25 Novenber 2005 |1 C CARD AND | C CARD SYSTEM BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates t S%ﬁvkcbgﬁﬁﬂsa”d an

| C card system and, nore particularly, to an IC card i'C ?%ansn1ts in a
non-contact manner a signal nodul ated with. desired data and to an. 1 C card
systemusing the IC card. 2. Description of the Related Art I1C card
systens using | C cards have been applied to ticket exam nation systens for

use in transport facilities., roomentry/exit control systens, etc. An IC
card systemof this kind has been proposed which is constituted of IC
cards <carried by users and a read/witer (i.e., 1C card processor) for

exchangi ng various sorts of data w t.h pach of the IC cards. Various sorts"
of data are transmtted and received between the |IC card and the
read/witer in a non-contact nmanner. That is, in this kind of IC card

system the read/ witer &erggRﬁrégﬁgagiE L. Esg% Eﬁ! by nodul ating a nd

carrier having a predeterimn Cy W esired data sequence,
sends out the transm ssion signal to the IC card via an antenna. The IC
card receives the transm ssion signal via an antenna and denodul ates the

transnm sgh@cROBGE! oF OrHiE PhRfkGRrae Novenber 2005
1. Field of thé Invention

The present invention relates to an IC card and an IC
card system snd, more particularly, to an IC card which
transmits in a non—contact manner a signal modulated with
~desired data and to an IC card system using the IC card.

2. Description of the Related Art

IC card systems using IC cards have been applied to
ticket examination systems for use in transport facilities,
room entry/exit control systems, etc. An IC card system of
this kind has been proposed which is constituted of IC cards
carried by usérs and a read/writer (i.e., IC card processor)
for exchanging various sorts of data with each of the IC
cards. Various sorts of data are transmitted and received
between the IC card and the read/writer in a non-contact

- manner.

That is, in this kind of IC card system, the
read/writer forms a transmission signal by modulating a
carrier having a predetermined frequency with a desired data
sequence, and sends out the transmission signal to the IC
card via an antenna. |

‘The IC card receives the transmission signal via an

-antenna and demodulates'the'transmission signal to reproduce



2 the data sent fromthe read/witer. Further, the IC card sends out data
such as personal information stored therein to the re response
to the received data by nodulating a predeterni-ned ca???ﬁ%eéﬁ%:ﬁﬁ%e dat a
to be transmtted. The read/witer receives the data sent fromthe IC
card, and opens or closes a door of a ticket exam nation machine or
allows entry into or exit froma room A type of IC card for such use has
been proposed which is arranged to send out desired data 'to a read/witer
by the nethod of changing the power radiated fromthe antenna by changing
t he | oad i npedance of the antenna (hereinafter- referred to as "l oad
swtching system'). That is, in the-argenna of the IC card, a transm ssion
signal sent fromthe read/witer is induced and this transm ssion signal
is reradiated. If at this time the |oad inpedance of the antenna S

changed, ndi gin the
recelgw ngﬁegn %ﬁ%gsdé’ﬂ} Si% ed\qﬁ) tlfle %ﬁ?}éa]?of thﬁllﬁlrf%card the car rier of
the transm 'd?{]keﬁaafaa'sdc% %%1 ?éfé%t?éltﬁ?féfﬁ@ioﬂ ey@bred OEKEEPDNdI Ng t O

t he change In oad 1 npedan I'n suc | oad switching system desired

dat a can. e he GtadMir e8Il G- BB H oo | tharar@lvdadeasdiBy keyi ng

(ASK) manner based on a sinple arrangenent. The overall configuration can

be corr ggNditialy SigHdddteathined carrier with the data to be
transmltted.

The read/writer recelves the data sent from the IC card,
and opens or closes a door of a ticket examination machine
or allows entry into or exit from a room.

A type of IC eard for such use has been proposed which
is arranged to send out desired data to a read/writer by the
method of changing the power radiated from the antenna by
changing the load impedance of the antenna (hereinafter.
referred to as "load switching system").

That is, in the antenna of the IC card, a transmission
signal sent from the read/writer is induced and this
transmission signal is reradiated. If at this time the load
impedance of the antenna is changed, the reradiafed pover . is
correspondingly changed. Then, in the receiving antenna
coupled to the antenna of the IC Card,_the carrier of the
transmission signal is detected at the signal level
corresponding to the change in the load impedance.

In such a load switching system, desired data can be
sent out by being modulated in an amplitude shift keying

(ASK) manner based on a simple arrangement. The overall

configuration can be correspondingly simplified.



