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1 DESCRI PTION Antenna Apparatus Technical Field The

present invention relates to an antenna apparatus for

use in non-contact type |Cqcards into and from which

data can be witten and read when the cards are

i nduction coupled wth an el ectromagnetic field by

el ectroni ¢ appar at usesDESGRIPTEOMN MMUNI cati on

function. This application is based upon and cl ai nms

the benefit of priority fromthe prior Japanese

Pat ent Application No/\SHBBAPRIES fi|ed 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 identification
T .Rth%gsystens that use - non-contact type I C cards or
ec @ﬂ a have been introduced into automatic ticket

gates at railway stations, entrance/exit security

sy Sthemseseat wotition elatte wn sytehanappaands fdraiskiik Ron-céstact type

FIG 1 schematically shows, the RFID systemincludes a

non-cont.act t LG card 10 and a seader/witer 101.:.
1C caRRam IR mottih i 580 B Niien ] st FRGE el fidheton
data from the 1C card 100. In the RF system when a
coupled epthean decteoni@ihefic dieldedelectrarie apprastesesiravingra cafithunication

radi ates a magnetic flux, the magnetic flux is

the 1C card 100, in accordance with the principle
i nduct i ve 2 . . :
This application is based upon and claims the benefit of priority from the prior

_ flmctféﬁ.gneti cally coupled with a | oop -antenna 103 provi ded
of

-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 mductive
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coupling. Thus, conmunication is perfornmed between the
IC card 100 and the reader/witer 101. In the RFID
system the user need not insert the IC card into the
reader/witer or set the ICcard into contact with
the netal contact point provided on the reader/witer
couphise.i sThusgcptnmahidanioh iepatontedtbetinedn the ICaaid 100d the
card system and data can be easily and fast witten
Jcd d..r into and fromthe IC card. Since the
]Ea‘¥ggﬂgﬁ iter 101 supplies power to the IC card 100
by virtue of el ectromagnetic induction, the IC card
100n tiecREFHO systermpthp asat reeed npoinsert thedd) oard b tiasreader/writer or
battery. The RFID system can therefore provide IC

d hat _are.,Si. inconfigur.ation. and . .
set R BB oMoy T E ph et SRRt iR iR thg rengerivriter as s
fail to communicate with the reader/witer if it
requitadan tipoeatventiamal tehthetetypa W cgrdesystenm iand datarcah begasilycand fast
of 13.56 MHz. That is, the IC tag is influenced by

wrie ATy PR Bl BRI EF 1SRk bidsy S0P 0 ybBfes power to

el ectromagnetic induction, the I1Ctag is influenced by
the G pard @Aty vianb of elettaemagrietic Sncetion the ICwasd 1G(hihaed not
changi ng i nductance. The change in inductance results

_ . : - ¢ . .
incor o s b BchS580EAGS, | TFNEIE Qe Mok frovide 1
-attained. In the RFID system descri bed above, to
cardsdha aresimplo memifigatationraad gieexpangiverandweliablec card 100
and the reader/witer 101, the I1C card 100 needs to
ha t . f e
ol SRyl e FOLAMRny, FiltoicoRim EE Rty AR readephriter it
. intensity. A technique that can reduce the influence a
incorpeyates apd bavipg sevenwhcation fresppencysel EhdaMIdzk nbbat is, the IC

ot her than the technique of arranging the |oop antenna
tag is'iRfh@hcBd BY ahl) #&al member that lies near the IC card.  In the communication

achieved at 13.56 MHz by virtue of electromagnetic 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 aresult, no power can be attained.

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-Open Publication
No. 2001-331772, for exanple, discloses an antenna
apparatus for use in IC cargs. This antenna apparatus
has a plate of nmagnetic material, which reduces the

i nfluence of any netal nenber. D sclosure of |nvention

JapaniesoBhtentApislidatobblhideOpby Pubkication &Nd. 2001351 172 foredaeipie,
appar atus of the type descrl bed in the above patent

. tion 0 ti st ance can
discl 32, G et TR B0 1 s &t fiharius has a plate of
conmuni cation range i s narrow, communication errors
magnety nedenal, which redeenthe-mthdreeof ahy petdlerabet. i N sone
cases. Consequently, it is difficult for the
non-contact type I1C card to fully achieve its
conveni ence. Accordingly, it is desirable for the
present invention is provide an antenna apparatus for
Disclomee bfilmventioont act type | C card, which can not only be
small and thin, but also increase the conmunication
.C card and an el ectronic :
Problgtln% Qgggﬂ%@@eﬂ% Hﬁé;%i cation function. According to
an enbodi nent of the present invention, an antenna
ap PHitlato ganiesna appsraine df thetypesdescnbed indhe alomteguatent pphlication,
IC card into and from which data can be witten and
, r
the o SAAMAAGE ARIECE CaTbE HRRBRE NP R il o Since the
coupling. The antenna apparatus includes: a | oop coil
commypeatioadange Inaiony cempumitation eerorsanay ocwramth theaonrmgntact
configured to performthe i nductive coupling; and a

| typelg?%lﬁgé%) at one SI e c#il e}ppﬂs O%ﬂggogfﬂ% ﬁ@}ace Ot%éelccard

to fully achieve its convenience.

Accordingly, it is desirable for the present invention is 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.

