17 ) AN ANTENNA DEVI CE AND CARD- SHAPED STORAGE MEDI UM
BACKGROUND OF THE | NVENTI. ON FI ELD OF THE | NVENTI ON Thi s |nvewn$n1
relates to an antenna device and a card-shaped storage nmedium and nore
particularly, is suitably applicable to an antenna device and a
card-shaped storage nediumto wite and read out data in non-contact with
an integrated circuit (1C card. DESCRI PTI ON OF THE RELATED ART I C
card systens have been experinentally introduced in fields of ticket
checki ng machi nes of stations, security systens, and el ectronic noney
systens, etc. conprising a data reader/witer and 1C cards whi ch can

wite/read data t f % #%g eader/witer
nodul at es carrlerg§aves asg%{o Eghﬁﬂ ?ﬁRD rangﬁl§Pe% and emts the

nodul at ed el ectromagneti c waves (for exanple, fluctuatlng magnetic fields)
to an I1C card. After receiving the emtted el ectromagnetic waves, the IC
card obtains denodul ated data by perform ng denodul ation in a denodul ating
met hod correspondlng to the nDduIatlon nmet hod perforned by the data
reader/ B : NVIES gt a through a predetermned electronic
circuit. response data from its internal nmenory
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This invention relates to an antenna device and a card-shaped
storage medium, and more particularly, is suitably applicable to
an antenna device and a card-shaped storage medium to write and

read out data in non-contact with an integrated circuit (IC) card.

DESCRIPTION OF THE RELATED ART

IC card systems have been experimentally introduced in fields
of ticket checking machines of stations, security systems, and
electronic money.systems, etc. comprising a data reader/writer and
IC cards, which can write/read data to/from IC cards without
contact. .

Data reader/writer modulates carrier waves based on data to
be transmitted, and emits the modulated electromagnetic waves (for
example, fluctuating magnetic fields) to an IC card. After
receiving the emitted electromagnetic waves, the IC-card obtains
demodulated data by performing_demodulation in a demodulating
method corresponding to the modulation method performed by the
data reader/writer and processes the data through a predetermined
electronic circuit. And the IC card reads out response data from

its internal memory based on the data processed through the

2 6 NOV 1899 5965979“2



2 electronic circuit, nodul ates the carrier waves based on the read-
out response data, and emts the nodul ated el ectromagneti c waves toward
the data reader/witer. In such an I C card system a dipole antenna
is provided inside an IC card to receive nagnetic energy of

el ectromagnetic waves emtted froma data reader/witer, but it is
physically difficult and unrealisticythat a dipole antenna is installed
inside the IC card. This is because the size of the card itself 1is
extrenely smal|l conpared with the wavel ength of el ectromagnetic waves.
Because of the circunstances, a |loop antenna is installed in an IC card

itsel f d0edcRive cqlr%ﬁaltonﬁg&ﬂa&svva%%scakeléy%@s Wase@@bd Whthraadoop
antenna, an el ectronic circuit 1s generally nmade to operate based on the

magnet i sutenaeihormle datagl 68 afRGNaHeC nodaYeEe@né tdtd ordgnesei wadesi Nce an
internally-installed battery to supply power could hanper mniaturization
and wei ghwarddhd iderita asadekfwaktami nt enance-readi ness, and in such cases,
a loop antenna especially superior in reception efficiency will be
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connected with a loop antenna 2 in parallel, and an electronic circuit 4
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of difficult and unrealistic that a dipole antenna is installed

inside the IC card. This is because the size of the card itself
is éxtremely small compared with the wavelength of electromagnetic
waves.

Because of the circumstances, a loop antenna is installed in
an IC card itself to receive electromagnetic waves. 1In such an IC
card with ;.loop antenna, an electronic circuit is generally made
to -operate based on the magnetic energy of the electromagnetic
waves emitted and received since an internally-installed battery
to supply power could hamper miniaturization and weight reduction
as well as mainténance—readiness, and in such cases, é loop
antenna especially superior in reception efficiency will be
indispensable.

As shown in Fig. 1, in the IC card 1 a capacitor 3 is
connected with a loop antenna 2 in parallel, and an electronic
circuit 4 operates by using electromotive force to be obtained at
the both ends of the said capacitor 3.

In this case, the loop antenna 2 converts the change of

interlinkage magnetic flux into a voltage under the principle of



3 el ectromagneti c i nduction, and supplies this voltage to the

electronic circuit 4, and increasing in-the area where interlinkage
magnetic flux passes can inprove reception efficiency in the IC card 1.

In addition, in the IC card 1, a resonant capacitor 3 is connected with
the | oop antenna 2 in parallel to configure a resonant circuit, so that
the reception efficiency may be inpro&ed by tuning the circuit to the
recei ved el ectromagneti c waves. Incidentally, in the IC card 1 having
such a configuration, as shown in Fig. 2, the |loop antenna 2 and the
resonant capacitor 3 efficiently receive electronagnetic waves emtted

froma loQRt @pkeneeié fhadtdadhd LeadsipidLin3sdivsPessd QpRasite at a
predet ermi ned di Stance and supplies the received power according to the

ener gy &flddigondicdcekest t ofTRgHRt iiecvexesnd 0ird theadreseshst@nce Rierr],
equivalent to the electronic circuit 4. This I1C card 1 is provided
W th a ristterfliiekager naghe®ic cdiigxopadses @awiiogeofveandceptipacd ifirci@naly t he
prestage of the 1load resistance R err]. This converts the received power
to be suppheedC e¢arbell oad resistance Rlerr] into an easily neasurable
direct voltage so as to get an accurate neasurenent. . In _this case,
the IC card %ncaﬁdeb@¢déUtﬁ@enﬁ§iﬁﬁﬁ@%blﬁag@soﬂﬁéﬁ FMRATHRT PediSst ance
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by tuning the circuit to the received electromagnetic waves.

. Incidentally, in the IC card 1 having such a configuration,
as shown in Fig. 2, the loop antenna 2 and the resonant capacitor
3 efficiently receive electromagnetic waves emitted from a loop
antenna 6 of a data reader/writer 5 disposed opposite at a
predetermined distance and supplies the received power according
to the eneréy of the said electromagnetic waves to a load
resistance R, equivalent to the electronic circuit 4.

This Ié card 1 is provided with a rectifier circuit 9
composed of a diode 7 and a capacitor 8 at the prestage of the
load resistance R_;,. This converts the received power to be
supplied to the load resistance R, into an easily measurable
direct voltage so as to get an accurate measurement.

In this case, the IC card 1 can provide the maximum voltage
when the load resistance R, is infinitely large, but the current
flow is so little that the reception power to be supplied to the
electric circuit 4 is very small. Conversely, when the load

resistance R., is very small, much current flows there, but since



4 little voltage is available, the reception power to be supplied to the

electronic circuit 4 is.very small. Therefore, in the ICcard 1, there is
an optimum value of the load resistance R err] to supply the maxinmum
reception power to the electronic circuit 4. Fig. 3 shows neasurenent

results of the reception power in the IC card 1, where there is an optinum
val ue of the load resistance Rlerr] for each distance between the data
reader/witer 5 and the IC card 1 (fér exanple, 6cm 8cm 10cm and 12cm
when the maxi num val ue of the reception power P is obtainable fromthe IC
card 1. That is, the optinumvalue R err] of the |oad resistance

Rierr] fitime WY1ddehe sMah MR T EC el QEpQ?EEEnFiéﬁﬁl-Q% ekt alppdikg, tbor
exanpl e, approxi mat'ely 5k[err] for the distance of 6cm approximately 7kQ

for thecxh sdiana@ofi BeArcappr Oxi dratealyy sAKL et r [THede folte, dist eReer®fcaddcm
and approxi mately 10k[err] for the distance of 12cm However, in the
| C cardl/l, thdme |icachr epitshamcea Rieraf] the fhed resiwsticdres: ®.gctoosupeplyrcuit
4 and the optimumvalue Rerr] from which the maxi numrecepti on power P
can be Y @iadduar eareptabnayewer dia ddyordeatromherefegudtt Here still

remai ned such a problemthat sufficient reception power can not be
obt ai ned andtthe 3ciSPeYPt M fizTaRethaesti8s dpl R RsPtdernBPY§relln if a
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circuits operating - dccCura
" and the IC card 1 (for example, 6cm, 8cm, 1l0cm and 12cm) when the

maximum value of the reception power P is obtainable from the IC
card 1.

