~4-Novenber 2004 DESCRI PTI ON NON- CONTACT TYPE | C CARD Technical Field The

present invention relates to an electronic device, and particularly to an

el ectronic device for suppressing reduction of a reception effigNgRsbettzoog

maxi nrum and perform ng the processing on the basis of signals having
little distortion when data are witten into or read fromplural IC cards
under a non-contact state while the plural 1C cards are stacked.
Background of the Invention Recently, non-contact type IC (Integrated
Circuit)cards have been popul ar, and they have been introduced as common

tickets to transportation faciliti @ESSIRIPTIONsubways, buses,

or ferries

and for electronic noney systens, etc. The data witing/reading into/from

t he | C car J9NzE£ENFACHT §YPBUTCi FARPe non-contact style on the

basis of the

princi-ple electromagnetic induction. That is, in the non-contact |IC card
system el BethonagheFieldave is enmitted froma | oop antenna having a

reader/witer for witing/reading data into/froman |IC card,

and t he

el ectromagnet i ¢ Thevepeaséhedinsen€iehVes Hed 1OCM eil&b%&%l%qwe@ﬁ% in the
| C card, whereby conmuni cations are nade between the IC card and t he

reader/ wri 4gd. pardiRarladly otderarn OcBbEAEARLE AhQaed |f@95gq
mai nt enance work, the IC card is provided with no battery

pPR e iy card

reduction of a reception efficiency at maximum and performing

the processing on the basis of signals having little distortion

‘when data are written into or read from plural IC cards under

a non-contact state while tﬁe plural IC cards are stacked.
Background of the Inventioﬂ

Recently, non-contact type IC (Integrated Circuit) cards
have been popular, and they have been introduced as common
tickets to transportation facilities such as subways, buses,

or ferries and for electronic money systems, etc. The data

writing/reading into/from the IC cards are carried out in the

non-contact styLe on the basis of the principle of

electromagnetic iﬁduction.

That is, in the non-contact IC card systenm,
eiébtromagnetic wave is emitted from a loop antenna having a
reader/writer for writing/reading data into/from an IC card,
and the electromégqetic wave emitted is received by a loop
antenna equipped in the IC card, whereby communications are
made between the IC card and the reader/writer. |

Further, in order to eliminate a load imposed on an IC

card maintenance work, the IC card is provided with no battery,



4 Novenber 2004 and thus it is designed to achieve required power fromthe

el ectromagneti c wave received. Therefore, the ICcard is required to

recei ve el ectromagnetic wave as efficiently as possible. |n geneNalemitdre00q
IC card is equipped therein with a loop antenna 1 having two-or nore turns
of wire formed in a rectangular shape which is as |arge as possible as
shown in Fig. 1. The | oop antenna 1 receives signals by resonating a
resonance circuit wth the carrier frequency of el ectromagnetic wave

emtted fraopy Ehﬁsr§%d§%/W@§f§hed”EbIé%ﬁf@&Eife&@ff%@l%%g#ﬁegrgkf% ‘e

however, there is a case where two |IC cards are use er "wth being

stacked. EPEcexaflfiertCn, A USLEBAIIAS URL S SAMUIBL RIS ZORE And

then gets off at a Station out o nmu pass ‘zone, the

presents hj o] [ S 1.0 card (trademark) .(iLt _is assuned

t hat each %éggﬁgegar sEggﬁggééggggﬁ Q§%%ﬁ%%lct%ﬁ%?r%%d%%?ﬁ%??@FiﬁhPFe

‘these car acked in order to adjust the surcharge of the over-zone.
i oé&@agé.

At this t reader/witer or a non-contact |IC card system connected
to the reader/witer recog izei t he éone of the commuter pass thus
presented, and tnermTHrTtes FhE3pRot BT HPRFD dAIeLf bR "HEh @hdoert ra

di stance the user g$s ridden, calculating the surchange based on the extra
di stance of"TRRENBVEIETHHE CHRP AP HE (UGS PE WikEkRed AnhEes LRBERAAT NOt

only when one 1C card |s presented, but also when 2
shape which is as large as possible as shown in Fig. 1. The

loopantennalreceivessignalsbyresonétingaresonancecircuit
withthecar;ierfrequenqyofelectromagneth:waveemittedfrom
the reader/writer.

The IC card is basically used alone, however, there is
a case where two IC cards are used together with being stacked.
For example, when a user passes over a commuter pass zone and
then gets off at a station out of the commuter pass zone, the
user presents his/her commuter pass and an i0 card (trademark)
(it is assumed that each of the cards comprises an IC card)
to a reader/writer while these cards are stacked in order to
adjust the surcharge of the over-zone. At this time, the
reader/writer or a non-contact IC card system connected to the
reader/writer recognizes the zone of the commuter pass thus
presented, and then carries out the processing of calculating
theextradistancétheuserhasridden,calculatingthesurcharge
based on the extra distance of the over-zone and adjusting the
account on the i0O card.

Not only when one IC card is presented, but also when



4 Novenber 2004 plural 1C cards are stacked, it is necessary that

el ectromagnetic wave can be efficiently received so that each of the IC
~cards can operate desired conmunicati on operations. For exanpl e Nakembén2D04
| C cards each having a | oop antenna | having the construction shown in

Fig. 1 are stacked with the IC card placed face up while being perfectly
overl apped with each other in the view fromthe upper side (when the two

|C cards are stacked so that the top side of one card. faces the back

side of thgietherccMs asehAMkdd) ¥ 9s n%vcets@gigjy'{gfﬁf% ﬁlee{:ﬁrgﬁgggle:l:itco L9

constituting the respective s ides of rectangl e conductor

constitutipgybhesh ap &'ﬁiﬂ%é_’ﬁ I(Q;Céil_q%gd gfo ?ﬁgg é‘é@hoélfrﬂhaeo&%fjgw th the

v aras
corresponding |inear portions L 0 e | 00p ant enna of "t he

other 1C Cé‘g‘g’O?t&?Qg%tjfl%gk%%gbééﬁ{“nhic%%n %Egrggionance frequency of the

@] . H :
resonance circu enna I'S rgﬁuced to the inverse

.of the square r 1/ V2) of t resqQnanc requency when onl one

| oop antenna 1 i}gg%reg{ﬁ“ﬁ?el((f’( gﬁ%} %Vl%ql%cflgﬁga efascetbfhgyic‘]ﬂgd")‘ COmanteENayhen
the IC ca;_ﬂ are o%%{l aBBeg c%ugl [ ng occurs .between the resonance circuits
ther eof . ThePRFaHE CoehEORBESHANEE" T BRRrES) i -cquaFe (7 20SXWLS) FAFn ¢ he
case of on | C card, h ver, it i.s equal to 1/ (2rcv(L-(20)) )

(1/V2) 11(23?%6 erﬁc't?fg ki "’t?\@esg&&ﬁ@dpﬁéfea?iég. oygratarped WhaEh | C
cards are stacked, the resonance frequency of the resonance circuit of

each | C caTF R OHehI SR ethe r HFYhETCRr FRer uPPREHEAEY (BheRhEhe two IC

el ectromagnetic wave by 1 N2, and the reception
cards are stacked so that the top side of one card. faces the

back side of the other card) as shown in Fig. 2, the linear
portionsLl toL9 constitutin:g therespectivesidesofrectangles
of the conductor constituting the loop antenna 1-1 of one IC
card are overlapped with the corresponding linear portions L11
toLl9of thelocop antenna 1-2 of‘the other"Ié card, respectively.
At this time, the resonance frequency of the resonance circuit
of the loop antenna 1-1, 1-2 is reduced to the inverse of the
square root of 2 (1/v2) of the resonance frequency when only
one loop antenna 1 is provided (only one IC card is provided).

