 have thickness of 1.4

mmor |less. A magnetic field is distributed at the

ant enna apparatus 60 thus cpRfigured, as is

illustrated in FIG 4. That is, the magnetic field is

i ntense at the one surface FI of the loop coil 61,
(imagnsrgmuirshen pppof B0 o lasheach hiethe coginumitdtmn fresuemyer dince the

with the second part 62b of the nmagnetic nenber 62,

L L e T

asymetrical, unlike the symretrical distribution of
magnehepenmebeity ¢ fafdlGlot lest inttheantemyeeappacatad 6@ nerange of
apparatus generates. Mreover, the intensity of the

. : : c :
comnRAHHoH b EREERC At Lo BEIC N0 RS Rl P e
__and 62b cover, respectively. Hence, the antenna
thicknegpaf tieumsagetic amtenrd iemducadae I thernffectiet impneticgicamesability 1 is
between the I1C card 1 and the RRW50 by controlling '
hﬁfre i IIJIJIBHfl’j]' A diihse -] .ql d - radiated from
>0 Ort e ’ﬁic%%&cm %%Ogr% canr@mﬂg’gaﬁ%ﬁggegbmmni cabl e

rﬁ%ge. I'n the antenna apparatus 60 according to the
entho dnarariacture theantgnesaparatuy htandk; chip A2 ineomnected to the loop

menber 62 is arranged as shown in FIG 4, covering the

qefi : ' f ekt I COj ; : ;
ol f i ot B oot Qlac oo 8600 OBl sl S 463 and thecol
covering the other, region 61b at the other surface
61 copsityle argsonapepcEait.  cbhe Iehehp 63 msedrisginsexamplegam IC chip that

di stribution only at the one surface F1 of the |oop

accor§Piith §3OCRAIAB S TRASH I 1 SGIEStaAdM AN NTHaReh 651s@mected to

can therefore be nmade thin and small. Further, since

the [nt ity of  the gnetic_ field is jncreased, .
the loppgo} Bﬁmﬁw IOV EonNoBEREIsss, thameboga gonnecting
and the RFWS50 can be expanded. 17 In the antenna
the ICaghig isdiotpaftitub Boliedd hedd e Meahod mBatiod hole ¢ is made at the

present invention, the magnetic field distribution at

centeltgmh et (()) C éjorpf OaO(]:f6 lf S% ﬂ'?aft ﬂ"l:ehlel lﬁgl 1016 C I’ﬁglln 31'6 ]IIlSay %gbpSh S(;H'Z C‘Ir.he 1()0p

coil 61. The magnetic member 62 is inserted in the insertion hole 61c. In this condition,
the loop coil 61 and the magnetic member 62 are bonded to each other along a direction.
At this time, the magnetic member 62 is so positioned that the adhesive-coated surface
faces the major surface that is opposed to the loop coil 61.

The antenna apparatus 60 can be manufactured through the process described
above. Since the loop coil 61 and the magnetic member 62 are laid one on the other and
then bonded to each other with adhesive, with the member 62 inserted in the insertion hole

61c, the antenna apparatus 60 can be easily manufactured in view of its structure. In



t he magnetic menber used has a predeterm ned

effective nmagnetic perneability ' and a

predeterm ned effective naghgtic perneability "

Therefore, the antenna apparatus 60 can be thin and

can yet expand the comrunication range, greatly
additiongthe asfenga sppparatmst0cho bt itun add stal becduse oflr the magnetic

space. In addition, the influence of any netal nenber

s - | Va4 per ' he ,comuni cati on
e o o BN BE S R Xt R B8 ahove, (e
ant enna apparatus 60 according to the enbodi nent of
t hé mpgrsterficld distribotedi atirecntennaapparaasicahss asnfiguesd, as is

conmmuni cati on between the IC card 1 and the RFRW50

s BT € T8 O ok R B A N p TS ot o

. contacting the I1C card 1. The | oop antenna 2 provided
coil 6b,whieh is apposite ta theenthérgegion ithat is eovemsdnaith fipsseaondpar? 62b of the
as shown in FIG 5. This antenna apparatus 70 is

