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, .
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can wite data into, and read data from the |IC card
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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 ndhistapphicagion is based upon and claims the benefit of priority from the prior

Japanese Patent Application No. 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



coupling. Thus, conmunication is perfornmed between
the 1C card 100 and the reader/witer 101. In the
RFI D system the user need wot insert the IC card
into the reader/witer or set the ICcard into
contact with the nmetal contact point provided on the
couplirgaderhugl ¢dremuitalion isTRebnhed befivédaahe D vt 0onayd the
cont act - type | C card system and data can be easily
ﬁ@ﬁ witten and read into and fromthe I C card.
nxﬁe%pﬁ@g e reader/witer 101 supplies power to the IC
card 100 by virtue of electromagnetic induction, the
| Clic thedREIDDsystam, the usdrmeed pot iabert thedOward it teyregdegRvriter or
as a battery The RFI D systenrcan therefore provide
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fail to conmmunicate with the reader/vvrlter if it

requited ao theaoavesticnal t@itacdypall cgrdeysen anddatacah be gadlycand fast
of 13.56 MHz. That is, the IC tag is influenced by
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el ectromagnetic i nduction, the ICtag is influenced
the IChsard 449 byatidiie okxtbatrondgetie widiconghe 1T tardi 08 ieed moy

changlng |nductance The change in inductance

Inco C ang ga%ﬁ%?g %&esmg ar eé’ ﬁfg'#le %Bfef&e provide IC

can be attar ned. In the RFID system descri bed above
cards that aresumpleinconfighiation hed rinexpensieewed reliablee | C card
100 and the reader/witer 101 the I C card 100 needs
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field intensity. A technique that can reduce t he
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achieved at 13.56 MHz by virtue of electromagpetic induction, the IC tag is 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 ﬁeld 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.



3 Japanese Patent Application Laid-Qpen Publication

No. 200 1-3 3 1 772, for exanple, discloses an
antenna apparatus for use in IC cards. This antenna
apparatus has a plate of magnetic material, which
reduces the influence of agy metal menber. Disclosure
of Invention Problens to be Sol ved by the Invention

' tenna. appar t ype ibed dn

sapich AR NRARATERIROMD, Blorklifor KRBT ARRSRLPRD (o0 cxemple,
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I nce the nication range i s narrow,
ma&RIDHALERL, WAHGEARES (HIBYTRGEIET M hikedl RRnRR- cont act
type I1C card in sonme cases. Consequently, it is
difficult for the non-contact type I1C card to fully
achieve its conveni ence. Enbodi nents of the present
Disclowea bf imenpioovi de an ant enna apparatus for use in
non-contact type 1C card, which can not only be snal
Problgrs tthbsSolisest byaths dnviend¢rease the communi cati on
di st ance between the | C card and_an el ectronic o
appWith ap sntgpenappardyneh the Speideprribgshé thepbove patept publication,
first aspect,of the ipvention here is provide n
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a)qg&gzﬁgt? anq frogwmnich d@}anqgn ?eam%iéten o&lreag tact
PEMAFOR PRI P AL Y AP A USROG ORI 508 rrontac
: . et U duct i .
1P Y 3 sonly bl AR HEk W ERP thfon-cch iR e g card
to AL RGe s EANENEhive wire in a plane and configured
to performthe inductive coupling; and a nagnetic

merheodi@Mes oNéhe present invention provide an antenna apparatus for use in
non-contact type IC card, which can not only be small and thin, but also increase the .
communication distance between the IC card and an electronic apparatus with a

communication function.



one surface region of one side of the | oop coil
passi ng through the loop coil, and covering the

ot her region of the other side of the | oop coil
wherein the magnetic nenber has a first part
covering one surface regioqkof one side of the |oop

coil, a second part covering the other surface
reg f j. .an i: tl .
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having asmall wdth than the first and second parts,

clectidict dpParafiSesHak fraGetotfmirietib BihcEh, by viddd GNnddtiv@toupling,
covered with the magnetic nmenber, is a region for
the aQBIAsNppAhiue Bompriding: Adoopeddigiroduried bapiatiat aisonductive wire in a
According to the above enbodi nent of the present
plancrangepinfdgured foeesntoe Heanduwpparatplisg;cad alpeagaetid hembet covering
thin. It can yet increase the comunication distance
onepjurface pegipreef ope sideeokhecioppriod. apyaathoaghathe deom coil, and
conmmuni cati on function,_&hereby expandi ng the .
COVERRIROENSE Te8HP o HifeOther/side qlihelogn eoih Vst the mengtiemember
i nvention, there i s provided_an neth of adjustin
nas g tiSh pish Ao kB s P e B e Aol b iReRciot g sehug par
d..i ng fr [ . . [ Lt or..Le
corfhE e di S B oF B S84 Byt 3Re 4R instblcht B i Bfouc
> VEL T i
on G B e Th Rop i PR R i Rir, Y et Bl gt and
havidg a $hAINI6h Bak BRARGH dnﬂ%ewrfdg)akt@,_ aAd RhARR sBRce of the loop col,
configured to performthe inductive coupling and a
whidR@N@iticovdriraah tiombhgigtia nidntst, ipardgi@Dioe coMmubittion with the
surface region of one side of the loop coil, a
elegswoengppaius. covering the other surface regi on of the
| oop coil, and an insertion part passing through an
i nsgaordime Hol the rebdec jombodandngol thei bresand lovapibnnghet etenna
first part

apparatus can be small and thin. It can yet increase the communication distance with
respect to the electronic apparatus having a communication function, thereby expanding

the communication range.



and the second part, and maki ng one surface of the

| oop coil, which is not covered with the magnetic
menber, a region for comunication with the

el ectroni c apparatus, and the regions of the |oop
coil, which are covered by, the first and second parts
of the nmagnetic nenber, fV m one surface and the
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e present 1 nvention e cone apparent. from

writtdr rld WM e @RI dpBitafRSC hhBhg @ RoRmuhiRtidl B6&Mn, by virtue
‘invention when takén in conjunction with the

of rRReAVPaRYIING Wicih figSantdihk abpddeme comppiien addopraivprogeed by
Fig.1 is a perspective view showi ng a conventiona

win@®Rbt R eydteive witagin 2plase andeondiguteddp pgriam steawidugivaroupling
RFI D system that uses an antenna apparatus according

and ponagnelenivoaberrvingfa fitsepgr exyering pr/aniaroregioniod ongsige of the
a plan view showi ng the antenna apparatus accordi ng )
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i t of .the. t. i ion: Fig,.5.] .
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the %qg%%q}?é}ﬁbe ,f a re'gib% 1B8f &ﬁﬁﬁﬁnibﬁ}ﬁ%%iﬁpgﬁ .e’i_%ctrgﬂig‘aﬁaakeﬁus? and the
pl'an”vi ew of’ ‘an®ant enna appar at us, ichis a
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apparatus according.to an eribodi nent of the present
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;



invention; and FIG7 is a side view of the

conparative exanple of the antenna apparatus. Best

Mode for Carrying out the Irdyention Antenna

appar atuses according to an enbodi nent of the present
invention will be described with reference to the

dr &horfys agipevdedofur attennaFippatatugwhitth B asyaiparativeiezgmple for
an ant enna apparatus according to the enbodi nent

