TI TLE OF THE | NVENTI ON . Power Transm ssion System qggkgngng
Information . Comuni cation System Using IC Ca
BACKGROUND _.OF THE I:NVENTI ON . : The present invention r!ﬂoﬁ’t%%ﬁo
a power j,j transm ssion system an IC card and an i nformation

conmuni cat on systemusing an I C card, wherein comutation tickets,
railway tiewets, bus tickets, etc. to be used at 10 w ckets in railway
stations ‘or on buses will be replaced= 1 = with IC cards, and when an IC
card is nmade to pass a reader/witer, being provided at a wicket in
a railway station or on a bus, with noncontact or in close proximty

toit, pomerT@g@EbgFt@ggSfﬁ¢gﬁ@&dﬁon1the reader/witer to 15 the IC
card by radi o. It has been known that power can be supplied

to an | C cpéwert MiramsnE@aEons Eg@h:)émsl ge bi¥rd aadcDmfemtatimhod
using rays of light or magnetic fiel When comut ati on

tickets, railway tickets,cdimfunidQtion! isglseem Usifig 10 Gerdised at wickets in
rail way stations or

5 BACKGROUND OF THE INVENTION
The present invention relates to a power

transmission sYstem, an IC card and an information
communication system using an IC éard, wherein commutation
tickets; railway tickets, bus tickets, etc. to be used at

10 wickets in railway stations or on buses will be replaced
with IC cardé, and when an IC card is made to pass a
reader/writer, being provided at a wicket in a railway
station or on a bus, with noncontact or in close proximity

to it, power can be transmitted from the reader/writer to
15 the IC card by radio.
"It has been known that power can be supplied to an
IC card from a power supply side by a noncontact method
using rays of light or mégnetic fields.
When commutation -tickets, raiiway tickets, bus
20 tickets, etc. to be used at wickets in railway stations .or
on buses will be replaced with IC cards, and when a user
passes an IC card through a reader/writer provided at a
wicket in a railway station or on a bus with noncontact,
the distance between the IC card and the reader/writer may

25 vary much. When the reader/writer is so adjusted that



on buses will be replaced with I C cards, and when a user passes an

| C card through a reader/witer provided at a w cket in a railway
station or on a bus with noncontact, t he di stance between the IC
card and the reader/witer my 25 vary much. Wen the reader/witer
is so adjusted that - 2-

proper “powers,can be transmtted fromthe reader/witer to the 1C card
when the distance between the | C card=afd~the reader/witer is
conparatively large, then in a case where t he di stance between the
reader/witer and the ICcard is 5 smal |, excessive power nmay be

transmtted fgrpdrhpoweadean be tranémiteted CEridie the ¢adaderyhribefayocause a
mal f uncti on or br eakage of the I C card. I n ot her

words, in theahy il cartd, whenethé distance drestividmtthen Ifasandt andveleto a
poi nt that proper power 10 shal |l be stably transmtted to an IC card
from a readerdeader/writerelsevempatatizelhcaligd anhenbénwaegasbewhérear d
and the reader/witer may be |argely vari ed. . Prior art
in which it ithd distdadet beswabdh ytise/mpader/writgrownd thenld cerdeidwiter
to an IC card even if the
5 small, excessive power may be transmitted from the reader/
writer to the iC card, which may cause a malfunction or
breakage of the IC card.
In other.words, in tﬁe prior art, careful
consideration was not given to a point that proper power
10 shall be stably transmitted to an IC card from a reader/
‘writer even though the distance between the IC card and the
reader/writer may be largely varied.
Prior art in which it is intended to stably supply
power from a reader/writer to an IC card even if the
15 distance between the IC card and the reader/writer is
largely varied is explained in Japanese Patents Laid-open
No. Hei 7;85233 and Laid-open No. 9-62816.
In the Japanese Patent Laid-open No. 7-85233,
following are described: among noncontact type data
20 carriers of electromagnetic coupling system, in the case of
movable equipment having a function to be able to receive
data including a control signal from fixed equipment, a
rectifier circuit composed of a rectifier DI and a

capacitor €2, and a variable resistor element composed of a

25 transistor T2, resistor R3 and resistor R4 being controlled



15 di stance between the 1C card and the reader/witer is | argel y
varied is explained in Japanese Patents Lai d-open No. Hei 7-85233
and Lai d-open No. 9-62816. In the Japanese Patent Lai d-open
No.  7- 85233 foll ow ng are described: anbng noncontact type data 20
carriers of el ectromagnetic coupling system in the case of novabl e
equi pnent ek ng a function to be able EP receive data including a
control signal fromfixed equipnent, a ~ ~ rectifier circuit conposed of
arectifier DI and a capacitor C2, and a variable resistor el enent
conposed of a 25 transistor T2, resistor R3 and resistor R4 being
controlled by a DC-voltage obtained from the rectifi®r circuitbgre
DC-voltage obtained fromthe rectifier circuit are connected to a
recei vi ng coidomgfeatied det a receivingncoil of gahrenldadia cawdigm éRcess power
wi ||l be consunmed in the vari able resistor elenments. Further it is
described i n parallel, apdpanecesceascpowenivwilbbde Nensugied7 ig52Be that a

si gnal detector circuit conposed of a rectifier D2, a resistor Rl
and a capaci tvarigblghiresigsosceienentspl i Furkhemdil disedlescribedygpethe
superinposed on a AC vol tage induced in the receiving coil and
transm t% t heJapanesee@agens Laid-epen Mo+ Heit Hf85233 that a signal

detector circuit composed of a rectifier D2, a resistor Rl
and a capacitor C3 which detects an amplitude-modulated
wave superimposed on a AC voltage induced in the receiving
coil énd transmits the detected data to a main circuit of

10 the data carrier as an input signal, and an amplitude
modulator circuit which receives the output signal of the
main circuit of the data carrier for switching a transistor
71, and being composed of the transistor T1 which transmits
data from the data carrier to the fixed equipment, a

15 capacitor C4 and a resistor R2 are connected to the
receiving coil of the data carrier in pafallel. In the
prior art as mentioned in the above, a resonant circuit is

not formed in the receiving coil of the data carrier, so
that in a case where the distance betwéen the transmitting
20 coil on the fixed side and the receiving coil on the data
carrier side is large, an enough voltage is not induced in
the receiving coil and it is made difficult to obtain the
power required by the main circuit of the data carrier.
There is also another problem in the prior art. Since a

25 half-wave rectifier is adopted in the prior art, a large



10 the data carrier as an input signal, and an anplitude nodul at or
circuit which receives the output signal of the main circuit of the
data carrier for switching a transistor T1, and bei ng conposed of the
~trapsistor T1 which transmts data fromthe data carrier to the fixed
equi pnent, ¥a 15 capacitor C4 and a resistor R2 are connected to the
receivirng coed of the data carrier in parallel. In the prior art as
mentioned in the above, a resonant circuit is not formed in the
receiving coil of the data carrier, so that in a case where the
di stance between the transmtting 20 coil on the fixed side and the
recei ving coitippld lis gabduced, whiehrrequiieke d Sldmyegemoathdngugh vol t age
i's not induced in the receiving coil and it is made difficult to
obtain the capacipgyethesgfiored by ibemade diffionilit do timcodpozatearai er.
There is also another problemin the prior art. Since a 25 hal f - wave
rectifier is capastidedr oft helprgercapa¢ity| mge data carrier in - 4 -
ripple is produced, which requires a large snoothing capacity;
therefore, itmimsiataddzdingf ituwlt to i ncorporate a capacitor of a large
capacity in a data carrier in
5 It is described in the Japanese Patent Laid-open

No. Hei 9-62816 that a receiving signal level of a

resonance circuit of an antenna for transmitting and

receiving data is detected and the quality factor Q of the

antenna resonance circuit is varied by changing the

10 variable resistor element according to the detected voltage
in order to adjust a receiving signal level to a desirable

value.
In these prior art, since a variable resistor
element is directly connected to a receiving antenna in
15 parallel, there is a problem in that the temperature rise
in the wvariable resistor elément is large and the size of a

pressure protection circuit becomes large.

SUMMARY OF THE INVENTION

20 The purpose of the present invention is to solve
the above-mentioned problems and offer an IC card and a
power transmission system by radio in which it is made
possible to stably supply power by radio from a reader/
writer to the internal circuit of an IC card in

25 miniaturizing the elements of a pressure protection circuit



mniaturizing it. 5 It is described in the Japanese Patent

Lai d- open No. Hei 9-62816 that a receiving signal |level of a
resonance circuit of an antenna for transmtting and recei ving data
is detected and the quality factor Q of the antenna resonance circuit
I's varied Syﬂchanging the 10 variable resistor elenent according to the
detected vott age In order to adjust a receiving signal level to a
desirabl e val ue. “I R These prior art, since a variable
resistor elenment is directly connected to a receiving antenna in 15
parallel, there is a problemin that the tenperature rise in the

vari abl e resiaaloHe8ke8Ehg i Bhé A dtparrcb irle rdisee inf advariable pimssdamce
protection circuit becones | arge. SUMVARY OF THE | NVENTI ON 20

The purpose efirchetppeseided nirendn AT icard evenvehough thehdisbanee ment i oned
problems and offer an IC card and a power transm ssion system by
radi o i n whi betiveensthadeC card ambsdid|medderywatittersmppl he pbawegely radi o
froma reader/ witer to the internal circuit of an IC card in 25
m ni aturi zi ngairiedel enents of a pressure protection circuit
5 Another object of the present invention is to offer
an IC card and a powér transmission system by radio in
which the power can be stably supplied to the internal
circuit of the IC card by radio from a reader and/or writer
by only making the IC card pass the reader and/or writer
10 with noncontact or in close proximity to it by improving
the responsibility of the system in miniaturizing the
elements in a pressure protection circuit and decreasing
the temperature rise in a variable impedance circuit.
A further object 6f the present invention is to -
15 offer an IC cafd and an information communication system
using an IC card in which it is made possible to supply
power stably from a reader and/or writer to the IC card
with noncontact in miniaturizing the elements in the
pressure protection circuit and décreasing the temperature
20 rise in the variable impedance circuit provided in the IC
card and to perform information communication with high
reliability between the reader and/or writer and the IC
card.

' Yet another object of the present invention is to

25 offer a power transmission system by radio, an IC card and



- 5- and decreasing the tenperature rise in a variable inpedance
circuit provided in an I C card even though the distance bet ween the
| C card and the reader/witer nmay be |argely varied. 5

Anot her obj ect of the present invention is to offer an I C card and a
power transirission systemby radio in whi ch the power can be stably
supplied to*the internal circuit %f the 1C card by radio froma
reader and/or witer by only mekihg the IC card pass the reader
and/or witer 10 Wi th noncontact or in close proximty to it by

| mprovi ng the responsibility of the systemin mniaturizing the

el ements i n sapriasrmation eommanicationt spstenarsaugitige IC card.heIn
tenperature rise in a variable inpedance circuit. A further
obj ect of thetlpe gwver itnamsmission systed by vddie in isC ssnarramngedn

i nformati on conmuni cati on system using an IC card in which it is
made possi bl ethat powsdny can be spehdy suppliedrevem whendheadd/sdangei ter to
the IC card Wi th noncontact in mniaturizing the elenents in the
pressure protketvesn an d@ cazxdd andc aeneadgr{weitenpks diangelyyaried 48 in
t he variabl e i npedance circuit provided in the IC card and to

per f or m 3 nf ordesteasisgnhhe temperasires rigd in the vanijaidiq iimpegangeen. t he

reader and/or witer and the |C, . . ,
circuit by controlling the static capacity for the induced

power received on the IC card side.
A still further object of the present invention is
to offer a power transmission system by radio, an IC card

10 and an information communication system using the IC card.
In the power transmission system by radio it is sé arranged
that pfoper power can be stably supplied to the IC card by
radio from the power transmission portibn of the reader/
writer by only passing the IC card through the reader/ -

15 writer with noncontact or in proximity to it and

information can be communicated between the reader/writer

and the IC card with high reliability.

In order to achieve the above-mentioned objects,
the present invention is a power transmission system in
20 which power is transmitted by radio from a power
transmitting device (reader and/or writer device) to an IC
card. The IC card comprises: an antenna having a resonance
circuit for receiving the transmitted radio wave, a full
wave rectifier circuit for rectifying an induced power

25 received by the antenna, a power supply circuit which



card. Yet anot her object of the present invention is to 25
of fer a power transm ssion systemby radio, an IC card and

- 6- ' an information communication systemusing the IC card. In

the. power transmission systemby radio it is so arranged t hat power
can be stably suppl i ed even when the distance between an I C card and
a reader/mther is largely varied in 5,7 decreasing the tenperature rise
in the variabl e inpedance circurt’ by controlling the static capacity
for the induced power received on the I C card side. A-
still further object of the present invention is to offer a power
transni ssi on cymterad Dadivoltagel Sutpud £i6m thenthln wavieomesttidier

comuni cation systemusing the IC card. In the power transm ssion
system by radiirduit simto ar pawgedsupply vohitages opeletmmimr sdacydtst ably
supplied to the I1C card by radio fromthe power transm ssion portion
of the readervhich deteatist &hebPCombytpgs soutputefran ceral fuldowgivet he

reader/ 15 witer with noncontact or in proximty to it and o
i nf or mat i on ceectkf vomminicudtedabeinpedante cenrtee) winanit portioand the I1C
card wth high reliability.

5 which produces a desired power supply voltage from the DC
voltage detected in the detector circuit by controlling the_
impedance of the circuit, and an internal circuit to be
supplied with the desired power supply voltage obtained
from the impedance control circuit.

10 The present invention is also a power transmission
system in which power is transmitted by radio from a power
transmission device to an IC card, wherein the IC card
comprises: a receiving portion which receives the
transmitted radio wave and produces induced power, a

15 rectifier circuit portion which converts the induced power
in the receiving portion into a DC voltage, a variable
impedance circuit portion in which the DC voltage obtained
in the rectifier circuit is controlled by varying the
impedance of the circuit based on the induced power

20 detected in the detector circuit portion or a voltage
corresponding to the induced power, and an internal circuit
to be supplied with a controlled DC voltage from the
variable impedance control circuit.

' The present invention is also a power transmission

25 system in which power is transmitted by radio from the



In order to achi eve the above-nentioned objects, t he present

I nvention is a power transm ssion systemin 20 whi ch power is
transmtted by radio froma power transmtting device (reader and/or
witer device) to an IC card. The IC card conprises: an antenna

havi ng” a r ésonance circuit for receiving the transmtted radi o wave,
a full - ~# wave rectifier circuit for,rectifying an induced power 25

recei ved by the antenna, a power supply &iTcuit which

-7-  converts a DC voltage output fromthe full wave rectifier :
circuit into a power supply voltage, a detector circuit whi ch detects
Fhe DC vol t agsowstt purtansmdsstiiba feviceare an IC gaaxl. f ilar ther 3di cardp
i npedance control circuit portion 5 whi ch produces a desired power
suppl y vol t agehe faramsnisted inducedopowere tetewtwatted dngodatBEtor circuit
by controlling the i npedance of the circuit, and an_internal circuit
to be suidiaged wiheh trassuétteddipdueed pgwasy orolat ¥gétaBeai ned
fromthe inpedance control circuit. 10 ] The present invention is
al so a power cormespondiing to the ipdueedipowdn cis siekected,t pAAsA POWRK by
radio froma power
5 supply voltage of a desired DC voltage to be supplied to
the internal circuit is obtained by controlling a static
capacity based on the detected induced power or a voltage
corresponding to the induced power.
-The present invention is a power transmission
10 system in which power is transmitted by radio from a power
transmission device to an IC card. The IC card comprises:
a rectifier circuit which converts the transmitted induced
power into a DC voltage, an internal circuit to be supplied
with the DC voltage obtained from the rectifier circuit, a
15 detector circuit which detects the transmitted induced
power or a voltage corresponding to the induced power, and
a static capacity control circuit which obtains a power
supply voltage of a desired DC voltage to be supplied to
the internal circuit by controlling the static capacity
20 based on the induced voltage or a voltage corresponding to
the induced power which is detected in the detector
circuit.
The present invention is a power transmission

system in which power is transmitted by radio from a power

25 transmitting device to an IC card. The IC card comprises



transm ssion device to an IC card, wherein the IC card
recei ving portion which receives the

conprises: a
transmtted radi o wave and

produces i nduced power, a 15 rectifier circuit portion which converts

the, i nduced, power in the receiving portion into a DC voltage, a
variable 7 I-npedance circuit portion in which the DC vol tage obt ai ned
In the-rectifier circuit is controlled varyi ng the | npedance of
the circuit based on the induced power- 20 detected in the detector
circuit portion or a voltage corresponding to the induced power, and-
an internal circuit to be supplied with a controlled DC voltage from
t he vatheafuacitipadanseshowhrisdlews cthé .transmitted inducéleppwesent
invention is also a power transm ssion 25 systemin which power is
transnmtted bis rcxoiverftredminke a DC voltage to be supplied to an - 8-
power transm ssion device to an IC card. In the IC card, t he
transnmtted iimhemm@lpodecuis,cbheetransniticed idduced powesl pxags, the
transmtted i nduced power or a voltage corresponding to the induced

power is det exstlddgeacoraeppanding to sheplnducsd ppwesf is detectddp@ndl t age

to be suppl
5

10

15

20

25

ed to
the information about the detected induced power or a

voltage corresponding to the induced power is transmitted
by radio to the power transmitting device. The power
transmitted from.the power transmitting device is
contrélled based on the above-mentioned transmitted
information.

The present invention is a power transmission
system'in which power is transmitted by radio from a power
transmitting device to an IC card. The IC card comprises
the function to convert the transmitted induced power into
a DC voltage and to supply the DC voltage to the inpernal
circuit, and also to detect the information concerning the

relative position of the IC card to that of the power

transmitting device. The power transmitted from the power
transmission device is controlled based on the above-
mentioned detected information.