25 Novenber 2005 3 This kind of ICcard is carried by a user and is

brought close to the read/witer when used. Therefore, Si. | evel of
the transmtted signal induced in the antenna varies Fé&g@F?ﬁgg%@%ding
~upon use. In the load switching system therefore, there is a need to use
a sem conductor device having a sufficiently high withstand voltage as a
sem conductor device for changing the |oad inpedance of the antenna to
ensure the desired operation even when the signal |evel varies largely as
descri bed above. If a sem conductor device having such a sufficiently high
wi thstand voltage is used, it is difficult .to integrate the entire
circuit of the ICcard to the desiredzdegree of integration. As a solution
for this problem a nmethod of processing- the-signal obtained fromthe
antenna by clanmping the signal may be used. If such a nethod is used, the

di | . ch i n.the | oad inped ' t b
0T o ont 1y i dhd e, 3G Madd G000 & 100tk TR Keying
fiicientl: | s, L T it U ying
SRy SR FRUER e v i P Praf e R0 21 BB FRRSRE T Ui (e
present & i@l | Qivdp oF Ol Pinddei CALd SInAY 1facdld 17YEAE™ capable of

perform ng data exchange w t hout
antenna varies largely depending upon use.

=

In the load switching system, therefore, there is a
need to use a semiconductor device having a sufficiently
high withstand voltage as a semiconductor device for
changing the load impedance of the antenna to ensure the
desired operation even when the signal level varies largely
as described above. If a semiconductor device'having such a
sufficiently high withstand voltage is used, it is difficult
to integrate the entire circuit of the IC card to the
desired degree of integration. |

As a solution for this problem, a method of processing -
the signal obtained from the antenna by clamping the signal
may be used. If such a method is used, the power reradiated
by following the change in the load impedance cannot be
sufficiently changed. That is, the degree of amplitude
shift keying modulation is reduced, resulting in a

deterioration in data quality.

SUMMARY OF THE INVENTION
In view of these circumstances, an object of the
present invention to provide an IC card and an IC card

system capable of performing data exchange without a



25 Novenber 2005 - 4 seniconductor device having a sufficiently |arge
w thstand voltage while being arranged as sinply as tagl\jog%qbgrvgobghi ng
there " 1s

system According to one aspect of the present invention,

provided an I C card which transmts and receives desired data sequences in
non-contact transmi ssion between itsejf_ and an | C card processing
apparatus, said IC card conprising: an antenna for receiving a

transm ssion signal fromthe |C card processing apparatus; a denodul ation

circuit stak cbatitte¥irngeditbansgihfed sdakacseAvEnCeasgbt witReLihNe apparatus
by denodul ating the transm ssion signal received by the antenna; a

ref er eneelsbgralvhiaenbedngi aeuehgédr abosimplyyaasr eher toeé swinahieytract ed
froma carrier of the transm ssion signal, said reference signal having

t he sanéyste®Bquency as the carrier and a phase synchronized with the
carrier; a nodulation circuit for sending out a response data sequence
corresponding to the transmtted data sequence from the antenna by

Shi 11 keytng SERREENSACoRRE SURBYY BEr EhPt BForCh oHORERE Oer SETHG pover
by rectifyi-BgikR8 LHAREML§8HORLSEANRLah8RELY CAnEY reat dvadt 8888 red

data sequences in non-contact transmission between 1ltself

and an IC card processing apparatus, said IC card

comprising:

an antenna for receiving a transmission signal from the
IC card processing apparatus;

a demodulation circuit for retrieving a transmitted
data.sequence sent from the apparatus by demodulating the
transmission signal received by the antenna;

a réference signal forming circuit for forming a
reference signal extractéd from a carrier of the
transmission signal, said reference signal having the same
frequency as the carrier and a phase synchronized with the
carrier;

a modulation circuit for sending out a response data
sequence corresponding to the transmitted data sequence from
the antenna by modulating the reference signal with the
response data sequence in a phase shift keying manner;

a péwer supply circuit for producing operating power by
rectifying the transmission signal received by said antenna,
wherein said demodulation circuit and said modulation
circuit operate by the power produced by said power'supply

circuit; and



wherein said denodul ation circuit and said nodulation circuit operate by
the power produced by said power supply circuit; and %?bﬁ&y%ﬂg%b0§095 - 4a
wherein said reference signal formng circuit forms thé” "refrererce si gna

by a phase | ocked |oop circuit. According to another aspect of the present
invention, there is provided an IC G rd which transmts and receives
desired data sequences in non-contact transm ssion between itself and a
predet erm ned processor, said IC card conprising: an antenna for receiving

a transm ssi QReskdRakal HOPEERRenPEOSESRAL; fBrROME cSHERLY £biRYI théor
produci ng operating power by rectifying the transm ssion signal received