That is, when the IC cards are overlapped, coupling occurs
betWveen the resonance circuits thereof. Therefore, the
resonance frequency is equal to 1/(2nV(LC)) in the case of one
IC card, however, it is equal to 1/(2m/(L-(2C)) =

(1/\/2)-1/(275\/(LC)) in the case of two stacked IC cards. That

is, when IC cards are stacked, the resonance frequency of the

resonance circuit of each IC card is displaced from the carrier

frequency of the electromagnetic wave by 1/v2, and the reception



3 4 Novenber 2004 efficiency is reduced. However, for exanple when the
carrier frequency of the electromagnetic wave emtted fromthe
reader/witer is equal to 13.56MHz, by setting the resonance fredoener@dioq
the resonance circuit of each IC card to 17.5MHz higher than the carrier
frequency in advance, the el ectromagneti c wave can be received not only
when only one I1C card is used, but also even when two |C cards are used
while they are stacked so as to be faced in the sane direction. Wen IC

cards are gtagkednwhile pagut&acard is placed face up and the other 1C
card is placed face dowmn as showmn in Fig. 3 (tw IC cards are stacked

while both the tgp,sides fgynéggmqﬁg *Hgdqﬂ%Fch§%§e§lggégh%%rﬁg%;Lgﬁe_each

other), both the linear portion antenn a Fi near
Poop ant enne: 1= 1haanerRe Frigvheced o 51 HpRERBE hboimacaiel an
DB of e a3 SR £330 BRRa AR BRI B G R OB
¥ﬁge¥ﬁ;oré$$%§¥fgr8 g%gﬁgsEhyFaﬁgeﬁgpé§%§@§£%h§&%§5é£h%nhgag%éggrgieﬁag-
been di scoyered from at .| east ) eriment results that the resonance

frequency tECHUFEREAD REVRREC At SIS OBt R Cathbeer e tEpds are

stacked as sho in Fig. 2. As described above, thenethod of setting the
r esonance 19 yhen only one IC card is used, but also even when two

IC cards are used while they are stacked so as to be faced in
the same di;ection.

When IC cards are stécked while one IC card is placed
face up and the other IC card is placed face down as shown in
Fig. 3 (two IC cards are stacked while both the top sides thereof
or both the back sides thereof face each other), both the linear
portion Ll of the loop antenna 1-1 and the linear portion L13
of the 1oop antenna 1-2, both the linear portion L2 of the loop
antenna 1-1 and the linear portion L12 of the loop antenna 1-2
and both the linear portion L3 of the loop antenna 1-1 and the
linear portion L11 of the loép antenna 1-2 are respectively
bésicallyoverlappadwitheachother,however,theoverlapping
style is more complicated than that of Fig. 2.

“The theoretical ground has not been necessarily clear,
‘however,ithasbeendiscoveredfromat1eastexperimentresults
that the resonance frequency is further reduced as compared
with the case where IC cards are stacked as shown in Fig. 2.

Asdescribed above, themethodof settingthe resonance frequency



4 4 Novenber 2004 of the resonance circuit to a value higher than the
carrier frequency in advance in consideration of the case where plural 1IC
cards are stacked has such a problemthat it can achieve a suff4owniber 2004
effect both when one IC card is used 'and when two 1C cards are stacked so
as to be faced in the sanme direction as shown in Fig. 2, however, it

cannot achieve a sufficient effect when two IC cards are stacked so as to
be faced in the opposite directions as shown in Fig. 3. Further, there is

a probl em thatpwhepstwankc cards;ar e, §t$%26%1h&gﬁgBFEBQnSkHQa'Er%ggéﬁi”

di stortion. Disclosure of the Invention res i nvention has

i npl ement ed. .} I (o] i ng. sl ] S an object t

prevent rediearonty; £ e i AR RaLdLELRLLR Y B9 CB5e SR kst of
signal's regej by_designinc p_antennas th it.is difficylt to
coupl e thefﬁo%%ggﬁtéﬁ%agkgsg%gmhgﬁ ifo a?dgrgﬁgeBVEbﬁﬁpbtdcaﬂﬁFﬁ%&ﬁge

~anot her in_an . | o ntenna of an electroni ¢ device according to the
present in‘?/esnlﬁ%ﬁcyjr%é%ﬁafﬁecqu#%@dwﬁﬁnt‘Pﬁf" f(ﬁgqr pS At enfRd WaemhiFed so

t hat even m@en éural electr%$ic devices are stacked so that at |east
parts of th ?%% T Ye] THTEST FAA® itk behdEred 18 the FemstdpEPESioN the
back sides thereof face. one_another, the conductors constituting the

portions ofStRROVBoPRaht@nnds RANERRT ar t| 68APEE pRhiABenRi ghb6LAdEAtO! t he

corners of the electronic devices each having a substantially rectangul ar
effect when two IC cards are stacked so as to be faced in the

opposite directions as shown in Fig. 3.

Further, there is a problem that when two IC cards are
stacked, reception signals'contain distortion.
Disclosure of the Invention

The present invention has been implemented in view of
the foregoing situation, and has an ocbject to prevent reduction
in reception efficiency and thus reduce distortion of signals
received by designing loop antennas so that it is difficult
to couple the loop antennas even when IC cards are overlapped
with one another in any way.

A loop antenna of an electronic device according to the
present invention is characterized in that the looé antenna
is shaped so that evenwhen plural electronic devices are stacked
so that at least parts of the top sides thereof face one another
or at least parts of the back sides therebf face one another,
the conductors constituting the portions of the loop antennas
which are located in the neighborhood of the corners of the

electronic devices each having a substantially rectangular



-4 Novenber 2004 shape are prevented from being overl apped wi th one anot her.
The | oop antenna nay be designed to have a parallel ogram shape or

elliptical shape as a basic shape.. The basic shape of the | oop ahNeverabared04
be constructed as a substantially annul ar shape by a conbination of two
straight Ilines and two curved lines while the two straight lines are

di sposed in parallel to each other. The basic shape of the | oop antenna may
be constructed as a substantially annul ar shape by a conbination of two or

four CurVeghbb@ﬁ%r%hﬁkeaéﬁtgbfE@ ﬁnkel% RRRS-1 o é e%p%li%tg a5 ot Ly

el ectroni c device according to ent 1 NVeERt1on i &t 8¢ Ized in

conter 1ine 1ot SharuRRA T Sm%?af’e%f%?f?oicéd?g‘?%ﬁiptagﬁﬁ-@s At

center line therebetween'is ed to

t he other r _po i sed_to _be far a fromthe center
porti on. gﬁggg Q%te%%ggg 32 %ngFrSﬁl &7 e ﬁ%ﬁ&rding to the present

dnvention is cha terized in tha t.he | oop antenna is.'shaped so that the
| i ne connecting \%(g) %m he s lbgP ‘f’h% 19 l%ﬁ&ﬂ%ﬁ%ﬂﬂaé’r 8¢ Segﬁéauﬁt%e

cl osest positio 0 I he. corner of the electronic device so as to
confront e88i %‘?ﬁ%{;a?glal: “ﬂ‘éﬁt‘: TIPS RYH SYBRARAT AR odf W& tard@brtoni ¢

devi ce havg.ﬂ abstantlally rectangul ar shape. An information
wri ting/r eadPfig EWOACHBVERNG1RESt KELLEr EhentwPnoERRLERTI & ioksr adter i zed

by |nclud|g9S .
posed in parallel to each other.

The basic shape of the loop antenna may be constructed
as a substantially annular shape by a combination of two or
four curvedl}ines that are.different in shape.

A loop antenna of an electronic device according to the
present invention is characterized in that one of two corner
portions that are disposed so as to sandwich the center line
therebetween is disposed to be close to the center line, and
the other corner portion is disposed to be far away from the
center portion.

A loop aﬁtenﬁa of an electronic device according to the
present invention is characterized in that the loop antenna
ié'shaped so that the line connecting two points of the loop
antenna that are located at the closest positions to the corners
of the electronic device so as to confront each other is
coincident with a diagonal line of the electronic device having
a substantially rectangular shape.

An information writing/reading device according to the

present invention is characterized by including



G 4 Novenber 2004 reading/witing nmeans for witing/reading information
into/fromplural electronic devices when the plural electronic devices are
partially overl apped with one another, the plural electronic devNeesnber2004
havi ng | oop antennas shaped so that when the plural electronic devices are
stacked so that at |least parts of the top sides thereof face one another

or at least parts of the back sides thereof face one another, the
conductors constituting the portions of the |oop antennas that are | ocated

in the nei gbhgrhgodr9tihe GREAES ¢hrt h%ﬂfﬁ%@%&%%ﬁgi CﬁﬁfS%ﬁhgg%\ﬁiAgg a

substantially recCtangul ar shape are not overla oné ano

ey i oF e inal X _ ) ¢ (o . .
char et er | SadPhEEPAEAM DGR 0600 600 el Dl Bm e ke pPEERPAE" ' °
informati og i E f r.al..el ectr.onic devices when the plural .el ectronic
devi ces a?%bg%rgéiéaf%nf a?v%qalalp“géa ev%jlt%ﬁpc?r?gwékgt%ré‘?,ar{%@?ﬁﬁF © BlLBERtoni ¢
.devi ces hayi I ant.ennas shaped so that when th | ural | ectronic
devi ces aréigggggggcsggyﬁngaﬁaygggtiBSPtgnBanﬁg §E6B§Hd§§ Fﬁ@FeUPePace
one anot hey, or .at |l.east parts %%Ethe back sides thereof face one another,

t he conduc#la?@t’:ld:r%]t Hs'ﬁ?ﬁﬁaan WdrtT 8RS TRINRA P8I AInREARES Tt RaFtar e

| ocated in nei ghborhood. of the corners of the el ectronic devices each

he
having a ShbEPant?RIFy9FRcEAREEPEr TRGpRNGr aNABREEVRE| afpeBatitt BAaBhE

anot her. BRLEF DESCRI PTI.ON OF THE DRAW NGS
of the back sides thereof face one another, the conductors

constitutingtheportionsoftheloopantennasthatarelocated
in the'neighborhood of the cofners of the electronic devices
eachhavingasubstantiallyréctangularshapearenotoverlapped
with one another.