That is, the optimum value R,, of the load resistance R, from
which the maximum reception power P can be obtained is, for
examplé, approximately 5kQ for the distance of 6cm, approximately
7xQ) for the distance of 8cm, approximately 9kQ for the distance of
10cm, and app%oximately 10kQ for the distance of l2cm.

However, in the IC card 1, the load resistance R, in the
connected electronic circuit 4 and the optimum value R,, from
which the maximum reception power P can be obtained are not always
correspondent. Therefore there still remained such a problem that
sufficient reception power can not be obtained and the circuit
inside the card did not work normally even if a transmission
distance enough to work properly might be given.
| In addition, in such a case, the IC card 1 requires an
excessive power supply by strong electromagnetic waves from the

data reader/writer 5 to keep the circuits operating accurately.
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9 This has caused a problemthat the power consunption of the data
reader/writer- 5 is increased. SUMVARY OF THE | NVENTI ON I n view of
the foregoing, an object of this invention is to provide an antenna device
and a card-shaped storage nmedi um which enables the electric circuit to be
connected to always operate efficiently and normally. The foregoi ng
obj ect and ot her objects of the inventkon have been achieved by the

provi sion of an antenna device for supplying a predeterm ned electronic
circuit with electronotive force based on the energy of electromagnetic
waves received via the antenna. The antenna device conprises a | oad

resi st anCehLoHMA dRizedeanprobDém a@RtEtheNgoldle ddRtinpeibat 8ACEhofddte

el ectronic circuit from the viewpoint of the antenna itself into a

predet er nteadevainicceso 5 as focseydd. t he maxi num el ectronotive force to the
electronic circuit with this | oad resistance conversion neans. Thus the

el ectronic circuit connected can always operate efficiently and nornmally.
Further, the |nvent|on prOV|des a card-shaped storage nmedium for

Wi ting/ reediagl-cit-at e/ reM-adbr edet er mi ned el ectronic circuit via

el ectromagnetic wa es i on-contact. The car st orage nedi
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energy o ronagnet |

enables the electric circuit to be connected to always operate

efficiently and normally.

" The foregoing object and other objects of the invention have
been achieved by the provision of an antenna device for supplying
a predetermined electronic circuit with electromotive force based
on the energy of electromagnetic waves received via the antenna.
The antenna device comprises a load resistance conversion means
for coﬁvertinq the load resistance of the electronic circuit from
the viewpoint of the antenna itself into a predetermined wvalue so
as to éupply the maximum electromotive force to the electronic
circuit with this load resistance conversion means. Thus the

electronic circuit connected can always operate efficiently and

normally.

.

Further, the invention provides a card-shaped storage medium
for writing/reading data to/from a predetermined electronic
circuit via electromagnetic waves in non-contact. The card-shaped
storage medium comprises an antenna for receiving electromagnetic
waves and supplying a predetermined electronic circuit with

electromotive force based on the energy of the electromagnetic



6 waves, and a | oad resistance conversion neans for converting the

| oad resistance of the electronic circuit fromthe vi ewpoi nt of the
antenna to a predeterm ned val ue, and supplies the maxi nrum el ectronotive
force to the electronic circuit with the | oad resistance conversion neans.
Therefore the electronic circuit can always operate efficiently and

normal ly. This reduces the size of the antenna itself and can realize a
smal | tag-type of storage nedium of several centineters square or even
several mllineters square, which is nmuch smaller than a nornmal credit
card. The nature, principle and utility of the invention wll becone
nore apRaves; dd@m tiadf ekkoutagedeai@iteadidasneaps i fox weventéad the
conjunction with the acconpanying drawings in which like parts are

desi gnaleddbyeélkeanaf efetbe aleetmdsiorcickhaisicfers. the BRWERIDESCR PTI ON
OF THE DRAW NGS I n the accompanyi ng draw ngs: Fig. 1is a
schemat itbedangenna etxplaaipriedg tarmbneddvaifue, %ﬁné@Pthe%e‘E%éﬁxémm“

resonant - tyee | oop antenna and an el ectronic circuit ﬂba conventional |IC
card; electrppgtive|korgestRefhei 8larbepmifR §HG®PF|§ Wikl Madreasur enent
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antennaaiagy% E889a£55%5¥f¥¥gat1y and normally. This reduces the size of
the antenna "itself and can realize a small tag-type of storage
medium of several centimeters square or even several millimeters
squére, which is much smaller than a normal credit card.

The nature, principle and utility of the invention will
become more apparent from the following detailed description when
read in conjunction with the accompanying drawings in which like
parés are designated by like reference numerals or characters.

In the accompanying drawings:

Fig. 1 is a schematic diagram explaining a method of
connection between a resonant-type loop antenna and an electronic
circuit in a conventional IC card;

Fig. 2 is a schematic diagram showing a method of measurement
of reception power;

Fig. 3 is a graph showing curves characterizing the
relationship between power received by the resonant-type loop

antenna and a load resistance;



% Fig. 4 is a block diagramshow ng a configuration of a non-

contact | C card system . Fig. 5 is a connection diagramshow ng a
configuration of an |C card of the present invention; Fig. 6is a
connection di agram showi ng a configuration of the |oad resistance
converter using a transfornmer; Fig. 7 is a schematic di agram show ng
an image of the load resistance converter using a transforner; Fig.
8 is a connection diagram showi ng a configuration of the |[|oad resistance
converter using an internediate tap; Figs. 9A and 9B are connection

di agrans exenplifying a connection between the |oad resistance converter

using the intermydiate §ap.and %megﬁﬁfv{rfbniac OntiYhtation of Fl Ghonll IS a
t he ['oad

schemati ¢ di agram show ng an i nage of resi'stance converter using

an intergegtate t@Rard systEhg. 11 is a connection diagram showi ng a
configuration of the |oad resistance converter using inductance and

capaci tance; Fig. 5 EisQga. cd@dedtibnl ARagrem Cshuieitlg an cendgganst vxengt idryi ng a
connection between the | oad resistance converter using inductance and
capaci t ah€egamthd f Hdheelpgeseohi tnedrriciony; Fig. 13 is a connection

di agram show ng an configuration of the |oad resistance converter using

i nduct ance arfth%apadist aneennewiciondidigaran ashvHery entseaitignrater of the

load resistance converter using a transformer;

Fig. 7 is a schematic diagram showing an image of the load
resistance converter using a transformer;

Fig. 8 is a connection diagram showing a configuration of the
load resistance converter using an intermediate tap;

Figs. 9A and 9B are connection diagrams exemplifying a
connection between the load resistance converter using the
intermediate tap and the electronic circuit;

. Fig. 10 is a schematic diagram showing an image of the load
resistance converter using an intermediate tap:;

| Fig. 11 is a connection diagram showing a configuration of
the load resistance converter using inductance and capacitance;

Figs. 12A and 12B are connection diagrams exemplifyingga
connection between the load resistance converter using inductance,
and capacitance, and the electronic circuit;