ma@eﬁa{ﬂag;qe;[ 62l whithaay %q%lgelteahrgﬁgm Pgﬂtlﬁqsd Wnﬂgl(?jibﬁﬁoﬁ Bﬁgﬂleggfgneﬁc

col er in terns I'ngs an
the intervals thereof. As FIG 5 shows, the antenna

field af phraardenng apparatiey Glisasummessipcal.anlike thewmnmetrieghdisiribution of the
menber 72. The loop coil 71 is produced by wi nding a

magnéﬁlf‘ﬂélﬁttﬁmét%é’\wﬁrehﬁoﬁal%hﬁe&?ﬁ% a@gamﬁe g&&&%ﬁe d 1) B85/ Ah8ntensity

the i nductive coupling. gnet Fc nmenber covers

one region 7la of the loop coil 71, fromone surface
of the gpagnetic %6191203@35361 adj te(f by ghanging theamag ef thesegions thag 81g first and
71 and covers the other region 71b of the | oop coil

semn&@mt@6%hﬁ$62@é@@ér,1%§i§écﬁ@ﬁypf the loop coil 71. The

| oop coil 71 has been manufactured in the sane way as
the | oop coil 61 descri&ed above. The | oop coil 71

i sHEBFenEE ANGIRAAINAEatNs OO caruingreass the gemppeipatiosrdigtance
wi ndi ngs at the opposing sides. Nanely, the region

betweéd thooliC ¢dié 11 @@rnhe ®/W 30 bhesntRoltihg eiedistribuish Bﬂth\é'ilﬂﬁéhetic field
than the region 71 a. Further, the loop coil 71 has

radiot§L iy B YqReaie Epid amideafeomininicable Tnge ' ©

In the antenna apparatus 60 according to the embodiment of the present invention,
the magnetic member 62 is arranged as shown in FIG 4, covering the first region 61a of the
loop coil 61 at the one surface F1, and passes through the loop coil 61, covering the other
region 61b at the other surface F2 of the loop coil 61.  Thus, the magnetic field
distribution only at the one surface F1 of the loop coil 61 can be emphasmed The
antenna apparatus 60 can therefore be made thin and small.  Further, since the intensity of
the magnetic field is increased, the range of the communication between the IC card 1 and

the R/W 50 can be expanded.



The magnetic nenber 72 has a first part 72a, a second

part 72b and an insertion part72c. The first part

72a covers the one region 71§ of the loop coil 71,

fromone surface thereof. The second part 72b covers

the other region 71b of the loop coil 71, from the

ot e thesantdrmaepphrtisd) adcerding & th: embpdirheri? € trgaesmt invention
through the insertion hole 71c forned in the | oop

L 72a nd
the miyhcricHid SRINFRDR ot B S hBEH) PPARIGHBEH §1 A ipiiced and
which is not covered with the magnetic nenber 72,
1henm@mmnsnﬂmkermgﬂ¢msamamkmmnmmmdcﬁﬂﬂsenmgmemhpmﬁmeﬁﬁypaanda
Thus, this surface of the loop coil 71 is opposed to

e 8 R U B s o

nmenber 72, has a |larger area than the regi on of the

can be gyp agdican yat exphid theiconpouriceidon wngé, gréatlyfinersasipg tie
72a of the magnetic rrenber 72. The ot her reg| on 71b