An information writing/reading method according to the
present invention is characterized by including a
writing/reading step of writing/reading information into/from
plural electronic devices when the plural electronic devices
are partiallyoverlappedwithone another, theplural electronic
deviées having loop antennas shaped so that when the plural
electronic devices are stacked so that at least parts of the
top’ sides thereof face one another or at least parts of the
back sides thereof face one another, the conductors constituting
the portions of the loop antennas that are located in the
neighborhoodofthecornérsoftheelectronicdeviceseachhaving
a substantially rectangular shape are not overlapped with one
ancther.

BRIEF DESCRIPTION OF THE DRAWINGS



7 4 Novenber 2004 Fig. 1 is a diagramshowing a loop antenna 1; Fig. 2 1is

a di agram showi ng the overlap between loop antennas 1; Fig. 3 is a diagram
showi ng the overlap between the loop antennas 1; Fig. 4 is a bl4oBNkvehzgramm

- showi ng an exanpl e of the construction of a non-contact | C card systemto

which the present invention is applied; Fig. 5is a circuit diagram

showi ng an exanple of the construction of 1C 13 of Fig. 4; Fig. 6is a

di agram showi ng t he shape of the |loop antenna 1; Fig. 7 is a diagram

showi ng a- si gnalFiéantp‘nlétsddiagﬁamasﬁsﬁﬂﬁ(wh&%ggﬁﬁeﬁﬁégiﬁ Is a diagram

showi ng a signal processed by an I C card Fi g. I's a di agram showi ng a

equi val ent circupfgwhen; ot wogh Hﬁﬂﬂﬁﬁlf SV, ) ach
other; ' Fig. 10 i% a?d%ggragﬁgﬁgﬁ?ﬁg anot e”ﬁgﬁapég%#gﬁﬁggyﬁ%%g gﬁ?@hna 1

Fig. 11 is LRgLam showi ng a state that two | oop antennas 1 having the
shape shom%ﬁF%hF?g.faO are overl apped with each other; Fig. 12 is a

.di agram show ng Lg:uf' %ngg é%ibaeglpgrﬁ)% %%%%g the overlap between the loop

antennas 1;

Fig. 4 is a block diagram showing an example of the
constructionof anon-contact IC card system to which the present
invention is applied;

Fig. 5 is a circuit diagram showing an example of the
construction of IC 13 of Fig. 4;

Fig. 6 is a diagram showing the shape of the loop antenna

Fig. 7 is a diagram showing a signal transmitted from
a reader/writerVZI;

'fig. 8 is a diagram showing a signal processed by an IC
card 11;

Fig. 9 is a diagram showing a equivalent circuit when
two loop antennas 1 are overlapped with each other;
T Fig. 10 is a diagram showing another shape of the loop
antenna 1;

Fig. 11 is a diagram showing a state that two loop antennas
1 having the shape shown in Fig. 10 are overlapped with each
other;

Fig. 12 is a diagram showing a signal to be processed

by the IC card 11;



by the 1C card 11; 8 4 Novenber 2004 Fig. 13A is a diagram show ng anot her
shape of the loop antenna 1; Fig. 13B is a diagram show ng anot her shape

of the loop antenna 1; Fig. 13C is a diagram show ng anot her sHaNevenfbari2604
|l oop antenna 1; Fig. 13D is a diagram show ng another shape of the | oop
antenna 1; Fig. 13E is a diagram show ng anot her shape of the |oop antenna
1; and Fig. 13F is a diagram show ng anot her shape of the |loop antenna 1.
BEST MODES FOR | MPLEMENTI NG THE | NVENTI ON Fig. 4 shows an exanpl e of the

construction of RAflg.NDIE CGANGAGEabYRR sRoGaRE- addente Stk bk k%100
battery-less type 1C card having no battery for power supply. A }oo

antenna 1 afeeghhtyting a resonance circuit in conbination with a capacitor
12 receives el ectromagnetic wave (indicated by a solid line) emtted from

a reader/witer Ri, cofyverds hhgqeLeC gggﬁ el Vg received to an
el ectrical signaI%%nd t hen suppl?es t%% e gd%é?%% §§5{§$%Fb%g8 £§9pThe
-inner cons%ﬁggﬁhgnlof the IC 13 will be described later with reference to

Fig. 5 A host conphter 31 controls DPU (Digital Processing Unit)4l of the
reader/writer 21F£8.Vfﬂé‘ispgegE58£ghn§€ogfﬁg'another shape of the loop

antenna 1;

Fig. 13D is a diagram showing another shape of the loop
antenna 1;

Fig. 13E is a diagram showing another shape of the loop
antenna 1; and

Fig. 13F is a diagram showing another shape of the loop
antenna 1.
BEST MODES FOR IMPLEMENTING THE INVENTION

Fig. 4 shows an example of the construction of an
non~-contact type IC card. The IC card 11 is a battery-less type
IC card having no battery for power supply. A loop antenna 1
constitutingaresonancecircuit incombinationwithacapacitor
12 receives electromagnetic wave (indicated by a solid line)
emitted from a reader/writer 21, converts the electromagnetic
wave received to an electrical signal and then supplies the
electrical signal to IC 13. The inner construction of the IC
13 wiil be described later with reference to Fig. 5.

A host computer 31 controls DPU (Digital Processing
Unit)41l of the reader/writer 21 to write predetermined data

into the IC card 11 or read out predetermined data from the



into the IC card 11 or read out predeterm ned data fromthe 9 4 Novenber L
2004 | C card 11. Further, the host conputer 31 processes the data which is.*
input fromDPU 41 and read out fromthe 1 C card 11, and displ aysndfagnbeéabeos
on a display portion (not shown) as occasion demands. .DPU 41 generates
control signals for various kinds of control on the basis of an

instruction fromthe host conputer 31 and controls a o
nodul ati on/ denodul ation circuit 42. In addition, it generates transm ssion

data correspopndi-ngr o st t ligs the data tq the _
ol at | o CaenEaul ot | BREEREET HE A AURSHOR, £ SRS AR fhd Woea

r epr oduct i .data_o | S sponse data fromt

nodul at i on?gé%%dgﬁa??éﬁ%c??%hi ?ﬁgzlign‘gn%uﬁ%% soqi?"lefordoéut %ﬁ-}eo Itché:a;ﬁosltl'
conput-er 31, .T. dul at i gn/ denodul.ati.on circuit 42 ul ates the
Crahom ssi SROGEETAVAL T ABRAOPUR 1SR YR H b (RRE rss ) 65 o5 SRsdgn
~antenna43. ;The dul ati on/ denodul ation circuit 42 also denodul ates

nodul at ed aﬁvgn$$0n1the | oop antenna 43, and inputs the denodul ated data
to DPU 41. The | oop antenna 43 emts the electromagnetic wave
correspondi ng toP¥ eg%nﬂﬁPﬁféﬂegiﬁﬂBFrOﬂnﬁﬁgnﬁﬂéanﬁevarlous kinds of
nmodul ati on/ denpdul ation circuit 42. Next, the specific construction of the
reader/ w i £8Pt321 emdhebesif PE pe HRsEFRGRHon f1rR dther 8osd compugers. |n

this figure, the nodul ation/denodulation circuit 42 of the reader/witer
21 shown i#alFidgd £9rtrelgser Madniatkon tdenddatation circuit 42. In

addition, it generates transmission data corresponding to the
instructicm~ and supplies the data to the
modulation/demodulation cifcuit 42 . Further, DPU 41 generates
reproduction data on the basis of response data from the
modulation/demodulation circuit 42 and cutputs the data to the
host computer 31.