Fig. 13 is a connection diagram showing an configuration of
the load resistance converter using inductance and capacitance

according to another embodiment; and
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8 Fig. 14 is a schematic diagram show ng an i nmm tance chart for
cal cul ating reactance of the |oad resistance converter using inductance

and capaci tance accordi ng to anot her enbodi nent. DETAI LED DESCRI PTI ON OF
THE EMBODI MENT Preferred enbodi ments of this invention will be
described wth reference to the acconpanying drawi ngs: (1) Overall
Configuration of an IC Card System g In Fig. 4, 10 shows a non-contact
integrated circuit (1C card systemas a whole, conprising an IC card 11
and a data reader/witer 21. The IC card 11 is a battery-less type

of I1C card which is not equipped with a battery for power supply, and is
mount ed, forrigxamphie, aOBcRemaldsd Idbgrafh whowing sarpliamé thnke aharedfsorcard.
The 1C card includes a coil-shaped | oop antenna 12 to receive

el ect r onapoel 4 tingvesacdrainiciee d £f thhen Xdeel datsa stender ¢anvarirer2 Lsting convert
theminto electric signals, a nodul ation-denodulation circuit 13 for

nodul at inguctameei aryl crardatifaocedeppridiad g apetkey RRpdiderdnd a si gnal
processing circuit 14 to analyzing received data and generate transm ssion
dat a. Actually, in the IC card 11, the el ectromagnetic waves

emtted formthe data reager/mmiBg@méipﬁﬁﬁgéeceived by the loop antenna
12, and “drenodul ati on circuit 13 as

modu’ At ed Wayeere ey THRahR0s ARG hAne s 6hEHT bl Aedlat es the

nodul at ed waves, chare
with reference to the accompanying drawings:

(1) Overall Configuration of an IC Card System

In Fig. 4, 10 shows a non-contact integrated circuit (IC)
card system as a whole, comprising an IC card 11 and a data
reader/writer 21. |

The IC card 11 is a battery-less type of IC card which is not
equipped with a battery for power supply, and is mounted, for
example, on a substrate 15 which is plane like a credit card. -The
'IC card includes a coil-shaped loop antenna 12 to receive
electromagnetic waves emitted from the data reader/writer 21 t@
convert them into electric signals, a modulation-demodulation
circuit 13 for modulating transmission data or demodulating
received data, and a signal processing circuit 14 to analyzing
received data and generate transmission data.

Actually, in the IC card 11, the electromagnetic waves
emitted form the data reader/writer 21 are received by the loop
antenna 12, and are transmitted to the modulation-demodulation
circuit 13 as modulated waves. The modulation-demodulation

circuit 13 demodulates the modulated waves, which are then



Q transmtted to the signal processing circuit 14 as regenerated data
D1 transmtted fromthe data reader/witer 21. The signal processing
circuit 14 conprises a central processing unit (CPU), having a read only
menory (ROM and a random access nenory (RAM inside (not shown), to read
out prograns stored in the ROMso as to analyze the regenerated data D1
with the RAM and to read out response data D2 stored in an internal

nonvol atil e nmenmory (not shown) based on the regenerated D1, and transmt
this to the nodul ati on-denodul ation circuit 13. The

nodul ati on-denodul ation circuit 13 nodulates it based on the response data
D2 and ertidanismiittedntsd hehé cnigrmant ppoeed2idg direudat 84 seatsydnardted 21 as
el ectromagneti c waves. Here, the nodul ati on-denodul ation circuit 13
has a powsta Sdutrensinitied fuemt thhodmia treadenveriteheZ2kner gy of

el ectromagnetic waves into a stable direct power source, and based on the
el ect r omagnet Fhevalera bitacessipgnsiruidatld cempei#ew ia tentreland recei ved
by the | oop antenna 12 ?enerat es ,a direct power sourc§ DC% vgth t he power
source ciRAGSESARE BBbpl FeRVhPeviBgt heread Y BeBeEEsiRdeidtdia 14, and
emts to the, si %ngl rocessi ng%&gi r.cul

14 the.cl ock sigpal .CLK1 generated
based on 1Eahnéiolme rvéd "efectr néfllsééev’va%ostj sé‘r?a'nﬁécg?vré%a%o%‘fg ol signals
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The data reader/witer 21 transmts to the signal processing unit 24 the
i nstructimn witgnahe RAM r oRa the ddABUbuENEEsEéhs L QARG BRNGter&eyhwald and a

consol e panel, etc. The signal
" internal nonvolatile memory (not shown) based on the regenerated
D1, and transmit this to the modulation-demodulation circuit 13.
The modulation-demodulation circuit 13 modulates it based on the
response data D2 and emits it from the loop antenna 12 to the data
reader/writer 21 as electromagnetic waves.

Here, the modulation-demodulation circuit 13 has a éower
source circuit {not shown) to convert the energy of
electromagnetic waves into a stable direct power source, and based
on the electromagnetic waves emitted from the data reader/writer
21 and received by the loop antenna 12, generates a direct power
source DC1l with the power source circuit and supplies this to the
signal processing circuit 14, and emits to the signal processing
circuit 14 the clock signal CLK1l generated based on the received
electromagnetic waves, and recelves control signals CTL1 fq}
various kinds of control from the signal processing circuit 14.

The data reader/writer 21 transmits to the signal processing
unit 24 the instruction signals S1 from the input unit 26

comprising a keyboard and a console panel, etc. The signal



10 processing unit 24 conprises a CPU, having a ROM and a RAM
internally (not shown), and read out the prograns stored in the ROM and
performs signal processing with the RAMin accordance wth the instruction
signals S1 so as to generate transmssion data D3 to be transmtted to the
IC card 11, and transmts this to the nodul ati on-denodul ation circuit 23.
Usi ng such carrier waves within a prﬁgeternlned frequency band as to be
efficiently emtted as el ectromagnetTc waves, the nodul ation-denodul ati on
circuit 23 perfornms nodul ati on processing based on the transm ssion data
D3 which is then emtted fron1the | oop antenna 22 as electronagnetic

it enna P58 ERobb bt et Tl & ERR D SRR M g 0P

romagne vvaves ém t 1 and

transni tiddin®149 (hSt na%«b@)t . %ddeayé%@% i tﬁfb GroGbhs 23 @8ea te iUl at ed

waves. The nodul ati on-denodul’ation circuit 23 dernodul ates the nodul at ed

waves, HY,t s pekSothens {gnd herscgBaing PFDEEIHNGAMNLL 24casddrgener at ed
data D4 transmitted fromthe I1C card 11. Here, the signal processing

unit 24 wisth dheuppbyrtbeicn reodnalsoder ssoas ceo ehesappl teansmissiout si de to
t he nodul ati on- denodul ation circuit 23, and is to transmt clock signals
CLK2 andlatéomtd ¢l dbeghagssieltied dio hei BGsciiddsl ofndohraDIML S tiHels to
nodul ati on-denodul ation circuit, 23. The signal processing unit 24
per f or netRg gipdulsteersdpngdulakion céncphE 2écei ved regenerated date D4, and

di spl ays theugegglsuch carrier waves within a predetermined frequency

band as to be efficiently emitted as electromagnetic waves, the
modnlation-demodulation circuit 23 performs modulation processing
based on the transmission data D3 which is then emitted from the
loop antenna 22 as electromaghetic waves.

In addition, the data reader/wriéer 21 receives with the loop
antenna 22 the electromagnetic waves emitted from the IC card 11
and transmits this to the modulation-demodulation circuit.23 as
khe modulated waves. The modulation-demodulation circuit 23
demodulates the modulated waves, and transmits them to the signal
processing unit 24 as regenerated data D4 transmitted from the IC
card 11. .

Here, the signal processing unit 24 is to supply the direct
power source DC2 supplied from outside to the modulation-
demodulation circuit 23, and is to transmit clock signals CLK2 and
control signals CTL2 for various kinds of control to the
modulation~demodnlation circuit 23.