According to an embodiment of the present invention, an antenna apparatus is
designed for use in a non-contact type IC card into and from which data can be written and
read by an electronic apparatuses having a commumnication function, by virtue of inductive
coupling. The antenna apparatus includes: a loop coil produced by winding a conductive
wire in a plane and configured to perform the inductive coupling; and a magnetic member

covermg one region of the loop coil, provided at one side thereof, from one surface of the
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4 |oop coil, passing through the |oop coil, and

covering another region of the |oop coil, provided at
the other side thereof, fromthe other surface of the
| oop coil. According to the enbodi nent of the present

i nvention, the antenna apparatus can be small and
loop ¢dil, passing gesughethe lovpr@ils end beyveeprubiheptdpfvn ¢ff thé Rivpecoil,

with respect to the electronic apparatus having a

provi@%ﬂ% gﬁﬁ’ giﬂe &%2%&3 g%?ethg 5&2’8 %ﬁlﬁx@&m%%ﬂts Egi‘le at ur es,
aspects and advantages of the <) present invention

wi |Accheding tetherpeyoditherdtrodihé peséralihventiog, tHeiistehiedapparatus can
description of the present invention when taken in

e TG T e SRR R L AL o iy o e

showi ng a conventional RFID system FIG2 is a circuit
electrohrgpparatisdwiving sworRrubicaiion éimdtioa] thowby capamlingethea
apparatus according to an enbodi nent of the present

L NV: ion. FIG 3 is a plan view show ng the antenna
comrglgégﬁﬂ}gn% cording to an enbodi nent of the present
invention; FIG4 is a side view depicting the

di $he foregomghnd athgnésdturbs chsherts bhe sdwsamages of the
appar atus according to an enbodi nent of the present

presil¥ Blcriion Sl (dinB dbiilbe bl R R AAbARR Retpiled

present invention; ) . ) . )
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 1s 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 antenna 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;
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5 FIG6 is a plan view of an antenna apparatus, which
is a conparative exanple for conparison with the

ant enna apparatus accordi ngg o an enbodi nent of the
present invention; and FIG7 is a side view of the
conparative exanple of the antenna apparatus. Best

Mo @GS 15 aGstar YieRdofutt aritdrthal dppeRitisQWhivhiie B kdmparative example for
apparat uses accordl ng to an embodi nent of the present

i nven crrbed WI h reference to.t
compai 1S L FRBAPRERBI oSS to an e ERent i Besery
an ant enna apparat us accordi ng to the enbodi nrent wll

mvenkiengagel ai ned. As shown in FIG 2, the RFID system
incI udes a non-contact type IC card 1 and a

Ry WG e v Hhi5E ComayeBle poaraa Shurithon rbiratic

card 1. The IC card 1lis a battery-less IC card that
does not incorporate a power supply such as a
battery, in conpliance with, for exanple, 1S07810

an The 1C.card 1.is of the sane size as a |
Beﬂ@@@iﬁ@%@&“&%@%@ at is, it is rectangular and
has such short sides and long sides that it can be

pl dosenna appmszem aéaoeding toan embodmhent of thepreseabthveiitien will be
IC card i ncorporates a substrate and has a | oop

s SRR 00 RS R - 2

The [ oop antenna 2 receives and transmts data while
i t Fimstyan RFIDoystentiusing hn anteaha appasatagacording tethe. enthosliment

IC 3 includes electronic circuits and a nenory. The

will b\‘;\é}q%ﬁea'hgérﬁlf : c éé %%g}n[]ﬁ FIE 3 ShIRIBD Y4Em RERGESS fSn LBntact type IC
card 1 and a reader/writer 50 (hereinafter referred to as R/'W). The R/W 50 can write data
into, 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 the hand. TheIC
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
recelves and transmits data while it remains coupled with an electromagnetic field. The

IC 3 includes electronic circuits and a memory. The electronic circuits perform various

processes to write and read data.
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6 The loop antenna 2 is constituted by a loop coil 4
formed by winding a conductive wire in a plane. The

l oop coil 4 is connected ingparallel to a capacitor 5.

The coil 4 and the capacitor 5 constitute a resonance
circuit. The |loop antenna 2 is coupled with the

el etier] €finac? fsi hstithd Bt £bob ceiitibanePBY vaidiag Aonductive
provi ded on the RRW50, which wll be described

. later. The |oop antenna 2 canvert he el ectr eti

wire YA e HPeAROBGR (h1F EOPSCFAIN Paialletin A PaGisbr ed o 4 and
the I1C. The IC 3 includes a rectifier circuit 6, a

the capagitbes eonstlitutea Fisoharessrchit] t €he (ddb dnterBia 2dis coupled with the
enodul ation circuit 9, a sequencer 10, a nenory 11,
and a podul.ati.on,circyit, 12. The rectifie [ it 6 .

cloct:Piagfo el Sidiftge g the gpBantefimpiogitetcrihe RO o, yotich wi
coil 4 and rectifies the signal, snoothing the sane.

be deddribeddgtet. atlite 1dop antehne3 coieersltbe tletteomagnailc fieltbpite adlelectric
fromthe rectifier circuit 6 and converts the signal

. 0 .AC power,. .h 8 extracts a high-frequency

Slgnanghgr?’Pp?l}%irﬁot J’éﬁgl ectric signal supplied fromthe
rectifier circuit 6. The denodulation circuit 9
deMetdCa mshkleea néagifief ciecpiehayregulgioal/, & hightpdss Gitet @HPF) 8, a
HPF 8. The sequencer 10 controls the data-witing

A . - [ [ [ ccord . VM
demP BT EICRR 0TI BR8P BBERS I T ERRUTRBER entlit 3., The
menory 11 stores the data supplied fromthe
rectifbe nwolt Gréceives theoaledtri® sighhlsupplied fromdhe doapoasil4 4kl rectifies the
nodul ates the data transmitted fromthe | oop coil 4.