B i.ned hown i-n FIG 2. .the RFID, system
compin Qi B IR AR e [ G g Lo YR
reader/witer 50 (hereinafter referred to as R'W.

inventing; @AW 50 can wite data into, and read data from
the ICcard 1. The ICcard 1 is a battery-less IC

o FIG T Bla SR U e EABRRRLS e QR PUS 1R i enb B Rtus.
| SO7810 Standard. The IC card 1 is of the sane size

as a so-called credit card. That is, it is
rectangul ar and has such short sides and |ong sides

| h short sides and | ong si:
Best PA fof AR B RO et | ¥ Cor por at e substrat ¢

and has a loop antenna 2 and an integrated circuit )
(1 Optema apparafusep acording 4o an gmbpodineent of thegpresembinvesigon will be
on the substrate. The | oop antenna 2 receives and

describb@ At ﬂefer&ﬁfeﬁo\ﬁ%% Jéﬁ%gdﬁ%%%?&gﬁsﬁé}ﬁg ed with an

el ectronmagneti c [ udes el ectronic
circuits_and a nenory. The electronic circuits
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The | oop antenna 2 is constituted by a |oop coil 4

will bk ekplthedy Wsibha iA FICNEURE R?’ﬂ)‘@pfﬁt%}ﬂ AchdBd 2A6n-cdi@et type IC
| oop coil 4 is connected in parallel to a capacitor

5. Th il .4 .
card 1And a reader/writer %B%heremaﬁer referred to as R/'W).  The R/W 50 can write data

mto, and read data from, the IC card 1.

The IC card 1 is a battery-less IC card that does not incorporate a power supply
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.



the capacitor 5 constitute a resonance circuit. The
| oop antenna 2 is coupled with the electronmagnetic
field radiated fromthe | oop antenna provided on the
RI'W50, which will be described |ater. The | oop

antenna 2 converts the el ectromagnetic field into an

el TRé [dop antdr@Rd is cHRstEted HysUB b@ﬂi ABrrh&PbY @md'fﬁg alcbnductive

3|ncludesarect|f|er circCuit aregulator s

hi g |Iter HPF) 8, a . .deno ation cir
erenaa&lffa@ lagp 0%.15 fravgampegied inp ulrr@@maaaql&s e h‘@sicpﬂ‘*and
12. The rectifier circuit 6 receives the electric

the ca?a(ﬁtaﬁb' coufithtcatrdsoRMck REchipo mldoRéhn@eaﬂa DEs bd)ﬁplédsmm the
signal, snoothing the sanme. The regul at or

e g B P BT o BB e eRZWA@, which wil

power. The HPF 8 extracts a high- frequency component

be dedcribed ldia. eTeelodr asbamnal compplsiledclbsteimahetic €eld nkedn electric
CI rcuit 6. The denpdulation circuit 9 denodul at es

: e ignal input fromthe HPF 8. The
mgnals gjcfglr}g H@azgﬂf¥@s the data-witing process and .
dat a-readi ng process in accordance wth the data

supph¢ I€3 ificlodes deectéiencitduit 6, amegulaton 7| a Righ¥iaes filter@PT) 8, a
11 stores the data supplied fromthe denpdul ation

ui t..9... She. mdul a on _circuikt 12 nod es the
demofIbisH ird iR ERaE DR By 11 i ARORBLSE ehPfy 1p. The

circuit 6 includes a diode 13, a resistor 14 and a
rectifieapavitttorecdives fheelecmosignalenpplal from thé koo codet 41 siestifies the

connected to one end of the loop coil 4 and to one

signaleﬁﬂgcgé@ € s&ARacC 'T%lg ge lat%gﬂ? r&%w%g 5 & S&ﬁb E@apgupbﬁgd from the

i'sconnec er en
resistor 14 and the other end of the capacitor 15.

rectifi@harougs) andovorivérta the gigral tapbopawer. 15 had@Pli 8 extracts a
connected, at the other end, to the other end of the

high-fr@fRnEPLOmfordf 6 11 L1644riE Sinsl subPRed from the rectifier circuit 6.
The demodulation circuit 9 demodulates the high-frequency signal input from the HPF 8.
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



capacitor 5. The rectifier circuit 6 outputs an

el ectric signal generated by rectifying and

snmoothing the electric signa supplied fromthe | oop

coil 4. The signal output fromthe rectifier circuit

6 is supplied to the regulator 7 and the HPF 8. The
connecf@Uhathe bthér efd, a6 iesthederddoftthe Idupt dodideaddeh 8oty efd of the

the diode 13, to one end of the resistor 14 and to

one_end of the capacjtor 15 of the .abave-described.. .
capacitiic 3 1 1 b TRtiHETFIFCLE: © OIS A IPCHE ERa) GSReR DY Tvetifying and

vol tage fluctuation (data conponent) of the electric

smoothigNee eI@ﬂ@@éiF:ﬁﬂ stipplied fhemrthe lodp @il £1 rThe &{}%zﬁil output from the
thereby stabilizing this electric signal. e signal

rectifgERERHER P SeBblehiauho FHRAA L a i TSRE Bat 1 on that
occurs as the IC card 1, for exanple, noves and the

voThagelatocV iadonmected & theaaticglcdsmibdiefidevdivde 13, to one end of
consuned in the 1C card 1 changes, are suppressed.