The modulation/demodulation circuit 42 modulates the
transmission data input from DPU 41 and supplies the data to
a loop antenna 43. Themodulation/demodulation circuit 42 also
demodulates modulated wave from the loop antenna 43, and inputs
the demodulated data to DPU 41. The loop antenna 43 emits the
eie’ctromagnetic wave corresponding to the modulated signal
input from the modulation/demodulation circuit 42.

Next, the specific construction of the reader/writer 21
and IC 13 will be described with reference to Fig. 5. In th_is

~figure, the modulation/demodulation circuit 42 of the
reader/writer 21 shown in Fig. 4 is illustrated as an oscillator

42A serving as a modulation circuit and a demodulation circuit

10



42A serving as a nodul ation circuit and a denodulation circuit 10 4
Novenber 2004 42B. IC 13 which is connected to a resonance circuit
~conprising the loop antenna 1 and the capacitor 12 of the |C catouemprrs2004

arectifying circuit 61. The rectifying circuit 61 conprises a diode 71, a
resistor 72 and a capacitor 73. The rectifying circuit 61 rectifies and
snoot hens the signal supplied from the |oop antenna 1, and supplies a
positive-level voltage to a regulator 64. The regul ator 64 stabilizes the
positive-le¢@B. valtage thus input, converts it to a DC voltage having a
predeterm ned | evel and then supplies it as a power source to a sequencer
66 and ot her circOCtS wilomdsl@iiitedd ¢8id rE3chancaECLE Lhe rear
state of the rectifying circuit 61. Thenodulatioﬁ cirCU|tq%§6%8ﬁ%Fﬁggé
series circuhé Dbopnanteesancend eRentagicand FE i f ect
Transistor) 82, and it is connected toaghg Iogp gﬁégﬁﬁ%9f§iggﬁgt#%upﬁﬁg a
~-coil of thearesonfgengidrbdit PR ebo+FET ; i.s.turns.on or off in
conformity with the si%nal fromthe sequgﬁég}l%é'Férggftath%?%P¥h§Fsthe
i npedance e etedte 81 | & AJJaseidsd 7N Rar al Lel (Lo . the If)oo antenna | or a
state that it is not inserted in pa?a?lglégga?ﬁEOFog - antenr i tnkegeby
the inpedanceciihes] oad-©f e R nna 43) of.the circuit
el ect romagnet i cal [ y-coupl edft%gt%g&lson%gé% T ehna 43 R heSupRbird / fwemer 21
t hrough th IS r.ied. The signal ,which has_been rectified
and's?moth2:r${eféd)(?I‘tlf)bfkpta‘?ﬁ%q}'nja 15 484 §ppl18s agPOSlgﬁve—level voltage to

a reqgulator 64. The regulator 64 stabilizes the positive-level

a

voltage thps input, converts it to a DC voltage having a
predetermined level and thén supplies it as a power source to
4 sequencer 66 and other circuits.

A modulation circuit 62 is connected at the rear state
oftherectifyingcircuit61.Themodulationcircuit62comprises
aseriescircuitofanimpedanceeleméﬁt81andFET(FieldEffect
Transistor) 82, and it is connected to the loop antenna 1
constituting a coil of the resonance circuit in parallel. FET
82 is turns on or off in conformity with the signal from the
sequencer 66 to set a state that the impedance element 81 is
inserted in parallel to the loop antenna 1 or a state that it
is not inserted in parallel to the loop antenna 1, whereby.the
impedance (the load of the loop antenna 43) of the circuit
electromagneticallyncoupled to the loop antenna 43 of the
reader/writer 21 through the loop antenna 1 is varied.

The signal which has been rectified and smoothened by

the rectifying circuit 61 is supplied to a high pass-filter

11



e . . . . . Y ther
he rectifying circuit 61 is supplied to a high pass-filter 11 4 Nove

;004 (here?na?ter referred to as HPF (Hi gh pass-Filter)) 63 cogg&|3|q%y%004
. capacitor 91 and a resistor 92, and high-band conponents therecdtNayam .
extracted and supplied to a denmodulation circuit 65. The denodul ation t
circuit 65 denodul ates the signal of the high frequency conponents |gpﬁ
thereto and outputs the signal to the sequencer 66. The sequencer 6 ] as
ROM (Read Only Menory) and RAM (Random Access Menory) (both are not shown)

i ang i j |_at:i i\rcyi,t 65
therein, stoéOheseanstfyeal r¢terraad)td ngut ﬁﬁpn1ﬁhggpe@9g%_%hl% 9
into RAM anal yzes the signal according to a progran1conta|ne% |H and

; I L ysis_ result
ds out datmpsisird anchbaciesRr Y164 4 HeLast S 0§, the, yapal ysi
ggaoccasion Jgiands.gThe sgquencer 66 further generates a response §P8nal

to return acomseEases ¢ARBIONHE 'Eﬁctrta‘?:t_te@eaﬁ? %}%ie%goss\ﬁ%l[égg%%% ;ﬂ%g E Eg

nodul ation circuit 62. Next, the operation o reader

: i j 1 : ri aki s exanples a case

e £ oo o3 v O PR OEL BY AAR F SERD nel £51
1 AL S o fromthe car .

gg(rjrpﬁt g?sgldﬁggl&{@ r%FéHE)PU ill o{#f ctoﬁ%%rn%gl & FF P ter 129t d RUFPUEEstRe

witing of s%g%?é?ﬁiﬁchhéiaééq%dé}}&# tge%l C card 11. On the basis of the

instruction from the host Tonpu er 1, DPU 41 geperatez ? conggp?e:iggggng
for the writing ’Th%eg%t{]@él?é?£ rG%r}?%ngeﬁggﬁg{eSa? (?ﬂ W ﬁéx&o@%)&ng )RAM (Randopm
to the instruction and”supplTes
Access Memory) (both are not shown) therein, stores a signal
(command) j_nput from the demodulation circuit 65 into RAM,
analyzes the signal accord:'Lng to a program contained in ROM,
. and reads out data stored in the memory 67 on the .basis of the
analysis result as occasion demands. The sequencer 66 further
generates a response signal to return a response correspdnding
to the command, and supplies it to the modulation circuit 62.
Next, the operation of the reader/writex 21 and the IC
card 11 shown in Fig. 5 will be described by taking as examples
a case where information is written from the reader/writer 21
into the IC card 11 and a case where information is read out
from the IC card 11. The host computer 31 controls DPU 41 of
the reader/writer 21, and instructs the writing of prescribed
data into the IC card 11. On the basis of the instruction from
the host computer 31, DPU 41 éenerates a command signal for
the writing, generates transmission data (writing data)

corresponding to the instruction and supplies the data to the

oscillator 42A. The oscillator 42A modulates the oscillation

12



oscillator 42A. The oscillator 42A nodul ates the oscillation 12 4 Novenber

2004 signal on the basis of the signal input, and supplies it to the | oop

antenna 43. The | oop antenna 43 enits the

el ect romagneti ¢ wave 4 November 2004

corresponding to-the nodul ation signal input. The resonance frequency of
the resonance circuit conprising the |Ioop antenna 1 and the, capacitor 12
of the IC card 11 is set to the value corresponding to the oscillation

frequency
resonance
resonance
el ectrical

(carrier frequency) of the oscillator 42A. Accordingly, the

. » . . ) ot et e ‘ 4
SRR oh e Vose L PILRLD)pRLECEOME ERACAYBHEIBY )
the rec yi ng tircul
circuyit

equi ppe
e rectif tifi e Si

and the capaC|F5?mgéné€%%t%e%% %%ggg?aﬁg }ngg O[ﬁﬁ?é%ﬁggéégb?QigﬁgPﬁé

positive-|

stabiIizesl?ﬁgtpositive-level voltage input, converts it to the DC voltage

evel . voltage thereof to the regulator 64. The regul ator 64

havi ng prescribeg | evel , and then supplies the DC voltage as a_power

source to
rectified

t he modul &t9BRT 12172 ihe 629R e il

t he

the s
F&& CAPgRiaTd ldoRpBohbRt 5C
card 11 is set to the value corresponding to the oscillation
frequency (carrier frequency) of the oscillator 42aA.
Accordingly, the resonance circuit receives the emitted
electromagnetic wave by its ‘resonance operation, converts the
electromagnetic wave received to an electrical signal and then
supplies it tg the IC 13. The electrical signal thus converted
is input to the rectifying circuit 61 equipped to the IC 13.
The diode 71 of the rectifying circuit 61 rectifies the signal
input, and the capacitor 73 smoothens the signal, and thereby
supplying the positive-~level voltage thereof to the regulator
64. Theregulator 64 stabilizes thepositive-level voltage input,
converts it to the DC voltage having prescribed level, and then
sﬁpblies the DC voltage as a power source to the sequencer 66
and other circuits.