sl SO S e YA OB Sy o

_the diode 13 is connected to one end of the |oop coil
rectifier gienit @ andheomsetts e sighal te Afapower TheHIRE Saxtractea

term nal of the diode 13 is connected to the other end
high-RbqidiRy component from the electric signal supplied 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 circuit9. The memory 11 stores the data
supplied from the demodulation circuit 9. 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
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resistor 14 and the other end of the capacitor 15. The
resistor 14 and the capacitor 15 are 7 connected, at
the other end, to the other 7end of the |oop coil 4 and
the other end of the <capacitor 5. The rectifier
circuit 6 outputs an electric signal generated by

connécted, af the dgherieed, 16 MObthenend dfthelopldoilel siduha bttey pad bEthe
fromthe loop coil 4. The signal output fromthe

rectifier circuit 6 js supplied to.the reqgulator 7.and
capagiiE 51 e rEHEET Pl 6 PuPi Ancicoyic i eng ey e e S g and
termnal of the diode 13, to one end of the resistor

smooffing i dectansigasiduppliédomahetidpaioilks Ofhd dignal output from the
above-described rectifier circuit 6. The regulator 7

.control s.the vo e fluctuati ( conponent) of
rectifipgrfbe s BptF e it T daPR . Toct 1 or
circuit 6, thereby stabilizing this electric signal.
Thdhsirggdhtot Muscorsicefed tod drctaitvds ternlinaldf tesdibde pdyorone end of
to the sequencer 10. Thus, the voltage fluctuation

that qccurs as the -t C card 1,.f exanpl.e es d. .
the resir 3343 o ehd B stdhar 15 bR ipe FGTB BscalBBY R B cireuit s
consunmed in the 1C card 1 changes, are suppressed.
The rijgutlator A abnisols thervdltaeg dluctuation (detta crrapomantpefithe ekebigic signal
sequencer 10 or the like to nmake errors inits

i PE..8 i .a . ' . d .
supplRaEik e A, Gyt MRS R RS istlic el e ignal s
fromthe electric signal supplied fromthe rectifier
stabilizied ¢asupplied, asiC ipoyiez, to dwsequsncen hfho nEls, the wlfage fledtuation
to the denodul ation circuit 9. The denodul ati on
capaci and one end of
above-described HPF 8. It denodul ates the
the powetrconpaged icthed Conaed 1ichpngessare supiivesseibr Blotethatbminch yvoliage
the signal to the sequencer 10. The sequencer 10

fluctaB6RE ARY bR Re E&RRNEDH 10 SFRADTNe fofihilte 806k dn 1t8BHGHion.

access

that obbir§ s El%aadl%r& RE %ﬁﬁﬂgfeonfo@% %fédﬁ% S\f?)%}?%fﬁli@ﬂggont tﬁgt OCCUrS as

The HPF 8 includes a capacitor 16 and aresistor 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 § and outpﬁts 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



menory (RAM and is connected to the denodul ation

circuit 9. In the sequencer 10, the signal (conmmand)

input fromthe denodul ationgircuit 9 is stored into

the RAM and is 8 analyzed in accordance with the

program stored in the ROM On the basis of the results
analyeéd mneysiafce with ﬂ@?@gﬁdtﬂ stoted i thé ROMNDION thd basis bEthe results

as needed, or the data suppl | ed from t he denodul ati on

of andlyi e it sord b8 PSSt R EAC ARAEAFG o B dalh AP g rom

the nodul ation circuit 12, thus giving a response to

the dérhedudatioraeiebuithis vt iyitolthe insena@msitli t (Mhedelyeraer 10 %enerates a
nonvol atil e menory such as an electrically erasab

respoRbCEBTRRIoR S SERNET Y GG oren e 2, Bbisliig RiespBhse to

connected to the sequencer 10 described above. The
the commmng. 11 stores the data supplied fromthe
denodul ation circuit 9 on the basis of the results of

th I.Syperf t encer 10. . The .
rodUEaRrHROE PGP RSEBY gD EHERERp L Sty electrically
circuit of inpedance 18 and a field-effect transistor
erasaplEET)gradmailercadmediameencrg (EEPROM orledh daesome neediclettoic
the cathode term nal of the diode 13 prow ded in the

powel; ?&ﬂoﬁ#ﬁé dutz é[fiéije[:n ?{%d ?s%ﬂ%céé&‘%ﬁtﬁé Q& 1 edr (%S%@F@ a%bove

the FET 19 is connected to the ground The gat e
The memarynbll stores thedETupgdicd Srom theateruiulasionhrrcas Quemibe basis of the
10. The nodulation circuit 12 is connected in
I ﬁeP@ tnconstitutes the
remlt@%f@lga%hh}sﬁ ne @%@Xance@?@%ﬁﬁ? The nodul ati on
circuit 12 causes the FET 19 to performswtching in
ac dbedaeddation ¢irauicl 2sis gpastitetad by iasarialraieuitiod lmpqia@ﬁ@ dfanda
10 Nanel y,

field-effect transistor (FET) 19. The impedance 18 is connected, at one end, to the

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



the nodulation circuit 12 perforns so-called added
nmodul ation, causing fluctuation of the |oad of the

i npedance 18, with respect tp the loop coil 4. On the
ot her hand, the RRW50 includes a control circuit 51,
a nodul ation circuit 9 52, a denodulation circuit 53,