Not e .t hat, . such vpl e fluctyatons nay, cause th -
the regf 1t A1 S B oA B BB TE e 48pd réchifier circuit
operation. The HPF 8 includes a capacitor 16 and a
The regdatot D corifrols the weoltaga flustuatien (ditg berpempnenafithe electric signal
conponent fromthe electric signal supplied fromthe
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denodul ation circuit 9 is connected to the other end

stabiliazed tssupphed s D8 poden talithemequenver 6. t Thus; dxi wiltage fluctuation
of the above-described HPF 8. It denodul ates the
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10 incorporates a read only nenory (ROM and a random

the pavegraossumedi e (Qamyd hebangescunmappressedo Note that such voltage
denodul ation circuit 9. In the sequencer 10, the
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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



anal yzed in accordance with the programstored in the
ROM On the basis of the results of analysis, the
data stored in the nenory 1% is read as needed, or
the data supplied from the denodulation circuit 9 is
witten into the nenory 11. The sequencer 10

analy2ang hatfGdate Wit H@}%B%éhgﬁ@fed MIEROM. SoRRhE BSkid Of the results
the nodulation circuit 12, thus giving a response to

he co nd. The nory 11.i.s cqQnstituted by a i
of analysis, B1estats gomr}ﬁrt‘gg BeElorid | dvvea @5 heededh onhe datasupplied from
progranmabl e read-only nenory (EEPROM), which does

the deffidul8Rf lcaft Orik vritRAEIO thOmdARrti1Ng dhkAedRAES 1D generates a
and is connected to the sequencer 10 descri bed above.

The, nepory. 11 stores the d supplied.fromthe

[CSPORHE >at 1%?@8&?‘?“@%@ 1@“3—3% S ghdiag, fesponse to
of the analysis perfornmed by the sequencer 10. The

the comagdaidat ion circuit 12 is constituted by a serial
circuit of inpedance 18 and a field-effect

trapsistor (FET) 19. T i npedan 18 is connected, .
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provided in the rectifier circuit 6, and at the other
erasabdeiprogramniabk adionlyt memona(EIEPR OM), FiicH Soes ot nealilecric

termnal of the FET 19 is connected to the ground.

The Le termnal of.the FET 19 is connected, to.the
power GF s 04 Befiln. S fiPufolae B pE sl D Yt pgve.
in parallel to the loop coil 4 that constitutes the
The nehorg-liestareo thedlatespphoed &oni the diemodiiltiometehiz Oioorthe basis of the
circuit 12 causes the FET 19 to performswitching in

resuSGFRE AR5 et o MR BRA T on Clrcure 12

performs so-called added nodul ati on, causi ng_
f | ibe ndudationfeitchi 12lipaohstfutedhby aspealamceit 08impédahce 18 and a
respect to the loop coil 4. On the other hand, the
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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



9 52, a denodulation circuit 53, and a | oop antenna
54. The control circuit 51 controls the data to be
transmtted and received. The nodulation circuit 52
nodul ates data, and the denodulation circuit 53
denodul ates data. The | oop antenna 54 transmts and

52, a da@asdigton daduit 3% and ades) adenmd 34, amir) @eatioPaREnREs 1 €ontrols the
field. The control circuit 51 generates control

signal s i n,acgordanc i, th t i nst.ructi.ons
data § b DS GaRRA T CERSE | e oIt Ghusl 208 drlates g, and the
control signals control the nodulation circuit 52

demoduldtibh eirclgn®ididémbiotesidacui tThedoo Ben®t fdrsmits and receives
transm ssion data that corresponds to the

instructions. Th ransm ssi data is supplied to
data Wi SURIAITRLAR E1erEORPEEIR B har - the cont r of
circuit 51 generates reproduced data fromthe

r edhe vertralatreut b genedhtesfooatrol fignademmadudr@itinenwith teeinktructions
53. The data thus reproduced is output to an external
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The data nodul ated is supplied to the | oop antenna
circuibd? afiththedlenwdinlaionanrcoit S yand Seheduertransnaission data that corresponds
nodul at ed wave supplied fromthe |oop antenna 54,
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Furthepth¢wonirokcironitrsd genegates rgproduteddata pnatheaespwnseldata supplied
radi ates an el ectromagnetic field that corresponds to
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| oad fluctuation of the |oop coil 4. A capacitor for
apparp@sonance maybe
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The modulation circuit 52 modulates the transmission data input from the control
circuit 51.  The data modulated is supplied to the loop antenna 54.

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



connected in parallel or in series to the | oop
antenna 54, in accordance wth the antenna 10
drive-circuit systemof thel(® W50. In the RFID
system configured as descri bed above, the control
circuit 51 of the R WJ50 generates a wite conmand
drive-sirgmt$ysiam af therRIBMGE. wi th the instruction when a
data-write instruction is given to the IC card 1. At

th
tr SRR, Poismt S50 AR B GEAGH dnodh neRARSE TR ofthe
with the data-wite instruction. The transm ssion
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nodul ation circuit 52 nodul ates the anplitude of the
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data G e 11T o PRI ERART L e e g0t circuie 51
antenna 54. The | oop antenna 54 radi ates an

generaips ransonayoe tlite (dateltelbe viritenpatiacegrdsovitinthe datasvrite instruction.
nodul ated signal. The resonance circuit provided in
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the capac:ltor as a resonance requency o)

13.56 MHz. This fre uency corresponds to
moddﬂl@%@ amplimde o the ewillation qb thejmpntsigndf  ilhe signal
si gnal transmttedfromthe R/WSO Hence the
SRR on 80 ddhg
thusnlriadl a%fj‘s%gﬁé%ﬂ#gtnﬂég%jﬁ C ¥| el ?’Elgqr onance cCl rcutf:stan
converts e el ectromagnetl C dinto an electric
clectramagngtic fighl eorrespondiag te ﬂwnplétdnegtﬂaw@ sigaB. The

converted el ectric signal is input to the rectifier

ci The'tdsofancER@rcht prdvillad inthé $Qichrdd! ARFéddstigted Bfthe loop coil 4

signal, snoothing the sane. The electric SI g

srmothedls supplied to the requl ator 7. )
and the SGPACHOR > 1S B SHONBGS ﬁ%leeleypgg o PomalG A Sh Vi aThis

conmponent) of the electric signal supplied fromthe
frequdnecofregionds tcthietosBillative fregers it fir&fhiehbl Pof the signal

el ectric signal. The signal thus
transmitted from the R/W 50. Hence, the resonance circuit performs resonance, receiving
the radiated electromagnetic 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



stabilized is supplied, as DC power, to the sequencer

10. The signal rectified and snoot hed by the

rectifier circuit 6 is supplied via the 11

nodul ation circuit 12 to the HPF 8. The HPF 8

extracts the high-frequency conponent fromthe
modukitienteircuit 42 gmtie HBB Bl i dthefHPRStexeracts did Hiplefreqiieeayi domponent

6. The high-frequency conponent is supplied to the

L at: | i [ a.Jhe.. lati i-rcwt 9
from ETRANI Rl PR ot e BEABEFORMNT ' PG Y ctaptey
The signal denodul ated is supplied to the sequencer
compaient Theippied tribe det@duddtion cireeit RAMISt demotibation givadit 9
(command) input fromthe denodul ation circuit 9.