The signal which has been rectified and smoothened by
the rectifying circuit 61 is supplied through the modulation
circuit 62 to HPF 63 to extract high-band components, and the
high-band components thus extracted are supplied to the

demodulation circuit 65. The demodulation circuit 65

13

eived to an
j d [ i h T | i i I
Chue conyeriog 2ooB] antEina b BRL L oonb! L0obCabfells (RS, PolitE CPhe®) 2
13. The défgg 71

I C

nal _input,

&S BEIGMd THIBEUGH c (it sTRFheT SPYRAPCGHi ShERAsTheen
and spoot hened by the rectifyin? circuit 61 is supplied through

and



hi gh-band conponents thus extracted are supplied to the denodul ation
circuit 65. The denpdul ation circuit 65 13 4 Novermber 2004 denodul ates the
si.gnal of the high-frequency conponents thus input, and out put % Nhentegrodq
to the sequencer 66. The sequencer 66 stores the signal -(command) input
fromthe denpdulation circuit 65 into RAM analyzes the signal according

to the program contained in ROM and wites the witing data supplied from
t he denodul ation circuit 65 into a nmenory 67 on the basis of the analysis

i dul ati i it 65 is a
[ eadi ng comehfu e REERAh S P o A AR AR B A o REChEREPOEEES ¢ he
67. 66 turns on_or off FET 82 in
conformi 1y TEREs ALYt FBSEMENES vag rerieiast 66t threranenens

[ t 81 ted to the | oop antenna 1 in parallel, and
wnon FET 20 1 STEIebis FLORRE. paPARPERTcORRIE o Sitel bakeds ast an

result, the. inpedapce of the |load circuit of the loop antenna 43 which is
electr onagnce]t"i’cfr:r‘g’rq gg&.m:ﬁe%%%d APRLYEGR tHesignpl g tQ &hiegereégram
accordance with the read-out data. The term nal voltage of the |oop antenna
43 varies (PRIt KW 1 RRhRidrgsattion wilting |drjedanmepbied hérdmad
thereof. The denodul ation circuit 42B reads this variation to denodul ate
the read- otth&&eRodid aduipucd navd tdéfodaitat edmetiary 68 OPLLHE badPy) difl

properly processes the data input thereto,
the analysis result.

When the command supplied from the demodulation circuit
65 is a reading command, the sequencer 66 reads out the data
corresponding to the conunaz';d from the memory 67. The sequencer
66 turns on or off FET 82 in conformity with the data thus read
out. When FET 82 is turned on, the impedance element 81 is
connected to the loop antenna 1 in parallel, and when FET 82
isturnedoff,theparallelconnectionisreleased.Asziresult,
the impedance of the load circuit of the loop antenna 43 which
is electromagnetically connected through the loop antenna 1
varies in accordance with the read-out data.

The terminal voltage of the loop antenna 43 varies in
acéordance with the variation of the impedance of the load
thereof. The demodulation circuit 42B reads this variation
to demodulate the read-out data and outputs fhe demodulated
datatoDPU41.DPU4lpfoperlyprocessesthedatainputtheretof
and outputs ﬁhe data thus processed to the host computer 31.
The host computer 31 processes the read-out data input from

DPU 41, and displays.the datd on the display portion (not shown)

14



conputer 31 processes the read-out data input from DPU 41, and displ ays
the data on the display portion (not shown) 14 4 Novenber 2004 dsNoetvdsr@004

“demands. Fig. 6 shbws the construction of the loop antenna 1 installed in
the IC card 11 shown in Figs. 4 and 5. The portions corresponding to the
prior art are represented by the sane reference nunerals, and the
description thereof is suitably omitted. The tweep antenna 1 shown in Fig.

6 has a rechangukasioshdpsaagssa basi c shape, and has four turns. The val ue
of the inner angle O of each of all the four corners is set to 900 - a in

any turn. That isrighes inefwANghE LELYE ae | i.near rtion L1 and the
| i near portion L2, ?he inneﬁgangle betmegﬁCEFﬁg ?n%ﬁﬁ 7K oA ESEAd 1t he
li near portigsth3ielhen kheercangl b the linear portion L3 and the
linear portion L4 and the innercﬁ%él%ﬁﬁgfaéﬁglgﬁé'fﬁﬁga - g PBAtE2NgENd

Here, the val ue of the constant

.the li ! t -_.a.
ey be < CQ?fébBBn&?n?:?&:%%fegg%%%ifgﬂ%épﬁ%'%ﬁQEﬁS?WEﬁﬂOPY ReeoFamagl y,

a may be set to any pos

th ti i I t .l non- |l el stat t h sid
of the rectarare-nEg nBBetary 87 FRR' onSer TaFiBRotheReofore aniabine
| i near portg , ;. L10 and L14 are kept to be non-parallel to one
anot her . Th%lﬁ)?gi?%n&hauf%gfﬁlb@ apfegng & Eﬁﬂﬂ@c{"%f%‘b 16Chas. apyectesigghang t he
| oop anten I uch a .shape, the ljnear portions of the |oop antenna 1
are hardl yr%b%%%gadss ao%@,?él-ca ARG @\%ﬁlas four turns. The value of the

inner angle 6 of each of all the four corners is set to 90°
- @ in any turn. That'is, the inner angle between the linear
portion L1 and the linear ﬁortion L2, the inner angle betﬁéen
the linear portion L2 and the linear portion L3, the inner angle
between the linear portioﬁ L3 and the linear portion L4 and
the inner angle between the linear portion L4 and the linear
portion L5 are set to 90° - «. Here, the value of the constant

« may be set to any positive or negative value other than 0.

Accordingly, the respective 1linear portions are kept in
non-parallel state at each side of the rectangle. For example,
at the upper side of the rectangle, the linear portions L2,
L6; L10 and L1l4 are kept to be non-parallel to one another.

The terminals 14-A, 14-B are connected to IC 13. By
designingtheloopantennal;ulsuchashape,thelinearportions
of the loop antenna 1 are hardly coupled to one anothef {when
viewed from the upper side, the overlap portion of the linear
portions is reduced) and thus the reduction in reception

effigi@nﬁy can be suppressed in both the case where the two

15



viewed fromthe upper side, the overlap portion of the linear portions is
reduced) and thusp!tohe reduction in reception efficiency can be srljppre;é_gz%o4
~in both the case where the two 15 4 Novenber 2004 |IC cards 11 ar%eNsyee

with being faced in the sane direction as shown in Fig. 2 and the case
where thy are stacked with being faced in the opposite directions as shown
in Fig. 3. As aresult, in any case where one |C card 11 is used, two IC
cards are stacked with being faced in the sanme direction or two IC cards

are stacked Qictardseil hgafacathdied ha toppashberadbs gt lt@i%ssaﬁlﬂed{:te&@%&ﬁ”
sensitivity enough for comunications can be achi eved. Nex

t he measur exeshok@sim Fief. 2 drerepl @Qse\ﬁﬂiélaeg%h&eé’f% \éec%xcl\% d’ialltg k():gr d,11 to

which the | oop antenna 1 as shown in Fig. 6 is appli en a S|gna

havi ng a weefed Mn aﬁles@@béﬂ:é:'&rgcﬂfoﬁé 35"%1 f1 oI_mp(# he, reader/witer

21 tothe ICcard 11. In Fig. 7, the axis nate reptesents a

transm ssion vol tagg ¥su1andiph ngxggsgf wﬁ&?gl 858 8p5§§$n}c]zp1[a | a%}idet ;lgg”e

(second) . In Fig. 8, the axis o I nat e represen ( oo The
and t | DS S

\(/gl)tage Vl*tﬁ@ﬁ:;:é’%aﬁ%%% %e vo??age %%lfnng Zg ed??rfl%;r‘wg‘ﬁeeqfa}_%%s

and t he ax Ok-gi o are differ in

maasurerrent%%r g&&l E[es %I\;\gsl‘%lrg géac% 8 Wit h%h’?% ¢ ‘?e’s‘glqar‘?é\/r?ii)iﬂli&ei:dqgm .

cards 11 eg&ri“e@\i'o%% a  Lgep a_-c”égé‘” 11 as ssergs\TtJJ.letilrg' enough for

bei ng fac
communications can be achieved.