52, a deshodulatiop ceatiehBand4 lodhenteat 541 The eoritiol bitcuivfl caitrols the
the data to be transmtted and received. The

data (A o STHRRBOGRUPL Gl 3 el dgte. and the

antenna 54 transmts and receives data when coupl ed

demodutdtioarriretiet 68 idemudobitésalatd. el The [bbp anenhs 64 trangmits dndrbceives
generates control signals in accordance with the

trucki nal |y i npuyt. or the program stored
data\yﬁéq 1@@@@%@% ﬁél ontrol the nodul ation
circuit 52 and the denodul ation circuit 53, and .
gedreatoatrol crcant Slsgemeralest controbsignals iresondimce withttheinstructions
instructions. The transmi ssion data is supplied to the

extef“‘%ﬁé#ﬁ}ﬁes PEpF b sl A1 T B el Gl Sthb nibtutaton

plied fromthe denodulation circuit 53. The data
cn'cult ﬁﬂsmdelm deumoddation crauiti3, tnd generate éransthissiep platasthatsorresponds
The nodul ation circuit 52 rmdul ates the transm ssi on

. : .

o YRR, THOTRSSGORSAl PTG KEnodli i 52
denodul ation circuit 53 denodul ates a nodul ated wave .

Furthen it cantrol cisenit hlegenasaips reprasinced Bata fpan dreaespanse data supplied
denodul at ed dat a. Th| s data is supplied to the control

from ?ﬁé &éﬂl&d n &Rgmjb t(ﬁmuéfe# ScfRA3E bitph@e al¥xfbmal

I oop COI |ng UCt Ive

apparatus,

The modulation circuit 52 modulates the transmission data input from the conﬁol
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 a plane. 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
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wire in a plane. The | oop antenna 54 radi ates an

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

drive-cREEI0 Syiien BihdR/Wanect ed in parallel or in series to
the | oop antenna 54, in accordance with the antenna 10

drive- ci it t f.the R. . In,th Al D
co Tig e it bR Bed abSeriw s Py it S Pene
of the R/ W50 generates a wite command signal in

R/W 50 gerislates 8 wiitt botnhenidrsidalint accordaneawath thaimatruetidnewhen a
instruction is given to the IC card 1. At the sane

ti. the. control cjhrcuit erates.tr 1.SSi .
data-WH RN D80 i TR rd e ATHEGRUE S ] Chouit 51

data-wite instruction. The transmssion data is .
generatep plah@distiontdae (deeud de ivaitten) that atcobds with ¢hendadasinarité orstruction.

circuit 52 nodul ates the anplitude of the oscillation

si gnal . based. on the i nput si > i o
The AR L Wt RL BBk s o7, ST e oui
antenna 54 radiates an electromagnetic field .
modutates geponlitnde ofithe bscillatputsignad bhsedeh the gyt sighle  The signal

resonance circuit provided in the IC card 1 and

[o10) j t : I ' [ :
thus 31 Sibeéd ¢ P S8RaBlyla 4 7Tk BB AEIRABE S igiRes an
This frequency corresponds to the oscillation
electrbrmgueticfield carmespandingqesnity)it miodulatedsligned.
t _rans_rri tted fromthe R WH5O. Hence, t he resonance
Ci HGUI R, a r :
o) SHrRERLPR( 5P FRB R EREHY  Aid cOfifutel BY B loop coil4
the el ectromagnetic field into an electric signal, .
G3fitaq This

and thvhiapaciter 3 hasa rapance fregaencief] for sxammple, tha

electric 1]
frequency cotresponds to the oscillation frequency (carrier frequency) of the signal

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



signal is input to the rectifier circuit 6. The
rectifier circuit 6 rectifies the signal, snoothing
the sane. The electric signgf thus snmoothed is
supplied to the regulator 7. The regulator 7 controls
the voltage fluctuation (data conponent) of the
mod%étﬁﬁi ditcwitsiRandhe HPFRD! B FIPP'® dxi@cts ded hl@hﬂi‘eq_ﬁrﬁﬁ@%dmponent
e

t hereby stabili zing thls el ectric signal

i gnal .t hus zed |s pplled r, to
from e 9@8@@#@@%@4# RGO 6 d Eb%ﬁugﬁﬁfﬁ%ea%y
t he rectlfler circuit 6 |s supplled via the 11

compdRekY ig bipplieditd e dendotiutRionterchit®. 8 Theltentddblafiog xirtait vs

t he hi gh frequency conponent fromthe electric signal

fromthe rectif.ier circ
dem Eﬂﬁe tﬁ%@ﬁ@@%ﬂ@@%ﬂgﬂ@@w@ Hup etinehdgipedulated is supplied to
denodul ation circuit 9. The denodul ation circuit 9

the sedigemck 18! e TheRequehed- 10 @akethy RANNabreitidsind]l ¢corhmahtipinput
signal denodul ated is supplled to the sequencer 10.

from B R i B T BTN SO S 45L8RY ghe sequencer 10

Using the programstored in the ROM the sequencer 10

analyaemthy 2@sial. heOrs thgriakis oDthd fesulbastithe alialysh@pcrﬁ&nieﬁéathe sequencer
the anal ysis perforned by the sequencer

tor he, data .10 bhe Itten suppl i from
10, ROt A B 4t e Vla Al S %@n%ﬁ@%n it
i nput fromthe denodulation circuit 9 is a read
i ndf thesignah(contrhand) daut fioen tHe0denesdidationaiscuti® isa mmd/instruction,
11 the data that corresponds to this instruction.