r . e . 4 .
demodafld (i RARARER B o o S, Fbiepdfo YR ]; dibplied o
the anal ysis perforned by the sequencer 10, the
the sequensey10.1 Thosesguentar 1@anakesshdBAlistare thessigngl { @untnand) input
t he denodul ation circuit 9. If the signal (conmand)
) q : , . :
from R O e o Profrail sterdy iU HORE e sequencer 10
11 the data that _carresponds to this instruction. In
analyzes dlg signde (i the bags ahths resdes of theanalsisnarorped by thesequencer

sequencer 10 perfornms switching on the FET 19 of the
10, PR 193 G Gl b0 R 8 08 (ARAER i
COUS G Ra i obt elBocbon e el msrocion,
connected in parallel to the inpedance 18. Asa
the se%%iélg% %0 i\;\éﬁ?ﬁ%ﬁﬁfﬂl@@ﬁ@n@fy 1 Dee! cﬁ%ﬁfﬁo%%y&nﬁﬂ tQthik ﬁlﬁstruction.

remai ns rragnetically coupled wth the

| opp antenpa 2 of e |Ccard 1, changes in
In acoqriaPEMIBAnG 44 l’?ﬁﬁfettf]?@ e JamaoTy Tile therssauenceintl) performs
term nal voltage of the |oop antenna 54 varies with

smtcﬁéili% & ?f@‘;%f &2&%%‘?‘;‘?22@?? g:ﬁcuﬂ'mg. deyRauhe FEIM 9 is turned on in
the modulation circuit 12, the loop coil 4 is connected in parallel to the impedance 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



variation of the term nal voltage, whereby the RAV
50 can receive the read data. Thus, conmunication is
acconpl i shed between the ICl@ard 1 and the R/ W50.
Nanmely, the RRW50 can wite data into, and read data
from the IC card 1, though it does 12 not contact

not carfactitles Kacardil attallal | . The | oop antenna 2 provi ded on
the IC card | is an antenna apparatus 60 so

o e M TRETe T il W
menber 62. The | oop coil 61 is produced by w nding a
constieied as shoven wi FEGS, hamd 41 afbe anfénooafjiapinet) nchyles & doop coil 61
the inductive coupling. The nagnetic nmenber 62
and A FEICRe MG S0 oot LB ik AR fpive wire

. 62 passes through the | oop coil 61 and covers the
in a ppgapd cepfigired 1o perfornnthe indepivesionpbag. f Fermagectictthember 62
surface F2 of the loop coil 61. The |oop coil 61 has

t1 G i i [ oo
cove SRS IR A ik She SRR S PRIB ol 1. The
surfaces of a flexible insulati n? filmor substrate

magnghgimengier 62 passss dsopgh thedpgp aoidi6] apdrowers thewthéregion 61b of the

The nmethod of formng the loop coil 61 is not

loop ddilB 1L §brhk thel dthésr suFaBe FROPHAbb géﬂg?y be fornmed by

printing conductor patterns conductive paste

su s sil. paste, or sputtering a netal target
anﬁlﬂ@i&mwlv g@hﬁﬁab@n f@’éﬂ@ﬁ%ﬁ(@ fods aEc@rlugiee metal, such as
substrate. The regions 61 a and 61b of the | oop coil

electr6lteddpet Previded ¥e bolly tirfabed off PASEDR ih 8 r £®brate made
opposéd to each other. The loop coil 61 ha an

of, o atrplierhebeinifip i or heiBer Lhe meghod AbkrBRE Baiecp coll 61 is
which |ie at one side, nmay have a wi dth and may be
not liraited tegthik. atTHolbep ¢ail 61 may be formed by printing conductor patterns made
of conductive paste such as silver paste, or by sputtering a metal target and 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



different fromthose at the opposite side. In this

case, the loop coil is an asymetrical one, which

can further expand the conmuBi cabl e range. The

magnetic nenber 62 has a first part 62a, a second

part 62b and an insertion part62c. The first part
surfagdd tboreof.s Thesenvadpadit3h wiersdlic other tegom G of thd Joop coil 61,

fromthe one 13 surface FI thereof. The second part

o BERALE R 2 o ISR R BB Siprion o

62c passes through the insertion hole 61c and
61c apdeorseet the Brst and second pads 62alaph6ls 6Pbatgad of the sitfaae F1,

part of the surface FI, which is not covered with

whiel] §BoTRNEH i IT° Bl SRATER 67 SefleS BT Db ERBfhon region
.. opposed to the RRW50 to_achieve conmmunication wth
with the, B/W %0.50Namely, thegusfaceF 1 iveppesedto theR/S¢ 80 ¢ adhheve

| oop coil 61, which is covered with the second part

co Bbntiith MBGYsYisp menber 62, has a larger area than
the region at the one surface F 1 of the |oop coil

61, which is covered with the first part 62a of the
rmagheFsedon adhe ethes surfageotdhiplospop &t whichiin goveseh with the

coil 61, i.e., the part not covered wwth the second

second phft 6OB Bt YnaBnédtic hBRALENE?, TS E%g&z akea iR YRER: R at the one

conmuni cation region. The insertion part 62c o
netj c, menber 62 i.s narrower than the first and ]
smfacgiﬁ&ﬁ‘ahﬁm@ﬁﬁ,mﬁmw sgth the firvparralad the magnetic
magneti ¢ nenber 62, a nagnetic paint is prepared, by

member 82 N9 Tha eRpdied padisieh@loop e bl &1 ; DasBE pafHiol covdrédwith the
magneti ¢ powder, a solvent and an additive. In this

seconﬁ,ﬁgﬁglllgéwh.ﬁsé:‘; nc?r{eiré(f)ag%ﬁ f,;i§ HE chomﬁ]%ﬁ&%eslggn region.

"The msertion part 62¢ of the magnetic member 62 is narrower than the first and
second parts 62a and 62b thereof.