0 i's %@n%g%%enﬁgﬁber gl on t t?%l covere g W ?gmkh ll member
second_part_ 72b having a Iarge area. The exposed part

can bgreduged, gretly inegRYAE comuRisationpgdistases in the matalveember.
wth the second part 72b of the nagnetic nenber 72,
WhiAGHR@Th g;%m din CorfRlim
surface of tdt?g{rlggg%ﬁém a |s£§§g§& gg%%u{ém catl Oﬁ:ntofthe
region, .The |nsert|on paﬂf( 72c of the magnetic

presepgRYHionAmPEO Ve ibo RO he comPRunicalion betwesmthe IC card 1 and
parts 72a and 72b thereof. This magnetic nmenber 72 is

the RIS AltentBRs tHe RV SPABRyNRVIafSintd, Bfd ARA\at0RGH! th%q@ card 1,

magneti c nenber 62. Therefore, howit Is nade Wl

e repeat.ed 1 etail. To manufacture the
rehabghwgﬁ cé’g Ehseglﬂ)caééjor ding to the enbodi nent of
the present invention, an IC chip 73 is connected to

t hghk Gsup meﬂnam}%mﬁiEdQﬁﬂhéi(ﬁﬁﬁﬂ ¢ SABIOUR an®Bn@apparatus
result, the IC chip 73 and the coil 71 constitute a

70 as SHoWH it F1G, CSI ' C[qus ant;:rr?fa alp%aratus 70 is asymmetrical, because the opposing

?

sides of the loop coil differ in terms of the width of windings and/or the intervals thereof.
As FIG. 5 shows, the antenna apparatus 70 includes a loop coil 71 and a magnetic
member 72.  The loop coil 71 is produced by winding a conductive wire in a plane and
configured to perform the inductive coupling. The magnetic member 72 covers one
region 71a of the loop coil 71, from one surface of the loop coil 71. It passes through the
loop coil 71 and covers the other region 71b of the loop coil 71, from the other surface of
the loop coil 71.  The loop coil 71 has been manufactured in the same way as the loop coil

61 described above. The loop coil 71 is formed asymmetrical in terms of the widths of



chip 73 is the sane as the IC chip 63 descri bed
above, and the nethod of connecting the IC chip 73
is the sane as the nethod oil&connecting the IC chip
63. Further, the nethod of bonding the magnetic
. menber 72 to the loop coil 71 is the same as in
windings at theopposipg sides. aNamehatheppgioatils dthalesp cob@d has a greater
above. The magnetic field distribution at the antenna

wind SRR 5 1 3P0 YA oo IBI3 iy e g 71

covered with the second part 72b having a | arge area
through wictnbemeagnetic nisiobard2lis tyseded andtheldni ch i s cover ed
with the first and second parts 72a and 72b of the

magmpat. , .S ' 1S, .
Coue R i 72 1R B S B PSS s o8 i inserton
and al sg because the w nding width of the other

part 72eqi $he frH pert 2asovers phewnd region Thaiofithe boarcod Ad efioinrone

the region covered with the second part 72b, is

surfad¥Raesf. tTadsdchbRd P ggls g'g@gs lﬁ%)@%tpeﬁﬁg@ 71'%%{}6’9@ %oil 71, from

wi dt h of the othe oop col

rranged in the _region. covered with the second part
the otheststrkion tesent g ANSHIOGRRt Tasgpassesthrqugh the insertion hole 71c

Nevert hel ess, the sanme advantage can be attained

formegMafthé foohleiltantRentéetd e tbtidREcdld s 24haa 7089 Mat part of

71b are arranged at |longer interval's than at the one

region. 71 a. T is, the distriputjon of the
one m@%ﬁé{ﬁﬂ&e hoewaﬂﬁla Whichs P@h@f’&’eﬁfffg‘é(} flagsmagnetic member 72, serves

asynmetrical, unlike the symetrical distribution of

as regidiethapaiainn@idatesvith thetRAWS020 ThaQnke @ﬁﬁ@&%fﬁ@k&g%ﬂ 71is
e

apparatus generates. Mreover, the intensity of
net | ield can be adjusted by changing the areas
Opposga%?ﬁl?@é&’. ns that the first and second parts 72a
and 72b cover, respectively, and by changing the
i nThe vegion afithedoopiceil i1 obhichés ¢ovensd Wi’rlﬂﬂﬁ@sec@hdlﬁzhrﬁ @2b of the