by sai drafeernag sagdeiodul at pbasei Lodkedf boopetirewing a transmtted data
sequence sent formthe processor by denodul ating the transm ssion signal
recei ved by said antenna; a load circuit for changing a |oad on said power
supply circlfFeogdéppdiaganethereapbast aht khseptenert corYeR3pbAding to the

transni%hed dat a seﬁgﬁngeand erein aaig | oad cigcuit congrises a filter
circui t “FoF p&r POPHIfG baRdlti iffdt FBACBf CEABSPLEPoRRE HRFE ¥8Guence and
for thepeatien QULBULLLNGEDE §RSRGASEOHRLA: SEAURDAPSLPon depUbEH erm nal

of sai d power supply crrc
itself and a predetermined processor, said IC card

comprising:

an antenna for receiving a transmission signal from the
processor;

a power supply circuit for producing operating power by
rectifying the transmission signal received by said antenna;
a demodulation circuit for retrieving a transmitted
data seqguence sent form the processor by demodﬁlating the

. transmission signal received by said antenna;

a load circuit for changing a load on said power supply
circuilt according to a response data sequence corréSponding
to the transmitted data sequenceand

wherein said load circuit comprises a filter circuit
for performihg band limitation of the response data sequence
and for thereafter outputting the response data sequence to

an output terminal of said power supply circuit.

According to still another aspect of the present
invention, there is provided an IC card system constituted

of each of the above-described IC cards.

According to a further aspect of the present invention,
there is provided an IC card which transmits and receives

. desired data sequences in non-contact transmission between



According to still another aspect of the present invention, thereis
provided an I C card systemconstituted of each of thezgg?ve- e 0%bed I C
n

cards. According to a further aspect of the present invée TR T there is

provided an I C card which transmts and receives desired data sequences in
non-contact transm ssion between itself and a predeterm ned processor, said
| C card conprising: an antenna for ﬂébéiving a transm ssion signal from
the processor; a denodulation circuit fro retrieving a transnmtted data

sequence ;se1t LoAML! NechLeeeRsaraby denndulatLngythe cLignsmi ssion i gnal

recei ved by Sard anténna; a rerére ifgnal formng Circuit for formng a
ref er enggrpirgBahghavi ng the same frequency as a carrier of the

transm ssion signal received by said antenna and phase- synchronized with
the carrier; aa sndehahbi 66rcireediyifigr asekenthvekyoaukpyghhingrbthetheef erence
signal from said antenna according to a response data sequence
correspbm@crgstd st he transm ssion data sequence; a power supply circuit

for producing operatingn power by rectifélng t he transm ssion signal
recei ved by saP@MaAvéARac" GAEFELR $APJTEERHENIATI BntERPEREELEAd said

modul at 00 CLLGHEL -2PELALS DY PR.PBYSLLBEGHUEGIa0Y 57 O PRYCLLEUPP! Y

transmission signal received by said antenna;

a reference signal forming circuit for forming a
reference signal having the same frequency as a carrier of
the transmission signal received by said antenna and phase-
synchronized with the carrier;

a modulation circuit for selectively outputting the
reference signal from said antenna according to a response
data sequence corresponding to the transmission data
sequence;

a power supply circuit for producing operating. power by
rectifying the transmission signal received by said antenna,
wherein said demodulation circuit and said modulation
circuit operate by the power produced by said power supply
circuit; and |

wherein said reference signal forming circuit forms the

reference signal by a phase locked loop circuit.



wherein said reference signal formng circuit fornms the reference signa
by a phase | ocked | oop circuit. 25 Novenber 2005 5 resagqﬁgeﬁﬁﬁfadagquence.
If, in An IC card, a reference signal having the sane requency as a
carrier of a transm ssion signal received by an antenna and '
phase-synchroni zed with the carrier is formed, and if a response data
sequence is sent out fromthe antenna by PSK-nodul ating the reference
signal with the response data sequence, a reference signal can be stably
formed by performng anplitude limtation of an input to a reference
signal formng circuit for formng the reference signal, or by a like
nmet hod, thereby sending out a resporsé@ signal. In this manner, data
exchange can be perfornmed by a system arranged as sinply as the | oad
switching systemw thout using a sem conductor device having a high