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



w % of Fe, 3 wt%of C, 0.3 wt%of Co and sone ot her
magnetic materials is used. The mnmagnetic paint is
filtered, renoving, fromthg4bi nder, any magnetic
particles having dianeters |arger than a
predeterm ned value. In an extrusion nol di ng nmachi ne,

1s driddy eemoreigp did wlait Heréforext Abdednfacatiae haokink sreughjod surface
nlp between a pair of rollers, thereby form ng a

ic strip.hayi et erm ned .t hi S.
ot S AFRRSE oAB BH e ISR LB TS 15 beteen
sol vent therefrom Then, in a coating machi ne, one
a pairrdjroliers.ur Fatleer, the nidpmetimgingtis pusdh-piessed, Homirgra wiaghetic
adhesi ve while the strlp passes through the nip

men 850 AU Pk, Wit BB RE oot

~having a predeternmined profile. The magnetic menber
thicki68s 0filL000 pmmerlekas a thi ckness of 1,000 mor |ess.
The magnetl c nmenber 62 can be nmade of any soft

Iong as )%Lé]@&etre%ﬁ Sca ?);?H&% oryggl’?‘(ﬁaS @@%ﬁgﬁaﬁﬁlaﬁd

characteristics. The netic material nmay be, for
produgsdhplany matzod so lengasi 1b iloits @tistactony mageetit cheraatsristics.  The
Sendust all oy (Fe-Al - Sl Fe-Ni all oy Fe-Co-Ni all oy

; |
magnlic Hiol KBy (B2 8,001 Urr LAY, O FraTGATEIANIL,
provi di ng a paste. The paste is appl [ ed formng the
Sendush ghhext (Fe-ASbelFc-Nialley,Fa-CodNiallayes thelbket i Rowidertodsuch an alloy
may be a thin soft nagnetic plate forned by
isTneARF AR bRl B 81 BRperd bt (hEbAE, Brdyiinga pase. The
single materjal such as ferrite-based owder
paste (Sr@ppkﬁd,ffem%h@mame%nm t%m@g@y@ﬁwm@ﬂmmber may
cont ai ni ng no bi nder. I\/breover an insul ating |ayer

be a thiR¥oRenABIcHB B0 fdrﬁi%d!ﬂ}ﬁélé‘ctf@ﬁeﬁ:u@ orlsPlittering.  Still alternatively, the

above- nent i oned

ot

magnetic member may be a thin bulk plate made of a single material such as ferrite-based
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 |



powder. To provide the insulating |ayer, an oxide

filmmay be forned by heating and then be anneal ed,

or an oxide filmmy be forpgd by sputtering on the

pl ate made of the powder. The nagnetic nenber may be

a sheet that has flexibility. Gherwse, it may be a
(imaghearg-nohatee parpel h) oslost,eneldantht eoimmhynisativn faguancy.  Since the

ferrite plate. The nagnetic nenber 62 has, inits

e e_dhrect an eff.ective net i .
magnifls RicBller Bo i8S LiipliyeTHasfit BimCaTRy 15 3p ongrage apyeffective

an effective nmagnetic perneability " 15
magnéfiopgimeabyity witel. (par legs infthd aftemna dpgmsatue6; thatangbof

communi cation frequency. Since the nagnetic nenber

_ . . . 1 , _
comnifi et e R ICREL id BERITRP 20 cohibe cpPindl fnitpe
~_less in the antenna apparatus 60, the range of

thicknessrediihie cnagnetic nestonsd is teducedC  dithe effeative magndRicdpeiMeability 1 is

can be expanded even if the thickness of the '

Reeeat oy [ : effective
50Ornagﬁg?%EO%@@ﬁggngf§§&?%ﬁéﬁq@dﬁ%F&ﬁgfe, t he

conmuni cati on di stance can be increased. To

o feaiaduicibe apteammapnaptas 60,us I6bchip A3 issanieged B the loop

is connected to the loop coil 61 that has been

16 S a tHee &S :

coll o AR B AR, "85, o1 cip B8R the coil

The I1C chip 63 used is, for exanple, an I C chip that

61 copstiteeadesanance sesurly 4 JhedCeehp P4 used 1sstor exgmple, an IC chip that
Standard. The IC chip 63 is connected to the | oop

accor€Pivith ISOAA4BE Tk @br 190 ¢5693'YaR@ardNoNgthe! Bfi563 E%{/mected to

met hod of connecting the IC chip is not particularl
limted tqo.these, Next, an insertion hole 61 c is .
the logg gl By AGE medand Frwisabendipgs n qﬂ@‘%‘ﬁleé%iﬂlle gethodofcpmpecting
the nagnetic nmenber 62 may pass through the | oop
the ICEeHip iHdot phfi: Rhited Rbe  Wextsar MSQLLE Hole Ich®made at the

insertion hole 61 c. In this condition,

center part of the loop coil 61, so that the magnetic member 62 may pass through the loop
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



the loop coil 61 and the magnetic nmenber 62 are

bonded to each other along a direction. At this

time, the magnetic nenber 626is so positioned that

t he adhesive-coated surface faces the najor surface

that is opposed to the loop coil 61. The antenna
additiapphe abtesn® Sppaaatub 60 wan bé duh uné dmuH bocmiie bbth the aegsstic

descri bed above. Since the loop coil 61 and the

[ [ ' n n_t he ot her and
mem@%%%%xg nde gcoélac Vt%ﬁié\%kafsg ﬁ’?& (\)/relfes%m th the
menber 62 inserted in the insertion hole 61c, the
antemagnetsdmldisdisibutdrat e abginapppaatis6Ot thnsecbrifizured, as is
view of its structure. In 16 addition, the antenna

s BREA 15, SOLGE% 5L R B REAGHE R B o o

. thickness of 1.4 nmor less. A magnetic field is
coil 64 whichtiuepnpsite ta the atherangion dgb é eaveredo@ith Masssecond part 62b of the
configured, as is illustrated in FIG 4. That is, the

. . e int h ¢ _

magnfitr b3 o IBREFEA, - DBAOD S RO magnere
region that is covered with the second part 62b of

field at fze antenpaapparaten@ibs aspmmatiieah, undike the symgaetrmwabdistribution of the
That is, the distribution of the magnetic field at

magnEReHAHHRA M &ﬁﬁ%ﬁbﬂﬁ%ﬁé@ AR S ngéﬁe&éﬂes. ?IN',teqlré&{eﬁgﬁe intensity

symetrical distribut gnetic
the can e{wti or]?al INt enpa appar at us gener at es,

of theppagnsiie field ¢ weed Dy changing-theagass of therreglons gt theefirst and

adj usted by changing the areas of the regions that

second parts 628ind6Tb cGRGARSRAVEy. 62a and 62b cover,
respectively. Hence, the ahtenna apparatus 60 can

i ngrease the conmuni cation dj stanc bet ween the I C
cafgnge; IHINAPPRRAEHUSHOU 6BHINERRSS thg copanemisatianglistarge
of the magnetic field radiated fromthe |oop coil 61

betwean theelcant] d emdtthe RYWTBUIBY eakir6iling d@distribution of the magnetic field
radiated from the loop coil 61 and can widen the communicable range.

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.