the sEAEEAEA A0 FExt holp HATRERLRY 1 £ B R Bt O BRSTg l@#@m

modul ation circuit 12. Wien the FET 19 is turned on in
In acedrdanvedvitlatheslatasiead fiom the meeryt big thecssiqiienter $0 performs
connect ed in parallel to the inpedance 18. Wen the

sw1tc E‘I“f Q‘Sﬁh\%’ Fﬁqdu?i%ﬁ)tn'h&%ﬂit%i. | WhérthBFH PP turned on in
e 0] e

necte In para

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 demodulates 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



i npedance 18. As a result, the inpedance of the I oop
antenna 54 of the RFW50, which remins magnetically
coupled with the | oop antenpg 2 of the IC card 1,
changes in accordance with the read data. Therefore,
the termnal voltage of the |oop antenna 54 varies

not contbdt thdlG caddngallof the i npedance. The denpdul ati on
circuit 53 denodul ates this variation of the term nal

vol-t.age ere t he W 50 . can ceive,the read, data.
1 R Gen AR pictied off B I hu] £ & Anivandh apRaan Hoto
card 1 and the RFW50. Nanely, the RRW50 can wite

constitated as shown anBIGS Boantbd.a Thomtettmeapparatay 6 ihcludses tdop coil 61
it does 12 not contact the IC card 1 at all. The I oop

antenna 2 proviydedyon the \C card.1 i,s an. antenna . .
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4. The antenna apparatus 60 includes a |oop coil 61
in a plaret andeagfigied torperfienm 6. indingivecoppligi.| Hie magmwtiodneanber 62
by wi nding a conductive wire in a plane and
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coil 61, fromone surface FI of the loop coil 61. The
magnetig nemiloer G2 asses @opgls fresloo coil §h and eovers theahdr régionitd b of the
covers the other region 61b of the Iloop coil 61, from

loop &3P F i SR rate B2 of YRUDBRPREEH i 1< of conduc i ve

metal, such as electrolyte copper, provided on both
surlitedeep ogil Gl hashedeniformed by atchmg Hil$ of endsiotves matad, such as
made of, for exanple, polyimde, PET or the like. The
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conductor patterns made of conductive paste such as )
of, fog pxarapleppelyaniderPIbl os thetliker i dgeanetbedipt Emmy@ thgdepp coil 61 is
t hereby form ng
not limited to this. The loop coil 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 forms a rectangular coil opposed to each other.  The loop coil 61 has
an insertion hole 61c, through which magnetic member 62 is inserted and held. The tums
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



conductor patterns on the substrate. The regions 6la
and 61b of the loop coil 61 are conductive wire that
fornms a rectangul ar coil oppgsed to each other. The

| oop coil 61 has an insertion hole 61 c, through

whi ch magnetic nenber 62 is inserted and held. The

surfatelF hthereff. t The bevondgait G2bwoivers the ethat regivd Glibdef the®yop coil 61,
have a width and may be arranged at intervals,
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further expand the conmuni cabl e range. The magnetic

61c amd cbemect2thb éisstand secmdparts 682 and 621s.e cDinat pastrdf tgdurfod F1,
an insertion part62c. The first part 62a covers the
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ot her region 61b of the loop coil 61, fromthe other

with teR/8¢ 60 F2Nahely die sufface Fi seoppased pathe REYE 50 45 adseve
through the insertion hole 61c and connects the first

ﬁ?g ﬁg& I a and 62b. That part of the surface
co ,C S’gﬂhﬁi’;‘ew% overed with the nagnetic nenber 62,
serves as a communication region wth the RRW50.
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achieve communication with the RIRIW50. The region at
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menber 62, has a larger area than the region at the ]
surfagsel oftheflerpecat 4l,ovhichnis doyeredowith the firstpaitdiRaiof thomagnetic
with the first part 62a of the magnetic nenber 62.
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narrower than the first and

The insertion 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% of Fe, 3 wt% of Cr, 0.3 wi% 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
magrnetic 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



second parts 62a and 62b thereof. To manufacture the
magneti c nenber 62, a magnetic paint is prepared, by
m xi ng a binder nmade of rulpher-based resin, with
magneti ¢ powder, a solvent and an additive. In this
exanpl e, the magnetic powder nmade of Fe-based magnetic

is drieh rembaing thesolvantidre®o®d Thebbiafa doatin@mschinef orfd m?r gurface
wt % of Co and some other magnetic materials is used.

The netic i,nt..is filtered, removing, fromthe.
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a tank through a nip between a pair of rollers,
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is dried, renmoving the solvent therefrom Then, in a
thickessa off h0bmehibnkss.one maj or surface of the nagnetic

strip is coated with adhesive while the strip passes

t hr ' t ir-0of rollers.. Further
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1,000 mor less. The nmagnetic nenber 62 can be made of
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characteristics. The magnetic material maybe, for
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providing a paste. The paste is applied, formng the

pastepgepdied clopmingthe mugnefie memhbery | Altamativelahe snagagtemember may
may

be a thin soft magnetic plate formed by electroplating or sputtering.  Still alternatively, the

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 |1’ (real-number part) of 30 or more and an effective magnetic permeability n”



be a thin soft magnetic plate formed by el ectroplating
or sputtering. Still alternatively, the magnetic
menber may be a thin bulk pigte made of a single

mat eri al such as ferrite-based powder (Ni-Zn ferrite
or MA-Zn ferrite), press-sintered and containing no
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on the plate made of the above-nentioned powder.” To
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has flexibilTity. Oherwise, it may be a hard plate
made of .sintered terial , .S a ferrite plate.
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an effective magnetic perneability ' (real-nunber
thickiték of tHefm@hetic nimetalddebdaded! fIEtHe efRcHPgEhetic permeability 1 is
perneability " 15 (i magi nary-nunber part) of 1.0 or
| ess, ,each at .the c ni cati on frequency. Since the
50 orpiRe$ SomuRur s OB e D HBinet | & per meabi 11ty
" of 30 or nore and effective nmagnetic perneability "

of Tob.rfamifadtasesthe antehra appaentna6@,ppd Cathis 68 @5 cdrinected nythe loop
conmmuni cati on between the IC card 1 and the RF W50
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perneability " is 50 or nore, the communi cation
61 consituEnesamnct eircut r eBsel chiip 63aned ¢ forezamipte, ani€chip that
apparatus 60, an IC chip 63 is connected to the | oop
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resonance circuit. The IC chip 63 used is, for .
the lospaop by, AGH mathedopwitedondingc o Nbnethielass, itsOmethpsiof connecting
Standard or |1SO 15693 Standard. The 1 C chip 63 is

the 1€ CRPGS h&DarGoularly limited to these. Next, an insertion hole 61¢ is made at the

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 byACF nethod or w re bonding.