The present invention is a power transmission
system in which power is transmitted by radio from a power
transmitting device to an IC card. The IC card comprises
the function to convert the transmittéd induced power into

a DC voltage and to supply the DC voltage to the internal



the internal circuit is obtained by controlling a static capacity
based on the detected i nduced power or a voltage corresponding to
t he i nduced power. The present invention is a power
transm ssion 10 systemin which power is transmtted by radio froma
power " transmission device to an IC card. The IC card conpri ses:
arecti'fier®ircuit which converts the transnitted i nduced power
into a DC voltage, an internal circuiT t8 pe supplied with the DC
vol tage obtained fromthe rectifier circuit, a 15 detector circuit
whi ch detects the transmtted i nduced power or a voltage

corr espondi ngifreuilte anddéoedeperertheninformaticn Yadidegndagaeheéy control

circuit which obtains a power supply voltage of a desired DC voltage
to be suppli eeltakive positlieni of ethal ICicand ttdyhadntofol thegpoWerst ati c
capacity 20 based on the induced voltage or a voltage corresponding to
t he i nduced poweysmiltitdng dedicect el desited d exildrage can bei obtiained :
The present invention is a power transm ssion systemin which power
is transnitt eidh lopntadildihgobhe popedand@s of & rcdsmittt iimgtHevii€ecandan | C
card. The IC card conpri ses -9-
5 based on the detected information.
The present invention is an IC card which
comprises: an antenna having a resonance circuit for
receiving a transmitted radio wave, a full wave rectifier
circuit for rectifying an induced power received with the
10 antenna, a power supply circuit for converting the DC
voltage obtained from the full wave rectifier circuit into
a powef supply voltage, a detector circuit for detecting
the DC voltage rectified in the full wave rectifier
circuit, an impedance control circuit which controls the
15 impedance of the circuit for making the detected DC voltage
a desired DC voltage and making the power supply voltage
converted in the power supply circuit a desired power
supply voltage, and an internal circuit to be supplied with
the desired power supply voltage obtained from the
20 impedance control circuit portion.
The present invention is an IC card which
comprises: a receiver portion which receives a radio wave
to produce an induced power, a rectifier circuit portion

for rectifying the induced power generated in the receiver

25 portion to convert the induced power to a DC voltage, a



the functions as shown below the transmtted induced power IS
converted into a DC voltage to be supplied to an Internal circuit,
the transmitted i nduced power or a vol tage corresponding to the
i nduced power is detected, and 5 the informati on about the detected
i nduced power or a vol tage corresponding to the induced power is
transm'tted™ by radio to the power transmtting device. The power
transmtted fromthe power transmtting-dévice is control |l ed based
on the above-nentioned transmtted 10 i nf or mati on. The
present invention is a power transm Ssion systemin which power is
transm tted dgtecbm dirawix pomeion whichtdebsats tamgimindede powean | C card.
The 1C card conprises the function to convert the transmtted
i nduced powedbtained 131 theareCeiverapertidntor sappdltade dOTrespoagéngo t he
I nt er nal circuit, and also to detect the information concerning the
rel ati ve posteithe gindueed Qoverd aovahaabbé impedanee control cixgeaktting
device. The power transnitted fromthe power transni ssion device is
control | ed tpextiom whishalgongrolgothe Renvobiage deiterinad ifivfoor trhei on.
The present invention is a power transm ssion systemin which power
i s tran®mi tteertifienicdrcudd gopbien based onrthenindugey @oWere to an I C
card. The I C card conprises the function to convert the transmtted
i nduced powedetgfted in the detector circuit portion or a voltage
corresponding to the induced power, and an internal circuit
to be supplied with a controlled DC voltage from the
variable impedance control circuit portion.
10 The present invention comprises an IC card in which
an impedance in the variable impedance circuit portion is
formed with a resistor.
The present invention is an IC card in which the
full wave rectifier circuit, the power supply circuit, the
15 detector circuit, the impedance control circuit, and the
internal circuit are composed with one chip.
The present invention is an IC card which
comprises: a receiver portion which receives an induced
power by radio, a rectifier circuit portion which rectifies
20 the induced power received in the receiver portion to

convert it into a DC voltage, a detector circuit portion
which detects the induced power obtained from the receiver
portion or a voltage corresponding to the induced power, a
static capacity control circuit portion which obtains a

25 desired DC voltage from the rectifier circuit portion by



25 a DC voltage and to supply the DC voltage to the internal

- 10 - circuit and to detect the information concerning the
relative position of the IC card to that of the power transmtting
device, A desired DC voltage can be obtained in controlling the
I'npedance of a circuit inthe ICcard 5 based on the detected

i nfornetion.™ The present _invention is an I C card which
conprises: an antenna having a resonancé2cTrcuit for receiving a
transmtted radio wave, a full wave rectifier circuit for rectifying-
an i nduced power received with the 10 antenna, a power supply circuit
for converti rgpriti®1@E&ng the s¥ati@oeapdd iy ashdediont ktef ihbuvedepowst i fi er

circuit into .a power supply voltage, a detector circuit for
detecting detedted DO thet dgtectot i ¢imrhiitn gdrtion lorwaveoltagefi er
circuit, an inpedance control circuit which controls the 15 | npedance
of the circuidcofmasponkdiing tbetbet indeced@omEr,aged an interdeli cexcwd
vol t age and naki ng the power supply voltage converted in the power
suppl y circuiwhixhddsi sapppdedr with a DG upplbageo!ficage thendeahifhesr nal
circuit to be supplied with
5 circuit portion being controlled by the static capacity
control circuit portion.
The present invention is an information
communication system using an IC card which comprises a.
reader and/or writer device (unit) having an information
10 communication portion and a power transmitting portion and
power is transmitted by radio from the power transmitting
portioﬁ to an IC card.
The IC card comprises: a rectifier circuit portion
which rectifies the induced power transmitted from the -
15 reader and/or writer to convert the induced power into a DC
voltage, a detector circuit portion which detects the
induced power obtained from the receiver portion or a
voltage corresponding to the induced power, a variable
impedance control circuit portion which controls the
20 impedance of the circuit according to the DC voltage
obtained from the rectifier circuit portion based on the
induced power detected in the detector circuit portion or a
voltage corresponding to the induced power, and an internal

circuit which obtains a desired DC voltage from the

25 variable impedance control circuit. The information



t he desired power supply voltage obtained fromthe 20 | npedance control
circuit portion. The present invention is an I C card which
conprises: a receiver portion which receives a radio wave to produce
an induced power, a rectifier circuit portion for rectifying the

I nduced power generated in the receiver 25 portion to convert the

I nduced power to a DC vol tage, a -
11 - detector circuit portion'WWﬁ%:ﬁ detects an i nduced power
obtained in - the receiver portion or a voltage correspondi ng to the

i nduced power, a variable inpedance control circuit portion which
controls the E6mwohicgeicbisyistem fisogot Aesighed thetad i ifaxnatiion portion
based on the i nduced power detected In the detector circuit portion
or a voltage communiaairiass wamdibeg peaformetdndsierg @avedio aredreabetmeennal
circuit to be supplied with a controlled DC voltage fromthe

vari abl e i npetbacintmmalolcigiounddi pfpahei 0. catd and the informatioasent

i nvention conprises an I C card in which an i npedance in the variable
i npedance ci rcommupirdtion portion off theedeadéehn andbsi stwiter device.

5 transmitted to the IC card or a voltage
corresponding to the induced power is detected, and a
desired DC voltage is obtained in controlling the impedance
base on the detected induced power or a voltage
corresponding to the induced power and the desired DC

10 voltage is supplied to the internal circuit. The present
invention is so constituted that it is possible to perform
information communication by radio between the internal
circuit of the IC card and the information communication
portion of the reader and/or writer device. -

15 The present invention is an information
communication system using an IC card, which comprises
reader and/or writer device having an information
communication portion and a power transmission portion and
power is transmitted by radio from the power transmitter

20 portion to the IC card by radio. The IC card comprises: an
antenna having a resonance circuit for receiving a radio
wave transmitted from the reader and/or writer device, a
full wave rectifier circuit for rectifying the induced
power received in the antenna, a power supply circuit which

25 converts the DC voltage rectified in the full wave



The present invention is an IC card in which the full wave rectifier
circuit, the power supply circuit, the 15 detector circuit, the

i npedarrce control circuit, and the internal circuit are conposed

wi th one chjp. The present invention is an I C card which
conprises: a receiver portion which receives an induced power by
radio, a rectifier circuit portion which rectifies 20 t he i nduced power
received in the receiver portionto ~ 14 =convert it into a DC vol tage, a
detector circuit portion whi ch detects the induced power obtai ned
fromthe receiver portion or a voltage corresponding to the induced

power, a rectiffdeirC cg2patt! In€OM rFdwdit SupplypdlitageVhaCletbétbns a 25
desired DC voltage fromthe rectifier circuit portion by
- 12 - - cirowiitr ehichgdebects athe DEpaslitageased iddetinéni dhacealpower
detected in the detector circuit portion or a voltage correspondi ng
to the i nducedveowertifidraociroait padn cimpadance controfli chrcaisupipicied with
a DC voltage fromthe rectifier 5 circuit portion being controlled by
the static capatrols the impedanceé «f rithe tcipmntiitorto make a detected DC
5 voltage detected in the detector circuit a desired DC
voltage and to make the power supply voltage converted in
the power supply circuit a desired power supply voltage,
and an internal éircuit to be supplied with the desired
power supply voltage obtained from the impedance control
10  circuit.
The information communication system is so designed

that the information communication can be performed by a

radio wave between the internal circuit of the IC card and

the information communication portion of the reader and/or _
15 writer device.

* The present invention is an information
communication system using an IC card which comprises a
reader and/or writer device having an information
communication portion and a power transmission portion

20 which transmits power from the power transmission portion
to the IC card by radio. In the IC card, following
operations are performed: the induced power transmitted
from the reader and/or writer device is converted into a DC

voltage and it is supplied to the internal circuit, the

25 induced power transmitted to the IC card or a voltage



The present invention is an information conmuni cati on system using
an | C card which conprises a reader and/or witer device (unit)
having an information 10 comuni cation portion and a power transmtting
portion and, power is transmtted by radio fromthe power
transmtting portion to an I C card. The I C card
conprises: a~rectifier circuit portion which rectifies the induced
power transmtted fromthe 15 readetand/or witer to convert the

i nduced power into a DC voltage, a detector circuit portion which
detects the I nduced power obtained fromthe receiver portion or a
vol tage correspqedpdadiagt 86 theuiwdh@sielower i iddtle@ted, andi BRedance

control circuit portion which controls the 20 i npedance of the circuit
accordi ng t o infeorb@tioht agacerning s adetssb tfadd mMiridueade pbivereorctheui t
portion based on the I nduced power detected in the detector circuit
portion or avoltage corregpondingsponcherdgiriduddie gowdacds poapsmitted an

i nt ernal circuit which obtains a desired DC voltage fromthe 25
vari abl e i npectarthe powerotransmission Tt idmromtthen reader and/or

- 13 -

5 writer device by radio. The reader and/or writer controls
the power to be transmitted from the power transmission
portion based on the information sent from the IC card.
The information communication system is so designed that
information communication can be performed between the

10 internal circuit of the IC card and the information
communication portion of the reader and/or writer device.

" The present invention is an information
communication system using an IC card, wherein the
transmission of power by radio from the reader and/or

15 writer to the IC card and the communication of information

by radio between the internal circuit of the IC card and

the information communication portion of the reader and/or

writer device are performed with a common antenna.
The present invention is an information
20 communication system, psing an IC card, wherein the reader
and/or writer device comprises: a power supply portion
which generates a signal to be used for the transmission of
power, an encoder circuit for encoding input data for
transmission, a modulator which executes amplitude

25 modulation of a signal obtained from the encoder circuit



comuni cation systemis so designed that an information

communi cation can be perfornmed using a radi o wave bet ween t he
internal circuit of the I1C card and the information conmuni cati on
portion of fhe reader and/or witer device. 5 transmtted to
the IC card or a voltage corresponding to the induced power is
detect€d, and a desired DC voltaie Is obtained in controlling the
i npedance base on the detected=i hfuted power or a voltage
corresponding to the induced power and the desired DC 10 voltage is
supplied to the internal circuit. The present I nvention is so

constituted tawmd supdrimposesblie b ER&f9idhal obtainddrfrein @ReCpsWERi cation
by radi o between the internal circuit of the IC card and the

i nformati on coupply gairtdon, a feedertcbncwit tivr rfsedEmgapdiver basédron
device. 15 The present invention is an information

conmuni cat i ontlsy sigmalls iobgadned Cframdthehmedulztgy,i sewl an antensadeorand/ or
writer device having an information comuni cation portion and a
power transnigsiexatimgt aomradid wave copoespondirg aesrthet €ddbguradnd byom
the power transmtter 20 portion to the I1C card by radio. The IC card
conpri se€s: anthe feedeantcdmgaikavi ng a resonance circuit for receiving a
radi o wave transmtted fromthe reader and/or witer device, a

full wave rectifier Ghecpresest inventiomgis ran iinfiggaation power _
received in the antenna, a power supply circuit which 25 converts the
DC vol t age r QREUNAEatIonLHeYFLPM YWdikg an IC card, wherein the internal

circuit of the IC card comprises: a decoder circuit which

performs waveform shaping and decodes a modulated wave for
10 communication detected by the antenna, a microcomputer

which inputs received data decoded in the decoder circuit

and ouﬁputs transmission data, an encoder circuit which

encodes the transmitting data output from the

microcomputer, and a modulator which modulates é signal and _
15 inputs it to the antenna based on the signal encoded in the

encoder circuit.

As explained in the above, according to the above-

mentioned constitution, it is made possible to realize a
power transmission system by radio and an IC card, wherein

20 even though the distance between the IC card and the reader
and/or writer device (power transmitting device) is largely
varied, power can be stably transmitted by radio from the
reader and/or writer device to the internal circuit of the
IC card in miniaturizing a pressure protection circuit

25 provided in the IC card and decreasing the temperature rise



- 14 - rectifier circuit into a power supply voltage, a detector

circuit which detects the DC voltage rectified in the ful
rectifiéer circuit, an inpedance control circuit which

wave
controls the

i npedance of the circuit to make a detected DC 5 vol tage detected in
the detector circuit a desired DC vol tage and to nake the power
supply ‘vol t dge converted in the power supply circuit a desired power
supply vol tage, and an internal~ &’rcuit to be supplied with the
desired power supply voltage obtained fromthe inpedance contr ol
circuit. The information comuni cati on systemis so desi gned
that the infoinsad ivairiceIaiinpadanteceiréaiper f oi nparthiclar, the radio wave
between the internal circuit of the IC card and the i nformation
conmuni cat i onrgak izaticof dfhemindaderiaatdion ofiSthe veldmantde\dfcehe

The present invention is an information conmuni cati on system using
an | C card wprdssopipregecdion circudadand atlié clowrtdngpemdturee risei hg an
i nformation comuni cation portion and a power transm ssion portion

the variable impedance circuit made it possible to

5 constitute an IC card with an antenna for receiving a radio

wave and elements of one-chip constitution, which caused to.

realize a low cost IC card.

According to the above-mentioned constitution, a

power transmission system by radio and an IC card can be

10 realized, wherein power can be transmitted from the reader

and/or writer device to the IC card by radio using a coil-

shaped antenna or a spiral antenna on the IC card, and

power can be supplied stably by radio from the reader

and/or writer device to the internal circuit of the IC card

15 by only making an IC card pass the reader and/or writer

device with noncontact or in the proximity to it in

miniaturizing the elements in the pressure protection

circuit, decreasing the temperature rise in the variable

impedance circuit, and improving the responsibility of the

20 circuit.

According to the above-mentioned constitution, a

power transmission system by radio, an IC card, and an

information communication system using an IC card can be

realized, wherein power can be stably supplied to the IC

25 card even though the distance between the IC card and the

10.



20  which transmts power fromthe power transm ssion portion to
the 1C card by radio. In the IC card, foll ow ng operations are
performed: the induced power transmtted fromthe reader and/or
witer, devige is converted into a DC voltage and it is supplied to
the internal circuit, the 25 I nduced power transmtted to the IC card
or a voltage - 15 -

correspondi ng to the induced power is Tk&%d?ed, and the i nformati on
concerning the detected i nduced power or the vol t age correspondi ng
to the induced power is transmtted to the power transm ssion
portion of theea@éfdeandoi Oiritdr is Warigailydewrdéedbynrddcreasifig teader

and/or witer controls the power to be transnmitted fromthe power
transmi ssi on temperapure i nisdasedhen warableoimpedanceenirduiimbnhe |1 C card.
The information comuni cati on systemis so designed that ) I nformati on
‘comuni cat i onconhrokl pryg f thercthdmtad @owere reteivedi anethal side «ff tthef t he

| C card and the information communi cation portion of the reader
and/ or writer IGegar@. by varying the sthRtdorepactitiynisnthervasiahle -

I nformation comuni cati on systemusing an |C card, wherein the

5 impedance circuit.

According to the above-mentioned constitution, a
power transmission system by radio, an IC card, and an
information communication system using the IC card can be
realized, wherein proper power can be transmitted from the

10 power transmission portion of the reader and/or writer
device to the IC card by radio by only
making.the IC card pass the reader and/or writer with
noncontact or in proximity to it. Thus, power is stably
supplied to the internal circuit of the IC card, and the -
15 communication of information of high reliability can be
performed between the reader and/or writer device and the
IC card.
According to the above-mentioned constitution, an
information communication system using an IC card can be
20 realized, wherein power is stably supplied from the reader
and/or writer to the IC card with noncontact, and the
communication (transmission and reception) of information
of high'reliability can be performed between the reader

and/or writer device and the IC card.