In the antenna apparatus 60 according to the

enbodi nent of the present invention, the magnetic

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

first region 61 a of the |oop coil 61 at the one

surface F 1, and passes through the [ oop coil 61,

co\re thieupidring apphmtus Glegricondifd to the etrbedhdieof ierfrasit invention,
F2 of the loop coil 61. Thus, the magnetic field

' i i . t n face (F1 of. e lo .

the milpice G URRIAMoN F i O SRS R 1do G011 61" piBrsized and
can therefore be made thin and small. Further, since

the mageeticthembet ysedfhas b ipeedetaynanéedeffective magnetepaasability 1° and a
the range of the conmunication between the 1C card 1

: . G 6. len t Nt enna
predelfhindd GHeRy¥ nheBBl: RamRABARL P dherntile BF ARRA Bparatus oo
present invention, the magnetic field distribution at
can be fan ené canyétaxpam thegonmunication woge, gdatlysnewpsing thee d
and the magnetic nenber used has a predeterm ned

N . i b | i s
0 preget e\r/cﬁnS neg e%lf ect?ég@rmb%lnetl gnpgi%qn%@%%%ﬂf/‘mymmlmember
Therefore, the antenna apparatus 60 can be thin and
can be gluged, gssatlyiacreasng Smammeanication disace iy thamgial member.
i ncreasing the comuni cation distance in a free
S P aGQlestribeddtiole Ghe aﬁt?ﬁnél %}gﬂiﬁlﬁﬁ§ 80 935%0?55}’) g B enfBhififent of the
can be reduced, greatly 1 ncreasing the comunication
di.stance .in the netal  nmenber. As descrjbed above, _the
preseptingsiHiPnimpse s fhe radissvelths gomsunicationhstivessthe §¢ card 1 and
the present invention inproves the readi ness of the

the RAVHOLENIGARDRE (HRERWFEH thReritedaAhifh, indRAd cﬁﬁeﬁcﬁfﬂvﬁégc card 1,

and enables the RR'W50 to wite data into, and rea

.,data from the I.C card. 1, reliably wthout
reliab omtg@eﬁqﬁ’&ta@ﬂ%gﬂ@@%di The | oop antenna 2 provided
on the I1C card 1 may be such an antenna appar at us
The loop antenna 2 provided on the IC card 1 may be such an antenna apparatus

70 as shown in FIG 5. This antenna apparatus 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



70 as shown in FIG5. This antenna apparatus 70 is
asymmetrical, because the opposing sides of the | oop
coil differ in terns of thel® dth of w ndings and/or
the intervals thereof. As FIG5 shows, the antenna
. apparatus 70 includes a |loop coil 71 and a nmagnetic
windimgsrbethe pppodihg sidesp Nainely7 theirsgiondd badthdlpopicail i7h gama greater
conductive wire in a plane and configured to perform

windRSSHSANE 4P 1y B TRADO) 51 YT BT 7t

of the |loop coil 71. It passes through the [oop coil
through wivich Gigveagnetin mapelier72ris isoriedand béldt he 1 oop coi |
71, fromthe other surface of the loop coil 71. The

lo ' : i .
ol PR T A IR 726 a Sk oh2R g Hisrtion
i.s formed asymmetrical in terpns of the widths of 18

part dg.ndilhg dirdpaitieasppersthrons igaon Naradithe loopsoldd Gem one
71b of the loop coil 71 has a greater w nding wdth

surfadetB&rebie TEG4e@Bnd i!)al% 726 %%/ﬁ? fhe (ﬁﬁ%ﬂlegﬁﬁt ’ﬁl%' dr tﬂéllon §0i1 71, from

an insertion hole 71 c, oug e magnet

nber 72 is jnserted and hel d. The magnetic. nenber
the other SRaksoq orsas | §RPETSPHION PATC A PRISERTOZRIhGiecdAn hole 71
insertion part72c. The first part 72a covers the one

formedaifiitelobh ol fantl REnh QPHE Firbt ahdl sebd : -
ormt hereofo. il)The agecond part 72b cgverrgl%%e]gtﬁﬁggqrgggi g‘lr%atpaxtof

71b of. the |00 oil .71, from the_other surface
one aftheroepical s W%lf? appt W@rﬁ;‘g@g@q WRASHRjHs mermber 72, serves
insertion hole 71c formed in the |loop coil and

as regiomnhacésmiieidatessiittame RAAES0d s, Fhikdarfaaco B loophtatl 71 is

part of one surface of the loop coil 71, which is

nqQt cov. W th the magnetic nenber 72, serves as
Opposleaé‘i’%}?ﬁhg&()commni cates with the RFW50. Thus, this

surface of the loop coil 71 is opposed to the RR'W

50The region of the loop coil 71, which is covered with the second part 72b of the
magnetic member 72, has a larger area than the region of the loop coil 71, which 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 arranged 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 72c¢ 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



The region of the loop coil 71, which is covered wth
the second part 72b of the nmagnetic nenber 72, has a
| arger area than the regionl®f the |oop coil 71,
which is covered with the first part 72a of the
) magnetic nenber 72. The other region 71b at which the
m dethibop coil 71 has a large winding width is arranged in
the region that is covered with the second part 72b
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second part_ 72b of the magnetic nenber 72, which has
presert inggngion, an Ka chip, 8, is coheeates to thé laopeodvd rodiicedes described

the loop coil 71, is used as conmunication region.

abovel NEAd @f&’ﬁﬁ%ﬁtﬁ@ 102hip ’7?511&3{1163:62 ggg%g?ﬁﬂlfé & g}é&@& p ThelC

narrower than the'first an parts a an
t hereof. This magnetic nmenber 72 is manufactured in

chip ‘Bris theasameasthe {C chiped hdespaberbahavienantl thagnethod ofieomecting the IC

62. Therefore, howit is nmade will not be repeated 19

chip 737%s 4R @irle astBe ﬁﬁﬂl‘tﬁ%ﬂ%ﬁ wrﬁeélﬂ% tﬁtE Eg 'Eﬂg) PP aftf e, HOmethod of

according to the e di ment resen

dnyvention,. an | C chj 3.is connected to the | oop )
bondipg the magngtisdpeahen 2 E’eéi@ leapeenil ‘Glis dlae samae as ingganufacturing the

the 1C chip 73 and the coil 71 constitute a resonance

antend dppakdtus dtdedclbegBbeve/3 i1s the sane as the 1C chip
63 ‘descri bed above, and the nmethod of connecting the
I
t

chip 73 s .the .sane as, the nethod of connecting )
S eagnric fidd %}Fﬁ%@l} alhe AgRAPIGFaT AN ok gomhgred is
magneti ¢ nenber 72 to the loop coil 71 is the sane as

emphadizétbdatioha sttfidediat i &ppadidas taut safialedife REisiessickdBdith the
above. The magnetic freld distribution at the antenna