Wi thst ankbapidsadQatld sdgneditd.C card, the load on a power supply circuit
for producing operating power by rectifying a transm ssion signal received

by an antennafi,siahanged eagd,dangeferancecspgnad Havdngegheng@mea response
signal can be. sent out wth the same effect as in the case of changing

the | cadragqueagnes ef ddre iy eha tAanshisstiionre,siepel ifeceiveekdgssi vel y
| arge transm ssion signal is received, the operation of exchanging data
can be straiintepael emde @hays e-ciynglineitzes euitthuttife granttiendse fogmed y
CIrCUIté%&.?& i response data sequence is sent out from the antenna
by PSK-modulating the reference signal with the response
data sequence, a reference signal can be stably formed by
performing amplitude limitation of an input to a reference
signal forming circuit for forming the reference signal, or
by a like method, ﬁhereby sending out a response signal. In
this manner, data exchange can be performed by a system
arranged as simply as the load switching systeﬁ without
using a semiconductor device having a high withstand voltage.
If, in an IC card, the load on a power supply circuit
fdr producing operating power by rectifying a transmission
signal received by an antenna is changed according to a
response data sequence, a response signal can be sent out
with the same effect as in the case of changing the load
impedance of the antenna. At this time, even if an
excessively large transmission signal is received, the
operation of exchanging data can be stably performed by
clamping the'output from the power supply circuit or by a
like method. In this manner, data exchange can be performed

by a system arranged as simply as the load switching 5ystem

without using a semiconductor device having a sufficiently



li ke method. In this manner, data exchange can be performed by a system

arranged as sinply as the load switching system wtho
sem conduct or device having a sufficiently 25 hbvenbergésgékﬁgﬁﬁgws

-w thstand voltage. Each of the thus-arranged IC cards can forman IC card

system having a sinple configuration. An IC card nmay al so be arranged in
which a reference signal having the sane frequency as a carrier of a
transm ssion signal received by an antenna and phase- synchronized with the
carrier is formed, and in which the reference signal is selectively sent
out fromthe antenna according to a response data sequence, thereby
enabling a system arranged as sinply @s—t he | oad switching systemto
perform data exchange w t hout using a sem conductor device having a high
wi t hst and vol tage. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. | is a block

di agr am si}ghi wethswadd! abloagand denodul ation circuit in an IC card system
which represents a first enbodi ment of the present invention Fig. 2 is a
bl ock di agr arBsdtoveHigtitdetlarg+amramyped i Yreardn odntforn @roak@® ¢dmred em shown
in Fig. 1; Fig. 3 is a block diagram show ng a nodul ati on and denodul ati on
circuit $ystem|Tavind aysimpleitenfigpratédans a second enbodi nent of the

present invention; . .
An IC card may also be arranged in which a reference

signal having the same frequency as a carrier of a

transmission signal received by an antenna and phase-

L synchronized with the carrier is formed, and in which the

reference signal is selectively sent out from the antenna
according to a response data sequenée, thereby enabling a
system arranged as simply as the load switching system to
perform data exchange without using a semiconductor device

having a high withstand voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a mbdulation and
demodulatioh circuit in an IC card system thch represents a
first embodiment of the present invention;

Fig. 2 is a block diagram showing the entire
configuration of the IC card system shown in Fig. 1;

Fig. 3 is a block diagram showing a modulation and
demodulation circuit in an IC card system which represents a

- second embodiment of the present invention;

Fig. 4 is a block diagram showing.a'modulation and

demodulation circuit in an IC card system which represents a

third embodiment of the present invention; and



Fig. 4 is a block diagram show ng a nodul ati on and denodul ation circuit in
an | C card system which represents a third enbodi nent nt

i nvention; and 25 Novenber 2005 7 Fig. 5 is a block di%S?%%?@ﬁ%&?ﬁg a

nodul ation and denodulation circuit in an I C card system which represents
a fourth enbodi nent of the present invention. DESCRI PTI ON OF THE PREFERRED
EVMBODI'MENTS Enbodi nents of the present invention will be described in
detail with reference to the drawings. (1) First Enbodinent Fig.-2 is a

bl ock di agram showing an I C card system which represents a first

enbodi mrent of the present invention. This IC card system1l is applied to,
for exanple, a ticket examnation systemfor use in transport facilities.
In the 1C card system1l, data is exchanged between an; IC card 2 and a
read/ witer 3. The ICcard 2 is forned into the shape of a card. by

|ani nati ng a gt ective, $ieeh Fibdh iR sndi Bie LhodIelt 1d g at ed

circuits are nte The 1C card has a | oop antenna 4 forned of a

Wi ring ReddSdd ORidh & Rabi P Bl Gan ALC "4l 8k Y Sfer h HEHOELhBES QLS 4CUi t 5
and a signal processing circuit 6 are formed by the integrated circuits