The signal proceséing unit 24 performs signal processing

based on the received regenerated date D4, and displays the result



11 on a display 25. In addition, the signal processing unit 24 is
further to be capable of transmtting the signal processing result based
on the regenerated D4 to an external device 27. (2) I1C Cards Conpri sing
Load Resistance Converter Next, an IC card 11 will be described, which
conprises a load resistance converter to receive with the |loop antenna 12
el ectromagnetic waves emtted fromthe data reader/witer 21 and to supply
t he maxi num recepti on power. Asldhown in Fig. 5 in the IC card 11, a
resonant capacitor 16 is connected with a |loop antenna 12 in parallel to
configure a resonant circuit, thereby reception efficiency can be inproved

by tuniBg hhaishI&yids ! OThNedAGRICUne! SE5% MRS i Vesit 24 isIn
addition, in thepl card 11, al'oag re5|sta%ce converte?@ 17 is di sposed at

the pr estfagehef thebel egairi 6fCtrandiiting RBkUSigifal rocessing result
nmodul ati on-denodul ation circuit 13 and the signal processing circuit 14
(see Fi gbadyd son thatrdedendrasddresi st ancextiRrenl] defidcdheel ectronic circuit
18 is converted so as to obtain the nmaxinmmreception power fromthe both
ends of tlRé rEsdrmtls Compadping Lerd &?@lﬁﬁacﬁﬁf¢@ﬂNQnﬁQ§n of the | oad

resi stance converter using a _transforner shown in Fig. 6, where
the portions %%‘Fq"esaébﬁ(ﬁ:eﬁlarﬁn th vihode dgsergbed, d’f@%ﬁﬁé‘?éasgén% 1¢a4 oad

resistance converter | tr, Horner con3| i ng of a
or i mary E8PTSHNGR CFORYRRI S 41 ReCRUFBGF R P LBha & y coi
with thee&%@@k@ﬂagnetlc waves emitted from the data reader/wrlter 21 and
to supply the maximum reception power.
" As shown in Fig. 5, in the IC card 11, a resonant capacitor
16 is connected with a loop antenna 12 in parallel to configure a
resonant circuit, thereby reception efficiency can be improved by
tuning the circuit to the received electromagnetic waves.
In addition, in the IC card 11, a load resistaﬁce converter
17 is disposed at the prestage of the electronic circuit 18
including the modulation-demodulation circuit 13 and the signal
processing circuit 14 {see Fig. 4), so that the load resistance
R., of the electronic circuit 18 is converted so as to obtain the
maximum reception power from the both ends of the_resonant
capacitor 16.
{2-1) Configuration of the load resistance converter using a
transformer
As shown in Fig. 6, where the portions correspondent with
those in Fig. 5 are numbered same, a load resistance converter 17
is composed of a transformer consisting of a primary coil 31 with

the winding number N, and a secondary coil 32 with the winding



12 nunber N2. Assumi ng that the applied voltage to the primary coil 31
is V[err], the applied voltage to the secondary coil 32 is V[err], the
flowin current to the primary coil 31 is I[err]. the flowin current to
the secondary coil 32 is I[err], and the |oad resistance of the electronic
circuit 18 is Rerr], the relation between the winding nunber and the
applied voltage is expressed by thehollowi ng equation fromthe viewpoint
of the transformer's characteristics. [.err] In addition, the
rel ati onship anong the | oad resistance Rerr], the applied voltage V2 to
the secondary coil 32, and the flowin current I[err] to the secondary
coi | 3Znimbeaxpr,es Jegbuminighehdl tivav apgplieguabiloage to the pYigranly =oliflerr]
Rl err] ... (2) Mor eover, suppose that
t here i3l nics dher girel apslied tvod tager hnstlr MCONSARRT SOLA @%elf)r‘fzrmﬁigecoi | 31
and the secondary coi l 32 are the sane, so the relationshlg anong the
appl i edf Ve tiayecuymant] to thetprimarnwojlcdt| 1815t f8CafpPY el vOrEEE: V] err]
to the secondar coil 32 he, f1 ow i n_ current err.].,to the_primry coi
31 and ‘E%ethefﬁ%%ﬁf}dr?réfurcf’éﬁt fEF rﬁg'tan?hé’%éc%%g‘refl 8FPC§20FSE%%'[ ai ned by
the fgiéé¥¥é¥%x§q}¥¥éd¥%'18 is Rg,, the relation between the winding

number and the applied voltage is expressed by the following

equation from the viewpoint of the transformer’s characteristics.

V1=V2‘N—1 PRI (l)
N,

In addition, the relationship among the load resistance Ry,
the applied voltage V, to the secondary coil 32, and the flow=-in
current I, to the secondary coil 32 is expressed by the following

equation.
VZ = Iz'Rci: ... (2)

Moreover, suppose that there is no energy loss in the
transformer, powers in the primary coil 31 and the secondary coil
32 are the same, so the relatignship among the applied voltage V,
to the primary coil 31, the applied voltage V, to the secondary
coil 32, the flow-in current I, to the primary coil 31 and the
flow-in current I, to the secondary coil 32 is obtained by the

following equation.



13 Vlerr] IJerr] = Verr] Iferr]
... (3) Accordingty, the ratio (V[err]/I[err]) between the applied
voltage V[err] and the flowin current I[err] in the primary coil 31 of
the |l oad resistance converter 17 conprising a transfornmer is expressed by
the foll ow ng equation. [err] This equation indicates that the | oad
resistance R err] has been convertegzand nultiplied by
(N[err]/Nerr])[err], fromthe viewpoint of the primary coil 31.
Here, in the | oad resistance converter 17, when the equation 4 is
transforned by setting the ratio (V[err]/I[err]) Rerr] as the optinm
val ue of the | oad resistance fromwhich the nmaxi mumreception power can be
obtained, the winding ratio (Nerr]/Nerr]) between the w nding nunber
N[ err] and tNe'%i mdVaglznunber N err] is expressed by the follow-ng3)
equation. J[err]
Accordingly, the ratio (V,/I,) between the applied voltage V,
and the flow-in current I, in the primary coil 31 of the load
resistance converter 17 comprising a transformer is expressed by

the following equation.

2
V. N
A S kb 8 - Reip .. {4)
I N,

This equation indicates that the load resistance R, has been
converted and multiplied by (N,/N,)?, from the viewpoint of the
primary coil 31. '

Here, in the load resistance converter 17, when ’t;he equation
4 is transformed by setting the ratio (V,/I;) R,, as the optimum
value of the load resistance from which the maximum reception
power can be obtained, the winding ratio (N,/N,) between the
winding number N, and the winding number N, is expressed by the

following equation.

1/2 :
§L = {5&2} ... (5)

Rcir



14 That is, in the | oad resistance converter 17 using the
transformer, if the load resistance Rlerr] of the electronic circuit 18
itself and the optinmumvalue R err] (see Fig 3) of the load resistance
fromwhi ch the maxi numrecepti on power can be obtained are determ ned, the
winding ratio (NJerr]/N'err]) is detek4rined. Accordingly, in the IC card
11, the load resistance converter 17 is provided at the prestage of the
el ectronic circuit 18 so that the maxi mumreception power can be supplied
to the electronic circuit 18, in which the |oad resistance converter 17
conprises the primary coil 31 and the secondary coil 32 which have the
winding ratio (Nerr]/Nerr]) determ ned in accordance with the | oad
resistance Rlerr] of the electronic circuit 18 and the opti num val ue
Rlerr] of the |oad resistance fromwhich the maxi numreception power can
be obtai ned.That is,| Ansibh hoadaresisfiapicencentortertel WSANGtRG t he

transfornmer, the primary coil 31 with the mﬁnding Q%ﬁ?er g%grr. havi_ng
been cbRABELREGF 1 H & H&er d98HaRES LGS drir18T ] SPRORHRET BH G Fd T Ldbst r at e

15 as shown in_Fig. 7, and the secondary coil 32 mj_r rk \Mﬂgydpg nunber
N err] Avith§ebbetrd dritfe OPEA™HM K2t He %#eéFFSngég'c% Gﬂ%t%fé i°$“hount ed at
Conver t GR17ERBRbeT I (HE Tosde PeeremncetRiarr BekeRL b A Fh e reui
10, DSBS U ek LRt oR ey TcRmpgcont on pover
and thep 38¢ARH8LY, COh ltd2-1C card 11, the load resistance converter 17

is provided at the prestage of the electronic circuit 18 so that

the maximum reception power can be supplied to the electronic

circuit 18, in which the ioad resistance converter 17 comprises

the primary coil 31 and the secondary coil 32 which have the

winding ratio (N,/N,) determined in accordance with the load

resistance R,, of the electronic circuit 18 and the optimum value

R, of the load resistance from which the maximum reception power

can be obtained. .