sccond B 720 TRKIRE 4 4tk ob ath e Frsior e oRGRk Aovpiegiissovered
covered with the -
with the first and second parts 72a and 72b of the magnetic member 72.  This is because
the region 1s covered by the second parts 72b having a large area and also because the
winding width of the other region 71b of the ioop 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



second part 72b having a large area fromthe regions

of the loop coil 71 which is covered wth the first

and second parts 72a and 72p0of the nagnetic nenber

72. This is because the region is covered by the

second parts 72b having a |arge area and al so because
convephenalantwminn gppardtus geerates. oMiercoverghe mt@idityaff thdmagnetic field

| oop coil 71, which is arranged in the region

e bEQYEEEH P RSO B el PEESS] o 0 6 22

other region 7 I b of the loop coil 71 arranged in the
72b coeqyj ieppastivelysandiiy changing the datenyalsamtl/or 2idfhsofithe antas of the
than the one region 71 a. Neverthel ess, the sane

wind AERE S Saln 0, B YRIRGH51. L AR ) o Wion s

| onger intervals than at the one region 71 a. That
covergdwithibe sgoond paui{/2bn of the magnetic field at the
antenna apparatus 70 is asymetrical, unlike the

VB b bR iSRRI Sl isance
Moreover, the intensity of the magnetic field can be
betwegp jﬂlﬁs]l(g@ﬁrﬁyl aHghg RNy 5&@ gouizelling %mhstﬂbgﬁl@h@f thaamagnetic field

the first and second parts 72a and 72b cover,

radiatéEABACthE Y eoi FPHaRY ol WiihBe &&&ﬂﬂﬁb@@%&ﬁnd/ or

width of the turns of the wnding at t er
region 71b of the lgop coil 71, which are arranged in
th Tﬁ@@pﬁn@ Abparptys %ﬁét@@@r@lalgmotthe embodimenhal hgresepbinvention,

Therefore, this antenna apparatus 70 can increase the

the mg{?g MciAberan? 16 hEhARRE coRGINERE ohdfegidn TBI &‘htﬂle f4h d0FE71 at one

0 by controlling the distribution of the

magnetic fjeld .radiate romthe J]oop coil| 71 and
surfacg gippasens Peh DRI, PAYGOE e oPREBIRT IR the other

apparatus 70 according to the enbodi ment of the
surfacps efeadditiow,ehé wiling width of the other region 71b of the loop coil 71
arranged in the region covered at the other surface is broader than the one region 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



the magnetic nenber 72 is arranged, covering the one
region 71 a of the loop coil 71 at one surface, and
passes through the | oop coi 171, covering the other
region 7 | b at the other surface. In addition, the
wi nding width of the other region 71b of the Ioop

be thiggind can cxpandithgednimunibationeginge) grenlgrieceading the cotitgumication
surface is broader than the one region 71 a. Hence,

s P gg%%gg% gtffr.g‘glghg%{je ﬂ‘l.; ﬁg%@?%%e@%%g&rﬁ% be reduced,

ant enna apparatus 70 can therefore be nmade thin and
greatlyragreasing ﬂ@cﬂ@ermumca‘eommngn matheppetalnmesbéd can expand
the range of the communication between the IC card 1

P el Ry e B REph i P10 bog (g ABS e of e

according to the enbodi ment of the present invention,
preseqtigventigmanipgovessh reidiness piiticsnmunumioationretarcen fhe 1Cafhard 1 and
the loop coil 71 is enphasized and the magnetic
R’W’Wfd’n R/WI LE
the per rreakgllLﬁlr%tglfgﬁ%and % etdeérﬁfr%nnﬁjégﬁ&ﬁaﬁ% ve&%’J[h%ICCardi
etr C per neabi I|t Therefore t he antenna
rehabggw et pongagHD, ﬂleE%Cfilﬂr a and can expand the
comuni cati on range, greatly increasing the

COMMBYGRERRDT il Sitemees rﬁgarmf ' 6PRCBRAE 1o fiid @&%ggmr&mn will

the influence of any ne er can be re

y.increasing the conmunication range in the
be de??é@&& erMORE DIgeIsely; Bericoippatative exampiesalfhe antenna apparatus

apparatus 70 according to the enbodi nent of the

for copfpRsptwitin iR Hnkdihal apPARUR B &t o o enPodinhét of the present
corrrrunr cation betvveen the I C card and the R W

bIe 0O to w nto and read
inven Qﬁl “t”ﬁf’@’?ll"@ﬂb gfeqce to ﬁét&g thout

cont act_r ng the IC card 1. Enbodi nents of the antenna
appartatnasappraasesl 10,1¢., coniparitive egamples vidtd, @hydd 4 loop coil

111 and a magnetic member 112 as shown in FIGS. 6and 7.  The loop coil 111 is
prr)duced 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



be descri bed bel ow. More precisely, two conparative
exanpl es of the antenna apparatus for conparing with
t he antenna apparatus 60 ac@@rding to the enbodi nent

of the present will be described with

i nventi on

reference to FIGS. 6 and 7. Antenna apparatuses 110,
commurgcgble dspmcain & metdanghbsr dndathelc@mmivmidabltedistahewip a free space,

coi |

whicl? e?cgldagz)ﬁl\‘/aé&e v

t he i nducti ve

I oop coi l

RN O AR

coupling to the nagnetic fiel d The
have ampgpeiicmesttise matted fifsrriohated magrictie neeriz and diat theeExample 2

111 and a magnetic nmenber 112 as shown in FIGS

Xample 1

111, which faces away fromthe surface that

and Cgﬂ%%v I'ng %ﬁ@a%ﬂa&erﬁdg@?e as Iﬁﬁ&ng‘%&) ngggﬁi?%ad&ga@em

60 according to the enbodi ment of the present

materialy eihi efectng magnatictpenmeabilippariathes’es spddific permeabilite
PG"e like, for

conparatlve exanples 1 and 2,

S TR IR oy A9 PO

meastiel B
In

each h

ave such

nna appa

uses

vvere eval uated for the conmunj catl on di stances they

mchidinga ring bagingachametiec &l of, ﬁixrsxmnpb 7 mm

1plasa gach
in a netal

ring-

and afSLt%ﬁl ARBEBIl woHICoEaS th
Exanpl e 1 and Conpa

t he

menber and the conmuni cabl e di stance in a

ratus achi eved. Note that

r at %e Exanpl

e 1 have a

magneti c nmenber made of ferrite-based magnetic

Tabledpt eri al ahd that the Exanpl 32 ang Cohpar ative
e Poncea Radble L RURE ™ Shpmeaiveyof Compaaive
magnetic permeability ' is the AC speEkdmple 1 Example 2
S ooy oAyt hecass o Ao 1
Frequeﬁ‘?éﬂhgtﬂ;iﬁzfgmp egrrpeach ?%g ud%/ng a Ting having 1%%
HF}@Q}B f  for.exahple, 7 nun
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