f?r”Ed‘%bdfﬁhtEﬁﬁbd&ﬁéﬁt Jihe:Hed Qprasdiet néndensicwupl ed to a | oop antenna 8
o] . :
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the present invention will be described
in detail with reference to the drawings.
(1) First Embodiment
Fig. 2 is a block diagram showing an IC card system
which represents a first embodiment of the present invention.
This IC card systém 1 is applied to, for example, a ticket
examination system for use in transport facilities. 1In the
IC card system 1, data is exchanged between an, IC card 2 and
a read/writer 3. |
The IC card 2 is formed into the shape of a card by
 laminating a protective sheet and a base plate on which
integrated circuits are mounted. The IC card 2 has a loop
‘antenna 4 forﬁed of a wiring pattern on the base plate. A
modulation and démodulation circuit 5 and a signal
processing circuit 6 are formed by the integrated circuits
formed on the base plate.
The loop antenna 4 is coupled to a loop antenna 8 of
the read/writer 3. The loop antenna 4 receives a
transmission signal sent from the loop antenna 8 and

radiates a response signal formed by the modulation and




the read/witer 3. The | oop antenna 4 receives a transm ssion signal sent

fromthe loop antenna 8 and radiates a response signah &Q#gﬁgtq§,F
nodul ati on and 25 Novenber 2005 8 denodul ation circuit he no ation

and denodul ation circuit 5 produces necessary electric power, a clock
signal, etc., for the operation of the IC card 2 froma transm ssion
signal received by the |oop antenna 4. The nodul ati on and denodul ation
circuit 5 operates by the electric power and the clock signal to
denodul ate the received transm ssion signal to retrieve a data sequence
sent fromthe read/witer 3 (hereinafter referred to as "transmtted data
sequence") D (R --3- ©. The nodul &t i, and denodul ation circuit 5
outputs the data sequence to the signal processing circuit 6. By this
transnitted data sequence t he nodul ation and denodulation circuit 5 is
urged t h "ESRANSE 5 Si gnal . The nodul ati on and denodul ation
circuit orns t résponse signal froma data sequence (hereinafter

referred tomge mbeﬁner&aendeha ARRGRAY OB Crodit IS PHoduce® the signal
processing circuit and radi ates the response signal by driving the | oop

ant enna rfedbs 16 reemm JParat, alhelcdignaigniocasiss Ng foxr atlid 6 operates
by the electric power and the cl ock signal generated by the nodul ation
and demupdraition of alid IT toam@hd Vol e transmission signal
received by the 1609 antenna 4. The modulation and
demodulation circuit 5 operates by the electric power and
the clock signal to demodulate the received transmission
signal to retrieve a data Sequence sent from the read/writer
3 (hereinafter referred to as "transmitted data sequence") D
(R = C). The modulation and demodulation circuit 5 outputs
the &ata‘sequence to the signal processing circuit 6. By
this transmitted data sequence, the modulation .and
demodulation circuit 5 is urged to transmit a respense
| signal. The modulation an& demodulation circuit 5 forms the
response signal from a data sequence (hereinafter referred
;i‘ to as "response data sequence") D (C — R) input from the
signal processing circuit 6 and radiates the response signal
by driving the loop antenna 4 by the response signal.

The signal processing circuit 6 operates by the
electric power and the clock signal generated by the
modulation and demodulation cireuit 5 to analyze the

" transmitted data sequence D (R -> C) and outputs a response
data sequence D (C — R) to the modulation and demodulation

circuit 5 by reading out this data sequence from an internal

nonvolatile memory according to need.



transmtted data sequence D (R --' C) and outputs a response data sequence
D(C-a R to the-nodul ation and denodul ation «circuit gbﬁ%’ g out
this data sequence froman internal nonvolatile nenory according to need.
9 In the read/witer 3, a nodul ati on and denodulation circuit 9 receives a
transmtted data sequence D (R -a € input froman signal processing unit
(SPU) 10, and fornms a transm ssion signal by nodulating a carrier having a
predeterm ned frequency in a binary phase shift keying (BPSK) or
differential phase shift keying (DPSK) manner. As a nmethod for this
nodul ati on, any of various nodul ati on methods, such as ASK, PSK, .
Gaussian-filtered m ninmum shift keyi 8g-( GVBK), frequency shift keying
(FSK), and pul se nodulation (PM, can be used according to need: The
nodul ati on and denodul ation circuit 9 sends out the .transm ssion signal

from the 'OOEna%h%n&eaE/w@r%%r ghea pRAUIALiION AHd dRi@dulatien circuit 9
processes a response signal recéived by the | oop antenna 8 to retrieve a

r esponsg i dlid SPQUNHRrde (€ transhitted ddinddudiee T R -ByC)
denodul ati on and outputs this response data sequence D (C R) to the SPU 10.