25



transm ssion of power by radio fromthe reader and/or 15 witer to the
| C card and the conmuni cation of information by radi o between the
internal circuit of the I1C card and the i nformati on comuni cati on
portion of fhe reader and/or witer device are perfornmed with a
comron ant enna. The present invention is an information 20
communi‘cati on system using an |1 C card, wherein the reader and/ or
writer device conprises: a power suppry]ébrtlon whi ch generates a
signal to be used for the transm ssion of power, an encoder circuit .
for encoding input data for transm ssion, a nodul ator which executes

anplitude 25prIiEFopEScRIEIMTON OF SHENPRAGENEsNed from the encoder circuit
- 16 - and superinposes it on the signal obtained fromthe power

supply portion, a feeglby. cl rshows faoscheadtlig povZerpbasedtansmission he
signal obtained fromthe nodul ator, and an antenna for generating a
radi o wave cosyst@onadcgrding e figh puesent hpvenbion, tiwe viekrterpotercuit.
The present invention is an information conmuni cati on system usi ng
an | C card, whertransimitted dynaladio fromcar ceatdenf ahdlort Gnoiier Aleviicdeses: a
decoder circuit which
5 provided at a wicket in a railway station or on a bus to an
IC card which is passed the reader and/or writer device
with noncontact or in proximity to it;
_ Fig, 2 shows a power transmission system by radio

accofding to the present. invention;

10 Fig. 3 shows the relation between d and VL, where d
denotes the distance between a coil of a power supply
circuit provided in a reader and/or writer and an IC card,
and VL denotes an induced voltage VL obtained from an
rectifier circuit;

15 Fig. 4 shows a schematic of a first embodiment of
the power transmission system by radio according to the

"present invention;
Fig, 5 shows a schematic of a second embodiment of
a power transmission system by radio according to the

20 present invention;

Fig. 6 shows a concrete form of the variable
impedance circuit 30 shown in Fig. 4 in the first
embodiment;

' Fig. 7 shows a state where an induced voltage is

25 controlled within an allowable range owing to impedance



performs waveform shapi ng and decodes a nodul ated wave for 10 _
communi cation detected by the antenna, a m croconputer whi ch i nputs
recei ved data decoded in the decoder circuit and out puts
transm ssi on data, an encoder circuit which encodes the transmtting
data out put fromthe m croconputer, and a nmodul ator which nodul ates
a signal and 15 Inputs it to the antenna based on the signal encoded in
t he encoder circuit. = 20 - expl ained in the above,
according to the above- mentioned constitution, it is made possible
to realize a power transm ssion systemby radio and an I C card,
wherein 20 comveoli hough the distance between the I C card and the reader
and/or witer device (power transmtting device) is largely vari ed,
power can be stably tRigssnisi(agdalnd BaH) oshowna tdencrete forgmddr taad/ or
witer device to the internal circuit of the IC card in
m ni at uri zi ngvarjaklss umpedanicec ciooudtr 30i $howdd 1n Rl iddedm ithet Becbhdcar d
and decreasing the tenperature rise
- 17 - embodimerdy;i abl e i npedance circuit. In particular, the
realization of mniaturization of the elenents of the
5 Figs. 9(a) and 8(b) show a concrete form of the
variable impedance circuit 30 shown in Fig. 4 in a third
embodiment;
Fig. 10 shows a schematic view of a power
transmission control system by radio in the third

10 embodiment according to the present invention;

Fig. 11 shows a schematic view of a power
transmission control system by radio in a fourth embodiment
according to the present invention;

Fig. 12 shows a schematic view of the whole of the _

15 present invention including the part in which an IC card

functions the roles of railway tickets, commutation

tickets, etc. in transmitting or receiving the information

concerning railway tickets, commutation tickets, etc. by
radio in the first embodiment;

20 Fig. 13 shows a plan view showiﬁg the mounted state
of elements on an IC card according to the present
invention;

Fig. 14 shows a schematic view of the whole of the
present invention including the part in which an IC card

25  functions the roles of railway tickets, commutation



pressure protection circuit and the |ow tenperature rise in t he

vari abl e i npedance circuit made it possible to 5 constitute an IC card
with an*antenna for receiving a radio wave and el ements of one-chip
constitution, which caused to realize a |l ow cost |IC card.

According to the above-nentioned constitution, a power transm ssion
systemby radio and an I1C card can be 10 real i.zed, wherein power can
be transmitted fromthe reader arfd/ or witer device to the I'C card
by radio using a coil - shaped antenna or a spiral antenna on the IC
card, and power can be supplied stably by radio fromthe reader

and/ or writertdekete, tett hein irnmslittiinguior ebcklhieih§ €hedinfdrmativn only
making an |1 C card pass the reader and/or witer device with
noncont act or concehripg araiiway ttoidkets; commutavionaticketsg eétwm. dyenent s
in the pressure protection circuit, decreasing the tenperature rise
in the variabkadio in thempsstzonsk anbosdimentandndnpr ovi ng the responsibility
of the 20 circuit. According to the above-nenti oned
constitution, a Figowsy showssihesired asionebebyeendtbe poweiC card, and
an I nformati on comruni cati on systemusing an I C card can be

real i zedd whekranspibeingawate andihe sodpliatddt wavaefoC the dataard even

t hough the distance between the |C card and the ) .
communication according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
. In the following, the forms of embodiments of a
10 power transmission system by radio and an IC card according
to the present invention will be explained referring to the
drawinés.
Fig. 1 is a schematic view of a power transmission
system according to the present invention in which power is_
15 transmitted by radio from a reader and/or writer 1 provided
at a wicket in a railway station or on a bus to an IC card

2 which is to be passed the reader and/or writer 1 with

noncontact or in proximity to it. The IC card 2 is passed
the reader and/or writer 1 provided at the wicket in a

20 railway station or on a bus by an user with noncontact, at
a distance of about 5 to 20 cm. In that case, the
information concerning railway tickets, commutation
tickets, etc. is communicated by radio between the reader
and/or writer and the IC card; thereby, the IC card will be

25 able to perform the role of a railway ticket, commutation



- 18 - reader and/or witer is largely varied in decreasing the

tenperature rise in the variable inpedance circuit by controlling

t he i nduced power received on the side of the | C card by varying the
static.capacity in the variable 5 | npedance circuit.

According to the above-nentioned constitution, a power transm ssion
systemby radio, an IC card, and an I nformati on comuni cation system
using the IC card can be real i Zed2 Wherein proper power can be
transmtted fromthe 10 power transm ssion portion of the reader and/or .
witer device to the IC card by radio by only making the IC
card pass thetickée) snd/hd Mkd.er Wi th noncontact or in proximty
toit. Thus, power is stably supplied to the internal circuit of the
| C card, and the 15 Figcd@dmahowsat eschemathtoviewi ofi afpdwegh reliability
can be performed between the reader and/or witer device and the

| C card. transmiss iokr cyrsiiemy byo ralié oabhoverding i tmeche @rsentt i on, an

i nformati on comruni cati on systemusing an IC card can be 20 realized,

wherei n  poweinvantsiabl y 2 umflerescer anmelrelr 2hdéenotes a pow¥mrsupplyer to
the 1C card with noncontact, and the .
5 circuit in the reader and/or writer 1 provided at a wicke
in a railway station or on a bus. The power supply circuit
21 comprises: a power,supply 22 which generates a high
frequency voltagé of 13.56 MHz, an impedance matching
circuit 23 which prevents reflection at a junction point,
10 and a coil 24 which transmits power of about 2 to 5 W of
13.56 MHz by radio. The IC card comprises an induced
voltagé generator portion 28 which is composed of a coil 26
which receives péwer by radio from the power supply circuit
21 provided in the reader and/or writer and a rectifier
15 circuit 27 which converts the high frequency power received
by the coil 26 into a DC voltage of the order of 7 to 15 V,
and an internal circuit 29 (constituted with an IC chip,
fof example) which is operated with a DC voltage of the
order of 7 to 10 V generated in the induced voltage
20 generator portion 28. |
In order to be able to supply a desired DC voltage
to the internal circuit 29, even though the distance
between the IC card 2 and the feader and/or writer 1 may be

extremely large, a resonance circuit with a tuning

25 capacitor 25 is provided in the coil 26 to be able to



communi cation (transm ssion and reception) of information’ of high
reliability can be perfornmed between the reader and/or witer device
and the IC card. 25 - 19 -
BRI EF . DESCRI PTI ON OF THE DRAW NGS : , Fig. 1 shows a schematic
of a power transm ssion system according to the present invention,
I n which power Is transmtted by_radio froma reader and/or witer
devi ce 5 provided at a wicket inTa“failway station or on a bus to an
| C card which is passed the reader and/or witer device W th
noncontact or in proximty to it; Fig, 2 shows a power
transm ssi on aiytistiamabyaragel dnduced valtagell ngrie ddid @Péehast ai nvention; 10
Fig. 3 shows the relation between d and VL, where d denotes the
di st ance bet wazktidaysinl stfrugtpoeecfsmppéythan 2 layemsuiin phdehded in a
reader and/or witer and an | C card, and VL denotes an induced
vol t age VL obspirsdd-shapedaantenna cegttisiwound rerittinuously in the Fig. 4
shows a schematic of a first enbodi nent of
same direction, so that stray capacitance between windings
5 and the inductance of the coil may constitute a resonance
circuit. As a result, a tuning capacitor 25 may not be
needed or an extremely small one will do the work.
In order to transmit power by radio, a coil (a
coil-shaped or spiral-shaped antenna) 24 and a coil (a
10 coil-shaped or spiral-shaped antenna) 26 are used for the
purpose of improving the responsibility of the system to be
able to supplying power to the internal circuit (
constituted with an IC chip, for example) of the IC card 2
in less than 0.1 sec. It has a merit to improve the
15 strength of the IC card 2 against deformation by forming
the coil 26 on the IC card 2. Therefore, if it is possible
to transmit power to the internal circuit 29 of the IC card
2 in less than 0.1 sec., a light emitting element and a
light receiving element can be used in place of the coils
20 24 and 26.

Fig. 3 shows the relation between d and VL, where d
denotes the distance between the coil 24 of the power
supply circuit 21 provided in a reader and/or writer 1 and
the IC card 25, and VL denotes the induced voltage obtained

25 from the rectifier circuit 27. As shown in Fig. 3, in the



t he power transm ssion system by radio according to the ' pr esent

I nventi on; Fig, 5 shows a schematic of a second enbodi nent
of * a power transm ssion systemby radio according to the 20

present invention; Fig. 6 shows a concrete formof the

vari abl e . | npedance circuit 30 shown in Fig. 4 in the first

enmbodi ment ; ' Fig. 7 shows a state where an induced voltage is
25 controlled within an all owabl e raﬁée‘owﬁng to i npedance

- 20 - control; Figs. 8(a) and 8(b) show a concrete
formof the vari abl e i npedance circuit 30 shown in Fig. 4 in the
second c&DGeRNtthe sPstem is so dé&dDsned (that?RtheB( RheSA8¥tance
concrete formof the vari abl e i npedance circuit 30 shown in Fig. 4
inathird d betwsdwdheeebil 24 of the powerignpply tHewnigz 2thanmdtic view
of a power transm ssion control systemby radio in the third

the IC card 25 is at its maximum value d2 of about 20 cm,
the allowable minimum voltage Vmin of about 2 to 4 V can be
5 obtained, when the distance d between the coil 24 of the
power supply circuit 21 is at its minimum value dl of about
5 cm, the induced voltage VL becomes the order of 40 V
which largely exéeeds the allowable maximum voltage Vmax
which may cause malfunction in the internal circuit 29 or

10 breakage of it.

Accordingly in the present invention, the induced
voltagé VL obtained from the rectifier circuit 27 shall be
constantly controlled to be in the allowable range of the
induced voltage, from Vmin to Vmax, even when an IC catd is _

15 passed the reader and/or writer 1 with noncontact at a
distance of about 5 to 20 cm.

In the next step, the form of a first embodiment of
a power transmission system by radio according to the
present invention will be explained referring to Fig.'4.

20 Fig. 4 shows a schematic view showing the form of the first
embodiment of the power transmission control system by
radio according to the present invention. The power supply
circuit 21 provided in the reader and/or writer 1 has the
same constitution as that shown in Fig. 2. An induced

25 voltage generator portion 28a is composed of the coil 26



10 enbodi ment according to the present invention; Fig. 11
shows a schematic view of a power transm ssion control system by
radio in a fourth enbodi nent according to the present invention;

Fig, 12 shows a schematic view of the whole of the 15 present invention
including the part in which an IC card functions the rol es of

rail way tickets, comrutation tickets, etc. in transmtting or
receiving the information concerﬂﬁng railway tickets, comutation
tickets, etc. by radio in the first enbodinent; 20 Fi g.

. 13 shows a plan view show ng the nounted state of elenments on an IC

card accordi ngnd cRd rdUtSSEARr 27 showhniﬁni*ien 2 added with the Fig. 14
shows a schematic view of the whole of the present invention

i ncl udi ng t hef¢EIdwiny Wilrduias :| CaceadiaBbe impod@idOnSindieiy Foewhath
railway tickets, comutation - 21 -

tickets, etc.suppliedsiddnti®laedr BEghvERggudlcy Nfewamitdrthe rectifier
concerning railway tickets, comrutation tickets, etc. by radio in

t he second endixkhuent27 amdcontrolllng the high ﬁféqﬁénmytﬂnmemebmtaaned
bet ween the power
5 from the coil 26 by varying its impedance, a voltage
detector circuit 31 which detects the induced voltage VL
obtained from the rectifier circuit 27, and a control
circui; 32 which controls the variable impedance circuit 30
by varying its impedance based on the induced voltage
10 detected in the induced voltage detector circuit 31. The
internal circuit 29 in the IC card 2 is the same as that
shown in Fig. 2. The voltage detector circuit 31, as shown
by a chain line, can be a circuit which calculates the mean
value of induced voltages by detecting a high frequency -
15 power (a high frequency voltage) obtained from the variable
impedance circuit 30, for example.
In an arrangement as shown in the above, the
voltage detector circuit detects the induced voltage VL
obtained from the reifier circuit 27 and when it detects a
20 voltage which deviates out of the allowable induced voltage
range Vmin to Vmax, the impedance of the variable impedance
circuit 30 is controlled by the control circuit 32, and the
high frequency power obtained from the coil 26 is supplied

to the rectifier circuit 27 being controlled to be a proper

25 value; thereby, a voltage which is constantly kept in the



5 transmtting wave and the nodul ated wave for the data

communi cation according to the present invention. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In the foll ow ng,
the . fornms of enbodinents of a 10 power transm ssion system by radio and
an | C card according to the present invention will be expl ai ned
referring to the dr awi ngs. Fig. 1 is a schematic view
of a power transni ssion systenfa@éofding to the present invention in
whi ch power is 15 transmtted by radio froma reader and/or witer 1
provi ded at a wicket in a railway station or on a bus to an IC card
2 which is toalbbowssizedridueedeatdtagadrangar cderbd obtidined fromnéheont act

or in proxinmty toit. The ICcard 2 is passed t he reader and/ or
witer 1 provrieedifien ldrwudlke7i.n 3an £Be reswlt ywesvest athiepn thie on a bus by
an user with noncontact, at a distance of about 5 to 20 cm In that
case, the distandebetivieen tbecreadey andlonywiitsketls ancorimet ACi oard
tickets, etc. is conmunicated by radi o between the reader and/ or
witer and th2 agpmaahest Becaby itt he pGssiablie vikd |supplyy®m volibige in perform
the role of a railway ticket, conmutation
5 the allowable range of the induced voltage to the internal
circuit 29. In the above, it is possible to constitute the
rectifier circuit 27 and the internal circuit 29 with one
IC chip. -
-In the next step, a second embodiment of the power
10 transmission control system by radio according to the
present invention will be explained referring to Fig. 5.
Fig. 5 shows a schematic view of the second embodiment of
the power transmission control system according to the
present invention. In the second embodiment shown in Fig.
15 5, a different point from the first embodiment shown in
Fig. 4 +is in that the variable impedance circuit 30 is
provided following the rectifier circuit 27. The
constitution of the power supply circuit 21 provided in the
reader and/or writer is the same as that shown in Fig. 2.
20  The induced voltage generator portion 28a in the IC card 2
is composed of a rectifier circuit 27 which converts the
high frequency power obtained from the coil 26 into a DC
voltage VL, a voltage detector circuit 31 which detects the

DC voltage VL obtained from the rectifier circuit 27, a

25 variable impedance circuit 30 which supplies a controlled



- 22 - ticket, or the like. Fig. 2 shows a schematic
vi ew of a power transm ssion system by radi o according to the
present’ invention. A reference nuneral 21 denotes a power supply 5
circuit in the reader and/or witer 1 provided at a w cket in a
railway station or on a bus. The power supply circuit 21 conpri ses:
a power supply 22 which generates a hi g 7 frequency voltage of 13.56
MHz, an i npedance matchi ng ci rcuit” 23 which prevents reflection at a
junction point, 10 and a coil 24 which transmts power of about 2 to 5
W of 13.56 MHz by radio. The IC card conprises an i nduced

vol t age generBCovoPrade cio heMiintlernalcodpoaktl 29, atlodidordiolled DCwhi ch
recei ves power by radio fromthe power supply circuit 21 provided in
the reader anddbtage ivleichans ®btednefli §romlthe BE rewltagey ontipsty dopmert s
the high frequency power received by the coil 26 into a DC vol t age
of the order the7rectifiey, circuit 2Adbedngncentedlled duf tvaAYingodssi t ut ed
with an I C chip, for exanple) which is operated with a DC vol tage of
t he or tepeddnce thasedl wngdher anduced vattageudetpctsd fye theo
generator portion 28. In order to be able to supply a
desired BC vovelgrge detectar igcudteBhal andrthe tcomtral cinaditgl2t he

di st ance between the |IC card 2 and the reader and/or witer 1 nay be
which controls the impedance of the variable impedance

circuit 30 to vary. The internal circuit 29 in the IC card
2 1is the same as.that shown in Fig. 2.
-In the arrangement as mentioned in the above, the
10 voltage detector circuit 31 detects the rectified induced
voltage VL obtained from the rectifier circuit 27 and when
it is detected that the voltage deviates out of the

allowable induced voltage range, Vmin to Vmax, the

impedance of the variable impedance circuit is controlled
15 by the control circuit 32 to correct the deviation, thus a
DC voltage obtained from the rectifier circuit 27 is

controlled and supplied to the internal circuit 29;

thereby, a voltage in the range of allowable induced
voltage can be constantly obtained from the rectifier 27.
20 In the result, even when the distance between the reader
and/or writer 1 and the IC card 2 approaches 5 cm it is
possible to supply a voltage in the allowable_range to the
internal circuit 29.
'Fig. 6 shows a concrete form of the variable

25 impedance circuit 30 shown in Fig. 4 in the first



extrenely large, a resonance circuit with a tuning 25 capacitor 25 is
provided in the coil 26 to be able to
- 23 - obtain a |l arge induced voltage. The coil 26 has a
multilayer structure of nore than 2 layers in which a spi ral - shaped
antenna coil is wound continuously in the same direction, so that
stray capacitance between windings. 5 and t he inductance of the coi
may constitute a resonance circ#?."As a result, a tuning capacitor
25 may not be needed or an extrenely small one will do the work.
In order to transnmt power by radio, a coil (a coi | -shaped or
spi r al - shapeémbodimnen) . 241antha vaxiakle ihpedancei bisbaped theseiamd - shaped
antenna) 26 are used for the pur pose of inproving the responsibility
of the systenwoochecuit elemdhies @amrsumdistoy Rdwandt ant @ke¢hren rewitgdh cui t
( constituted wwth an IC chip, for exanple) of the IC card 2
in | ess thanlOcbnpected| inhseriesmnd amw nesistees RReand5an ekee¢eyen h of the
| C card 2 agai nst deformation by form ng the coil 26 on the IC card
2. Ther ef or e sviiftcht 2i sopoestedein series,o andamseoilpdteistoonmected er nal
circuit 29 of the I1C card
5 with both above-mentioned circuit elements in parallel,
which constitutes the variable impedance circuit 30. The
ON-OFF operations of these electron switches, S1 and S2,
are controlled by control signals from the control circuit
32. As shown in Fig. 7, when the distance between the coil
10 24 of the power supply circuit 21 and the coil 26 of the IC
card 2 being denoted by d decreases to a smaller one being
off from d2, a large value of d, and the rectified induced
voltage VL exceeds Vmax, at first, the electron switch Sl
is made ON in the state where the electron switch S2 is
15 kept OFF by a control signal from the control circuit 32,
then the resistor Rl is connected and the induced voltage
VL is lowered to the Vmim. When the coil 26 of the IC card
2 further approaches the coil 24 of the power supply
circuit and the induced voltage VL exceeds the Vmax again,
20 the electron switch S2 is made ON in the state where the
electron switch S1 is kept ON, then both resistors Rl and
'R2 are connected and the rectified induced voltage VL is
lowered to the Vmin; therefore, even when the distance
between the coil 26 of the IC card and the coil 24 of the

25 power supply circuit is decreased to dl, it will be



2inless than 0.1 sec., a light emtting elenent and a | i ght

recei ving el enent can be used in place of the coils 20 24 and 26.