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 Antefl@a apparatus 60 Antenna
apparatus 110 Frequency at the 13.56 13.56 13.56
13.56 neasuring point [MHz] Effective magnetic 40 30

membig. 3T hapmy thewpbad expand the eadrmundable page. Ef f ecti ve
magnetic 0.1 0.4 0.1 0.4 perneability "

(i ITRALY - . | t icable 3 25
T e R Rt 1 EBUREABAS B e 0 e
(comuni cable 40 nm 40 nm 40 nmm 40 nm distance in a
drawihgee Npactbyless theepmsdnt inwentibh & rnt linfitedEa dxpéebodinmnts.  Asis
i.e., the antenna apparatuses 60 according to the

2, |
obvioBTROHARE BB 48 o PR3 BB BRI GRA By cam b

al so the communi cabl e di stance in a mnetal
made, without departing from the scope of the claims appended hereto.




23 nmenber. That is, they can expand the comruni cabl e
range. The Exanples of the present invention have
been described, with refergpce to the draw ngs.
Nonet hel ess, the present invention is not limted to
t he enbodi nents. As is obvious to those skilled in
CIJQI{?G art, various nodifications, replacenments and the
I ke can be made, wthout departing fromthe scope
of the clains appended hereto. 24 CLAIMS 1. An
antenna apparatus for use in a non-contact type IC

1. g@{&t&ﬂ{aoa Aol RMuRECY notalodteAR PRECEL I BB Bl #&Ahich

y an el ectronic apparatuses havi ng a contmuni cati on

data cah $RGEA®RR or rB¥d %i, LA URc@bnik Bﬂéé‘}ithé’e% Ha QiR d Bamitl8ation function,
ant enna apparatus conprising: a |loop coil produced by

by virtl¥ SGh&iRde CORAHEL théeninhe aﬁﬂarﬁ?y&&ﬁﬁﬁs}y conf i gured

to performthe T nductive coupling;” a a magnetic

TBEBS Lol HYSHIRY RNEGindHlf A6EndiREVOWiRf inof Plaﬁé d8d @bntifi®ed 1o
 oop coil, passing through the |oop coil, and

perforn® M48h&Ngive B8uMidpehnd €gi on of the other side of the
l oop coil, wherein the magnetic nenber has a first

RAfho @i ek RBe0 BB veiHol 86ce slirfeOReRh OMBne SiddeoOthet RBp coil,
| oop coil, a second part covering the other surface

passind @SR 188 18dIcdiDAURd Gobdringdih ot rbdsL of aNotBar Side of the loop
passing through an insertion hole made in the | oop

coil, coil, coupling the first part and the second part
and having a smaller wwdth than the first and second

Rafetdin (RN thabh@ic @B@AbSURLsaL irsdipatt R vE@daPosObikrfacalte@bn of one
is not covered with the nagnetic nenber, is a region
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 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



for comunication with the el ectronic apparatus. 2.
The antenna apparatus according to claiml1l, wherein
the one surface of the loops coil is a region for
conmuni cation with the el ectronic apparatus, and the
ot her surface at which the loop coil is covered with

the 100% ESﬂ RBRORGLS Gtherghe Erer@ﬁm%éﬂ /167 dr AitaQhlstiihawidaale ﬁihns which
e

one surface at which loop coil is covered wt

the loop 06il ARGASKd snd@ddber . 3. The antenna apparat us
according to claim1, wherein the one surface of the

5. | GPRetheiol aliffis@ng 8O h@BndLAppaARTELRE G inQGMnoM-Edhtddd @ype IC card
el ectroni ¢ apparatus, and a w nding which the | oop

into an@OfrdbmNABicRtdatah@rObd &¥ritRnde redd B GRIEECtIhad appathiisisNithving a
which the |oop coil has at the one side. 4. The

commdiia€bA furkAPAIHB! Hbma 6L RIMitDE@ doaplhkg@i m 1, wherein the
one surface of the loop <coil 1s a region for
GeH¥raini thatdn@mnWi dppatdtes eb@ptissani do@ppal aprd8ucednby winding a
wi nding turns which 25 the loop coil has at the
conduchivberirsiifler almeadiddangeibatd ko ngeforh ntherivah@iveh&pling and a
wi ndi ng turns which the |loop coil has at the one
magneti¢ dembbr hdvingratiretpat cadiringtdneguscardetmne appsidablishe loop
for use in a non-contact type IC card into and from
coil, a whtbad peaicaverny the oielr stugiceargivead thayloap cell eaidramingertion part
apparatuses having a comunication function, by
passingyihréugd aof inkartore holenadzupl the ipopwlod raaid rotibiéngatht: éivstapart and the
apparatus conprises a |loop coil produced by w nding a
secondcpart vl meking renei surfacpl atnthe dodb conf wfiched t@ qeefedr with the
the inductive coupling and a nagnetic nenber having
magnetic fmansiier parregioo vier icogimonecsionf aitk theglootonk apperasisdend the

of the loop coil, a second part covering the other
regionssoff thadeor egjl,ovhick ateheoveomipbic thiel firsamul smeondpants oOthe magnetic
par t

member, from one surface and the other surface, respectively, are changed, thereby

adjusting the intensity of an magnetic field.



passi ng through an insertion hole made in the | oop
coil and coupling the first part and the second
part, and maki ng one surface@gf 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 | oopPABSTRAUKI ch are covered by
the first and second parts of the nmagnetic nenber,

fr : ther surface, ecti.vely,
PR AR B R D55 (HEBE S HS o contc
magnetic field. ABSTRACT The present invention

type Jr o dete aad feomevhich datp armbe svrit®f)antloead isear eleetronic apparatus

non-contact type IC card into and from which data
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i nductive coupling. The antenna apparatus includes a
apparpistspnetades 4 lpop catl 361@ andgrispgucticanember(62)..  Thelobpepil (61) is

coil (61) is produced by w nding a conductive wre

. _ > far . Ve _

prode by B ) £y LD B e e
nenb%£ (62) covers one region (61 a) of the |oop

couplgng with Sigyeleeteaniqapparatusi dEhe magnethmenber 693 cofers bee region

| oop coil, passes through the |oop coil, and covers
612) b thedbBB ' t o |
(O TR Lol G Pl R e e R oRE R o 4R AR fbses
oil . .
throu& the loop coil, and covers the other region (61b) of the loop coil, provided at the

J

other side, from the other surface of the loop coil.