I'n procegputy fM-dnt aits M8 isfrialn priogeals i unites(spe 16 gnal fmemdescri bed
above, the nodul ati on and denodulation circuit 9 forns the transm ssion

signal hyanstepidiod sl dy aodwlatting 4 drgisudiaving 2 when el ectric
fyelds predetermined frequency in a binary phase shift keying
(BPSK) or differential phase shift keying (DPSK) manmner. As
a method for this modulation, any of various modulation
methods, such as ASK, PSK, Gaussian-filtered minimum shift
keying (GMSK), frequency shift keying (FSK), and pulse
modulation (PM), can be used according to need. The
modulation and demodulation circuit 9 sends out the
transmission signal from the loop antenna 8. Also, the
modulation and demodulation circuit 9 processes a response
signal received by the loop antenna 8 to retrieve a response
data sequence Db (C -» R) sent from the IC card 2 by
demodulation and outputs this response data sequence D (C —
R) to the SPU 10.

In processing a transmission signal and a response
signal as described above, the modulation and demodulation
circuit 9 forms the transmission signal by a depth of
modulation of about 10 %, such that, when electric fields
formed by the loop antennas 4 and 8 are measured and the
frequency spectrum thereof is observed, the power ratio of

the carrier to the total power is equal to or higher than

99 %. The signal level of the carrier is thereby



formed by the | oop antennas 4 and 8 are neasured and the frequency

spectrum t hereof is observed, the power ratio of the N A e tota
power is equal to or higher than 99 % The signal Ievg?}%#%%ﬁég%ggrier i's
t her eby 25 Novenber 2005 - 10 continuously nmaintained so as to be equal to
or higher than a certain |level when the transm ssion signal is received on
the 1C card 2 side. Simultaneously, the power of the sidebands is limted
so as not to exceed a predetermned Ilevel. The SPU 10 is constituted of a
cal cul ation processing unit for executing a conparatively sinple
processing procedure. The SPU 10 sends to the nodul ati on and denodul ation
circuit 9 a transmtted data sequeneceilD (R --' C) to be transmtted to the
|C card 2. The SPU 10 al so processes a response data sequence D (C - R

i nput fromthe nodulation and denodul ation circuit 9. During this

rocessi | rPYress r r sing b
B G op P bifoatty s SR 207800 £E gl 165 Sl fne (ORERE N0 BY
oper ati oft fyr-@a £0TBRS YR Ahd NPEdnsRESSiON 42gAd0 BXChangBFedlatp for a

processing procedure, etc., with an external device 13 according to need.
Fig. | ighée Bt askrdi 204 2de Shayinifl tdie yptLRa r depoghid ation circuit

5 of the ICcard 2. In the nodul ation and denodulation circuit 5 on the IC
card 2 sitebénd®Wbs limited so as not to exceed a predetermined
1evel.

The SPU 10 is constituted of a calculation processing
unit for executing a comparatively simple processing
procedure. The SPU 10 sends to the modulation and
demodulation circuit 9 a transmitted data sequence B (R — C)
to be transmitted to the IC card 2. The SPU 10 also
processes a response data sequence D (C - R) input from the
hodulation and demodulation circuit 9. During this |
processing, the SPU 10 displays the progress and results of
processing by a display section 11 according to need. The
SPU 10 also changes the operation by a command from an input
section 12 and exchanges data for a processing procedure,
etc., with an external device 13 according to need.

Fig. 1 is a block diagram showing the modulation and
demodulation circuit 5 of the IC card 2. In the modulation
and demodulation circuit 5 on the IC card 2 side, a power
supply circuit 19 receives a transmission signal induced in
the loop antenna 4 and rectifies this transmission signal to
generate power for operating the IC card 2.

A carrier extractor 20 is formed of a phase locked loop

(PLL) circuit which operates by limiting the amplitude of



supply circuit 19 receives a transm ssion signal induced in the |oop
antenna 4 and rectifies this transm ssion signal to 9993&ﬂkﬁm for:
operating the IC card 2. A carrier extractor 20 is forned of a phase | ocked
| oop (PLL) circuit which operates by limting the anplitude of 25 Novenber
2005 - 11 the transm ssion signal received by the | oop antenna 4. The
carrier extractor 20 generates a clock signal CK having the sane frequency
as the carrier of the transm ssion signal and phase-synchronized with the
carrier. The carrier extractor 20 divides this clock signal to form
operating clock signals .for the signal processing circuit .6 and to other
conponents. Even if the power of t-ellr-ansni ssion signal received by the
| oop antenna 4 varies largely, the carrier extractor 20 generates, at a
constant |evel, the clock signal CK having the sane frequency as the
carrier tdfe thansmiBETonSsagni10tdceidtd MR TPeS MRy Amiteadkaniat.h i
carrier. A denodul ator 22 receives the transm ssion signal from the | oop
ant ennachraiériexteastsrand denedataisesn dlock sdymals Ko haviigialthey usi ng
the clock signal CK output from the carrier extractor 20, thereby
retrievisaget feegquensy tsethedabarriequefcehe tRansmi6s ibnasdmniatledndy t he
transm ssion signal. The denodul ator 22 outputs the transmtted data
sequencehBseRsynsh@pnigethwishgrhle wagudsgi.ng Thier canri@r Axwragiteror 23 is
formed of a PSK nodul ator, and ‘

20 divides this clock signal to form operating clock signals

for the signal processing circuit 6 and to other components.

| Even if the power of the transmission signal received by the
% loop antenna 4 varies largely, the carrier extractor 20
t
|

generates, at a constant level, the clock signal CK having

the same frequency as the carrier of the transmission signal
and phase-synchronized with the carrier.