Nonet hel ess, the nethod of connecting the ICchipis
not particularly limted tojghese. Next, an insertion
hole 61 ¢ is made at the center part of the | oop coil
61, so that the magnetic nenber 62 may pass through

additiohgthe @aRnng @pparhths 60een BB diahhd simlbecase bbth the sighetic

in the insertion hole 61c. In this condition, the
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magneti c nenber 62 is so positioned that the :
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is opposed to the loop coil 61. The antenna appar at us
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62 are laid one on the other and then bonded to each
coil 641 Whichvis bppesiteas theothay refioh hieat ieederedRith tisesecend part 62b of the
‘the insertion hole 61 c, the antenna apparatus 60 can

be easi,| nufactured in vie f, .0t tryucture..ln 16 .
magnigle ffspbet 62 pahichban alangstarka | Chag s, e, disulbiph Of g magbetic
smal | because both the nmagnetic nenber 62 and the
field dtdbpamtenta fsparetueo v askmasstricd], unlkerhe oyminesrical distribution of the
magnetic field is distributed at the antenna apparat us
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F1 of the loop <coil 61, which is opposite to the
of theomhgneticdipld cart baadjisted by ehanging thie arées of duoregiona that @&bfirst and
of the magnetic nmenber 62, which has a |arger area.

seco H}feb}tgir@aah&@gicﬁ%lj fé%%cgﬁ}le f the magnetic field at

enna appar at us asymmetrical, unlike the
symmetrical distribution of the magnetic field that
t hdlanentheantenad apparann 60 appceaass thyewemaueisation distance
Moreover, the intensity of the magnetic field can be
beﬁv?éliiﬂrﬂ;@ t(g ggﬁy 1 SRPIGRW 50ByR0RRS1ING thdSistBUtiBR Bf tHothadd¥eic 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 emphasized. The
anterina 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.
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second parts 62a and 62b cover, respectively. Hence,

t he antenna apparatus 60 can increase the

conmuni cation di stance betygen the IC card 1 and the
RIW50 by controlling the distribution of the magnetic
field radiated fromthe loop coil 61 and can w den

t hdn deyanieimapparab@racchidiigd® tho babodinaaR af deyfeddt invention,
according to the enbodi nent of the present invention,

t he tic.menber 62 is r ed.as sho in FIG 4
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the one surface F 1, and passes through the | oop coil

the nfagnetiaviembatudddead bippsdeterptnaletfebiiva indghetiopditieability 1’ and a
surface F2 of the [oop coil 61. Thus, the nmagnetic

fiel.d digtr.ibution.only at.the,one, surface F1 of the
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60 can therefore be nade thin and small. Further,

can beithinend ken iyot expand theafommbicatgnenpe, gréeatlydntigasing the
i ncreased, the range of the comunicati on between the
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the present invention, the magnetic field distribution

can batreduced,qreathumtmasing the afmmirichiapdistanke Gilthe snetal member.
enphasi zed and the magnetic nenber used has a
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Therefore, the antenna apparatus 60 can be thin and

~ preseptinvemionsnganves the readmessoLthe icomnanicagiondretsiednythe IC card 1 and

i ncreasi ng the communi cation distance in a free space.
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in the netal nenber. As descri bed above, the antenna

reliabdy pathautieontting dae 10 eaydtlo t he embodi ment of the

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 ioop coil 71. It passes through the
loop coil 71 and covers the other region 71b éf 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



present invention inproves the readi ness of the
conmuni cati on between the I1C card 1 and the RFWS50
and enables the RFW50 to wyg8te data into, and read
data from the IC card 1, reliably wthout contacting
the 1C card 1. The | oop antenna 2 provided on the IC

windin@ag dt themppoding sided) aNamelyeteacgipndNbofithe [66p asil $hausa greater
in FIG5. This antenna apparatus 70 is asynmetrical,
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thereof. As FIG 5 shows, the antenna apparatus 70

through elticdetheand@eric eminhbef V2do thsartetbgnthdld. nmenber 72, The
oop coil 71 is produced by wi nding a conductive wire
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a of the loop coil 71, fromone surface of the |oop

part Roi | The firsttpapdRaesvers tlatigie fepon Tlaad thwloop ¢dil g dfrom one
covers the other region 71b of the loop coil 71, from

surtade el TR Sechif ot 2haGyorS B SBirelinn 1 BOLREROBZH 71, from
coil 61 described above. The loop coil 71 is forned

the othsysurface itheabofi n Therinsertodn pare72¢ pishes thfoukB thevinselitiog hoket 71c
t he opposing sides. Nanely, the region 7lb of the | oop
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71lc, through which the magnetic nmenber 72 is inserted
one sarfacehef the lotipecontan sthich ismoberveral with the magsetiqmemb@Z ), serves

a second part 72b and an insertion part72c. The first
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71

covers the other region 7l b of the |oop coil from

opposasdodaBWsI} f ace t hereof. The insertion part 72c
passes through the insertion hole 71c