Fig. 3 shows the relation between d and VL, where d denotes the

di stance between the coil 24 of the power supply circuit 21 provided
in a reader and/or witer 1 and the IC card 25, and VL denotes the

i nduced vol t age obtained 25 fromthe rectifier circuit 27. As shown in
Fig. 3, in the - 29 - - 24 - case
where the systemis so designed that when the distance d between the.
coil 24 of the power supply circuit 21 and the ICcard 25 is at its
maxi mum val uepsks illeaheiitkedd &fe voltagetVe ahd®ved|aexddad rohe vakkage Vimn

of about 2 to 4 V can be 5 obt ai ned, when the distance d between the
coil 24 of thehe allowghdweerangepbgtweenuthe 2imis aid ivmAxTicanmbe wmadee dl  of
about 5 cm the induced voltage VL becones the order of 40 V
whi ch | ar gel ynaxosets byhdnairdeasdbgethexnumbey obf aggsAstwors. As which nmay
cause mal function in the internal circuit 29 or 10 breakage of it.
Accor di ngl y imentieonedsantthenabovepnywhéhethadeeithble impedance circuit
5 30 is constituted with a circuit in which a resistor Rl and
an electron switch S1 are connected in series and also a
resistor R2 and an electron switch S2 are connected in
series, and both.circuit elements are connected to the coil
- 26 in.parallel, the variable impedance circuit 30 can be an
10 excellent circuit in responsibility. The variable
impedance circuit 30 mentioned in the above can be applied
to thefvariable impedance circuit 30 composed of a variable
resistor element shown in Fig. 5. In particular as shown
in Fig. 14, a variable impedance circuit 30 is provided
15 next to a constant voltage power supply circuit 204 which
is provided following a rectifier circuit 27 (203), which
makes it possible to miniaturize the elements in the
pressure protection circuit 30. Owing to it, a wireless
chip 202 can be constituted small and in the result, it is
20 made possible to cut down the cost of the IC card, not only
that of the chip.
Fig. 8(a) shows a concrete form of the variable
impedance circuit 30 shown in Fig. 4 in the second

embodiment 2. The variable impedance circuit 30 is

25 constituted with the circuit elements as described below: 2



vol tage VL obtained fromthe rectifier circuit 27 shall be

constantly controlled to be in the all owabl e range of the I nduced

voltage, fromVmn to Vmax, even when an IC card is 15 passed t he reader

and/or.witer 1 with noncontact at a di stance of about 5 to 20 cm
In the next step, the formof a first enbodi ment of a power

transm ssion system by radio according to the present invention wll
be explained referring to Fig. 4. 207 3°FTg 4 shows a schematic view
showi ng the formof the first enbodi nent of the power transm ssion
control system by radio according to the present invention. The

power supply circuit elbfidhts?lapé@yacipebr rcl hd eadencangbar switérrsil has
t he same constitution as that shown in Fig. 2. An induced 25

vol t age genemting ponhhected8ini secbeppsait af dadpacitor 28 and an
25 - and the rectifier 27 shown in Fig. 2 added with the
follomﬁng ci rd@icttyonaswitchb2 beajmeg acmrenedtedliin 3eérdksghare connectpgd i es a
controlled high frequency power to the rectifier circuit 27 in
control |ing ttee thieghofilefteinypavaktlebbt afthesk electrohr switbkespi$1 26 by
varying its inpedance, a voltage
5 and S2, are ON-OFF controlled by a control signal from the
control circuit 32. 1In the constitution as mentioned in
the above, in the same way as the first embodiment shown in
Fig. 5, it is poésible to control the rectified induced
voltage VL obtained from the rectifier cirdﬁit 27 to be in
10 the allowable voltage range, from Vmin to Vmax, even when
the coil 26 on the IC card 2 is made to be in a close
proximity to the coil 24 of the power supply circuit 21,
which will be understood from the relation shown in Fig.
7(b). 1In the case of the second embodiment, in comparison _
15 with the case of the first embodiment, the temperature rise
. can be controlled to be low, which means the upgrade in
reliability. In order to realize the second embodiment,
however, it is indispensable to have é technology of
manufacturing a variable capacitor of a miniature size.
20 Fig 9 shows a concrete form of the variable
impedance circuit 30 shown in Fig. 4 in a third embodiment.
The variable impedance circuit 30 is constituted as shown
in the following: terminals, T1, T2 and T3 are formed

corresp@nding the length of the coil 26 and an electron

25 switch St which is able to change over the connection to



detector circuit 31 which detects the induced voltage VL obt ai ned
fromthe rectifier circuit 27, and a control circuit 32 which
control's the variabl e i npedance circuit 30 by varying its inpedance
based.on the induced voltage 10 detected in the induced voltage
detector circuit 31. The internal circuit 29 inthe ICcard 2 is
the same as that ~ shown in Fig. %3 The voltage detector circuit 31,
as shown by a chain line, can'be]a'bircuit whi ch cal cul ates the nean
val ue of induced voltages by detecting a high frequency 15 power (a
hi gh frequency voltage) obtained fromthe variable | npedance circuit
30, for exanfle.T2 or T3 is proviidedsn ther amgeabnét aghidivowean rbet he above,

t he vol tage detector circuit detects the induced voltage VL

obt ai ned frofthanged pvererbyia ceintrel signaficfirom ke eeortrpl mircuifo| t age
whi ch deviates out of the allowable induced voltage range Vmn to
Vimax, the inpédantR Wie tqpnstdtivdiiion aspasenhdened in the rahave 30t &s
controlled by the control circuit 32, and the hi gh frequency power
obt ai ned frofd$ReP@BFib1ms tis vagyplthedhigh freguengy pewey finducsd dnit 27

being controlled to be a proper 25 val ue; thereby, a voltage which is
constan®ly ktBe ¢¢ilk ngb; therefore, it is also made possible to contxgl.

the rectified induced voltage VL obtained from the

rectifier circuit 27 to be in the allowable voltage range

even when the coil 26 on the IC card 2 made to be in a

close'proximity to the coil 24 of the power supply circuit
10 21.

In the next step, a third embodiment of the éower
transmission control system by radio according to the
present invention will be explained referring to Fig. 10.

Fig. 10 shows a schematic view of a power

?

15 transmission control system by radio in a third embodiment
according to the present invention. The power supply

circuit 21 provided in the reader and/or writer 1

comprises: a control power supply 22a which generates a
high frequency voltage of 13.56 MHz of a variable voltage,
20 a matching circuit 23 for impedance matching, a coil 24 for
transmitting a radio wave of 13.56 MHz in a power level of
approximately 2 to 5 W, a receiving coil (coil-shaped, or
spiral-shaped antenna) 37 and a receiving circuit 38 for
receiving a radio signal concerning an induced voltage

25 transmitted from the IC card 2, and a control circuit 39



al | owabl e i nduced vol tage range can be obtained fromthe rectifier
circuit 27. In the result, even when the di stance between the reader
and/or 'witer 1 and the IC card 2 approaches 5 cm it is possible to
supply.a voltage in 5 the al |l owabl e range of the induced voltage to
the internal circuit 29. In the above, it is possible to constitute
t he rectifier circuit 27 and the internal circuit 29 with one

| C chip. In the next step32a second enbodi ment of the power
10 transm ssion control system by radio according to the ~ present

i nvention will be explained referring to Fig. 5. Fig. 5 shows a

schematic vi gijieh tBAte6ToNEheNhDsh Bfdqutincy voltagbeonepat frémSthesi on
control system according to the present invention. In the second

enbodi ment shentrol pbger d@pply S22a& Bldddomnttheointiutednvobeade redlue
enbodi ment shown in Fig. 4 is in that the variabl e . inpedance circuit
30 is  mpicedivgddifiothevwrageiving eninduiar 38i.r crtht 2ddudée voltage
constitution of the power supply circuit 21 provided in the r eader
and/ or witergeneraRerspoetisnt gp crbashe iIT ldagd 2. is2Bompodée ofidaiced
vol tage generator portion 28a in the I1C card 2 I s conposed of a
rectifier cirouilt 287 ahrebtibieerdirddie 27 shown dhh Figqu2napd poher
obtained fromthe coil 26 into a DC voltage VL, a voltage detector
circuit 31 whiigirudsseassshoen in the DMoiwiags ¥ vobtagacdeteohox he
rectifier circuit 27, a ' _
circuit 31 which detects a rectified induced voltage VL
obtained from the rectifier circuit 27, a transmitting
circuit- 35 for transmitting a signal concerning the value

10 of an induced voltage detected in the voltage detector
circuit 31 to the coil 37 of the power supply circuit 2la
by a radio wave, and a coil (coil-shaped or spiral-shaped
antenna) 36. The internal circuit 29 on the IC card 2 is
the same as that shown in Fig. 2.

15 In the constitution as mentioned in the above, the
voltage detector circuit 31 detects a rectified induced
voltage VL obtained from the rectifier circuit 27, a signal
concerning the detected induced voltage value is
transmitted to the coil 37 of the power éupply circuit 21la

20 by the transmitting circuit 35 and the coil 36 by radio to
be received by the coil 37 and receiving circuit 38.

The control circuit 39 detects the deviation of the
rectified induced voltage VL out of the allowable range of

the rectified induced voltage value, from Vmin to Vmax,

25 base on the signal of the rectified induced voltage value -



25 vari abl e i npedance circuit 30 which supplies a controlled

- 27 - DC voltage to the internal circuit 29, the controlled DC

vol tage which is obtained fromthe DC voltage output from t he
rectifier circuit 27 being controlled by varying its i npedance based
on the induced voltage detected by the 5. vol tage detector circuit 31,
and the control circuit 32 whi ch controls the inpedance of the

vari abl e i npedance circuit 30 t0 ééry. The internal circuit 29 in the
| C card 2 is the sane as that shown in Fig. 2. In the

arrangenment as nentioned in the above, the 10 vol tage detector circuit

31 detects th®dedsied§ iadthedye€diving cidMlitn @8 Wndokbaitredst e high
rectifier circuit 27 and when it is detected that the voltage

devi at es out fifequency voltagél oflabhe cowitsld podetragappdyge2aynandt the/max,

t he | npedance of the variable inpedance circuit is controlled 15

by the contr ddomtinoddetli B2ghofrequenty tpewale Wransmittedusrem the coiXl’
voltage obtained fromthe rectifier circuit 27 is controll ed and
suppl i ed to t2e tontchenabiti 26uis f9pplied to tiher electifieal cageuit 2he range
of all owabl e i nduced :

5 therefore, a voltage with a wvalue in the range of allowable
induced voltage value can be constantly obtained from the
rectifier circuit 27. In the result, even when the
distanqe between the reader and/or writer 1 and the IC card
2 approaches to the order of 5 cm, it islpossible to supply

10 a voltage in the allowable range to the internal circuit
29.
" In the next step, a fourth embodiment of the power
transmission control system by radio according to the
present invention will be explained referring to Fig. 11.
15 Fig. 11 shows a schematic view of a fifth embodiment of the
power transmission control system by radio according to £he
present invention. The power supply circuit 21b provided
in the reader and/or writer 1 comprises: a control power
supply 22a which generates a high frequency variable
20 voltage of 13.56 MHz, a matching circuit 23 for impedance
matching, a coil 24 for transmitting high frequency power
having the frequency of 13.56 MHz and power level of about
2to5W, a sensor circuit 41 which detects an

instantaneous distance from a passing IC card 2 using

25 infrared rays or ultrasonic waves, a position detector



vol tage can be constantly obtained fromthe rectifier 27. 20 In the
result, even when the distance between the reader and/or witer 1
and the'IC card 2 approaches 5 cmit is possi ble to supply a voltage
in the.allowabl e range to the internal circuit 29.

Fig. 6 shows, a concrete formof the variable 25 | npedance circuit 30
showmn in Fig. 4 in the first - 28
- embodi ment. In the variabl e Bfedance circuit, there are

two circuit elenents, an resistor Rl and an el ectron smntch 1
connected in series and an resistor R2 and an el ectron switch 2

connected in gerk@se 4@“%Hidﬂﬂda1%@1h%e§Oaﬁe§h§€an€hneod!t&lé%&ﬂ&
above-nmentioned circuit elenents in parallel, whi ch constitutes the

variable i ”pe(iﬁw;ﬂtidr{)cmﬁonﬁﬁ phk&ing IC A EFF @PBiqtd Wisgrafl (dpRSG ned
el ectron switches, S1 and S2 are controlled by control signals from

“the control cfréwithe senso¥ cirdnith@w) khdFhJcortrothadidditi «lizst apden
bet ween the coil 10 24 of the power supply circuit 21 and the coil 26

of the IC  contrsldl theddiitth dereuedchyvdldeges ess eshd wontxdl Ipo¥vegne being
off fromd2, a large value of d, and the rectified induced
5 supply 22a based on the information of an instantaneous
distance d (position) from an passing IC card 2 detected in.
the position detector circuit 42. The induced voltage
generator portion 28 on the IC card 2 is composed of the

coil 26 and the rectifier circuit 27 shown in Fig. 2.
10 In the constitution as mentioned in the above, it
is possible to constantly obtain a voltage which is in the
allowable range of the rectified induced voltage value from
the rectifier circuit 27 by an arrangement as shown in the
following: the sensor circuit 41 detects the instantaneous’ _
15 distance from a passing IC card 2 using infrared rays or
ultrasonic waves, with the detected signal, the position

detector circuit 42 calculates an instantaneous distance

(positioh) from the passing IC card 2, the control circuit
39 calculates a high frequency voltage value to be

20 generated from the control power supply 22a from the
relation between the distance d and the rectified induced
voltage VL shown in Fig. 3 based on the information of an
instantaneous distance (position) d from the IC card 2
calculated in the position detector circuit 42, and

25 controls to generate the calculated high frequency voltage



vol tage VL exceeds V[err], at first, the electron switch S1 I s nmade
ON in the state where the electron switch S2 is 15+ kept OFF by a
control-signal fromthe control circuit 32, then the resistor RL is
connected and the induced voltage VL is lowered to the Vm m Wen
the coi] 26 of the IC card 2 further approaches the coil 24 of the
power supply circuit and the induced voltage VL exceeds the Vmax
again, 20 the el ectron switch S2 i~s3fade ON in the state where the

el ectron switch S1 is kept ON, then both resistors RL and R2 are
connected and the rectified induced voltage VL is | owered to the

vm n; theref oggue@bmide oatdbl! BBGEr supply PEIYEQhd A sePcbngfodt t he
|C card and the coil 24 of the 25 power  ‘supply circuit is decreased to

dl, it will behe high frequency power to be transmitted from%he coil 24
possible to keep the voltage VL not to exceed the Vnax. The

al l owabl e rangs 1 weell ge t¥nsappl¢ ¥YHBXcSRtrdELsRGOwer to thar rower by
i ncreasing the nunber of resistors. As mentioned in the above, when

the vari abl e re@eilfive ddivcudict 27.5 In Bhei BeSWINS) idvdredihdn kthe circuit in
which a resistor Rl and an electron switch S1 are connected in
series ajd al&isttance between the reader and/or writer 1 and the IC card
2 approaches to about 5 cm, it is made possible to supply a
voltage in the allowable range to the internal circuit 29. -
In the néxt step, the whole of the system according
to the present invention including the part in which the
10 information concerning railway tickets or commutétion
tickets is communicated by radio and an IC card performs
the role of a railway ticket or commutation ticket will be
explained in the following. Fig. 12 shows a'séhematic view
of a first embodiment concerning the whole system including _
15 the part in which the information concerning railway
tickets or commutation tickets is coﬁmunicated by radio and
an IC card performs the role of a railway tickets or
commutation ticket.
The reader and/or writer 1 comprises, besides the
20 - power supply circuit 21, an information transmitter-
receiver portion 51 which communicates with the IC card 2
about the information by radio. The informaﬁion :
transmitter-receiver portion 51 is connected to a

communication network and a mechanism to open or close a

25 wicket door or a display device, and outputs data to be



resistor R2 and an electron swtch S2 are connected in series, and
both circuit elenents are connected to the coil 26 in parallel, the
vari able i npedance circuit 30 can be an 10 excellent circuit in
responsibility. The variable | npedance circuit 30 nentioned in the
above can be, applied to the variable i npedance circuit 30 conposed
of a variable resistor elenent shown in Fig. 5. 1In particular as
shown in Fig. 14, a variable inp#8lance circuit 30 is provided 15
next to a constant voltage power supply circuit 204 which is
provided following a rectifier circuit 27 (203), which makes it

possi bl e to Mirirdmiticed tbetBéer@NESrd M P a modulaRbeSpHieiBhOos£CAAPN
circuit 30. OMng toit, a wireless chip 202 can be constituted
smal | and i n isheomposkt, oft the f@llowinge [@Pesisll &hiiehCprodesses hga€pst of
the 1C card, not only that of the chinp. Fig. 8(a)
shows a concradtainednfobmt Aedemodubdtor portionisdandeoatpatst tBmshown in
Fig. 4 in the second enbodi ment 2. The vari abl e i npedance circuit 30
is 25 comsdnidryt 66 whibht heOnés.OdIhﬁa e picesaindepebybal detaw 2
-0 5 obtained from the IC card 2, a modulator portion 54 which
modulates the data from the CPU 52 with 3.39 MHz to
transmit the data to the IC card 2, an amplifier 56 which
amplifies the modulated data in the modulator portion 54, a
coil 59- which exchanges data by radio with the IC card 2,
10 an amplifier 57 which amplifies the data received by the
coil 59, a demodulétor portion 55 to demodulate the signal
amplified in the amplifier 57 with 3.39 MHz, and a matching
circuit 58 for impedance matching.
The IC card 2 comprises an induced voltage
15 generator portion 28 and an internal circuit 29, and the
internal circuit 29 is composed of the following: a memory
63 which stores data concerning railway tickets,
 commutation tickets, etc., a CPU 62 which controls the
memory 63 concerning read, write, etc., a modulator portion
20 65 which modulates the data read from the memory 63 with a
signal of 3.39 MHz, an amplifier 67 which amplifies the
signal from the modulator portion 65, a ¢6il'69 which
exchanges data by radio'with the coil 59 of the data

receiving and transmitting portion 51, an amplifier 66

25 which amplifies the data received by the coil 69, a



circuit elenments, a capacitor Cl1 and an electron switch S1 bei ng
connected in series, and a capacitor C2 and an el ectron switch S2
bei ng connected in series, are connected to the coil 26 in parallel.
These el ectron switches, Sl 5 and S2, are ON-COFF controlled by a
control,signal fromthe control circuit 32. In the constitution as
mentioned in the above, in the sane way as the first enbodi nent
shown in Fig. 5 it is possible‘t%?ciwnrol the rectified induced
voltage VL obtained fromthe rectifier circuit 27 to be in 10 . .the

al l owabl e vol tage range, fromV[err] to V[err], even when t he coi

26 on the | C demdddlatorasert tomhesd AvhdicH @emodulatesPERgi Sigyyalo the coil
24 of the power supply circuit 21, which will be understood fromthe

rel ati on showamphiEigd in the aifgl)ifidm 6é6herichse.dpb MHe, sendna matrddingent ,
in conparison 15 wth the case of the first enbodinent, the tenperature
ri se cenrpeit o6 r oyt eiinperidmeed matolingh nmeans the upgrade in
reliability. In order to realize the second enbodi nent, however, it
i s indispensabl e to h@wethe tawistoltohicof as mentionedf int the ngbeve/ari abl e
capacitor of a mniature size. 20 Fig 9 shows a concrete form
of the vari abpewer is trampsniiissl diy cwdic3Eremovhei ne&dgr andfom wiiitted
enbodi ment . The vari abl e i npedance circuit 30 is constituted as
shown LnPregided | awidh@ateerin falrailvay FpathdnToraee & drumedo an,
corresponding the length of the coil 26 and an electron 25  switch St
whi ch i's abl eIEoCRRANGRIN ks (RRSSSshidiet reades and/or writer with

noncontact or in the proximity to it, a stabilized DC
voltage of 7 to 15 volt is supplied to the internal circuit
10 on the IC card 2, which makes it possible to let the
internal circuit 29 including the CPU 62, etc. operate
stably; In the result, it is made possible that an IC card
2 is able to exchange data by radio concerning railway
tickets, commutation tickets, etc. with the reader and/or
15 writer provided at a wicket or on a bus when the IC card 2,

being held by a user, is passed the. reader and/or writer

with noncontact or at a distance of about 5 to 20 cm;

thereby, it is made possible that an IC card 2 functions as
a railway ticket or a commutation ticket.