Next,_ Fig. 8 shows the measurement result of a reception
voltage received by an IC ;:ard 11 to which the loop antenna
1 as shown in Fig. 6 is applied when a signal having a waveform
as shown in Fig. 7 is transmitted from the reader/writer 21
to the IC card 11. In Fig. 7, the axis of ordinate represents
a transm1551on voltage (V), and the axis of abscissa represents
a lapse time (second). InFig. 8, the axis of ordinate represents
a reception voltage (V), and the axis of abscissa represents
a lapse time (second).

The voltage V1 of Flg 7 and th'e.;%;gl‘tage V2 of Fig. 8
have dz_fferent values, and the axes of ordinate of Figs. 7 and
8 are different in scale. The measurement result shown in Fig.
8 is a measurement result when two iC cards 11 each having a
loop antenna 1 as shown in Fig. 6 are stacked with being faced
in the opposite directions as shown in Fig. 3.

Even when a signal having a good waveform as shown in

Fig. 7 is transmitted from the reader/writer 21 to the IC card

16



in the opposite directions as shown in Fig. 3. Even when a signal having a
good waveformas shown in Fig. 7 is transmtted fromthe reader/witer 21
~to the IC card 16 4 Novenber 2004 ‘11, it is processed as a si gnal Novoanbeg 2804
di storted waveform as shown in Fig. 8 at the I1C card 11. In order to

di scover the cause for the distortion, a schematic equivalent circuit to
the 1C card 11 as shown in Fig. 9 is considered. In this case, it may be
considered that two I1C cards 11 are kept to be stacked and the IC cards 11

havi ng the 198M8t G@NPlridelsisY L LN tleq}a_t‘ﬂrféacah ARy QUAR A,

capacitor 101-1 and a capacitor 101-2. The 1 nner construction of e IC

13-1, 13-2ds sl ah # 0y ! e JREE SONSIEGL 0B r0b hBE LE R Show i Fio

5, and it conprises the Tectifying circuit 61, e no i"on ci 62,

tc. Th is | .t:0._D : d at the I.C d 11 becones a
etc e I eas Wy the aiignal-dl; n,ﬁ pIrS%%%g’l% lcaeqtuﬁ_gfa%ieé]%glrclﬁé:\ﬂ% e S

signal having distortion as shown I en _

1O card 11 TY AECsRr: a4 R FMRRADAN Eltee S o COOTIBRTRY he capaci Lor s
11 (1C card 11 5SS oo BRbARac0s (PESRaFBes- B0 HhEahLddh | on-
by the capdtr: SEETIGE PO SHOTARY AL choR G Shel hySYSas §hevermepped.

portion between_ the Ioog antenna 1-1 and the | oop antenna 1-2. That is, as
t he construction are connected to each other through a capacitor

101-1 and a capacitor 101-2. The inner construction of the IC
13-1, 13-2_is similar to the inner construction of the IC 13
shown in Fig. 5, and it coﬁﬁrises the rectifying circuit 61,
the modulation circuit 62( etc.

The reason why the signal to be processed at the IC card
11 becomes a signal having distortion as shown in Fig. 8 when
the signal having the waveform shown in Fig. 7 is transmitted
from the reader/writer 21 to the IC card 11 is associated with
capacitance represented by the capacitors 101-1, 101-2 which
are induced by the overlap between the two loop antenna 1-1
(IC card 1-1) and the loop antenna 1-2 (IC card 1-2). The
diétortion can be suppressed by reducing the capacitanée:nh

The capacitance represented by the capacitors 101-1,
101-2 is dependent on the physically overlapped portion between
the loop antenna 1-1 and the loop anténna 1-2. That is, as the
overlapportionbetweentheloopantenna1-1andtheloopantenna

1-2 is increased, the capacitance represented by the capacitor

101-1, 101-2 is increased. Particularly in the loop antenna
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overlap portion between the |oop antenna 1--1 and the |loop antenna 1-2 is
i ncreased, the capacitance represented by the capacitor 101-1, 101-2 is
increased. Particularly in the |oop antenna 17 4 Novenber 2004 % Kawanmigr 2004
shape as shown in Fig. ‘6, the lines at the portions other than the |linear
portions L1 to L16, that is, at the four corner portions are in closer
formati od theyangt at kdabenear shownt ilonFiglf & hetheodpnast erinashearmprievent ed
from bei pgnoverhapprefe Wihbafaph-OINEr &t therfpury shsenes, pgfa“tﬁa& folipe
capacitance represented by the capacitors 101- 1, 1 27 cou be reduced.
Ther ef or €°r&eT oGP AAPBANGATE hadWi n§ as%hapf@ra@t%%wrflhaﬁl Fieg. th® jlgnear
considergd.clsnd herd Q@R aRLENRAdnOWR el BrEL@nddl ARG bROAL ! ORS 1appea
corresponding to the | oop antenna 1 shown in Fig.6 are represent eg
sane ref @ERceatine?BISE PR tHE | S6PT arfcenRa JP°r§H8Wﬁr| Fie gcam)’llttaﬁée

portions reprEesprdivhgchd dhRdieoaps ant-annacd-2 shawa b Fdlicb.are
‘represented b;éat he sane reference nunerals. The shape of the |oop antenna

as shown in Fif§erafPi% ade o GRETPAI 1 DBYI3UbSt BNl dYy Hr¥PsRapdddtines,

and a paiip ofs | toediderartionscthdheoapt efanhs shapeshsuch traglidhecpair of
substantlaIIY arc shaped lines L1, L5, L9, L13, L17 are opposed of arc
shaped | PREEIE®S EoETGSPPRAifg tQndhehdOBRi ARGFPHE nda oPBr t-PoRsItL S, KB,

L10, L14rapee@¢1mmd>yamﬂlepababl ekréeerdddenmerp0sl | oNSthat, 1ddh dnk2nnk16. The
ar c- shapeg line L1, sz L9, L13, . L17 neetin C()grtcglhe |II’]6E EOI"[I on L2, &6,
L10, L14580"Bntt - afd CRPnBRFEIR iCOATEIPONE N 5, TPe 61 aRP (A B Rer end.
Cor r esposdbhgl yn HiC- shapedrdpgmeaehBed iy dhkl sahdSrémaiahicki AG@Erals. The

t he

shape of the loop antenna as shown in Fig. 10 is made from a pair
of substantially arc-shaped 1lines, and a pair of linear
portions. The antenna is shaped such that the pair of
substantially arc shaped lines L1, L5, L%, L13, 117 are opposed
of arc shaped lines L3, L7, Ll11, L15, and the pair of linear
portions L2, L6, L10, Ll4 are opposed and parallel to linear
portions L4, L8, Ll12, L16. The arc-shaped line L1, L5, L&, L13,
L17 meeting the linear portion L2, L6, L10, Ll14 at one end, and
linear portion L4, L8, L1z, L1l% at the other end.
Correspondingly, arc-shaped line 13, L7, L11l, L15 meets linear
portion L4, L8, L1l2, Ll16 at one end, and L2, L6, -L10, Ll4 at the
other end, as seen in Fig. 10.

In Fig. 10, IC 13 is connected between the terminals 14-A
and 14-B (not shown), and the capacltor 12 is connected teo IC 13
in parallel.

By setting the two corners out of the four corners to
right-angle shape and setting the other two corners to curved-
line shape, as shown in Fig. 11 the two loop antennas 1 are
prevented from being overlapped with each other at the corner

portions at which the lines are closer to one another
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portion L4, L8, L12, L16 at one end, and L2, L6, -L10, L14 at the other
end, as seen in Fig. 10. In Fig. 10, IC 13 is connected between the
termnals 14-A and 14-B (not shown), and the capacitor 12 is cdniNeaneri2§04
IC 13 in parallel. By setting the two corners out of the four corners to

ri ght-angle shape and setting the other two corners to curved- |ine shape,
as shown in Fig. 11 the two | oop antennas 1 are prevented from being

over |l apped with each other at the corner portions at which the lines are

closer to ofiécandtdrechedwb Novendete 2094 1eyea owhen 4he d wo i, nrganas 1
are overl apped with each other wth being faced intp{bhe oppo%o%er?&ﬁer

di recti ons,wahl behiugy faeediignahe JWi\@diﬁgcQ@oHé?%‘?ﬁfﬁgugﬁ:qae §%§H§&
0

having |l ess distortion. Fig. 12 is a diagram show ng a signal

processed rectheed Caand piovbesea §:sgef@izqflh%\gﬂ ﬂgv%nﬁaigfsor@r%”%ﬁ%gr iCn

Fig. 7 is received fromthe reader/witer y a subs Ellal

A 9 11 achi d t ki t : ' ith the |
car achi eved g steckidth dﬁdﬁﬁaéﬁévi%:}%ggu%ﬁgfgjt ht\é\é |}t,ec%$%gﬁ0ipe‘ére