The 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, 1.e., 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



formed in the loop coil and connects the first and

second parts 72a and 72b. That part of one surface of

the loop coil 71, which is pgt covered with the

magneti c nenber 72, serves as region that

conmuni cates with the RFW50. Thus, this surface of
indefalle 1 oop coil 71 is opposed to the RRW50. The region

of the loop coil 71, which is covered with the second

part 72b of th magneti c _ne r 72.. has_.a larger a
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wth the first part 72a of the magnetic nmenber 72. The

preseat eenticy aoiC Chip 78 iswbhadttédie the top cwili 7] prddieee 28 described
large winding width is arranged in the region that is

covered with t .SgLon art. £2b _having a | arge. ar.ea.
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coil 71, covered with the second part 72b of the
chip Tagnhe sameastbeICrhip 6bdederibad aboveaagd theanethod of eonnettigg the IC
part of the one surface of the loop coil 71, is used

. - Gpnmuni cakion regipn. . The jn L ORy Paft 172 f
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second parts 72a and 72b thereof. This magnetic
bondmgrthe magAeiicmertbef 2 tathedooprcdih?] sdthe samg agm mameacturing the
above-descri bed nagnetic nenber 62. Therefore, how it

[ il eated 19 in detail. To
mte@éﬁﬁ?%@?ﬁr@ qe%‘g{baeﬁggéﬁg apparatus 70 according to the
enbodi ment of the present invention, an ICchip 73 is
c offieonaghetio fichkdisibption at the anfenoal apjeatatus 70 dusraopfgured is
above. As a result, the IC chip 73 and the coil 71
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of connecting the IC chip 73 is the sane as_the
secongepaib @tohaviega tasge aiga fileen the regiops eBthefoen eail 71 which is covered

met hod of
with the first and second parts 72a and 72b of the magnetic member 72.  This is because

the region is covered by the second parts 72b having a large area and also because the
winding width of the other region 71b of 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 1s

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



bondi ng the magnetic nmenber 72 to the loop coil 71 is
the sane as in manufacturing the antenna apparatus 60
descri bed above. The nmagnet9g field distribution at
the antenna apparatus 70 thus configured is

enphasi zed at one surface that is opposed to that
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72b having a lTarge area fromthe regions of the |oop

coill 71 .which .is _covere with the fjrst and second
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because the region is covered by the second parts 72b
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wi dth of the other region 7Ib of the loop coil 71,
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Here, the winding w dth of the other region 7lb of

coverel evithoibp sewind padt 22br anged in the region covered with
the second part 72b is broader than the one region

71 verthel ess, the sa adv.ant age, can__be.att ai ned
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71b are arranged at |longer intervals than at the one
betweengheIC ¢l 1 dinkthe RYW 50 by dbatrolling theodiswibutiie ofithg medgnetic field

field at the antenna apparatus 70 is asymmetrical,
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generates. Mreover, the intensity of the magnetic
f i dih the andennaappaijatist7@cchgrdutmtoghe gmbodinaens af thefpreseat invention,
regions that the first and second parts 72a and 72b
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region 71b of the | oop coil 71, which are arranged in
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surface. In addition, the winding 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 i’ and a

predetermined effective magnetic permeability u”. Therefore, the antenna apparatus can



Therefore, this antenna apparatus 70 can increase the
comruni cation di stance between the IC card 1 and the
R'W50 by controlling the dpsgtribution of the magnetic
field radiated fromthe loop coil 71 and can w den
the conmuni cabl e range. In the antenna apparatus 70
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the magnetic nenber 72 is arranged, covering the one
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region 7lb at the other surface. In addition, the :
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surface of the loop coil 71 can be enphasized. The
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smal |l . Moreover, the antenna apparatus 70 can expand

the RIS 0P eles S RAFIROHE Wil B BRL ARG Roh B ol ord 1

field is increased. In the antenna apparatus 70
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the magnetic field distribution at one surface F 1 of
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perneability ' and a predeterm ned effective magnetic

be depatheddieidw.t yMore fiieeiseliypivey carhparativeeaansppaithe astenamapparatus
21 be thin and can expand the comuni cati on range,

o A AP AR SPGB e s

] menber can be reduced, greatly increasing the
inventiomwilibeatesaribedavifferaferentastodd(H. 6rasdtler . As descri bed

above, the antenna apparatus 70 according to the
empoeth MR ppafanidds 110, i.e., 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
produced by winding a conductive wire in a plane and configured to perform the mductive
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, i.e., 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



present invention inproves the readiness of the
communi cation between the 1C card 1 and the R'W50
and enables the RRW50 to wpte data into, and read
data from the IC card 1, reliably wthout contacting
the IC card 1. Enbodi nents of the antenna apparatus 60

comraaniosisle distinoe ih@nfeiA aefhbérindthe edmimunicablkalistessy inbeftee space,
bel ow. More precisely, two conparative exanples of the

which S ARaERBR LA . oSBT 5000 b Co TS Exampl
present invention will be described with reference to

have Einiignefic amtnber itk eftarisebased sk tid hihterial and that the Example 2
conparative exanples 1 and 2, include a loop coil 111

nd a eti nber 112 sho in, FIGS. .6~apd 7. .
and Gtgpdafi EAmSle THE o At iRy han s ofg S coRfimesnetio

wire in a plane and configured to performthe
matetiaiduGthe\effecthvmbgmgictpermbsbilingneas the AC epetifid pameability

magneti c nenber 112 is bonded to the surface of the

| oop..Goi |l 11 whi ch fromthe surface that.
meas{y80% TR ot ool SRR A OB e b 2ol g e, for

havi ng the sanme structure as the antenna apparatus 60
ring-shaped simples, @atlhmchdggla niag havigtadameres Gtof]) fov exdrhple, 7 mm

and the antenna apparatuses 110, i.e., the

Y , each have such effective

a“da%gﬁ@t(ﬁ:é“’g‘e @%{a@lrﬁﬁ?@.g@qﬂlg‘énd " as shown in the

follow ng Table 1. These antenna apparatuses were
Tableelal uat ed for the conmuni cation di stances they