A demodulator 22 receives the transmission signal from
the loop antenna 4 and processes and demodulates the
transmission signal by using the clock signal CK output from
the carrier extractor 20, thereby retrieving the transmitted
data sequence D (R —> C) transmitted by the transmission
signal. The demodulator 22 outputs the transmitted data
sequence b (R — C) to the signal processing circuit 6.

A modulator 23 is formed of a PSK modulator, and
modulates the clock signal CK output from the carrier
extractor 20 with the response data sequence D (C —> R) to

~ form a PSK-modulated signal Sl.

A level adjuster 24 corrects the signal level of.the

PSK-modulated signal S1 to a predetermined signal level to

- form a response signal, and outputs the response signal to



nodul ates the clock signal CK output fromthe carrier extractor 20 with
the response data sequence D (C--3 R) to forma PSK- @Q(NH\@%S fjognal Si .
A level adjuster 24 corrects the signal |evel of the PSK-nodul ated signal
Sl to a predetermined signal level to forma response signal, and outputs
the response signal to 25 Novenber 2005 - 12 the |oop antenna 4. The | evel
adj uster 24 observes the signal level on the connection line to the | oop
antenna 4, and corrects the signal |evel of the nodul ated signal Sl1 so
that the carrier observed-on the line is maiintained at a signal |evel
equal to or higher than a certain value even if the |logical |evel of the

response data sequence D (C --~, R~ Iard es, thereby enabling the carrier
extractor 20 fornmed of a PLL circuit to operate stably. In the IC card
system1l (Figs. | and 2) arranged as described above, the carrier is

"DdU|at%ﬂewﬁggpgggﬁghﬁ%ﬁﬁqit&g@ gébélsﬁﬁﬁﬁgﬁﬁrDzﬁRobsGkv%% R@esent from the

read/ witer card nd-the nodul ated signal is sent out from

the 'Ooa_iﬁﬂiai“mévél Yheenbheohkeedidn21ifebtoughe abope antehg agad/ witer
3 operating in this manner, the corresponding transm ssion signal is

i nducedaing EBerkees @nbeBRgndlofevhe b€ eaedmddulatied siignadf sihss i nduced
transm ssion signal is converted into electric power for the IC card 2 by
t he powehasuphkycarrier observed on the line is maintained at a
signal level equal to or higher than a certain value even if -
the logical level of the response data Sequence D (C — R)
varies, thereby enabling the carrier extractor 20 formed of
a PLL circuit to operate stably.
In the IC card system 1 (Figs. 1 and 2) arranged as
 described above, the carrier is modulated with the
transmitted data sequence D (R — C) to be sent from the
read/writer 3 to the IC card 2, and the modulated signal is
sent out from the loop antenna 8. |
When the IC card 2 is brought close to the read/writer
3 operating in this manner, the corresponding transmission
signal is induced in the loop antenna 4 of the IC card 2. A
portion of this induced transmission signal is converted
ihto electric power for the IC card 2 by the power supply
circuit 19. The modulation and demodulation circuit 5 and
the signal processing circuit 6 and other components of the
IC card 2 are driven by this electric power.
From transmission signal obtained by the loop antenna 4,
the transmitted data sequence D (R — C) is reproduced by the
dembdulator 22. The transmitted data sequence D (R -> C) is

- then analyzed in the signal processing circuit 6 to form the



circuit 19. The nodul ati on and denodul ation circuit 5 and the signal
processing circuit 6 and other conponents of the 1C ca EQQ%@E%@rﬂﬂbven by
‘this electric power. Fromtransmi ssion signal obtained by the |'oop antenna
4, the transmtted data sequence D (R -> C) is reproduced by the

denodul ator 22. The transmtted data sequence D (R -' C) is then analyzed
in the signal processing. circuit 6-to formthe 25 Novenber 2005 - 13
response data sequence D (C ---> R) to be sent to the read/witer 3. The
response’ data sequence D (C -, R) is input to the nodulator 23. In the
nodul at or 23, the clock signal CK output from the carrier extractor 20 is
nodul ated with the response data seqggnce D (C --'" R) to obtain