at the other region 71b of the loop coil 71, whic
magnglicilgﬁr?@rb%g ??ﬂ;ﬁlﬁg’l ltarhg%r ared iﬂ?arfl thg %etegiior? of ﬁx%\igcr;ﬁ g01W7 { Rvﬁigﬁ is covered
with the first part 72a of the magnetic member 72.  The other region 71b at which the
loop coil 71 has a large winding width is érranged in the region that is covered with the
second part 72b having a large area.  The exposed part of the other region 71b of the loop
coil 71, covered with the second part 72b of the magnetic member 72, which has a large
area, i.¢., the part of the one surface of the loop coil 71, is used as communication region.
The insertion part 72¢ of the magnetic member 72 is narrower than the first and second

parts 72a and 72b thereof.  This magnetic member 72 is manufactured in the same way as

the above-described magnetic member 62.  Therefore, how it is made will not be repeated



Therefore, this antenna apparatus 70 can increase the
communi cation di stance between the IC card 1 and the
RI'W50 by controlling the di9tribution of the
magnetic field radiated fromthe loop coil 71 and

) can wi den the conmuni cable range. In the antenna

mn detadpar at us 70 according to the enbodi ment of the
present invention, the nagnetic nenber 72 is

ar i i . t
coi PRARAREhe Bhehda Rt 1 Bbokdind Bl HtplifEgof e
coil 71, covering the other region 7 |b at the other
presenfunyendion, amlGdlipt 130 conmested todhelpopicailty 1girotieedasidescribed
region 71b of the loop coil 71 arranged in the
e : r f - r
abovg P SRS IERC i PPt 7ol | SRR ANeRARAe kARl ThelC
distribution at the one surface of the loop coil 71

chip S theessamaastihe [G ehip Ghdeseribechalovepgnsd tiemsetiiod ofeonnecting the IC

therefore be nade thin and snall. Mreover, the

chip 7 SRNAnRPRAS I Lo CRMnEXRRNHe g@ ShiPERE h}girge@v%g%memod of

comuni cat1 on between the | CTcar

.because the intensjt f the magnetic field is )
bondipg T Sy R AR Joonseak By éhegmg avinanayifagguring the

t he enbodi nent of the present invention, the

antent@gipRl-dtgs 60 gbfridbg bbbyt i on at one surface F 1 of the

| oop coil 71 is enphasized and the nmagnetic nenber

us has a. ef.erm ned effective magnetjc )
oo e ARG Tl Ruc s SR RHAPTITBE () fhus configurod i
magneti c pernmeability ". Therefore, the antenna

emphasgasy Alons sadicedhat 8 epbbiad 10 fsht ﬁﬁlﬁ'a@tﬁaﬁéir%ﬁtﬁl covered with the
communi cation range, greatly increasing the

scconf LT e 8 e RS SBEES o CHlASHR Soovert

greatly increasing the conmunication range in the

with the fiest andsdvend pasts G2s and B2l oftheveagrictie nashe&®2.  This is because
apparatus 70 according to the enbodi nent of the

r t L owention inpro t.he.readi ness of .the

the re T v (5 s SR B P b A e g rea Rl S5 hpagyse the

~_and enables the RFRW50 to wite data into, and read
windinig tadthrodithe other fe@iore kb df the loop coil 71, which is arranged in the region
covered with the second part 72b, is broader than the one region 71a.  Here, the winding
width of the other region 71b of the loop coil 71 arranged in the region covered with the
second part 72b is broader than the one region 71a.  Nevertheless, the same advantage can
be attained even if the turns of the winding at the other region 71b are arranged at longer
intervals than at the one region 71a.

That 1s, the distribution of the magnetic field at the antenna apparatus 70 is

asymmetrical, unlike the symmetrical distribution of the magnetic field that the



reliably w thout contacting the IC card 1.