In such a load resistance converter 17 using the transformer,

the primary coil 31 with the winding number N, héving been

connected with the resonant capacitor 16 is mounted on the

substrate 15 as shown in Fig. 7, and the secondary coil 32 with

the winding number N, having been connected with the electronic

circuit 18 is mounted at a position at a predetermined distance

from the primary coil 31. The_converter 17 converts the load

resistance R, of the electronic circuit 18 into the optimum value

R, from which the maximum reception power can be obtained, by

using transformer coupling between the primary coil 31 and the

secondary coil 32.



15 Thus, the IC card 11 can supply the maxi num recepti on power
to the electronic circuit 18 efficiently as a result of providing the |oad
resi stance converter 17 using a transforner with a predeterm ned w ndi ng
ratio at the prestage of the electronic circuit 18 to supply the maxi mum
reception power. Thereby, the IC card 1 can perform stabl e data

comuni cation with the data reader/witer 21 froma |ong distance. (2-2)
Configuration of the |oad resistance converter using an internediate tap
As shown in Fig. 8, where the portions correspondent with those in Fig. 5
are nunbered sane, the | oad resistance converter 17 has a |loop coil 41

wi th the wi nding nunber N3, and supplies the power obtained by the
internediate tap 42 of the said loop coil 41 to the |oad resistance
Rlerr]. In this case, in the |oad resistance converter 17 using the

i nternedi at e Taps, ddudithgarrat Lt RanvFiRR iy thenPaxiBRN RRCERBPD diWer41 i s
N err], the wi nding nunper of the_interpediate tap is N err% t he, applied
vol tage &P the ?688tE?F%C¢ﬁBWQ¥l¢[é@rffffﬂéﬁ%ﬁﬁNiQ§jav6PF g& ObfPyeeiding

Ler oot 1t {R) et Kbl L1 0 e 0l bhe ! a9, £011 41, 1o
oL TSR RLHEER AR AUTRE L PR Rl U3bL 2L
circuit 18 to supply the maximum reception power. Thereby, the IC
card 11 can perform stable data communication with the data
reader/writer 21 from a long distance.
(2-2) Configuration of the ioad resistance converter using an
intérmediate tap
As shown in Fig. 8, where the portions correépondent with
those in Fig. 5 are numbered same, the load resistance converter
17 has a loop coil 41 with the winding number N,, and supplies the
power obtained by the intermediate tap 42 &f the said loop coil 41
to the load resistance R,.
In this case, in the load resistance converter 17 using the
intermediate tap, assuming that the winding number of the loop
coil 41 is N,, the winding number of the intermediate tap is N,,
the applied voltage of the loop coil 41 is V,, the applied voltage
of the intermediate tap 42 is V,, the flow-in current to the loop
coil 41 is I,, and the flow-in current to the intefmediate tap 42

is I,, the relationship between the winding number and the applied

voltage is expressed by the following equation.

A " oo (6)



In addition, the relationship anong the |oad resistance
Rlerr], the applied voltage V4 of the internediate tap 42, and the flowin
current I[err] into the internmediate tap 42 is expressed by the follow ng
equati on. Vlerr] =1[err] Rerr]
.. (7) Mor eover, suppose th@t there is no energy loss in the
Ioop coil 41 and in the internediate tap 42, the power given to the | oop
coil 41 and the power given to the internediate tap 42 are the sanme, so
the rel ationship anong the applied voltage V[err] of the Iloop coil 41, the
applied voltage V[err] of the internediate tap 42, the flowin current
I[err] to the loop coil 41 and the flowin current |I[err] to the
internediate tap 42 is expressed by the followi ng equation. V[err]
I[err] = V[err] I[err] ... (8)
Accordingly, the ratio (Vferr]/l[err]). betmeen the applied voltage v3 and

t he flomfln urr err he.l oop. coi l f t | \ i nce
converter %s?ﬁé}%ﬂ#q 455 ﬁﬁ?éo?i l&ZMMN1 %%%%éggg 9§g1FE§§¥ $ oWi ng
equatlothe applied voltage V, of the intermediate tap 42, and the flow-in

current I, into the intermediate tap 42 is expressed by the

following equation.
Vi = I;*Rar e (T

Moreover, suppose that there is no energy loss in the loop
coil 41 ‘and in.the intermediate tap 42, the power given to the
loop coil 41 and the power given to the intermediate tap 42 are
the same, so the relationship among the applied voltage V; of the
loop coil 41, the applied voltage V, of the intermediate tap 42,
the flow-in current I, to the loop coil 41 and the flow-in current
I, to the intermediate tap 42 is expressed by the following

equation.
Vyo I, = V-1, ... (8)

Accordingly, the ratio (V,/I,). between the applied voltage V,
and the flow-in current I, in the loop coil 41 of the load
resistance converter 17 using an intermediate tap 42 is expressed

by the following equation.



17 [err] This indicates that the |oad resistance R err] has
been converted and mul tiplied by (Nlerr]/Nerr])[err] fromthe viewpoint
of the loop coil 41. Here, in the | oad resistance converter 17, when
the equation 9 is transfornmed by setting the ratio (V[err]/I[err]) as the
optimumvalue R err] of the |oad resistlance from which the maxi num

recei ved power can be obtained, the winding ratio (N err]/Nerr]) between
the wi nding nunber N3 and the w nding nunber N4 is expressed by the

foll owing equation. [err] That is, in the |oad resistance
converter 17 using the internediate tap, when the |oad resistance R err]
and the optinmum value R err] (see Fig. 3) of the |oad resistance from

whi ch the maxi numreception power can be obtained are both determ ned, the
winding ratio (N3/N4) %s determ ned. Accordingly, in the ICcard 11, the
| oad resistance conwgriter_17 is provided at the prestage of the |oad

resi stance R[q{rr'I Hakcitrthe maxi mum reception power can be supplﬁgb to
the electronicir U|t 18 (the load resistance Rerr]), in which the |oad
resi stance converter 17 conprises the |oop

This indicates that the load resistance R., has been converted and
multiplied by (N,/N,)? from ﬁhe viewpoint of the loop coil 41.

Here, in the load resistance converter 17, when the equation
9 is transformed by setting the ratio (V,/I,} as the optimum value
R of the load resistance from which the maximum received power
can be obtained, the winding ratio (N,/N,) between the winding

number N, and the winding number N, is expressed by the following

equation.
1/2 -
Ny _ [_*_RP""] . (10)
Ny Resr

That is, in the l&ad resistance converter 17 using the
intermediate tap, when the load resistance R,, and the optimum
value R, (see Fig. 3) of the load resistance from which the
maximum reception power can be obtained are both determined, the
winding ratio (N,/N,) is deterﬁined‘ Accordingly, in the IC card
11, the load resistance converter 17 is provided at the prestage

of the load resistance R so that the maximum reception power

cic?
can be supplied to the electronic circuit 18 (the load resistance

Res:), in which the load resistance converter 17 comprises the loop



18 coil 41 and the internediate tap 42 which have the winding ratio
(N err]/Nerr]). For exanple, the | oad resistance converter 17 using
an intermediate tap shown in Fig. 9A exenplifies a case where the optinmm
value R err] from which the nmaxi numrecepti on power can be obtained is
nore than the | oad resistance R err] o&sthe electronic circuit 18. And the
| oad resistance converter 17 using an “Internediate tap shown in Fig. 9B
exenplifies a case where the optinumvalue R err] fromwhich the maxi num
reception power can be obtained is |less than the |oad resistance R err] of
the electronic circuit 18. Such a | oad resistance converter 17 using
an internediate tap converts the |oad resistance R err] of the electronic
circuit 18 into the optinmumvalue R err] fromwhich the maxi mum.reception
power can be obtained (Rlerr] > Rerr]) by nounting the |oop coil 41 with
the wirediidg 4dusber thpeinfernediciedan R WhécheBavanthe $r P& 16n t he
substrate 15 and connecting the electronic circuit 18 with one end of the
| oop coi (Ns4W)and the intermedi ate tap 42 with the winding nunber Nerr],

as shown in Eig. 10. Thus, the IC card 11, in i.ch t.he | oad

resi st ance cgﬁgeﬁﬁéwplei7t%%riﬁfqIﬁ?sﬁﬁ 8Pﬁ§dF8P%e¥%ﬁ£%Ej1Q§lﬂﬁb??ded at the
rest age. qf the.electronic circu . f.f- cLent t

gl ect rgrﬁrg:embeldrﬁllca&et etfg \?\AHPHnt %ﬁ% g;rll%'l %me%%ggtl{f%%gpgmé#éﬁ%yﬁ esult, the