20 Fig. 13 shows the state of one or two circuit chips
70 mounted with parts such as the coil 26, the coil 69, and
other circuits, 28, 27, 29, and 32, being connected to the
coil 26 and the coil 69.

" In the case of the embodiment shown in Fig. 9, the

25 length of the coil 26 will be lengthened by increasing



- 31 - T1, T2 or T3 is provided, the swtch St which can be
changed over by a control signal fromthe control circuit - 32. In the
constitution as nentioned in the above, it is al so possible to vary
t he .hi gh frequency power induced in 5 the coil 26; therefore, it is
al so made possible to control the rectified induced voltage VL
obtained fromthe rectifier circyjt 27 to be in the allowable
vol t age range even when the coil “on the IC card 2 nade to be in a
close proximty to the coil 24 of the power supply circuit 10 . 21.
In the next step, a third enbodi mrent of the power “transm ssion
control systemibyer aof ccwmmoralidngalps,t ¢, T2 andpraseill iy gudwided ikb be
explained referring to Fig. 10. Fig. 10 shows a schematic
view of a poteput 180 the reiravissichipc@ltrol systemby radio in a third
enbodi nent according to the present invention. The power supply
circuit 21 provided iFighd 4 sddeis angcbematiceviaw of an embgdlimess: a
control power supply 22a which generates a hi gh frequency vol tage of
13.56 Mz of €oneerRing the mdpde mcludlagrratparngwhemmn X3 dagd i npedance
natchlng, a coil 24 for
functions the role of a railway ticket, commutation ticket,
or the like in exchanging data concerning railway tickets,
commutation tickets, etc. with a reader and/or writer by
radio.' The second embodiment shown in Fig. 14 shows the
case where both transmission of power and communication are
10 performed using a radio wave being composed of a power
transmission wave and data communication modulated wave as
shown in Fig. 15 between a R/W coil (coil-shaped or spiral-
shaped R/W antenna) 101 provided on the R/W unit 1 and a
card coil (coil-shaped or spiral-shaped card antenna)201
15 provided on an IC card 2. As shown in the above, in the
ASK modulation system, the power transmission wave and the
signal wave have different frequency components seen from a
frequency region, but seen from a time region only the
amplitude of the power transmission wave varies
20 corresponding to the signal speed. In other words, in the
time region, the modulated wave of the power transmission
wave multiplied by the signal wave is seen as if only the
amplitude is varied up and down. When the modulated wave
is transmitted by radio, it can be considered to use

25 separate antennas respectively, but in the present



transmtting a radio wave of 13.56 MHz in a power |evel of
approximately 2 to 5 W a receiving coil (coil-shaped, or

spiral -Shaped antenna) 37 and a receiving circuit 38 for receiving a
radi.o signal concerning an induced voltage 25 transmtted fromthe I1C
card 2,_.and a control circuit 39 : -
32 - whi ch controls the high freﬁﬁfncy vol tage output fromthe
control power supply 22a based on the ™ nduCed voltage val ue recei ved
in the receiving circuit 38. The induced voltage generator portion
28b on the IC card 2 is conposed of a 5 coil 26, arectifier circuit 27
shown in Fig.idvemtlidihe in ordercitkcsimplafysthamoncdieadoldand 29: a
vol t age det ector circuit 31 which detects a rectified induced
vol t age VL (proximity madlifor oardhe ICecarfl) erthe r£ield 2ihtensitandsi tti ng
circuit-35 for transmtting a signal concerning the value 10 of an
i nduced vol t aljmifeeddtedd nitthdny theagendet de¢ided by theiWigglies81 to the
coil 37 of the power supply circuit 2la by a radi o wave, and a coi
(coi | -shaped pslspiaply HAPqB00 pv atadt @056andé. of MBm) Rl ralsigigieui t 29
on the ICcard 2 1s the sane as that shown in Fig. 2

5 antenna (R/W coil) is used to transmit the modulated wave.

The R/W (reader and/or writer) unit 1 comprises the
following: a power supply 105 which generates a high
frequency voltage of 13.56 MHz, an encoder circuit 107
which encodes input data 106 to be transmitted to a

10 proximity radiolcard 2, a modulator 108 which superimposes
a voltage being amplitude modulated (amplitude shift keying
_modulaéion) by a signal encoded in the enéoder circuit.107
upon a high frequency voltage of 13.56 MHz generated in the
power supply 105, a transmitting amplifier 109 which- . =

15 amplifies a signal ASK-modulated and superimposed upon the
high frequency voltage of 13.56 MHz in the modulator 108,
an impedance matching circuit (feeding circuit) 102 having
a capacitor 104 and being coupled with a signal amplified
in the transmitting amplifier 109 through an inductance

20 coupling 103, a R/W coil 101 which generates a radio wave
to transmit power and data corresponding to the output of
the matching circuit 102 and receives data transmitted from
the card coil 201 of the proximity radio card 2 by a radio
wave, a.filter circuit 110 which removes noise from a

25 signal received by the R/W coil 101 and transferred through



15 In the constitution as nentioned in the above, the

vol tage detector circuit 31 detects a rectified induced vol tage VL
obtained fromthe rectifier circuit 27, a signal concerning the
det.ect-ed i nduced voltage value is transmtted to the coil 37 of the
power supply circuit 2la 20 by the transmtting circuit 35 and the coi
36 by radio to be received by the coil 37 and receiving circuit 38.
The control circuit 39 detects the devi®®ion of the rectified

i nduced voltage VL out of the allowable range of the rectified

I nduced vol tage value, fromVmn to Vmax, 25 base on the signal of the

rectified i ndiheedndactageeveédbuling 103 passing through the matching -
33 - received in the receiving circuit 38 and controls the high

frequency voldiageiaf 10B¢ aoneécelvimyvwampliffiler 224, wahdht &eplifies a
controll ed high frequency power transmtted fromthe coil 24 to the

coil 26 is sughdgnaddobbalihedr fxom fther Tiltan tci2énit 310, ahdemddulptar
voltage with a value in the range of all owable i nduced vol tage val ue
can be const a2l yvhabhadenddilares hee signal ampdtiiffiedr byi thei te@Fivinag t he
result, even when the di stance between the reader and/or witer 1
and theS C camplifier 111 using a signal of high frequency voltage of
13.56 MHz obtained from the power supply 105, and a decoder
circuit 113 which outputs a signal as received data 112 in
decoding a signai demodulated in the demodulator 112.
- A proximity radio card (noncontact card, IC card) 2
10 éomprises a card coil 201, radio chip 202 and a CPU+
interface chip 210. The radio chip 202 and the CPU+
interface chip 210 can be constituted with one chip by
miniaturizing the radio chip 202.
The card coil 201 receives a radio wave generated
15 to perform transmission of power and data from the R/W coil
101 in the R/W unit 1, and generates a radio wave
corresponding to the transmitting data which is processed
by load-switching modulation.
'The radio chip 202 comprises: an impedance matching
20 and rectifier circuit 203 which functions as a rectifier
for the power signal of 13.56 MHz received by the card céil
201 and also functions as a matching circuit for the
transmitting and-receiving signal, a constant voltage power

supply circuit 204 which supplies a constant DC voltage 205

25 of about 2 to 5 V at a power level of about 5 mW obtained



2 approaches to the order of 5 cm it is possible to supply 10 a
voltage in the allowable range to the internal circuit 29

In the hext step, a fourth enbodi nent of the power transm ssi on
controfF system by radio according to the present invention will be
explained referring to Fig. 11. 15 Fig. 11 shows a schematic view of a
fifth enbodi mnent of the power transm ssion control system by radio
according to the present invention. The power supply circuit 21b
provi ded in the reader and/or witer 1 conprises: a control power
supply 22a which generates a hi.gh frequency variable 20 vol t age of
13.56 MHz, a fmpmhanpectified aRlvced woltdgeceutput fromtiche mptchiog | 24
for transmtting high frequency power having the frequency of 13.56
MHz and power angvﬁecmfmmlrcmt 203,t @ goltagesdeterter reinauisl 3ihi ch
detects an . .instantaneous distance froma passing IC card 2 using 25
i nfrared rays¥Bich| detees cthenaomparisen dasa betweenrthe DC voltage VL

- 34 - circuit 42 which calcul ates an instantaneous distance

(posi tion) frektaipedstrem the Matching agdareryhfiesbebiowit 203 and a

5 standard (reference) voltage, a variable impedance control
circuit 30 being composed of variable resistor elements
such as FET which supplies DC power to the IC chips, 202
and 210, as a DC power supply voltage 205 in controlling
the DC voltage output from the constant voltage power

10 supply circuit 204 in varying its impedance based on the DC
voltage detected in the voltage detector circuit 31, a
clock éignal extracting circuit 206 which extracts a clock
signal from a receiving signal obtained from the card coil
201, an LPF circuit 207 which removes noise component from -

15 the receiving signal obtained from the card coil 201, a
waveform shaping circuit 208 which shapes the waveform of a
receiving signal obtained from the LPF circuit 207, a load

switching modulatoi circuit 209 which modulates a
transmitting signal and supplies the modulated signal to
20 the card coil 201 through +the matching and rectifie:
circuit 203.
The CPU+interface chip 210 is composed of a
frequency divider circuit 211 which generates a signal for
operating the microcomputer 214 in'dividing the frequency

25 of a clock signal extracted by the clock signal extracting



fromthe sensor circuit 41, and a control circuit 39 which controls
the high frequency voltage of the control power 5 supply 22a based on
the informati on of an instantaneous di stance d (position) from an
passing I1C card 2 detected in the position detector circuit 42. The
I nduced. vol t age generator portion 28 on the IC card 2 is conposed of
t he coil 26 and the rectifier cirguit 27 shown in Fig. 2. 10

In the constitution as nentioned in the ove, it is possible to
constantly obtain a voltage which is in the al l owabl e range of the
rectified induced voltage value from the rectifier circuit 27 by an
arrangenent asistwiin 206 tdfe the radibokhdpi 802, t hedserdar cirauiitt 242 det ects
the instantaneous . 15 di stance froma passing IC card 2 using infrared
rays or whigh rdenades \Bavdgnali obtahsedefromethsiwawed fonmhehapdingi on '
detector circuit 42 cal cul ates an instantaneous distance (posi tion)
from the pass¢iecuit ZH8 of thiee redirr chipi 202j ta receivigyy ddtaulcangésod hi gh
frequency voltage value to be 20 generated fromthe control power
supply 22a freirewt 213 which gongmobet decadedcdaftat (regeiviag data)
rectified induced voltage VL shown in Fig. 3 based on the

i nf or matPon oPbemined from tdesfesrderscirenihc2l? pand tinputsd theodlathe | C
card 2 calculated in the position detector circuit 42, and 25

controls to gEReFRR YGROCOIPYFRE: d4hi BhtFRBSMEREING Slateycontrol

circuit 215 which obtains data from the microcomputer 214
in controlling the transmitting data, an encoder circuit
216 wﬁich encodes transmitting data obtained from the

10 transmitting data control circuit 215 in controlling them
and inputs the data to the load switching modulator circuit
209 of the radio chipl202, and a microcomputer 214 of HS,
etc. which comprises a built-in memory for storing
information as a card and performs the processing of

15 transmitting and receiviﬁg data and the transfer of data
with the memory; thereby the CPU+interface chip 210-will be

supplied with a stable power supply voltage 205 from the

constant voltage power supply circuit 204 on the radio chip
202.

20 The purpose of using the R/W coil 101 and the card
coil 201 for transmitting power by a radio wave is to
upgrade the efficiency of power transmission in a short
range. When the coil 201 is formed on the proximity radio
card, it helps the card to be strong against deformation.

25 Both R/W coil 101 and card coil 201 can be formed with



- 35 - value fromthe control power supply 22a, and al so controls
the high frequency power to be transmtted fromthe coil 24 to the
coil 26°to supply the controlled power to the rectifier circuit 27.
In theiresukt, even when the 5 di stance between the reader and/or
witer 1 and.the IC card 2 approaches to about 5 cm it is made
possible to supply a voltage in the allowable range to the internal
circuit 29. In the next—- &¥p; the whole of the system
accordi ng to the present invention including the part in which the
10 I nformati on concerning railway tickets or conmutation tickets
i's comuni cat gg;i py1 et onpdyl, an | C card perforns the role of a
railway ticket or commutation ticket will be expl ained in the
following. Fig. 12 shoyén aiseiid wher@Wehe dist8hcé@ bétwéeredrylizgent
concerning the whole systemincluding 15 the part in which the
information ceageriagd rehd Wadader and/orCketige®r 1Co8NGkEESMSIy i deRes, | S
comuni cated by radi o and an I C card perfornms the role of a rail way
tickets or  in or@@FMtt aié Ablld WeLlsupply a desired DJNeolEfgtertdRheor
witer 1 conprises, besides the 20 power supply circuit- 21, an
iﬂfolrgatsog tzmﬁém’xal efircuits, 21€ce@inderz0RoNBon alrebosdne®nairowia s W th
t he car '
formed in the card coil 201 in connecting a tuning

capacitor to it. When the card coil 201 is formed to have
a mul;ilayered sfructure of more than 2 layers, which can
be formed by winding a spiral-shaped antenna coil

10 consecutively in the same direction, the inductance of the
coil and the stray capacity among the windings may
constitute a resonance circuit. As a result, a tuning
capacitor 25 may not be needed or an extremely small one

will do the work.

L]

15 Since a full wave rectifier circuit is employed as
the rectifier circuit 203, ripples are little and a
smoothing capacitor becomes small, so that a smoothing
capacitor can be incorporated in a chip in miniaturizing
it, which makes it possible to miniaturize the radio chip

20 202.

In particular, the elements in the pressure
protection circuit can be miniaturized by providing a
variable impedance circuit 30 composed of variable resistor
elements after the constant voltage power supply circuit

25 provided following the rectifier circuit 203, in the



about the information by radio. The information transmtter-receiver

portion 51 is connected to a communi cati on network and a nechani sm
to open or close a 25 wi cket door or a display device, and outputs data
to be - i - 36 - transmtted
to the LC catd 2 to a nodul ator portion 54 and I s conposed of the
follow ng: a CPU 52 which processes data obt ai ned from a denodul at or
portion 55 and outputs them a “réidor-y 53 which stores data or
processing programdata . 5 . obtained fromthe IC card 2, a nodul ator
portion 54 which nDduIates the data fromthe CPU 52 with 3.39 Mz to

transmt the 9% t&%‘{:?n&ﬁ rcci,;% 232 dn! b%4fér1§@d%}h£ﬂ and theaEBE'tf les

t he nodul at ed Iat portion 59 whi ch
exchanges datéfbﬁofa@hﬁywﬂﬁé1dﬂﬁb b@tCQEQOZthaéoof tRé AIMBdrd &an beWhi ch

anplifies the data recéived by t coil 59, a denodul ator portion 55
- to denpdul at eqbBgess&iAmoreover &m@ iteinpdraBuiéer ad@! i i e Irariiable3. 39
MHz, and a natching circuit 58 for inpedance natching.

The | C card 2;#g8058h&E citd itd e dompbsaacor 19ariafibd eF et At di0 dlicpeng8 and
an internal circuit 29, and the
5 - can be decreased, which will upgrade the reliability of the
chip 220.

As explained .in the above, in a proximity radio
card system, powér can be transmitted by radio, and further
information communication by radio can be performed between

10 the reader and/or writer 1 and the noncontact card 2 when
the noncontact card (proximity radio card , IC card) 2 is
made to approach the reader and/or writer 1. In other
words, in a proximity radio card system, a power
transmission wave or communication wave is radiated by a

15 coil or a spiral antenna 101 in a reader and/or writer, and

the radio wave is received by a coil or a spiral antenna -

201 on the side of a card; thereupon, a voltage is induced

which operates the circuits on the side of the card and
signals are detected.