Enbodi nents of the antenna apparatus 60 according to

the present invention will 2fe descri bed bel ow. Mre

precisely, two conparative exanples of the antenna

apparatus for conparing with the antenna apparatus
conveplopalcatainngpparatisgeneabtedi mdiivreofert the igeestyrdf the magnetic field

invention will be described with reference to FIGS. 6

ar i €. tiv
can b ufed B PG BRI T3As by e SATERL G0l parts 722 and
magnetic menber 112 as shown in FIGS. 6 and 7. The
72b coemprespsictivelylanidsdy ghangingsitie istemialsaindfpr avidtnafithe toras of the
wire in a plane and configured to performthe

o : . e _ .
windih bl offr regoR 71 R IR 1bF o 9T i ey theqgeion thatis
| pop coil 111, which faces away fromthe surface that
covergghyithdhesegand gagdPl. 1. Assume that enbodi ments 1 and
2 having the same structure as the antenna apparatus
60TREGRYA IO i @aﬁﬁhi fon o
invent?%nJE%ﬁhﬁﬁgﬁgﬁﬁgﬁﬁg appé@%?%%i%@§ , |.%¥¥mf%%mnﬁ
conparative exanples. 1 and 2, each have such )
betwegn flEniG st ergdte &/ Wpah bos sonirolling the disirlutionmef bk svggnctic field
in the follow ng Table 1. These antenna apparat uses
radiaté®i8nfHalesy &l T Pind & CRISRE ERhhRAIEN s they
achi eve. Table | shows the 22 connuﬁ%%gﬁﬁgggistance
in_a metal nmenber and the conmuni capl e distance in a )
f r Bethe ggicana apparatys ggaﬁccagmtatth%elabﬂ@me@@of Hemsesentinvention,
the Exanple 1 and Conparative Exanple 1 have a

the mABRAL hdnba e aﬂﬁﬁ%@ﬁo\ﬁeﬁfr{ i the ohé ; ' _
mat eri al and that the Exarrplge 20 an Cﬂgﬁ%g?ftatﬁlie}l%op%ﬂ7l atone

surface g DA ARG O REPell Habava e Diawbopoeian Tikat the other

magneti c perneability ' is the AC specific

surfacper ireaddition, the whading edddtofitheotar feigfon IRSRBE Tbp coil 71
(13.56 I\/I—|zﬂ)j7 by an inpedance anal yzér or the Ii'kg,cofor

amandg A RIRBOR S RS e B auPed B e B ThC B ich 71a

Hence, only the magnetic field distribution at the one surface of the loop coil 71 can be

emphasized. The antenna apparatus 70 can therefore be made thin and small. Moreover,
the antenna apparatus 70 can expand the range of the communication between the IC card
1 and the R/W 50, because the intensity of the magnetic field is increased.

In the antenna apparatus 70 according to the embodiment of the present invention,
the magnetic field distribution at one surface F1 of the loop coil 71 is emphasized and the
magnetic member used has a predetermined effective magnetic permeability w” and a

predetermined effective magnetic permeability 1.  Therefore, the antenna apparatus can



and a 5-turn wire coil wound around the ring. Table 1
Exanpl e 1 Exanpl e 2 Conparative Conparative Exanple
1 Exanple 2 Structure Anteflida apparatus 60 Antenna
apparatus 110 Frequency at the 13.56 13.56 13. 56
13.56 neasuring point [Miz] Effective nagnetic 40 30

be thia@mgd@an gpanebibic Iconynum(:ate:m ranggyigesatlyantreasifigticicoenmunication
magnetic 0.1 0.4 0.1 0.4 perneability "

dlstm{ée'lqg'ﬂ%%rséa@ Istan c}ee @%Sﬂhﬁ%#§%%}2}ggeﬁl E?fl ctan%e reduced,

(comuni cable 40 mMmm 40 nm 40 mm 40 nm distance in a
greatb/rlg@’emﬂ)e canyueicafioorangain theinetahmem®benpl es 1 and
i.e., the antenna apparatuses 60 according to the

| 2B MedhovREmR aﬁi%ﬁg g&fﬁﬂ& hg Aecdififh gtB T &nbo fent of the

on y the comuni cab nce in-a space,
also t he communi cabl e distance in a nmetal 23 nenber
presentigvention impsgvesdthe ssadinmgs e commmicatisineateagethe IC card 1 and

the R/W 50 and enables the R/W 50 to write data into, and read data from, the IC card 1,
reliably without contacting the IC card 1.