antenna 1 having the shape shown in Fig. : .
o oo, TR0 it 4085 g S 6 B0t AT S L0,
oo Chek e paeer o orol e BT e Sty v
}Aﬁ\égf gir’]tmeigié@ T iy 118ac%80eénb£rcsggégi%% {:Sof]?gréacﬁcgsedl lsoecg;[uhiaptpéc;AD
with the loop antenna 1 having the shape shown in Fig. 10 so
that the IC cards 11 are faced in the opposite directions (that
is, the IC card 11 includiﬁg two loop antennas 1 overlapped
with each other as shown in Fig. 11);
Comparing the waveform shown in Fig. 8 and the waveform
shown in Fig. 12, it is apparent that the waveform shown in
Fig. 12 has less distortion than the waveform shown in Fig.
8. When an IC card 11 is fabricated so that two loop antennas
1 are overlapped with each other with being faced in the opposite
directions, the signal received can be processed as a signal
having less distortion by designing the loop antennas so that
the overlap portion thereof is reduced, particularly the four
corner portions are not overlapped. The shape in which the four
corner portions are not overlapped results in reduction in the
qverlap portion as-a whole.
As the shape of the loop antenna 1 based on the

consideration that the four corner portions (portions at which

the line density is high) are not overlapped may be used such
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1 are overlapped with each other with being faced in the opposite
directions, the signal received can be processed as a signal having |ess
dirstortion by designing the |oop antennas so that the overl ap poN&vedtber 2004
thereof is reduced, particularly the four corner portions are not
over | apped. The shape in which the four corner portions are not overl apped
results in reduction in the overlap portion as a whole. As the shape of

the |l oop antenna 1 based on the consideration that the four corner

portions (RPry t Lehs t i densji.y. is high) are not overl apped
may be used éﬁ%ﬁﬂi8%4sﬁ§&§ er 5%04ﬂ§'§%§%é§%§5%ﬂ1 t%ﬁ ?ﬁ@?el%h?ﬂnaﬁﬁition
to the shapg shown in Fig. 10. The shape shown in Fig. 13Ais a
parallelograﬁf and the wupper and |lower sides in the figure are disposed in
11._ The shape shown in Fig. 13Bis

parallel to the.sid of the |IC.card

set so that the P%§*§§8€§ sﬁﬁV“O?“ﬁﬁngdﬁV*§ﬁd€sP6¥a%%€lB§Fambe@@@r%@@shomn
in Fig. 13%_ are f%%ﬁed of cgrved | ines_and the sides of the upper and
lover  |iné&F PoionSYEd ShESFi ¢ BREr 1anERoREY dispRsad | maraliel si des
of the IC %gr 11.jgre_shaqgﬁghomn in Fig. 13Cis set so that all the four
sides of th& FAESESSyPImEYo iGfad 4.1+ 13A are formed of curved |ines,
and one diagonal |ine of this shape is disposed to be coincident with one

di agonal | ine of Thenghppecshewn 1in Fiig -sh3Belsnth sontBag. ti8Rvws sseteso

that two sides of
out of the four sides of the parallelogram shown in Fig. 13A
are formed of curved lines and the sides of the upper and lower
lineax por?ions in the figure are disposed in parallel to the
sides of the IC card 11. The shape shown in Fig. 13C is set
so that all the four sides of the parallelogram shown in Fig.
13A are formed of curved lines, and one diagonal line of this
shape is disposed to be coincident with one diagonal line of
the IC card 11.

The shape shown in Fig. 13D is set so that two sides of
the four sides of the figure are formed of curved lines and
the other two sides are formed of straight lines, and the curved
lines are disposed to be close to the corners of the IC card
11. The shape shown in Fig. 13E is formed of curved lines of
twosides,andtheline(diagonalline)connectingthepositions
at which the curved lines are inverted (corresponding to the
corners) is disposed to be coincident with one diagonal linei

- of the IC caxrd 11. Further, the shape shown in Fig. 13F is an

elliptical shape, and the major axis of the elliptical shape

is disposed to be coincident with the diagonal line of the IC
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the four sides of the figure are formed of curved |lines and the other two

. : . . . dto
sides are formed of straight lines, and the curved lines are dispose (
be close to the corners of the IC card 11= The shape shown in H Novéhieri2no4
- formed of curved lines of two sides, and the tine (diagonal |ine)

. o . : . t ed
connecting the positions at which the curved |ines are inverte
(correspogdi ng to the corners) is disposed to be coincident with one
diagonal line of the IC card 11. Further, the shialp_e s_hovvln IE Fig. 13Fis
an ellipti S e, and the major axis of the elliptical shape is

di sposedpt o‘g%}édcg?gci dent wth the diagonal Iine of the 1C 20 4 Novenber

4 d 11. Th | o antenna 1 shown in Fig. 10 or Fig. 13
izgose'fa;o t hat V\herel?lgfs\[/}\n{@aaﬁécoéfgr%gg ﬁ@o%raél%?%elds%of”ﬁ bBi g - fldcod Fagt-he

[ diyecti s, descri bed above, the corner portions (containing
?E\goilo); ﬁerlirééplfge%e%fﬁ %rfi’ g;?/‘a ¥FGetv?i He)cazrsds tie ar6op taskeAnaithabe ingt

' i hat
| apped. t.her. words, the _shape of the Ioop.a.ntenna 1lis set sot
,g\égr of IOEor nfeérg%%rjﬂ %Iilu% QRRCS WAL F BRE LeaemRs geRer ikedmbees padte cornke
center line of the IC card 11 (for exanple, the corner portion forned by

the curved BTt PRt Hinbihepeptnen remrenerted MoOp rarbed huayg)from

the center |] and the other corner portion (for exanpl e, the corner
portion forc?#s}eflﬁ/ P IHERA pbrafe M ewelldppedr ved |ine portion L5 in

Fig. 10) is closer to the center line. ‘
In other words, the shape of the loop antenna 1 is set

so that one of corner portions which eonfront each other with
respect to _the center line of the IC card 11 (for example, the
corner portion formed by the ;:urved lineL3 and thelinear portion
L4 in Fig. 10) is‘ far away from the center line and the other
corner portion (for example, the corner portion formed by the
linear portion L4 and.the curved line portion L5 in Fig. 10)
is closer to the center liﬁe.

Further, in other words, the shape of the loop antenna
1 is set so that the diagonal line of the IC card 11 is coincident
with the line connecting two points of the loop antenna 1, one
point being located at the closest positionto the corner portion
of ‘the IC card 11 and the other point being located at the
confronting position (for example, inFig. 10, the intersecting
point between the curved line portion L3 and the linear portion
Lé and the intersecting point between the curved line portion
L5 and the linear portion L6).

By using the loop antenna 1 having any shape shoﬁh in

Fig. 10 or Fig. 13 as the antenna of an IC card 11 + the reduction
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Further, in other words, the shape of the |loop antenna 1 is set so that

the diagonal line of the ICcard 11 is coincident wth the line connecting
two points of the |oop antenna 1, one point being |ocated at tHeNey&shes004
position to the corner portion of the IC card 11 and the other point being
| ocated at the confronting position (for exanple, in Fig. 10, the
intersecting point between the curved line portion L3 and the |inear
portion L4 and the intersecting point between the curved |line portion L5

and the |idearepedtion ls®ns By wsinEdhed %@Fﬁa@s@m e RVIHYh alyo Shape

shown in Fig. 10 or Fig. 13 as the antenna o n IC card 11, the reduction

21 4 Novenbeird20041 i Areeceptd ORhsaRsidiadiad CaBnhe (HPPE§Rsed LUGH Mien two
IC cards 11 are used while stacked, and the same reception sensitivity as

used when @@Hﬁﬂ@%@ﬂﬁ%&@h@é&%ﬁ@ﬁgn§§%ﬁgﬁ@EQ@@%@useﬁ%&J@%aéﬂ%%ved.

distortion of the signal to be received and processed can be sSuppressed.