=

achieve—Table 1 shows the 22 conmmunicable distance
in a netal nmenhdxagmte { he | Esamil 2 ab| Compstaiivee | fogparative
free space, which each apparatus achEramgle Not e| Ekaple 2
Struchip8 Exanple 1 and CRARAKAT bySarktdB0! BAhtenn@UBpatatus 110
T T R D GO <0 S A e
measuring point [MHz]
Effective magnetic 40 30 40 30
permeability p’
(real-number part)
Effective magnetic 0.1 04 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 1 and 2, i.e., 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 Conparative Exanple 2 have a magnetic nenber nade

of Fe-Si-Cr-based magnetic material. The effective

magnetic perneability ' is pge AC specific

permeability neasured at the carrier frequency (13.56

MHz) by an inpedance anal yzer or the like, for
membeng-Bhspeitics aapbgandehe bormninitdblkgaAgd.i ng having a

di aneter (4) of, for exanple, 7 mm and a 5-turn wire

o L R e b o A e R FR BfBbSee o the

Structure Antenna apparatus 60 Antenna aapp aratus 110

drawings.qublioagtheles, e rd3scmb irh@ntion Ehdb GinfiRd36 thewmabodiinegts, Asis
poi nt [MHz] Effective nagnetic 40 30 40 30

oSO B b b SR FRAD 6 cante

part) Result (communicable 35 nm 25 nm 15 nm 5 nmm
madegnathantdeparting fimnahe soopeiodthe dReimd dppéndodhenétoabl e 40
nm 40 mMmm 40 mm 40 nm distance in a free space)




As seen from Table 1, the Exanples 1 and 2, i.e., the
ant enna apparatuses 60 according to the enbodi nent of
the present invention, can Pdcrease not only the
communi cabl e distance in a free space, but also the
conmuni cabl e distance in a netal 23 nenber. That is,
t hey can expand the comm@LA®MS: range. The Exanpl es
of the present invention have been described, with

L /S e bofifos (o BB ot AR Al SR i 88 wiich

obvi ous to those skilled in the art, various
data candicf wotier anbread bylancirotons: appdrankses hawiag aoniraunioEtis function,
wi t hout departing fromthe scope of the clains

by ifP6ERBenE Shiling e Srehifibert SRSRIR 005 T o

which data can be witten and read by an el ectronic

appdoep osibpradacédby windingacosdudtive Witriata plane artshconfigured to

Vi rtue of |nduct|ve coupling, the antenna apparatus

il produced by winding a

perfo@iéln ve WI rui)ﬁﬁg Egﬂpl ane and configured to perform

t he |nduct|ve coupling; and a magnetic nenber covering

on@ Inagyletia nagmberoN SRE €1 1egiqer Qfg\th@ wpavilpprevidedeat one side

thereof, fromone surface of the Ioop coil, paSSI ng

b TOHEON BEELCORIEQln cIBERIED A Rl ) B

fromthe other surface of the Io c0|I 2 The
anothgrregimotihe lopaedl, provistadi al the ethen sidethereoffromithe other surface of

one surface of the | oop
the loop coil.

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 tumns which

the loop coil has at the other side are arranged at longer intervals than winding turns which



coil is a region for conmunication with the electronic
apparatus, and the other surface at which the |oop
coil is covered with the na@feti c nenber has an area
| arger than that of the one surface at which | oop
coil is covered with the magnetic nenber. 3. The

the loaptoethas aptheoatsgleaccording to claim 1, wherein the
one surface of the loop <coil is a region for

co ' [ ) | ect Fonic aratus, and a

S i T hin o diehd 2B g el oA U oS gfember as o
broader than a w nding which the |oop coil has at the

first pamtecoveiiog oneregivreofthe dvopecailp pavidedsat dwomrediidgthtreof) feormthe one
1, wherein the one surface of the loop coil is a

[ ' ' ' I %Qni c. .
surfal @8 s Par TR B QB0 iR e B0 AR ided p th gperside
- at the other side are arranged at longer intervals
therepfy Sonvihe oitray stcfaces andh a nseAiontaet passipg dwbbglhars imsertiohdiole
one side. 5. The antenna apparatus according to claim

: i~A; § §
madef (RETERB c5il i RBRE hE RS TS a5 oo B 488 e opsrace of
one side thereof, fromthe one surface, a second part
the logpweH; whichienenaeveredsiitlotheanagnstic mempberois la region ol e d
at the other side thereof, fromthe other surface,
moane [ j jhg through an insertion
«© hoIgﬁﬁﬁgggﬁﬂﬁh?ﬁgﬁﬁ%%3200|:Qand coupling the first
part and the second part, and the one surface of the
6. | odjheeptonna apparptus acemdingdo elaim Swiiieraim gheinggrtion part of the
menber, is a region for conmmunication with the
magnRhe Blchihtr §s BRRRN : N par at us
'gngccor di nggst o cl a@ﬁ?ﬁ%@g@g%ﬁ@ﬁ% nse?t ion part of
the nmagnetic nenber is narrower than the first and
“second parts.