€ Sardheldufif VARt QI Aroh A CIAR GANTHIRCRLEAP Wd oy dalabe

reader/writer 21 from &l ong di stance.
obtained is more than the load resistance R, of the electronic
circuit 18. And the load resistance converter 17 using an
intermediate tap shown in Fig. 9B exemplifies a case where the
optimum value Ry, from which the maximum reception power can be
obtained is less than the load resistance R, of the electronic
circuit 18.

Such a load resistance converter 17 using an intermediate tap
converts the load resistance R, of the electronic circuit 18 into
the optimum value R, from which the maximum reception power can
be obtained (R, > R.,) by mounting the loop coil 41 with the
winding number N,; connected with the'res§nant capacitor 16 on the
substrate 15 and connecting the electronic circuit 18 with one end
of the loop coil 41 and the intermediate tap 42 with the winding
number N,, as showﬁ in Fig. 10.

Thus, the IC card 11, in which the load resistance converter
17 using the intermediate tap 42 is provided at the prestage of
the electronic circuit 18, can efficiently supply the electronic
circuit 18 with the maximum reception power. As a result, the IC
card 11 can perform a stable data communication with the data

reader/writer 21 from a long distance.



19 (2-3) Configuration of a |oad resistance converter using

i'nduct ance and capacitance As shown in Fig. 11, where the portions
correspondent with those in Fig. 5 are nunbered sane, the | oad resistance
converter 17 is configured by conprising reactance elenments 51 and 52
either one of which is treated as an ifguctance and the other is treated
as a capacitance and which are respectively connected with the | oad
resistance Rlerr] in parallel and in series. In this | oad resistance
converter 17, assuming that the applied voltage is V[err], the flowin
current is I[err], the flowin <current into the reactance elenment 51 is
I[err], the flowin current into the reactance elenent 52 is I[err], the
reactance of the reactance elenent 51 is Z[err], and the reactance of the
reactance elenent 52 is Z[err], the flowin currents I[err] and I[err] are
respecti iékg) exprEspectipn bé foldadi reserhratdeogonverferrising

Here, the flowin current I[err] is expressed by the follow ng
inductance and capacitance

As shown in Fig. 11, where the portions correspondent with
those in Fig. 5 are numbered same, the lcad resistance converter
17 is configured by comprising reactance elements 51 and 52 either
one of which is treated as an inductance and the other is treated
as’ a capacitance and which are respectively connected with the
load resistance R, in parallel and in series.

In this load resistance converter 17, assuming that the
applied voltage is V,, the flow-in current is I,, the flow-in
current into the reactance element 51 is I,,, the flow-in current
into the reactance element 52 is I, the reactance of the
reactance element 51 is Z,, and thetreactance of the reactance
element 52 is Z,, the flow—-in currents I, gnd I,; are respectively

expressed by the following equations.’

Ve
Tg, = —> — co. (11)
Rcir + Zl
v,
Z;

Here, the flow-in current I, is expressed by the following

equation.



equati on. 20 20
[[err]=I[err]+l[err] .. (13)
Therefore, the follow ng equation is obtained by transform ng the equation
(13) with the equations (11) and (12). [err] The ratio
(Merr]/l[err]) of the applied voltage2®%[ err] and the flowin current
I[err] based on the equation 14 is expressed by the follow ng equation.
[err] Further, the follow ng equation is obtained by separating the
equation 15 into the real part Real and the inmaginary part | nge. [err]
This equation (16) represents the reactance when the | oad

Is=IsatIsp . . ce. (13)

Therefore, the following equation is obtained by transforming the

equation (13) with the equations (11) and (12).

V;
IS: I 5 1 . e s (14)
—
Reje 2y &

The ratio (Vs/Is) of the applied voltage Vy; and the flow-in
current I, based on the equation 14 is expressed by the following

equation.

V .
¥ 1 .1 . ... (15)
Ig Reir +21 23

Further, the following equation is obtained by ‘separating the

equation 15 into the real part Real and the imaginary part Imge.

\/
=2 = Real + Img ... (16)
Is

This equation (16) represents the reactance when the load
resistance R_, is considered through the load resistance converter

17, and the optimum value R,, from which the maximum reception



resistance R err] is considered through the | oad resistance converter 17,
and the optimumvalue R err] fromwhich the maxi numreception

21 power can be obtained is expressed by the real part Real,
therefore, the follow ng equati ons need to be forned. Rl err] =Rea
.. (17) | rg=0 ' 21

(18) htai ning the reactance Zerr] and Z[err] in the equation

(15) so that the equation (16) fulfills such a relationship causes what
the load resistance Rerr] is converted into the optinmumvalue R err] from
whi ch the maxi num recepti on power can be obtai nable by the | oad resistance
converter 17. That is, inthe IC card 11, the | oad resistance
converter 17 using inductance and capacitance is to supply the maxi mum
reception power to the electronic circuit 18 (the load resistance Rerr])
by setti pgwehecrhabe aplelea Ziast rils sxprzpeed | bwhidre tivaly @alrtpRealReal of

equati on &éG) takes the optimumvalue R err] of the |oad resistance.

For exampPerefarenethroafe Heiing seuatdnverpeed 170 &nfot®efg i nduct ance and
capaci tance as shown in Fig. 12A, the capacitance 53 of reactance Z[err]
is connected with the electronic circuit 18 in parallel and the inductance
54 of react ange q{eearlr] is connected with (17)

pow
Img=0 .. (18)

Obtaining the reactance Z, and Z, in the equation (15} so that
the-equation (16) fulfills such a relationship causes what the
load resistance R., is converted into the optimum value R,, from
which the maximum reception power can be obtainable by the load
resistance converter 17.

That is, in the IC card 1i, the load resistance converter 17
using inductance and capacitance is to supply the maximum
reception power to the electronic ciréuit 18 {the load resistance
R} by setting the reactance Z, and Z, when the real part Real of

equation (16) takes the optimum value R, of the load resistance.

pow

For example, in the load resistance converter 17 comprising
inductance and capacitance as éhown in Fig. 12A, the capacitance
53 of reactance Z, is connected with the electrqnic circuit 18 in
parallel and the inductance 54 of reactance 2, is connected with
the electronic circuit 18 in series (this connection mode is

referred to as path 1), so that the maximum reception power can be

supplied to the electronic circuit 18.



the electronic circuit 18 in series (this connection node is referred to
as -path 1), so that the maxi numrecepti on power can be supplied to the
el ectronic circuit 18. 22
Further, in the |oad resistance converter 17 using inductance and

capaci tance as shown in Fig. 12B, the22nductance 55 of reactance Zferr] is
connected with the electronic circuit 18 in parallel and the capacitance
56 of reactance Z[err] is connected with the electronic circuit 18 in
series (this connection node is referred to as path 2), so that the

maxi mum r ecepti on power can be supplied to the electronic circuit 18.