20 As explained in the above, according to the present
invention, there is an effect that a system can be realized
in which power can be stably supplied by radio from a
reader and/or writer device (power transmitting device) to
the internal circuit on the IC card in miniaturizing the

25 elements in the pressure protection circuit and decreasing



internal circuit 29 is conposed of the follow ng: a nmenory 63 which

stores data concerning railway tickets, comutation tickets, etc., a
CPU 62 which controls the menory 63 concerning read, wite, etc., a
nodul ator pertion 20 65 whi ch nodul ates the data read fromthe nmenory

63 wth,a : signal of 3.39 MHz, an anplifier 67 which anplifies the
signal fromthe nodul ator portion 65 a coil 69 which exchanges data
by radio with the coil 59 of the data= 43 = receiving and transmtting
portion 51, an anplifier 66 25 whi ch anplifies the data received by the.
coil 69, a - 37 -

denodul at or pehsi £8m @ér&@ﬁf&‘fkﬁ@“ﬂﬂ %%%SVEEQaEESnﬂhpedance Gfddifd @&einn the
anplifier 66 with 3. , and a nmat chi ng circuit 68 for inpedance

mat chi ng. when the distdhdd®ecttnrsin thel 70 aardeahd otissl x.réadérsaaiww 5
power is transmtted by radio fromthe reader and/or witer

provided at awgitéridediddinaypibes lalrigelyoagiied, busnt particular, sllﬁc@ard
whi ch is passed the reader and/or witer with noncontact or in the

proxinmty to lit, ie maddiposz=ibldto miniavakrtiagethé lémerits vinl tthies suppl i ed
to the internal circuit
5 pressure protection circuit and to decrease the temperature
rise in the variable impedance circuit, an IC card can be
constituted with an antenna for receiving a radio wave and

the elements of one chip, which allows to realize a low

cost IC card.

10 According to the present invention, there is an
~effect that a power transmission system by radio and an IC
card can be realized, wherein the IC card is arranged to be
able to perform transmission of power by radio for the
reader and/or writer using a coil-shaped or spiral-shaped

15 antenna coil, and power can be stably supplied by radio
from a reader and/or writer device (power transmitting

device) to the internal circuit on the IC card by only

making the IC card pass the reader and/or writer device
(power transmitting device) with noncontact or in proximity
20 to it in miniaturizing the elements in the pressure
protection circuit, decreasing the temperature rise in the
variable impedance circuit, and improving the
responsibility of the system.
" According to the preseht invention, there is an

25 effect that a power transmission system by radio, an IC



10 on the I1C card 2, which nmakes it possible to let the I nt er nal
circuit 29 including the CPU 62, etc. operate stably. In the result,
it is made possible that an 1 C card 2 is able to exchange data by
radi o eoncerni ng rail way tickets, commutation tickets, etc. with the
reader and/or 15 witer provided at a wicket or on a bus when the IC
card 2, being held by a user, is passed the reader and/or witer

wi th noncontact or at a distance of abodf 5 to 20 cm thereby, it is
made possible that an IC card 2 functions as a railway ticket or a
comut ation ticket. 20 Fig. 13 shows the state of one or two

circuit chipscard, and’@nminfoefatlibh psihenstebiss sreddiusing, theercoi |
69, and other circuits, 28, 27, 29, and 32, being connected to the

coil 26 and tderdadn @e realized, whereihnevée thxagylnftiehdistrhaadenrent shown
in Fig. 9, the 25 | ength of the coil 26 wll be | engthened by
i ncreasing between the IC card and the reader and/or v8iter may nunber
of turns and taps, T1, T2 and T3 will be provided to i nput to the
circuit chip Jdrgely vary, power Eag. bé4sspplied stalelywmttioc theeWCotaad
enbodi nent .
5 in decreasing the temperature rise in the variable
impedance circuit by controlling the induced power received
on the IC card side varying the static capacity in the -
circuit According to the present invention, a proper
power can be transmitted from the power transmission
10 portion of the reader and/or writer to the IC card by radio
by only passing the IC card through the reader and/or
writer with noncontact or in proximity to it; thereby, a DC
voltage can be stably supplied to the internal circuit of
the IC card and information communication can be performed
15 with high reliability between the reader and/or writer and
the IC card.

According to the present invention, there is an
effect that an information communication system using an IC
card can be realized in which information communication can

20 be performed with high reliability between the reader
and/or writer device and the IC card in supplying a

stabilized power from the reader and/or writer device to

the IC card with noncontact.



concerning the whole including a part where an |IC card 5 functions the
role of a railway ticket, commutation ticket, or the like in
exchangi ng data concerning railway tickets, comut ation tickets,

etc, wth a‘reader and/or witer by radi o. The second enbodlnent

shown in Fig. 14 shows the case where both transm ssion of power—and

comuni cation are 10 per f or med u5|n% a radi o wave being conposed of a
power transni ssi on wave and data?é

shown in Fig. 15 be.t vve.en a RR'Wcoil (coil Osmglegat)lrngwumn"ﬂ“jlmm&und

R/'Want enna) 101 provided on the RRWunit 1 and a *cafd ¢
(coi |l -shaped was s dragmepedseard ant enna) 201 15 provi ded on an I C
card 2. As shown in the above, in the ASK nodul ation system the
power transm ssion wave and the signal wave have different frequency
conponents seen froma frequency region, but seen froma tinme region
only the anpl ilt.ude pofverheransmi s $ i G sy stsend NLnvahd chalpoger 26
corresponding to the signal speed. In other words, in the time
regi on, the nomansatistedafeom at pewppwerahsmissioisiduovice to anavre aukdi pl i ed
by the signal wave is seen as if only the anplitude is varied up and
down. Ween t ey nedlilogt ediewaia said ICi satd acsmprtisss @y eatienna hacangbe
considered to use 25 separate antennas respectively, but in the present
a resonance circuit for receiving said transmitted radio
wave, a full wave rectifier circuit for rectifying induced
power ;eceived by said antenna, a power supply circuit
which converts a DC voltage rectified in said full wave
10 rectifier circuit into a DC power supply voltage, a
detector circuit which detects a rectified DC voltage in
said full wave rectifier circuit, an impedance control
- circuit which obtains a desired power supply voltage by
controlling the power supply voltage converted in said -
15 power supply circuit in varying its impedance, and an
internal circuit to be supplied with the desired power
supply voltage obtained from said impedance control
circuit.
2. A power transmission system in which power is
20 transmitted by radio from a power transmission device to an
IC card, wherein said IC card comprises: a receiver portion
for receiving an induced power generated by said
transmitted radio wave, rectifier circuit which converts

-the induced power received in said receiver portion into a

25 DC voltage in rectifying it, a detector circuit portion for



- 39 - invention, in order to sinplify thﬁngiggﬂlggL,QaLdfz
(proximty radio card, ICcard), the field intens I|n1ted to
be within the range deci ded by the VVreIess Tel

[err]V«at a:distance of 3m) and a single ant\ﬂ‘ﬂ“ m& s used
to transmt the nodul ated wave. The @r and] or
witer) unit 1 conprises the follow ng: a power supply 105 which
generates a high frequency volrad@ of 13.56 MHz, an encoder circuit

107 whi ch encodes input data 106 to be transmtted to a 10 :
proximty radio card 2, a nodul ator 108 which superi nposes a voltage

bei ng anpl i tudétﬁbﬂilh@tﬁ@b (izvuddd goweli bbtkeHeéadfrom saidafbdeditvedn) by a
signal encoded in the encoder circuit 107 upon a hi gh frequency

vol t age of 13pbfitiblx oerersdlathgen coreespondingover tisepiiduddib valtage,
transmtting anplifier 109 which 15 anplifies a signal ASK-nodul at ed
and superi npoaedanjpainlé¢ himpedance kiogitrbleqlieocayt vehiclyevadfidsl.ifs MHz in t he
nodul at or 108, an i npedance matching circuit (feeding circuit) 102
havi ng impedaace (10 ddit:ranid thei D¢ voliphgd obtaimedifyom said i fi ed
in the transmtting anplifier 109 through an inductance 20 coupling
103, a RbW corectifiehi adntgmierciresiik,r addoanaieternal cimoditarombe power
and data corresponding to the output of the matching circuit 102 and
recei ves dat astpRhied twikh fa& gi@ntrolled DC voltage from said wvariable
impedance control circuit.
3. A power transmission system composed of a power
transmission device comprising: a power supply circuit
10 which generates high frequency power and an antenna which
generates a radio wave corresponding to the high frequency
power éenerated in said power supply circuit, and of an IC
card comprising: an antenna having a resonance circuit for
receiving a radio wave transmitted from an antenna of said
15 power transmission device, a full wave rectifier circuit
for rectifying the induced power received by said antenna,
a power supply circuit which converts a DC voltage
rectified in said full wave rectifier into a DC power
supply voltage, a detector circuit for detecting the DC
20 voltage rectified in said full wave rectifier circuit, an
impedance control circuit portion which obtains a desired
power supply voltage controlling the power supply voltage
converted in said power supply circuit in varying its

impedance, and an internal circuit to be supplied with a

25 desired power supply voltage obtained from said impedance



the card coil 201 of the proximty radio card 2 by a radio
filter circuit 110 which renoves noise froma 25 si gna

wave, a
received by the

R W coi'l
- 40 --

101 and transferred through

t he i nductance coupling 103 passing through the matching

e e o S i
denodul ates a signal anplified by therd&®iving 5 * afpltfi%®r %111 using

a signal

of high frequency voltage of
power supply 105, and a decoder

as received dabat2d® d¢ixcuit. decoding a signal denodul ated in the

denodul at
card) 2

interface chip 210. The radio chip 202 and the CPU+

or
10

112. A proximty radio card (noncontact card,

conpri$eA poiird teankmd8iiohagdystemi Pe iy conpasedPUt a

13.56 '‘MHz obtained fromthe
circuit 113 which outputs a signa

I C

interface chip

210 can be copswet utrahstids ivie deviipebyomprisingt na gpewerz isupgllye radi o chip
The card coil 201 receives a radio wave generated 15
to performtrefscussivitici qemsratesdhdghaffequende pdwd¥rand an antehfld in
the RRWunit 1, and generates a radi o wave

202.

5

10

15

20

25

which generates a radio wave corresponding to the high
frequency power generated in said power supply circuit, and
of an IC card comprising: a receiver portion which produces
an indgced power in receiving a radio wave transmitted from
an antenna of said power transmission device, a rectifier
circuit portion which converts the induced power produced
in said receiver portion into a DC voltage, a detector
circui£ portion which detects the induced power or a

voltage corresponding to said induced power obtained from

said receiver portion, a variable impedance control circuit

which controls the DC voltage obtained from said rectifier
circuit based on the induced voltage detected in said
detector circuit portion or a voltage corresponding to said
induced power in varying its impedance, and an internal
éircuit to be supplied with the controlled DC voltage from
said variable impedance control circuit portion.

5. A pdwer transmission system in which power is
transmitted by radio from a power transmission device to an
IC card, wherein said IC card is allowed to convert said
transmitted induced power into a DC voltage, to detect said

transmitted induced power or a voltage corresponding to



corresponding to the transmtting data which is processed by
| oad- swi t chi ng nodul ati on. The radi o chip 202 conprises: an
i npedance matching 20 and rectifier circuit 203 whiT '

rectifrer 7 for the power signal of 13.56 MHz rece t he card

coil 201 and al so functions as a matching ci rcuiH ” ﬂmm"' L"J

transmtting and receiving signal, a constant voltage powele L Tk y
2 to

circuit 204 which supplies a constant DOWaoltage 205 25 of about 5
V at a power |evel of about 5 nW obtai ned _

- 41 - froma rectified induced vol tage output fromthe natching
and rectifierggidCihducddiB pcetd) k3PeplaifC hOhesiFEd! be Soltage in¥hi Ch
detects the conparison data between the DC voltage VL obtai ned from
t he mat chi ng a_aﬁl%i@g_ta fdteit id caipalci2§3 baBddaon Bhe dstadedd diddiy ence)

vol tage, a variabl e i npedance contro circuit 30 being conposed of
vari abl e resi géwér edeNERidltage ‘coryéspoadihfTtohtRé Sndiidé® SpddeOWRId t O
the I C chips, 202 and 210, as a DC power supply voltage 205 in

controlling +to supgiyaﬂﬂ;ﬁdﬂﬂh@ggnQ@&ﬂug_&ﬂgahihe constant voltage power
10 supply circuit 204 in varying its inpedance based on the DC
5 6. A power transmission system comprising: a power
transmission device having a power sﬁpply circuit which
generates high frequency power and an antenna which
generates a radio wave corresponding to the high frequency
power generated in said power supply circuit, and an IC
10 card, wherein said IC care is allowed'to convert said
transmitted induce power into a DC voltage, to detect said
transmitted induced power or a voltage corresponding to
said induced power, to obtain a desired DC voltage in
varying a static.capacity based on the detected induced
15 power or a voltage corresponding to said induced power, and
to supply the DC voltage to the internal circuit.
7. A power transmission system in which power is
transmitted by radio from a power transmission device to an
IC card, wherein said.IC card is allowed to convert said
20 transmitted induced power into a DC voltage to supply it to
the internal circuit, to detect said transmitted induced
power or a voltage corresponding to said induced power, and
to transmit the information concerning the detected induced

power or a voltage corresponding to the induced power by

25 radio to the power transmission device, and the power



vol tage detected in the voltage detector circuit 31, -a cl ock signa
extracting circuit 206 which extracts a cl ock signal froma

receiving signal obtained fromthe card coil 0&-an_LEEng£}£%rEp7
whi ch fenovés noi se conponent from 15 the receiving nal obtaine
fromthe card coil 201, a wavef orm shapi ng circu ”ﬁ? es
the waveformof a recei vi ng signal obtained fro

207, a | oad swi t chi ng nodul at o &lrcuit 209 mhlch nodulatés a *

transmtting signal and supplies the nodul ated signal to 20 the card
coil 201 through the matching and rectifier circuit 203.

The CPU+ nt er { pgeshtdted -ond s%@.@ipﬁéﬁgrof:ransmlss.lorfl r @SR Yigli vi der
circuit 211 which generates a signal for operating the nicroconputer

214 in dividi centrelIs® sy on2the tehnaméteed shovphateddiAacted by the
cl ock signal extracting - 42 -

circuit 206 of the ragl cAc;iaiw@rZ(&anamdestﬁrs%ktémiin&&tiich powerMiisCh
decodes a signal obtained fromthe waveform shapi ng circuit 208 of

the radi o chipraishittadasi Hadd od&ramcanpower transmidsioti tdedtidemiocan
control s decoded data (receiving data)
5 IC card comprising: an IC card which comprises a converter
circuit which converts said transmitted induced power into
a DC voltage, an internal circuit to be supplied with the
DC vol;age which-is converted in said convertor circuit,
and a detector circuit which detects said transmitted
10 induced power or a voltage corresponding to said
transmitted induced power, a transmission means which
transmits the information concerning the induced power
detected in the detector circuit on the IC card or a
voltage corresponding to said induced power by radio to
15 said power transmission device, and a control means which
controls the power output from said power transmission
device based on the information transmitted by said means.
9. A power transmission system in which power is
transmitted by radio from a power transmitting device to an
20 IC card comprising: an IC card which comprises an convertor
circuit which converts said transmitted induced power into
a DC voltage and an internal circuit to be supplied with
the DC voltage converted in said convertor circuit, a

detector means which detects the information corresponding

25 to the relative position of the IC card to that of the



5 obtained fromthe decoder circuit 212 and inputs the data to
the m croconputer 214, a transmtting data control circuit 215 which
obtains  data fromthe mcroconputer 214 in controlling the
trapsnittti ng data, an encoder circuit 216 whi ch encodes—t+ansnitting

data obtained fromthe 10 transm tting data cont ' ' 15 in
control Ling them and inputs the data to theil Hm,ﬁmm'fy Iﬂmm at or
circuit 209 of the radio chip 2082 and a mi crotorputer x i H8,

etc. which conprises a built-in nmenory for storing information as a .

card and perfornms the processing of 15 transmtting and receiving data

and the transpgje?§ té@idnission déviltd,handeEPEYNtESE RS Rehid i nterface
chip 210 will "be supplied with a stable power supply voltage 205

fromthe con€PoEs affie ViSdvie OUXPIRS froRPkYial powet LfHnsiiddieon adi o chip
202. 20 The purpose of using the RFWcoil 101 and the card

coi | 201 for Heenesi based qowtie hformdiionwdeeetted by said dergicsient he
ef ficiency.of power transmission in a short range. \Wen the coil 201

is formed on fmBanprtoximty radio card, it helps the card to be :
strong agai nst deformation. 25 Both RFRWcoil 101 and card coil 201 can
be forned with 10. A power transmission system in which power is
transmitted from a power transmission device to an IC card
by radio comprising: an IC card which converts said
transmitted induéed power into a DC voltage and supplies
the DC voltage to the internal circuit, a detection means
10 which detects the information corresponding to the relative
position of the IC card to that of the power transmission
device; and a means to obtains a desired DC voltage in
controlling the impedance of a circuit on sgid IC card
based on said detected information.
15 11. A power transmission system in which power is

transmitted from a power transmission device to an IC card

comprising: an IC card which comprises a converter circuit

to convert said transmitted induced power into a DC voltage
and an internal circuit to be supplied with the DC voltage
20 converted in said converter circuit, a detection means
which detects the information corresponding to the relative
position of the IC card to that of the power transmission
device, and a control means which controls power output
from said power transmission device based on the detected

25 information by said detection means..



- 43 - spi ral antennas. Even in a case where the

di stance between the IC card 2 and the reader_and/or witer 1 is
extrenely | arge, in order to be able to suppfy_E_HE§TTEd*E£}~%¢Lage
to ther 5 * internal circuits, 210 and 202 (29), a ui t |s
formed in the card coil 201 in connecting a tuning ; "mnm M&ﬂ

When the card coil 201 is forned to have a nultllayepe re of
nore than 2 |ayers, which can be ¥brmed by wi nding a spiral - shaped
antenna coil 10 consecutively in the sane direction, the inductance of
t he coil and the stray capacity anong the w ndi ngs may

constitute a resonances Cigguid ca%%.%oh?%ﬂbﬁnga aﬂnaﬂgenna haviaapaci tor 25
may not be needed or an extrenely snall one do the work. 15

Since a full yayenageéiditduid rfot trelcélmboaedraﬁsmtted tdiio ekivd,i ar
circuit 203, ripples are little and a snoot hi ng capaci tor becones
smal |, so thafudlswaeéhtetrifier cidapdt for feotheyingodpaimiwskd powedhi p
in mniaturizing it, which makes it possible to mniaturize the
radio chip 2@ecei?é@ by said antenna, anppweki supply ¢ihecwlentors in the

pressure protection circuit can be mniaturized by providing a
vari abl esi npedencertig ua tréft ichirgab ed voll tagei ahl sai@sfvlDbrwave
rectifier circuit into a DC power supply voltage, a
detector circuit which detects the rectified DC voltagg in
said fqll wave rectifier circuit, an impedance control
lcircuit'which obtains a desired power supply voltage in
10 controlling the DC voltage detected in said detector
circuit to be a desired DC voltage varying its impedance,
and an internal circuit to be supplied with the desired
power supply voltage obtained from said impedance control
circuit portion.-
15 13. An IC card as designated in claim 12, wherein

the impedance in said variable impedance circuit portion is

formed by resistors.