Embodiments of the antenna apparatus 60 according to the present invention will
be described below.  More precisely, two comparative examples of the antenna apparatus
for comparing with the antenna apparatus 60 according to the embodiment of the present
invention will be described with reference to FIGS. 6 and 7.

Antenna apparatuses 110, ie., comparative examples 1 and 2, include a loop coil
111 and a magnetic member 112 as shown in FIGS. 6and 7.  The loop coil 111 is
prbduced by winding a conductive wire in a plane and configured to perform the inductive
coupling to the magnetic field. The magnetic member 112 is bonded to the surface of the
loop coil 111, which faces away from the surface that may face an IC card 1.

Assume that embodiments 1 and 2 having the same structure as the antenna
apparatus 60 according to the embodiment of the present invention and the antenna
apparatuses 110, ie., the comparative examples 1 and 2, each have such effective magnetic
permeabilities 1 and p” as shown in the following Table 1. These antenna apparatuses

were evaluated for the communication distances they achieve. Table 1 shows the



The Exanpl es of the present invention have been
described, with reference to the draw ngs.

Nonet hel ess, the present ingéntion is not limted to
t he enbodi nents. As is obvious to those skilled in

the art, various nodifications, replacenents and the

comrhinkeatdedistrace malmetalithéraber aelthe tomguiicabld distaseoipe free space

of the clains appended hereto. 24 CLAIM5S 1. An

i) By ERBRRAAI 2, N ol B DB D ATE oG e

by an el ectroni c apparatuses having a comruni cati on

have a omgneeameniber miadewd fefrité-hakedtimagnetio npitéried and teat the Example 2

ant enna apparatus conprising: a |loop coil produced by

and CY

to " perform

menber covering one surface region of one side of the
material o p The effectiveansgmyictiormasfilityhe’ it theph € specifiapermeability

covering the other region of the other side of the

LR A S84 magnci

2

measmeaRt tHeQalbrier

part coverin
| oop_ coil,

%gﬁ%ﬁ éelsce re THXEHHE 3{%@5&1&2@ &%# &tsth% like, for

a second part covering the other surface

rmg-
passi ng through an insertion hole made in the | oop

anda%oﬂuh]w%%hw&ﬂd%oﬁﬁdﬁ—%rﬁ{g?” and the second part
and having a smaller w dt han the first and second
parts, and the one surface of the |oop coil, which

Tablejls not covered with the magneti c nenber, is a region

les, ach ingfnding  ringhavingra diamseter (@rofplar example, 7 mm

f reatiran—wththe_el-eeirpnteapparat us-+2
ll';w):e ;:;Ig::{;appg"ﬁr@e Leeh Wﬁtetzg ol GOtRE ratiyRer LCpmparative
the one surface of the lopp coil is|Exampledn fofExample?2
e L il
rface a
Frequt%%g?%taiﬁé' ' ma%‘gé\r@qhas an a'rgapl argelrg'%an t hat 13%.-5'@
| measyriigz pottl (MHZ]
Effective magnetic 40 30 | 40 30
permeability p’
(real-number part)
Effective magnetic 0.1 0.4 0.1 04
permeability p”
(imaginary-number part)
Result (communicable | 35 mm 25 mm 15 mm 5 mm
distance in a metal
member)
Result (communicable | 40 mm 40 mm 40 mm 40 mm
distance in a free space)