Further, eyeposhen Rt ahiLEoeatds ol ofe t¥oq0n e are used uile,

stacked, the above-described concept is e I've, an e i
reception LGl V. e xi mum and the distortion can be
suppr essedﬁfr%\'(;%ﬁ%\%ﬁglecng?%gb %‘éﬁgg%gggr %ugta{lg%édeyﬁné'ﬂ@e% ur icﬁﬁ[: §3t§ls, by
using the e I i.on u n ticollisjon . systemthat | C cards 11
are used V\F]:EH (ngf%‘g%: k%\gg Hltoé:%n atl)% ggglgl "g’}li?j;% rs’l(%:cf-%ﬁkeetfi 4 I%rl?ety ﬁbof’ﬁr' §iokg-red

four, or.six turns. However, .the nunber

descriptio o) ntenna 1_h
of tur ,F—,)S ngﬁn%%%e’t&gg%%ﬁ?”er and thereduction in reception efficiency

can be suppressed at maximum and thedistortion canbesuppressed
even when the IC cards are stacked in any way.

Accordingly, by usiné the present invention, such an
anticollision system that IC cards 11 are used while stacked
can be easily fabricated.

In the foregoing description, the loop antenna 1 has four
or six turns. However, the number of turns may be set to any
value. Further, the loop antenna 1 is equipped to the IC card
11. However, the present invention may be applied to a
card-like(planar) electroni¢ device other than the IC card.

The term “system” in this specification means an overall
aéﬁaratus comprising plural devices, means or the like.
Industrial Applicability

As described above, according to the electronic device
of the present invention, when plural elecfronic devices are
stacked so that at least parts of the top sides thereof face
each other or at least parts of the back sides thereof face

each other, conductors constituting the loop antenna portions
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value. Further, the |loop antenna 1 is equipped to the IC card 11. However,
the present invention may be applied to a card-like(planar) electronic
device other than the IC card. The term"systeni in this specifi&ibianber 2004
means an overal |l apparatus conprising plural devices, nmeans or the like.

| ndustrial Applicability As described above, according to the electronic
devi.ce of the present invention, when plural electronic devices are

stacked so that at |east parts of the top sides thereof face each other or

at least p t [ reof. face each other, copductors
constituti%g&%%gé?ﬁggtgﬁfgﬁﬁ' §%¥%?§ﬁ§9§bt%2 KBV BrHES © O%QEI SEBHOPACE he

nei ghbor ho f.1h er t he el.ectronic , device having a
subst anti al y‘gfceéct gﬁg&ﬁ’g‘r %h%I‘)’%DS%raen%ﬁﬁ(ilyovg?fzﬁﬁﬁgﬂiﬁﬁ PRARS Gtifer not

Ther ef or e, reduction._in reception sensitivity can be suppressed, and
t he distcwt%%g%léép%%e“§$3ha?a$%céﬁ@ﬁﬁ“caﬂﬁﬁﬁegaﬁﬁre§§€ﬂ.r?dEStl@nNoW@nber
2004 CLAHW%QHE/%IIat-Shaped el ectroni c device having a substantially

rect angul ar” P TORAHH MY B°Y SF At SHRPTRIEA%cIaN] A idistomtieni d

| oop antenna i § shaped such that a pair of
P 06}5 t%e SJ_pgnal received capn be suppressed.
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substantially arc-shaped |ines are opposed of each other, and a pair of

| i near portions opposed and parallel to each other, the arc-shaped |line
meeting the linear portion, whereby the portions of the | oop arfti¥eembmmepd
are located in the neighbourhood of the corners of the el ectronic devices
each having the substantially rectangul ar shapes are prevented from being
overl apped with one another even whep,pliyjcal electronic devices are

stacked so that at |east parts of the top sides thereof face one another

or at least part of the back sides thereof face one another. 2. The

flat-shaped el ectronic _deyice according,to.claim 1, wherein sai.d

el ect ron!ojc' dgli %(Létafgﬁsgﬁp?% cegTe . rgplﬁngfiﬁ’%??mt}iaovﬁr\%i i ngroF e T devi ce

L or Wi L i]ngitarrfgﬁﬂiamg sHa@;feorcll‘l‘_:iifdaGJﬁlih@t@/ Tdam antdrata,s hetpech |leadiziedniim
evice having a substantia rect angul ar shape containing a. |00

ant enna, CleHar GG | A6FPby FHEPDA ngor eSAFRET WP ng bane f g2 i | 4ng!

readi ng isfwyumdien 1ivntel-Eraped! s elRCtoppriseddey¥i 6esh Weter t thd a

el ectronic devices are partially overl apped with_one another, said

el ect r oniR2He\RTc < Ra¥i REFEIPBDPCRRR Witha ShaFed L it hoaSpal rodrer, the

subst ant i gl d ysrpidesshaped | ifa@$ingndtaepantnbr | FBE@:[orD,Or tSebys aitthe
antenna shaped such that the pair of substantially arc shaped |ines are

opposed dFoRkdnsot Ifdy , thed 1loke pantesnal i neash por¥t onkeg e bppdsedhthd

paral | el ﬁﬁigqmr_h%'aeroftEﬁearc%-r%g%eedofieﬁ_emeeqteicregohhe ldeRgak sPAdron,
whereby the portions of the | oop antenna which are | ocated in the

nei ghbourloidhof thehes Wortmerts adfl vt ke cebeerioni ehalews cese eREdVeHdA g Tthe
SUbSta“t'ﬁ%iﬁarS%%fﬁgﬂﬂéﬁ ﬁﬁ%ﬂ“%hé”ghé%ﬁ%%”@é%hf&ﬁ%& plural "electronic

devices are stacked so that at least parts of the top sides
thereof face one another or at least part of the back sides

thereof face one another.

2. The flat-shaped electronic device according to claim 1,

wherein said electronic device 1s an IC carxd.

3. An information writing/ reading device for writing/ reading
information into/ from a flat-shaped electronic device having a
substantially rectangular shape containing a. loop antenna,
characterized by including reading/ writing means for writing/
reading information into/ from plural electronic devices when
the electronic devices are partially overlapped with one
another, said electronic devices having a loop antenna shaped
with a pair of substantially arc-shaped lines, and a pair of
linear portions, said antenna shaped such that the pair of
substantially arc shaped lines are opposed of each other, and
the pair of linear portioﬁs are opposed and parallel to each
other, the arc-shaped line meeting the linear portion, whereby
the portions of the loop antenna which are located in the
neighbourhood of the corners of the electronic devices each
having the substantially rectangular shapes are prevented from

being overlapped with one another even when plural electronic
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bei ng overl apped with one anot her even when plural electronic 24 4 Novenber
2004 devices are stacked so that at | east parts of the top sides thereof
face one another or at |east part .of the back sides thereof faceNewsmber2004
another. 4. An information witing/ reading nmethod for witing/ reading
information into/ froma flat-shaped el ectronic device having a
substantially rectangul ar shape containing a | oop antenna_ characterized by
i ncl udi ngP@V¥FSt i AE? PEAAFRY SPefPeft G tTeRFt Perbs® ngfi h6r el ofidest of

fromplurghdtyoel egtLophe deuires owhen tNe, pl upalt ebecth@nic, devi oess are
partially overl at)ged wi th one another, the respective el ectronic devices
&

havi ng a theepra &nshapeth@rth a pair of substantially arc-shaped
lines, and a. pair of |inear portions, said antenna shaped such that the
pair of substantially arc shaped |ines are opposed of each other, and the
pair of |#near pofeirmnsiay evdpposed raadingamaithetl foreachtonhérreadinarc

.Shaped- | i i.ng t. | p 10 r No[o]AN oop
antonna iy rore o difey 2eh, CPLat S i P R BOLLY 08 Rr i
el ect r oni subsievitties lgachrekbaenpgygléhe sheyst antdreldiyningct angubap saapashar e

prevented from bei.n erl.apped.w th one_anaother even en lural.
S e L Y sRTRE: i PRk roRSYRE 51D R VR et

el ect roni ¢ deVi ces are st dcke
t her eof faesditne dndbhmatbon atintedst fpatit pofurkhétybaske irdes ot hesedded ace
one anOthS%EW12§he plural electronic devices are partially overlapped
with one another, the respective electronic devices having a
loop antenna shaped with a pair of substantially"arc—shaped
lines, and a pair of linear portions, said antenna shaped such
that the pair of substantially arc shaped lines are opposed of
each other, and the pair of linear portions are opposed and
parallel to each other, the arc shaped-line meeting the linear
portion, whereby the portions of the loop antenna which are
located in the neighbourhood of the corners of the electronic
devices each having the substantially rectangular shapes are
prevented from being overlapped with one another even when
rlural electronic devices are stacked so that at least parts of

the top sides thereof face one another or at least part of the

back sides therecf face one another.
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