. 14. An IC card as designated in claim 12, wherein
said full wave rectifier circuit, said powér supply
20 voltage, said detector circuit, said impedance control
circuit and said internal circuit are organized on one
chip.
15. An IC card comprising: a receiver portion which
receives an induced power transmitted by radio, a rectifier

25 circuit portion which rectifies induced power received in



el ements after the constant voltage power supply circuit 25 provi ded
followng the rectifier circuit 203, in the

- 44 - result, the radio chip 202 can be for st
of not *only‘the chip but also that of the IC card can decreased
mor eover the.tenperature rise in the variable E}E&[ﬂﬂﬂnm
conposed of variable resistor elenents 5 can be d

upgrade the reliability of the -cBi#p-220. As explalned
in the above, in a proximty radio card systen1 power can be :
transmtted by radio, and further I nf ormati on conmuni cati on by radi o

can be perf orgefy bedosiier %@rtlohhﬁn&eégﬁﬁeﬁﬂglfi ¥td & ot Jlchle,
noncont act card 2 when he noncontact card (proximty radio card

| C card) 2 isdetector FEIRUi® @bﬁt@éﬁhwhﬂ@hf@éﬂ@ét@nﬁidﬁcéﬂ igowderl. I n other
words, in a proximty radio card system a power transm ssi on wave
Or conmuni catolbta Wase firon salidt edcliver pértiogtdr Hrvaltdye al antenna 101
in a reader and/or witer, and the radio wave is received by a coi
or a Zpl rgl adfkbﬁéﬁpondlng t0%afd fiheusedevoltageprdl vadienaehdmpedaneet age
i s induce

5 control circuit in controlling a DC voltage obtained from

said rectifier circuit portion based on the induced power
detected in said detector circuit portion or a voltage
corresponding to'said induced power by varying its
impedance, and an internal circuit to be supplied with a

10 controlled DC voltage obtained from said variable impedance
control circuit portion.

' 16. An IC card comprisings: a receiver portion which
receives an induced power transmitted by radio, a rectifier
circuit portion which rectifies the induced power received _

15 in said receiver portion and converts it to an DC voltage,
a detector circuit portion which deteets the induced power
obtained in said receiver portion or a voltage

corresponding to said induced power, a static capacity
control circuit portion which obtains a desired DC voltage
20 from said rectifier circuit in controlling the static
capacity based on the induced power detected in said
detector circuit or a voltage corresponding to said induced
power, and an internal circuit to be supplied with a
controlled DC voltage obtained from said static capacity

25 control circuit.



whi ch operates the circuits on the side of the card and signals are

detected. 20 As expl ained in the above, according to the present

i nventi-on, there is an effect that a system can be realized i n_which

power c¢an be stably supplied by radio froma reader and/or witer

devi ce (power. transmitting device) to t he |nter mll I mmumllme | C
card in mniaturizing the 25 elenents in the press

circuit and decreasing 55 -

the tenperature rise in the variable |npedance CIFCUIt even o mhen t he .
di stance between the IC card and the reader and/or ‘writer device may

be largely varied, I'17pa%h'QHEQEmaﬁiBﬁecommunlcééldﬁ;%?gﬁampﬁﬁih lg

miniaturize the el enents in ressure protection cifcdit an% to
decrease the ¢HRPUNpPHi®ing: a rbh8Er! Qn&}"@r i i ke QidviRRAAGenci reui t, an

| C card can be constituted wth an antenna for receiving a radi o
wave and compri®ed Qe AhFofha®ienCoobRmuitLt on g ilh gl hZ?oﬁfeJ:OW
cost | C card. 0 According to the present invention here is an

effect that acRMMMissidnsPoreion FHEERMPANSAES powbrAFrlom said power

5  transmission portion to and IC card by radio, and an IC
card which comprises an antenna with a resonance circuit
for receiving a radio wave transmitted from said reader
and/Or.writer de&ice, a full wave rectifier circuit which
rectifies the induced power received by said antenna, a

10 power supply circuit which converts a rectified DC voltage
rectified by said full wave rectifier circuit into a DC
power éupply voltage, a detector circuit which detects the
rectified DC voltage in said full wave rectifier circuit,
.an impedancé control circuit portion which obtains a -

15 desired power supply voltage in controlling the DC voltage
detected by said detector circuit to be a desired DC
voltage and the power supply voltage converted by said
power supply circuit to be a desired power supply voltage
in vérying its impedance, and an internal circuit to be

20 supplied with a desired power supply voltage from said
impedance control circuit portion, said system being
constituted to be able to perform information communication
using a radio wave between said internal circuit on the IC
card and the information communication portion in said

25 reader and/or writer device.



card can be realized, wherein the IC card is arranged to be abl e to
performtransm ssion of power by radio for the
using a coil-shaped or spiral-shaped 15 ant enna c ower can be
stapl y*supptied by radio froma reader and/or, ,mﬂﬂ @ ﬂ,l(ﬂ"te
transmtting. device) to the internal circuit bn nly
maki ng the I'C card pass the reader and/or witer device pomer
transnitting device) wth noncontact or 3®n=proximty 20 toit in
mniaturizing the elenents in the pressure protection circuit,
decreasing the tenperature rise in the vari abl e i npedance circuit,
and inproving the 18. XeIRFeTmaichibhycohmbREcsyEéeBystem comprising:
According to the present invention, there is an 25 ef fect that a power
transni ssi on aysé&d&tnaﬂdﬁbn)wnmtedeev1ce which comprises an
- 46 - card, and an informati on conmuni cati on systemusing the IC
card can be riafozmakiohercmmundcativhopghtide ahdtanmmever transhékween t he
| C card and the reader and/or witer nmay | argely vary, power can be
suppl i ed st abpgrtion lwhidh catattsmits powetleby epsd i tdeard apeaaidyre rise in
the variable :

5 wherein said IC card is allowed to convert the induced

power transmitted from said reader and/or writer device .
into a DC voltage and supply it to the internal circuit, to
detect.the inducéd power transmitted to said IC card or a
voltage corresponding to said induced power, and to

10 transmit the information concerning the detected induced
power or the voltage corresponding to said induced power by
radio to the power transmission portion of said reader
and/or writer device, said reader and/or writer device is
so constituted that it is able to control the power

15 transmitted from said power transmitting portion based on
the information transmitted from said IC card, and said

system comprises such an arrangement that information

communication can be performed by radio between the
internal circuit of said IC card and the information
20 communication portion of said reader and/or writer device.
19. An information communication system using an IC
card comprising: a reader and/or writer device which
comprises an informétion communicétion portion and a power
transmission portion and transmits power by radio from said -

25 power transmission portion to the IC card, a detection



i npedance circuit by controlling the induced power received on the
| C card side varying the static capacity in the circuit According to

the present invention, a proper power can be_LLaHSHLLLQQ_iLQHlL%f
power fransm ssion 10 portion of the reader andfor witer to the I
card by:radio by only passing the IC card thronm,"nHm, d/ or
witer with noncontact or in proximty to it; thereby m""tage
can be stably supplied to the internalk Sreuit of % hé | & card*and

i nformati on comuni cation can be performed 15 wth high reliability
bet ween the reader and/or witer and the I C card.

Accordi ng to héhPASRH deteerti eRe i@f&%l#é ﬁﬁbltlon otk a2k

i nformati on comuni cati on system usi ng an card can be reaﬁlzed in

whi ch Infornﬁﬁhdﬁldxﬂﬁﬁéﬂ@@ﬁbtoﬁrﬁﬁgmlggln? Per o Wi Fealkegh
reliability between the reader or witer device and the IC card

in supplying énd/or writleabideivied, paVesnt oI hdtend cafiRih mlt%w g&@érdevi ce
to the IC card with noncontact CLAI MED

| S: transmitted from said power transmission portion of said
5 reader and/or writer device based on the information
concerning the relative position detected by said detection
means, said IC card which converts the induced power
transmitted by rédio from the power transmission portion of
said reader and/or writer device into a DC voltage and
10 supplies it to the internal circuit, and an arrangement so
designed that information communication can be performed by
radio Between the internal circuit of said IC card and the
information communication portion of said reader and/or
writer device. | -
15 20. An information communication system using an IC

card as designated in claim 17, wherein in the case of

transmission of power by radio from said reader and/or

writer device to an IC card and the information
communication by radio between the internal circuit of said
20 IC card and the information communication portion of said
reader and/or writer device, a common antenna is used which _
is provided in said reader and/or writer device and said IC
card.
21. An information communication system using an IC

25 card as désignated in claim 18, wherein in the case of the



1. A power transm ssion systemin which power is transmtted froma

power transm ssion device to an |IC card 5 by radio, wherein said IC
card conprises an antenna havi ng a resonance circuit for receiving
said trfansni‘tted radio wave, a full wave rectifier circuit for
rectifying induced power received by said anteqnalmﬂuw““mﬂIML
circuit whi ch converts a DC voltage rectified in I all 0
rectifier circuit into a DC power suppl Y80l tage, a * detéctbr terU|t
whi ch detects a rectified DC voltage in said full wave rectifier
circuit, an inpedance control circuit which obtains a desired power

suppl y vol t agerdysmission @figowelri By rhaiB0oresm SRl Yratidrramdyypverted in
said 15 power supply circuit in varying its inpedance, and an

internal circwritem deviceppid et WCt baklle d8aitles DOF®Fmation supply
vol tage obtained from said inpedance control circuit.
2. A power t reommirsisiainicsy dyeratdonbeehepnVelie i Sntdfhal dirEH redahy
radio froma power transm ssion device to an | C card, wherein said
| C card conpriGezrd anec ¢iheerinformhefion commuiidatBoeipdrdc ofngaeqd pover
generated by said transmtted radio wave, rectifier circuit which
convertsd readdr anddorewrptesr deeteeyea comeon Carittamia/ dis peed #AitAto a
25 DC voltage in rectifying it, a detector circuit portion for
is provided in said reader and/or writer device and said IC
card.
~ 22. An information communication system using an IC
card as'designated in claim 19, wherein in the case of the
10 transmission of power by radio from said reader and/or
writer device to an IC card, and the information
communication by radio between the internal circuit of said
IC card and the information communication portion of said
reader and/or writer device, a common antenna is used which _
15 is provided in said reader and/or writer device and said IC
card.

23. An information communication system using an IC
card as designated in claim 17, wherein said reader and/or
writer device comprises: a power supply portion which

20 generates a signal for power transmission, an encoder
circuit which encodes input data to be transmitted, a
modulator which superimposes an amplitude-modulated signal
obtained from the encoder circuit upon a signal obtained

from said power supply portion, a power feeder circuit

25 which feeds power based on the signal obtained from said



detecting the induced power obtained fromsaid receiver portion or a
vol tage corresponding to the induced voltage, a vari abl e i npedance
control circuit which varies its i npedance vol t age
obt ai fed frromsaid 5 rectifier control circuit nd an internal
circuit: to be supplied with a controlled DC H’ﬂ"ﬂ#ﬁumﬁ"wm
vari abl e | npedance control circuit. P TR IR
 transnission system conposed of a power3? - transnissi on device*
conprising: a power supply circuit 10 whi ch generates high frequency
power and an antenna which generates a radi o wave corresponding to
the high frefyggaTator, and RAVRINtSGHHAr *heBhi GeAdr SO VEdid uRldb Waveui t, and
of an IC card conprising: an antenna having a resonance circuit for
recei ving a cefitespentbing aits rdhid etirireat gadabyesasd ofowdt (Feckfer  power
transm ssion device, a full wave rectifier circuit for rectifying
t he i nduced pbreuitecei ved by said ant enna, " a power supply circuit
whi ch converts a DC vol t age rectified in said full wave rectifier
into a DC power - 24. fpfinformatdon, comiahtcibioni systidm fuwimdetadctrcng t he
DC 20 voltage rectified in said full wave rectifier circuit, an

5 card as designated in claim 18, wherein said reader and/or

writer device comprises: a power supply portion which
generates a signal for power transmission, an encoder
circuit which enéodes input data to be transmitted, a
modulator which superimposes an amplitude-modulated signal
10 obtained from the encoder circuit upon a signal obtained
. from said power supply portion, a power feeder circuit
which feeds power based on the signal obtained from said
modulator, and an antenna which generates said radio wave
corresponding to the current fed by said feeder circuit.
15 25. An informatioh communication system using an IC
card as designated in claim 19, wherein said reader and/or

writer device comprises: a power supply portion which

generates a signal for power transmission, an encoder
circuit which encodes input data to be transmitted, a

20 modulator which superimposes an amplitude-modulated signal
obtained from the encoder circuit upon a signal obtained
from said power supply portion, a power feeder circuit
which feeds power based on the signal obtained from said
modulator, and an antenna which generates said radio wave

25 corresponding to the current fed by said feeder circuit.



| npedance control circuit portion which obtains a desired power

supply voltage controlling the power supply voltage converted in
said power supply circuit in varying its |npedante——aﬁd—an—aneLam

circuit to be supplied with a 25 desi red power supp e obt ai ned
from said i npedance amﬂmm&l}“ﬂ" ,”",
control circuit. 4. A power transnlsS|on .
conposed of a power transmi ssiom &vice conprising: a power supply

circuit which generates high frequency power and an antenna 5  which
generates a radi o wave corresponding to the high frequency power

generated in said poved, SHPRInNFoTMatibh caﬁﬂunlcatlor?fsfékénpﬁh% an IC
conprising: a receiver portion which produces an i nduced "power in

receiving a redi@ agviedigHavad iadchaem 17, whePdimdLiairiersild pover
transnission device, a rectifier 10  circuit portion which converts the

i nduced powercprogifesE said 10 @agd dompeesyst Hddsder HircuiRCwhakhage, a
det ect or circuit portion which detects the induced power or a

vol t age corr ep@pAcig weireftirth ish gﬁ.ﬁq PEVE I MO Ba &l Wi for - sai d
receiver portion, a variable inpedance control circuit
5 communication and decodes it, a microcomputer which inputs
receiving data decoded in said decoder circuit and outputs
data to be transmitted, an encoder circuit ﬁhich encodes
transmitting daté output from said microcomputer, and a
modulator which modulates a signal based on the signal
10 encoded in said encoder circuit and inputs the modulated
signal to said antenna.

. 27. An information communication system using an IC
card as designated in claim 18, wherein said internal
circuit of said IC card comprises: a decoder circuit which

15 performs waveform shaping éf a modulated signal for

communication detected by said antenna and decodes the

modulated signal, a microcomputer which inputs receiving

data decoded in said decoder circuit and outputs
transmitting data, an encoder circuit which encodes the
20 transmitting data oﬁtput from the microcomputer, and a
modulator which modulates a signal based on the signal
encoded in said encoder circuit and inputs the modulated
signal to said antenna.
' 28. An information communication system using an IC

25 card as designated in claim 19, wherein said internal



15 which controls the DC voltage obtained fromsaid rectifier
circuit based on the induced voltage detected in said det ect or
circuit portion or a voltage corresponding to said

varying its*inpedance, and an internal circuit'ié\\\7ﬁnxﬁﬁt§?%aTTr
the controlled DC voltage from 20 said variable i 'ﬂyw

circuit portion. 5. A power transm ssion §ystena
power is transmtted by radio f rofta- power transni ssion deV|ce o an
| C card, wherein said ICcard is allowed to convert said ' transmtted

i nduced power into a DC voltage, to detect said 25 transmitted induced

power or a vatifgeit df eydandicngak@ comprises: a decoderS didcuiftuehdcRover,
to obtain a desired DC voltage in varying a static capacity based on

t he det ect ed perifurgs waveformoshapdngaof othageodwlatesbwatiengoro t he i nduced
power, and to supply it to the internal circuit. 5 6. A
power transmcasmmisadiien detpeiednhy sapdwenmtenna and rdecodessithe devi ce
havi ng a power supply circuit which generates high frequency power
and an ant enmodvilated wave, gemécabesmputari whizly eimmrtse yemediviggt dathe
hi gh frequency

decoded in said decoder circuit and outputs transmitting

data, an encoder circuit which encodes the transmitting

data output from said microcomputer, and a modulator which

modulates a signél based on the encoded signal in said

encoder circuit and inputs the modulated signal to said

10 antenna.

29. An information communication system using an IC
card cdmprising: a reader and/or writer device which
comprises an information communication portion and a power
transmission portion and transmits power by radio from said _

15 power transmission portion to an IC card, wherein said IC
card is allowed to convert induced power transmitted from
said reader and/or writer device into a DC voltage and to
detect said transmitted induced power or a voltage
corresponding to said induced power, to obtain a desired

20 DC voltage in controlling static capacity based on said
detected induced power or a voltage corresponding to said
induced power in varying its static capacitance and supply
the DC voltage to the internal -circuit, and said system

comprises such an arrangement as to be able to perform

25 .information communication using a radio wave between the



power generated in said power supply circuit, and an IC 10 card,
wherein said IC care is allowed to convert said transmtted i nduce

power i‘nto a DC voltage, to detect said transnit lnduced pomer or
a voltage corresponding to sai d i nduced power, taln a

DC voltage in varying a static capacity based on
I nduced 15. power or a voltage corresponding to sald ly
to supply the DC voltage to the intermaléZircuit. m

transm ssion systemin which power is transmtted by radlo froﬁ1a
power transm ssion device to an |C card, wherein said ICcard is

al lowed to CopgsinsRichrcifte or GRAATIL %QanQH&eghéoiﬁfofnﬁﬁéh DC vol t age

to supply it to e Internal circuit, to detect said transmtted

i nduced coﬁﬁﬂﬁieéﬂldh\ﬁﬂﬂﬁmw% %Eféﬁiaoﬂéhﬂértanép¢fimehéﬁﬂﬁéﬁm&%n, and
to transmt the information concerning the detected induced power or

a voltage correspondiyg, tah tiFori@¥ien powRunD¥at2én systuh ading @ pever
transm ssion device, and the power -

51 - chf@neddd<iidte@ Sal ¢1panen ot r anepessi DN iRy idesd of

control |l ed based on the transmtted i nformation. 8. A power

transm ssi on pywéENtransiisyidOWy’ riafio from said reader and/or writer
device to the IC card and in-the case of information
communication using a radio wave between the internal

circuit on said IC card and the information communication

portion of said reader and/or writer device, a common
10 antenna is used provided in said reader and/or writer
device and on said IC card.