As seen from Table 1, the Examples I and 2, 1.¢., the antenna apparatuses 60
according to the embodiment of the present invention, can increase not only the

communicable distance in a free space, but also the communicable distance in a metal



one surface at which loop coil is covered with the
magneti c nenber. 3. The antenna apparatus accordi ng
to claim1, wherein the one28urface of the |oop coi
is a region for communication with the electronic
apparatus, and a wi nding which the |oop coil has at

membdre dihers, theyean sxpndate comhamiebld mdgang whi ch t he
Ioop coil has at the one side. 4. The antenna

s u PSC eﬁﬁqﬁ%@ftﬁé @9‘35&2 lﬁya@n?qyg G d(?Sgltr’iBgd With reference to the

comruni cation with the el ectroni c apparatus, and
drawingsdi Ngnetheless, tid prioscs invehtioh ¢omt dimitedtashe¢mbbdiments.  As s
ot her side are arranged at |onger intervals than

oo 1S R ALSR, 35 RIS Py 0B con e

for use_in a non-contact type IC card into and from
madeywitbautdapartingfrom the scopewitie ¢laiaws dppeadeddheretor oni ¢
apparatuses having a comunication function, by
virtue of inductive coupling, wherein the antenna
apparatus conprises a |loop coil produced by w nding a
conductive wire in a plane and configured to perform
t he i nductive coupling and a magnetic nmenber having
a first part covering one surface region of one side
of the loop coil, a second part covering the other
surface region of the loop coil, and an insertion
part passing through an insertion hole made in the
| oop coil and coupling the first part and the second
part, and maki ng one surface of the loop coil, which
is not covered wth the magnetic nenber, a region
for conmunication with the el ectronic apparatus, and
the regions of the |oop coil, which are covered by
the first and second parts of the magnetic nenber,
fromone surface and the other surface, respectively,
are changed, thereby adjusting the intensity of an
magnetic field.



ABSTRACT The present invention provides an antenna
apparatus (60) for use in a non-contact type IC card
into and fromwhich data cgp be witten and read by
an el ectronic apparatus having a conmuni cati on
function, by virtue of inductive coupling. The
CLAIVNIt enna  apparatus includes a loop coil (61) and a
nmagneti ¢ nenber (62). The loop coil (61) is produced
by wi nding a conductive wire in a plane and
configured to performthe inductive coupling with

1. WeaRbAe e{ep%afa@usaﬁ? CTA YRR noﬁtb%nfaegg%teu@ bRABSG a(n@?f}om which

COVEers one region 61 a) of op coil, provid

data caftbe Wt cﬁq"eacf ]?13951}; ORErGHE fdﬁ;&‘a?atﬁgestﬂa%nl %nﬁﬁhﬂwaﬁon functlon

passes roug  oop coil, and covers the other
by muiee(g 118, ki8d B Iﬂfngt he 4R, GRldratuPERNPSIgEL-at the ot her
e, fron1t ther surface of the |oop coi

a loop coil produced by winding a conductive wire in a plane a_nd configured to
perform the inductive coupling; and

a magnetic member covering onc surface region of one side of the loop coil,
passing through the loop coil, and covering the other region of the other side of the loop
coil,

wherein the magnetic member has a first part covering one surface region of one
side of thé loop coil, a second part covering the other surface region of the loop coil, and
an insertion part passing through an insertion hole made in the loop coil, coupling the first
part and the second part and having a smaller width than the first and second parts, and the
one surface of the loop coil, which is not covered with the magnetic member, is a region
for communication with the electronic apparatus.
2. The antenna apparatus according to claim 1, wherein the one surface of the loop
coil is a region for communication with the electronic apparatus, and the other surface at
which the loop coil is covered with the magnetic member has an area larger than that of the
one surface at which loop coil is covered with the magnetic member.
3. The antenna apparatus according to claim 1, wherein the one surface of the loop
coil is a region for communication with the electronic apparatus, and a winding which the
loop coil has at the other side is broader than a winding which the loop coil has at the one
side.
4, The antenna apparatus according to claim 1, wherein the one surface of the loop

coil is a region for communication with the electronic apparatus, and winding turns which