In this way, in the I1C card 11, the | oad iesistance converter 17
conpri sing i nductance and capacitance each having a predeterm ned
reactance value Z[err] and Zlerr] is provided at the prestage of the

el ectroni ¢ duwiier,18n sbet ha&dtmmnm@nppéﬁépt?bnlgd%@rng daus&ance

ef.ficiently supplied to the electronic circuit 18. Thus, éhe |C card 11
can reaPRgdeCaPa¢HARC Mt SEOWRUARCELY onl 4B 1 Hehd nNIYSEanFRaderPtwi ter 21

froma Iong di st anc n_the faoregoing, configuratiqgns,, t.he 1C card 11
¢ At ey

. |
recei ve§®ead %%??o%agﬁeFPEnﬁﬁB%% i (B8 PSR FARL G H THader Wi ter 21 with

capact (BRI Fh &4 HEG GRS PEEpTP oRe SR CTEREy “has SRR Rarh

o) I Cl ency een
oyl Mgl S LR 55 3h200R SonVeLlPTcckfocusanvasts 1he | ond
referred to as path 2), so that the maximum reception power can be
supplied to the electronic circuit 18,

In this way, in the IC card 11, the load resistance converter
17 éomprising inductance and capacitance each having a
predetermined reactance value 2, and Z, is provided at the presfage
of the electronic circuit 18, so that the maximum reception power
can be efficiently supplied to the electronic circuit 18, Thus,
the IC card 11 can realize a stable data communication with the
data reader/writer 21 from a long distance.

In the foregoing configurations, the IC card 1l receives
electromagnetic waves emitteéd from the data reader/writer 21 with
the resonant circuit composed of the loop antenna 12 and the
resonant capacitor 16 in a state where reception efficiency has
been further improved, and with the load resistance converter 17,
converts the load resistance R, of the electronic circuit 18 from
the viewpoint of the loop antenna 12 into the optimum value R,
from which the maximum reception powér can be obtained in
accordance with distance to the data reader/writer 21.

And the IC card 11, converting the load resistance R, of the

electronic circuit 18 into the optimum value R,, from which the



the viewpoint of the |oop antenna 12 into the optinumvalue Rlerr] from
whi ch the nmaxi num reception power can be obtained in accordance with

di stance to the data reader/witer 21. And the IC card 11, converting
the | oad resistance Rerr] of the el ectronic circuit 18 into the optinmm
value R err] from which the 23 23

maxi mum r ecepti on power can be obtai ned, supplies the maxi mum reception
power fromthe both ends of the resonant capacitor 16 to the electronic
circuit 18 via the |oad resistance converter 17. According to the
foregoing configurations, the |Ioad resistance converter 17 is disposed at
the prestage of the electronic circuit 18 in the IC card 11, so that even
if the load resistance Rerr] of the electronic circuit 18 is any val ue,
the load resistance converter 17 can convert the |oad resistance R err]

into theaxphimuressdtionRpewelr tan doe aidaicedw shpdi seantee taxtimeimdat a
reader/witer 21 to always supply the electronic circuit 18 with the
maxi mum receptiom powsr from theThetlkefends athéheCrespanti eappgididorkh &0
stable data communication with the data reader/witer 21 froma |ong
di st ancethaneleatrenighradgsuifct8asta i thadelask Fesds5anes PN Bdcause it
wi Il no | onger becone necessary for, the data reader/wwéﬁeﬂi Z%ito be
suppl i ed wi t PeAAEEEIs &Py LBEr BRI G (COREGABTRELARTestR® 193¢ | neidental Iy,
in the above-described enbodioent, .the primar cail 2 qgggary coil,
and the FEBpSEBNFC a1 _e&qﬁﬁstﬂéSP%%% Eﬁé% el%rggté gt%gformthe | oad
reSlStangfegggggiéeéigéhfgyl%gin the IC card 11, so that even if the load
resistance R, of the electronic circuit 18 is any value, the load
resistance converter 17 can convert the load resistance R, into
the optimum value R,, in accordance with distance to the data
reader/writer 21 to always supply the electronic circuit 18 with
the maximum reception power.

Therefore, the IC card 11 can perform a stable data
communication with the data reader/writer 21 from a long distance
and can suppress increase in useless consumed power because it
will no longer become necessafy for the data reader/writer 21 to
be supplied with unnecessary strong electromagnetic waves.

Incidentally, in the above-described embodiment, the primary
coil, the secondary coil, and the loop coil are mounted on the
substrate 15 so as to form the load resistance converter 17 using
a transformer and an intermediate tap. However, the present
invention is not limited thereto and the load resistance converter
17 using a transformer and an intermediate tap can be formed in a

film pattern. Also in this case an effect similar to that of the

above-described embodiment can be obtained.



a transformer and an internedi ate tap. However, the present invention is
‘not limted thereto and the | oad resistance converter 17 using a
transforner and an internediate tap can be forned in a filmpattern. A so

in this case an effect simlar to that of the above-described enbodi nent
can be obt ai ned. 24 24 In

addition, in the above-described enbodi nent, the |oad resistance converter
17 using inductance and capacitance is conposed of a single unit of

i nduct ance and capacitance. However, the present invention is not limted
thereto and as long as reactance Zerr] and Zerr] are set so that a
plurality of inductance and capacitance as shown in Fig. 13 nmakes the real
part Real of the equation (16) be the optimumvalue R err] (see Fig. 3) of

the load resistance, a plurality of reactance el enents can be used.
Nor eover, i ATt REJAba0R. dEBCERDeRb@HIHSEEIPed: FROPEIRe e &1 dgd  and 22

of the Ioad resi stance converter 17 using i nductance and, capacitance are
obtalneﬂe%ﬁﬁﬁ%&FﬁnﬁﬁQVQﬁ¥e€liy BALBE ghru é%anCQ*ﬁﬂgvgﬁpthEaﬁ? stht invention

ot i et BRI (e P16 hm L ahEO K G APt SPREPOF P ipeadinie B
A apES nfes O dhe g s LBt 1im tw ﬁ?e%%t%f ablll 85t €601 e using an

imitta I npe ance an adm ance are conver he concept

of ref Lsgéﬁgn&@eij Lakent and ae sgr eaphtcal puitdated d Anbllethggkond

capacitance as shown in Fig. 13 makes the real part Real of the
equation (16) be the optimum value R, (see Fig. 3) of the load
resistance, a plurality of reactance elements can be used.

| Moreover, in the above-described embodiment, the reactance 7,
and Z, of the load resistance converter 17 using inductance and
capacitance are obtained by the equation (11) through (18).
However, the present invention is not limited thereto and the
reactance %, and Z, can be easily obtained using the chart of
immitance (general term for-impedance and admittance) as shown in
Fig. 14,

In case of this techniéue using an immittance chart,
impedance and admittance are converted into the concept of
reflected coefficient and are graphically treated in the region.
Specifically, the load resistance R, of the electronic circuit 18
and the optimum value R,, from which the maximum reception power
can be obtained are plotted and, by obtaining a path moving along
the curve on the graph between the plotted points, reactance Z, and
Z, of the matching circuit comprising inductance and capacitance

can be easily obtained. In this case, a path corresponding to Fig.



Specifically, the |oad resistance Rl err] of the electronic circuit 18 and
the optimumvalue R err] fromwhich the maxi numrecepti on power can be
obtained are plotted and, by obtaining a path noving along the curve on

t he graph between the plotted points, reactance Z[err] and Z2 of the

mat ching circuit conprising inductance2®nd capaci tance can be easily
obtained. In this case, a path corresponding to Fig.