' 31. An information communication system using an IC
card as designated in claim 29, wherein said reader and/or
writer device comprises a power supply portion which -

15 generates a signal for transmitting power, an encoder
circuit which encodes the input datg to be transmitted, a

modulator which superimposes an amplitude-modulated signal

obtained from encoder circuit upon a signal obtained from
said power supply portion, a feeder circuit which feeds
20 power based on the signal obtained from said modulator, and
an antenna which generates said radio wave corresponding to
the fed current by said feeder circuit.
32. An information communication system using an IC
card as designated in claim 29, wherein said IC card

25 comprises an decoder circuit which performs waveform



transmtted by radio froma power transm ssion device to an 5 | C card
conprising: an | C card which conprises a converter circuit whi ch
converts said transmtted i nduced power into

interndl circuit to be supplied with the DC vm
converted in said convertor circuit, and a det " 'ﬂ MII
detects said transmtted 10 |nduced power or a vo ng to

sai d transnitted i nduced power - &3t ransni ssi on neans whi ch
transmts the information concerning the i nduced power detected in
the detector circuit on the IC card or vol tage corresponding to

sai d i nduced W’h&“ idudatda coﬁﬁhﬂlegﬂ%ntwmrarﬁf'da&o@%w ge, and a

control neans controls the power output fromsaid power
transm ssion mcrocor&tﬁiuecze wiBed iaputheeb8i ¢i NGt 4R tdadbdd tied sBydsai d

means. A power transm ssion systemin which power is
transmtted byecsdho élrzfaﬁlae R butpABS Mt EAh SiHi €IS R1dth ,an HhcodekC card
conprising: an I C card which conprises an convertor circuit which:

converts sai dejrfaiidlivHith iondeaed Eﬁéeﬁrhﬂ§ﬂ1tt1[%:dét436 wPdtageomnd an
internal circuit to be supplied with vol tage converted in

sai d congert 0§afd 'fidrdoccolputer, afél AChOAUIRESS WIHEH ARG 2 signal
i nformati on corresponding 25 to the relative position of the IC card to
that of the to said antenna in modulating it based on the encoded
sighal encoded in said encoder circuit.
~33. A poﬁer transmission system in which power is
transmitted by using a radio wave from the power
10 transmission portion to an IC card, wherein said IC card is
allowed to convert the transmitted induced power into a DC
voltagé, to detect said transmitted induced power or a
voltage corresponding to said induced power} and to obtain
a desired DC voltage in controlling inductance based on the _
15 detected induced power or the voltage corresponding to said

induced power and to supply the DC voltage to the internal

circuit.



- 52 - power transm ssion device, and a control neans which
controls the power output from said power transm ssion ysaval

on the-infornmation detected by said detection meah3HIS §ﬁ§ﬁl ﬁﬁS%ﬁﬂ
10. A pgower ‘trlansmi ssion systemin which power is - trandtBPLAEERf rom ba
power tr.ansm ssion device to an IC card by radio conprising: an IC
card which converts said transmtted i nduced power into a DC vol tage
and supplies the DC voltage to +h@&t iaiternal circuit, a detection
means 10  which detects the information corresponding to the relative
position of the IC card to that of the power transm ssion ~ devi ce,
and a means to obtains a des!gﬁg%ﬁékﬁpk&agﬁEiB£SCL%SUK§onFroIIing t he

i npedance of a circuit on sai card aSed on sai d detected
information. 15 11. A power transm ssion systemin which power
IS transmtted froma power transm ssion device to'an |IC card

conprising: an | C cargp 'f&mdfe%&i%zp%ﬁ@ﬁ%scwgg&ér to

convert said transmtted Tnduced power 1nto a~DC volta and an

nternal i r CWirhnts88: SHARY4Esh Mal 1226, VRAHR 1RPormaEgglyer ted In

said converter circuit, a detection neans etects the

i nformatison CRbnARAYAEL 16N t ydtdn BBl W 1C car@OSition of the IC card to
that of the power transm ssion

In the power transmission system, power is

transmitted by radio from the power transmission device to
the IC card. In £he IC card, the transmitted induced power
is converted into a DC voltage, the transmitted induced

10 power or a voltage corresponding to the induced power is
detected, and a desired DC voltage to be supplied to the
internél circuit is obtained in controlling impedance based
on the detected induced power or the Voltage corresponding

to the induced power.

@
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device, and a control means which controls power out put fromsaid

power transm ssion device based on the detected 25 information by said
det ection neans. - 53 -

12." An ‘I C card conprising: an antenna having a resonance circuit for
receiving a transmtted radi o wave, a full wave rectifier circuit
for rectifying an induced power {/¢8ei ved by said antenna, a power
supply circuit for 5 converting a rectified DC voltage in said ful
wave rectifier circuit into a DC power supply voltage, a

detector circuit which detects the rectified DC voltage in said ful
wave rectifier circuit, an inpedance control circuit which obtains a
desired power supply voltage in 10 controlling the DC vol tage detected
in said detector circuit to be a desired DC voltage varying its

i npedance, and an internal circuit to be supplied with the desired
power supply voltage obtai ned from said i npedance contr ol circuit
portion. 15 13. An IC card as designated in claim12, wherein

t he i npedance in said variable inpedance circuit portion is

FiG. 1
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formed by resistors. 14. An IC card as designated in claim

12, wherein said full wave rectifier circuit, said power supply 20
vol tage, said detector circuit, said inpedance control circuit and

sai'd internal circuit are organi zed on one chi p. 15.
An I C card conprising: a receiver portion which . recei ves an induced

power transmtted by radio, a rectifiegf“§5 circuit portion which
rectifies induced power received in

-54- said receiver portion and converts it into a DC voltage, a
detector circuit portion which detects induced power obtai ned from
said receiver portion or a voltage corresponding to said induced
vol tage, a vari abl e i npedance 5 rol circuit in controlling a DC
vol t age obtai ned from sai d rﬁia,er Zi rcuit portion based on the
i nduced power detected in said detector circuit portion or a voltage
corresponding to said i nduced power by varying its i npedance, and an
internal circuit to be supplied with a 10 controll ed DC voltage
obtained fromsaid varbabl e ippedance )
( CIRCUIT OPERATED BY POWER S
i TRANSMITTED BY RADIO
POWER SUPPLY o5
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control circuit portion. 16. An IC card conprising: a

recei ver portion which recei ves an induced power transmtted by
radio, .a rectifier circuit portion which rectifies the induced power
received 18 in said receiver portion and converts it to an DC voltage,
a detect.or circuit portion which detects the induced power obt ai ned
in said receiver portion or a voltage 3/13 corresponding to said induced
power, a static capacity control circuit portion which obtains a
desired DC voltage 20 fromsaid rectifier circuit in controlling the
static capacity based on the i nduced power detected in said
detector circuit or a voltage corresponding to said induced power ,
and an internal circuit to be supplied with a controlled DC vol tage
obtained fromsaid static capacity 25 control circuit.

- 55 - 17. An information conmuni cati on systemusing an |IC
card conprising: a reader and/or witer device which conpri ses an

i nformation communi cation portion and a power transm ssi on portion
which transmts power from said power

FIG. 4
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5 transm ssion portion to and IC card by radio, and an IC card

whi ch conprises an antenna with a resonance circuit for receiving a
radio wave transmtted from said reader and/ or witer device, a ful
wave rectifrer circuit which rectifies the induced power received by
said antenna, a 10 power supply circuit which converts a rectified DC
vol t age rectified by said full e rectifier circuit into a DC
power supply voltage, a detector circuit which detects the rectified
DC voltage in said full wave rectifier circuit, an i npedance contro
circuit portion which obtains a 15 desired power supply voltage in
controlling the DC voltage detected by said detector circuit to be a
desired DC vol tage and the power supply voltage converted by said
power supply circuit to be a desired power supply voltage in varying
its inpedance, and an internal circuit to be 20 supplied with a desired
power supply voltage from said i npedance control circuit portion
sai d system bei ng constituted to be able to performinformation
comuni cati on using a radi o wave between said internal circuit on
the 1C card and the informati on conmunication portion in said 25

reader and/or witer device.
FIG. 5
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- 56 - 18. An information conmmuni cati on system conpri sing:
a reader and/or witer device which conprises an i nformation

comuni cation portion and a power transm ssion portion which
transmits power by radio to an I C card, 5 wherein said ICcard is

al l owed to convert the induced power transmtted from said reader
and/or witer device into a DCgypgtage and supply it to the internal
circuit, to detect the induced power transmtted to said IC card or
a vol t age- corresponding to said i nduced power, and to 10

transmt the information concerning the detected induced power or

the voltage corresponding to said j z d p r by radio to the
power transm ssion portion of sai(ﬁ Ej 8/\@ and/or witer device, said
reader and/or witer device is so constituted that it is able to

control the power 15 transmtted fromsaid power transmtting portion
based on t he '?format'i on transmitted fromsaid IC card, and said

system conpri ses sucff an arf{angenent t%t ICREUMROPERATED BY ni cgtion
can be perfori i en the TRANSMITIED Y Rapig of said)C

card and th co or
writer devj|dROWER SUPPLY D. An| i nfor{gati on communi c&if?léfﬁ%lastem us| ng
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transm ssion.portion and transmts power by radio fromsaid 25
transm ssion portion to the 1C card, a detection

-57 - means whi ch detects the relative position of an IC card to
that df the power transmtting portion of said reader and/or witer
device,. a control means which controls power transmtted fromsaid
power transm ssion portion of said reader and/or witer device based
on the information concerning the relative position detected by said
detection means, said I C card which converts the induced power
transmtted by radio fromthe power transm ssion portion of sai d
reader and/or witer device into a DC voltage and 10 supplies it to the
internal circuit, and an arrangenent so desi gned that information
comuni cati on can be perfornmed by L0 between the internal circuit
of said IC card and the ianzléa(J nmuni cati on portion of said

power

reader and/ or writer device. 20. An information
comuni cati on systemusing an IC card as designated in claim17,
wherein in the case gﬁ 1 transm ssion of power by radio from sai d2
reader and/ or ( 30. CIRCUIT OPERATED BY POWER
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witer device to an IC card and the information
radi o between the internal circuit of said 20
i nformati on comuni cation portion of said
device; a comopn antenna i s used which

and/or witer device and said IC card.

I nformati on communi cati on systen1using7fﬂ3IC: 25
claim 18, wherein in the case of the

- 58- transm ssion of power by radio fromsaid reader and/or
witer device to an IC card, and the information communi cati on by
radi o between the internal circuit of said | C card and the

i nformati on comuni cation portion of said 5 reader and/or witer
device, a conmon antenna i s used WWE7Q3 I's provided in said reader
and/or witer device and said IC ca9a 22. An

I nformati on communi cation systemusing an IC card as designated in
claim19, wherein in the case of the 10 transm ssion of power by radio

conmuni cati on by
| C card and the
reader and/or witer
Is provided in said reader
21. An
card as designated in

fromsaid reader and/or 1 witer device to an IC card, and the 2
i nf ormati on 21
( 30 CIRCUIT OPERATED BY POWER
7 \ TRANSMITTED BY RADIO
POWER SUPPLY o5 INDUCED
CIRCUIT 27 VOLTAGE <29
Vi
MATCH- RECTI- INTER-
ING — FIER NAL
CIRCUIT CIRCUIT CIRCUIT
2 2% ;i
31
CON-
26 TROL
CIRCUIT
P VOLTAGE
35 DETECTOR
CIRCUIT

FIG. 9b

NN

s Tl
26 g; ///




circuit of said | C card
reader and/ or
is provided in said

comuni cation by radi o between the internal
and the information comuni cati on portion of said
witer .device, a conmon antenna is used which 15
reader ‘and/ dr witer device and said IC card. 23. An

i nf or mat.i on communi cati on systemusing an |IC card as designated in
claim17, wherein said reader and/or g/43 witer device conprises: a
power supply portion which 20 generates a signal for power transni ssion,
an encoder circuit which encodes input data to be transmtted, a

nodul at or whi ch superi nposes an anplitude-nodul at ed si gnal obt ai ned
fromthe encoder circuit upon a signal obtained fromsaid power
supply portion, a power feeder circuit 25 which feeds power based on the
-59-

si gnal obtained fromsaid
nodul at or, and an antenna whi ch generates said radi o wave
corresponding to the current fed by said power feeder circuit.
24. An information comruni cation systemusing an IC 5 card as
designated in claim 18, wherein said reader and/or
21a | | 2
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witer device conprises: a power supply portion which generates a
signal for power transm ssion, an encoder circuit which encodes

i nput .data to be transmtted, a nodul at or whi ch superi nposes an

anpl i t'ude- nodul at ed signal 10 obtained fromthe encoder circuit upon a
si gnal .obt ai ned fromsaid power supply portion, a power feeder
circuit whi ch feeds power based)ypg the signal obtained fromsaid
nodul at or, and an antenna whi ch generates said radi o wave

corresponding to the current fed by said feeder circuit. 15 25.
An i nformation conmunication systemusing an |IC card as desi gnated
in claim19, wherein said reader and/or writer device conprises:. a
power supply portion which generates a signal for power
transm ssi on, an encoder circuit which encodes input data to be
transmtted, a 20 nodul at or whi ch superi nposes an anplitude- nodul at ed
si gnal obt ai ned fromthe encoder circuit upon a signal obtained
fromsaid power supply portion, a power feeder circuit whi ch feeds
power based on the signal obtained from said nodul at or, and an
antenna whi ch generates said radi 2? corresponding to the current
fed by said feeder circuit. ityﬁE;i 1 - 60-
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26. An information comruni cation systemusing an IC card as
designated in claim17, wherein said internal circuit of said IC
card .conprises: a decoder circuit which per fornms wavef orm shapi ng of
a ' nodtl at ed wave for 5 comuni cati on and decodes it, a m croconputer
whi ch Lnputs recei ving data decoded in said decoder circuit and
out put s data to be transmttegg/f® encoder circuit which encodes
transmtting data output fromsaid m croconputer, and a nodul at or
whi ch nodul ates a signal based on the signal 10 encoded in said encoder
circuit and inputs the nodul ated signal to said antenna.
27. An information comuni cation systemusing an IC card as
designated in claim 18, wherein said internal circuit of said IC
card conprises: a decoder circuit which 15 perfornms wavef orm shapi ng of
a nodul ated signal for comuni cati on detected by said antenna and
decodes the nodul at ed signal, a m croconputer which inputs receiving
data decoded in said decoder cir G nd uts transmtting data,
an encoder circuit which encodesi#v&E?ZO ?ﬂéfransnitting data out put from
the m croconmputer, and a nmodul at or whi ch nodul ates a signal based on
t he signal encoded in said encoder circuit and inputs the nodul ated
signal to saLg ant enna. 28. An information connunicatiog
systenlusingj nlC 21 26
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25 card as designated in claim19, wherein said interna

- 61 - circuit of said IC card conprises: a decoder circuit which
performnms waveform shapi ng of the nodul ated wave for comuni cati on
detectted by said antenna and decodes the nodul at ed wave, a

m croconputer which inputs receiving data 5 decoded in said decoder
circuit and outputs transmtting 141/{@ata, an encoder circuit which
encodes the transmtting data output fromsaid mcroconputer, and a
nodul at.or which nodul ates a signal based on the encoded signal in
sai d encoder circuit and inputs the nodul ated signal to said 10

ant enna. 29. An information comuni cation systemusing an IC
card conprising: a reader and/or witer device which conprises an

i nformation comruni cati on portion and a power transm ssion portion
and transmts power by radio fromsaid 15 power transm ssion portion to
an | C card, wherein said IC card is allowed to convert induced power
transmtted from . said reader and/or witer device into a DC voltage
and to detect said transmtted i nduced power or a voltage

FIG. 13

o~

26
(
/

B~



corresponding to said i nduced power,
in controlling static capacity based on said

or a voltage corresponding to said

statit capacitance and supply
and said system

circuit,
to perform 25
- 62 -

conmuni cation portion of
30. An information co

i nt er nal

designated in claim 29

o‘“’“ﬁ;ﬂ
radio fromsaid readergndLlJ
informatiog 1

t he case of
i nt er nal
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circui
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i nduced power

DC vol t age
I nduced power

in varying its
the DC voltage to the interna

conprises such an arrangenent as to be able
on using a radio wave between the

iéz*ff’c card and the infor

used provided in said rdadéy and/ or

card.
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card as designated in claim?29, wherein said reader and/or - witer

device conpri
transmitting
to be“transm

ses a power supply portion which 15 generates a signal for
power, an encoder circuit which encodes the input data
tted, a nodul at or whi ch superi nposes an

anpl i t wde- nodul at ed si gnal obtai ned from encoder circuit upon a
signal obtained from sai d po pply portion, a feeder circuit
hel High

whi ch feeds

20 power based on the al obtained from said nodul at or,

and an antenna whi ch generates said radi o wave corresponding to
the fed current by said feeder circuit. 32. An information
conmmuni cation systemusing an |IC card as designated in claim 29,

wherein said
wavef or m

|C card 25 conprises an decoder circuit which perforns
- 63 - shapi ng of

a nodul at ed communi cati on wave and decodes it, a m cr oconput er whi ch

i nput receivi
transmtting

ng data decoded in said decoder circuit and outputs
data, an encoder circuit which encodes the transmtting

data output from 5 said mcroconputer, and a nodul ator which inputs a

si gnal

FIELD INTENSITY

to said antenna in nodulating it based on the encoded
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signal encoded in said encoder circuit. 33. A power
trapsm’ssi on systemin which power is transmtted by using a radio
wave ;fromthe power 10 transm ssion portion to an | C card, wherein said
IC card is allowed to convert the transmtted i nduced power into a
DG voltage, to detect said transmtted i nduced power or a
vol tage corresponding to said induced pgger. and to obtain a desired
DC voltage in controlling inductance based on the 15 det ect ed i nduced
power or- the VoppRER TRANSEPSSUONYSYSTERM| dIC CARD ANDUINHORMMPIONNd to
supply the DCvoftage tO the Tnternal crrcurt.

COMMUNICATION SYSTEM USING IC CARD

ABSTRACT OF THE DISCLOSURE

The present invention comprises a power
transmission system, an IC card, and an information
communication system using an IC card.

In_the power transmission system, power is

- transmitted by radio from the power transmission device to
the IC card. In £he IC card, the transmitted induced power
is converted into a DC voltage, the transmitted induced
power or a voltage corresponding to the induced power is
detééted, and a desired DC voltage to be supplied to the

. internél circuit is obtained in controlling impedance based
on the detected induced power or the voltage corresponding

to the induced power.
FIG. 1
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