25 12A is the path 1 and a path corresponding to Fig. 12B is the
path 2. Moreover, in the above-described enbodi nent, the optinmum
value Rl err] of the |oad resistance is set in advance in the | oad

resi stance converter 17 in accordance with 'the |load resistance R err] of

the electronic circuit. However, the present.invention is not [|imted
thereto and when the electronic circuit is changed, the ndlng Bunber of
t he | oad ¥2dsiist &heepabhverarg qua§@h§°56§PPPBﬁln%ftqtﬁ?q nt@Phéalﬁ & Paph

and the reactance Z[err] and Z[err] can be newly set so as to obtain the
nmaxi num réecepti on power in accordance with the |oad resistance of the

of “the 1 og C'&‘é?'s%a%‘%ée%%?]t o ARG aPafrob 08 o i P LR AR St R o]

of the load r ove

accordi ngvtgloefg %S{?ﬂé wa\’c?%s%mﬁg e?thé'@alxg%‘ﬁﬁ%cfeoﬁns'ﬁﬁm YbRg @

predeternln p@c ronic circuit ectronotive force based on the
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of the electronic circuit. However, the present invention is not
limited thereto and when the electronic circuit is changed, the
winding number of the load resistance converter 17, the position
of Ehe intermediate tap, and the reactance %, and Z, can be newly
set so as to obtain the maximum reception power in accordance with
the load resistance of the electronic circuit aftér the change and
thereby, the optimum value R,, of the load resistance can be
adjusted.

As described above, acco;ding to the present invention, an
antenna device for supplying a predetermined electronic circuit
with electromotive force based on the energy of electromagnetic
waves received via the antenna, comprises a load resistance
conversion means for converting the load resistance of the
electronic circuit from the viewpoint of the antenna into a
predetermined vélue, and supplies the electronic circuit with the
maximum electromotive force with the load resistance conversion
means. Thus, an antenna device can be realized, which can operate
the connected electronic circuit always operate efficiently and

normally.



conversion nmeans for converting the | oad resistance of the electronic
‘circuit fromthe viewpoint of the antenna into a predeterni ned value, and
supplies the electronic circuit with the maxinmmelectronotive force with
t he I'oad resi stance conversion nmeans. Thus, an antenna device can be
reali zed, which can operate the connegted electronic circuit always
operate efficiently and normally.

26 A card-shaped storage nmediumfor witing/reading data to/from
a predetermned electronic circuit via electromagnetic waves in
non-contact, conprises an antenna for receiving electromagnetic waves and
supplying a predeterm ned electronic circuit wwth electronotive force
based on the energy of the electromagnetic waves and a | oad resistance
conversi on neans for convertin

the .| i.st, f..th i
circuit fromtfRF 'iséﬁ?tﬁdntﬁ"t&rath’ég‘ana r.ie"fs‘Fltl 121% %8ggfﬁgsndaﬁ4éagct§/%f ful‘cleo,(iu and
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the inveatl@nanht subblyPes bR te@mihBasel ski+ded: idi A takti thhat vari ous

changes and nodi fications nay be ained, therefore, to cover in the
appendedielirfhotk e SB6hce Ahage srattiemedebygad f oftse asl deddomaighleitict he true

sprit and scope of the invention.
waves and a load resistance conversion means for converting the
load resistance of the electronic circuit from the viewpoiﬁt of
the antenna into a predetermined value, and supplies the
electronic circuit with the maximum electromotive force. Thus, a
card-shaped storage medium can be realized, which can operate the
connectéd electronic circuit always efficiently and normally.

While there has been described in connection with the

preferred embodiments of the invention, it will be obvious to
those skilled in the art that various changes and modifications
may be aimed, therefore, to cover in the appended claims all such

changes and modificatibns as fall within the true sprit and scope

of the invention.



27 WHAT IS CLAIMED IS: 1. An antenna device for supplying a
predeterm ned electronic circuit with el ectronotive force based on the
energy of electromagnetic waves received via the antenna, conprising

| oad resistance conversion neans for cgﬂyerting the | oad resistance of
said electronic circuit fromthe viewdi'nt of the antenna into a
predeterm ned val ue, wherein said | oad resistance conversi on neans
supplies said electronic circuit with the maxi num of the el ectronotive
force. 2. The antenna device according to Claim1, further conprising
resonant neans for inproving reception efficiency by resonating with the
el ectromagneti c waves. 3. The antenna device according to Claiml1,
wher ei n said | oad resistance conversion neans converts the | oad
resi stance of. said electronic circuit into a predetermned value in
accor dangBBIv X GIRdMEDsfl8nce to an el ectromagnetic waves enitting neans
di sposed at a position opposite said antenna. 4. The antenna device
accor di nh- t o 20 anepnapdey e for suppdivdnpgoadr¥edsseanded eleetsrsacneans

conprises, a transformer. .
circuit with electromotive force based on the energy of

electromagnetic waves received via the antenna, comprising

load resistance conversion means for converting the lbad
resistance of said electronic circuit from the viewpoint of the
antenna into a predetermined value, wherein

sald load resistanée conversion means supplies said

electronic circuit with the maximum of the electromotive force.

2. The antenna device according to Claim 1, further comprising
resonant means for improving reception efficiency by

resonating with the electromagnetic waves.

3. The antenna device according to Claim 1, wherein

said load resistance conversion means converts the load
resistance of said electronic circuit into a predetermined value
in accordance with the distance to an electromagnetic waves

emitting means disposed at a position opposite said antenna.

4. The antenna device according to Claim 1, wherein

said load resistance conversion means comprises a transformer.

5. The antenna device according to Cldim 1, wherein

said load resistance conversion means comprises a loop coil.

A



5. The antenna device according to Claim1, wherein said | oad

Y esi stance conversi on neans conprises a |oop coil.

28 6. The antenna device according to Claim1, wherein sai d

| oad” resi stance conversion neans conpri ses inductance and capacitance.

7. A card-shaped storage nedium for wd&ing/reading data to/from a
predeterm ned electronic circuit via electromagnetic waves in non-contact,

conpri si ng: an antenna for receiving said el ectromagneti c waves and
supplying a predeterm ned electronic circuit with electronotive force
based on energy of the el ectromagneti c waves; and | oad resistance

conversion neans for converting the |load ‘resistance of said electronic
circuit fromthe viewpoint of said antenna into a predeterm ned val ue,
wherein said | oad resistance conversion neans supplies said

el ectronic circuit wi th the maxi num of said el ectronotive force. 8. The
card-shgped ora qe medi,um, her ., conprising

di f
a reson (?W%PSVéggg%é%%?%hn%ﬁ? aqlean&/ ur%%%(l)natl ng wth

eleCtronagn%§'%iWQ>%Fre51stance conversion means comprises inductance

and capacitance.

7. ‘A.card-shaped storage medium for writing/reading data to/from
a predetermined electronic circuit via electromagnetic waves in -
non-contact, comprising:
an antenna for receiving said electromagnetic waves and

supplying a predetermined electronic circuit with electromotive
force based on energy of the electromagnetic waves; and

load resistance conversion means for converting the load
resistance of said electronic circuit from the viewpoint of said
antenna into a pfedetermined value, wherein

said load resistance conversion means supplies said

electronic circuit with the maximum of said electromotive force.

8. The card-shaped storage medium according to Claim 7, further
comprising
a resonant means to improve reception efficiency by

resonating with electromagnetic waves.

9. The card-shaped storage medium according to Claim 7, wherein
said load resistance conversion means converts the load

resistance of said electronic circuit into a predetermined value

ARG




9. The card-shaped storage nedi um according to Caim?7, wherein sai d
1 oad resistance conversion neans converts the |load resistance of said
el ectronic circuit into a predeterm ned val ue

29 in accordance with the distance to an el ectromagneti c waves
emtting nmeans di sposed at a position gpposite said antenna. 10. The
card-shaped storage nedium according to Claim7, wherein sai d | oad
resi stance conversi on neans conprises a transformner. 11. The card-shaped
storage nedi um according to Caim?7, wherein said | oad resistance
conversi on nmeans conprises a |loop coil. 12. The card-shaped storage

medi um according to Caim?7, wherein . " said |l oad resistance conversion

means conprises inductance and capacitance.

in accordance with the distance to an electromagnetic waves

enitting means disposed at a position opposite said antenna.

10. The card-shaped storage medium according to Claim 7, wherein

said load resistance conversion means comprises a transformer.

"11. The card-shaped storage medium according to Claim 7, wherein

said load resistance conversion means comprises a loop coil.

12. The card-shaped storage medium according to Claim 7, wherein
said load resistance conversion means comprises inductance

and capacitance.
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