PSK- nodul ated signal S1. The |evel of PSK-nodul ated signal Sl is corrected
to a constant signal level by the |level adjuster 24 and is thereafter

out put t]g)e%?gné O(ﬁ’a %Q@g?%%esﬁ?mgg C|tg§|ri.,él X @ put fromthe

carrier rac freq ency as the carrier of the

t d dg ,
ransm ssio d‘&;‘lgnalﬁn 8 SPeSUOEE Ogats éeéa@naaenc pEriery jthe

PSK- nod e sanme frequenCy as the carrler of the

transm sgi stgngﬁeemghﬁ§§t¢f529hase changed in accordance with the
response data sequence D (C ---> R). As the phase change in the response

Séi gnal radi atief tHeomddifladc0wR BNt Yock hei greshark eowtghe sagence D (C i
) s the carrier extractor 20 is modulated with the response data
sequence D (C — R) to obtain PSK-modulated signal S1. The
level of PSK-modulated signal S1 is corrected to a constant
signal level by the level adjuster 24 and is thereafter
output to the loop antenna 4.

Since the clock signal CK output from the carrier
~extractor 20 has the same frequency as the carrier of the
transmission signal and phase-synchronized with the carrier,
the PSK-modulated signal S1 has the same frequency'as the
carrier of the transmission signal and has its phase changed
in accordance with the response data sequence D (C -—> R). As
the phase change in the response signal radiated from the
loop antenna 4, the responée data sequence D {(C — R) is
transmitted.

Data exchange can be reliably performed by these means
without usiﬁg a semiconductor device having a sufficiently
high withstand voltage to change the load impedance of the
antenna as in the conventional lcad switching system.

Moreover, in the IC card system 1, even if the power of

 the transmission signal induced in the loop antenna 4

becomes large when the IC card 2 is brought closer to the




transmtted. Data exchange can be reliably perfornmed by these neans

W t hout using a sem conduct or device having a 'S“ff'c'%ﬁﬁthﬁﬂ o4l thstand
vol tage to change the |oad inpedance of the antenna as in the conventlonal
| oad switching system Moreover, in the IC card system 1, even if the power
of the transm ssion signal induced in the | oop antenna 4 becones | arge
when the IC card 2 is brought closer to the 25 Novenber 2005 - 14
read/witer 3, clock signal CK naintained at a constant signal |evel is
produced by the carrier extractor 20, and the nodulated signal Sl is
formed fromthis clock signal CK to transmt the response data sequence D
(C-p R, thereby sending out the-rddpense signal fromthe | oop antenna 4
by constant power. In the case of the |oad switching system when the IC
card 2 is brought closer to the read/witer to increase the power of the

transm §éh8?‘w§h.88§' 3l ndi6eH s0ghle ERORa2AEANAEA 4t hheomstagpt change at
the time of swtch |ng Is correspondingly increased, thereby increasing the

transm ssEAR1OVEREN . id f]]bﬁodtﬁl@é@aby thet Barilapsekssaetoropd puindecones
| arger abruptly as the 1C card is brought closer to the read/witer.

ConsequeRé! Modubhateaspimssl s1gbal fosmedcEéromdthisanleakreighyl | @Kge signal
| evel due to such an increase in the transm ssion output, and there has
to transmit the response data sequence D (C — R), thereby
sending out the response signal from the loop antenna 4 by
constant power.

In the case of the load switching system, when the IC
card 2 is brought closer to the read/writer to increase the
power of the transmission signal induced in the loop antenna
4, the current change at the time of switching is
correspondingly increased, thereby increasing the
transmission output. This increase in the transmission
output becomes larger abruptly as the IC card is brought
closer to the read/writer. Consequently, the response
signal is received at an extremely large signal level due to
such an increase in the transmission output, and there has
been a need to adopt a certain means for coping with an
excessively large input in some load switching systems.

In contrast, in this embodiment of the present
invention, response signal is sent out by constant power
from the loop antenna and the need for a means for coping
with such an excessively large input can be eliminated. The
confiquration of the read/writer 3 can be correspondingly
simplified.

According to the above-described arrangement, clock



been a need to adopt a certain neans for coping wth an excessively |arge.
input in sone |oad switching systems. In contrast, in tiig, eppedsgmnt of
the present invention, response signal is sent out by constant power from
the | oop antenna and the need for a neans for coping wth such an
excessively large input can be elimnated. The configuration of the
read/ witer 3 can, be correspondingly sinplified. According to the
above-descri bed arrangenent, clock 25 Novenmber 2005 - 15 signal CK having
t he same frequency as the main carrier of the transm ssion signal sent
fromthe read/ witer 3 and phase-synchronized with the carrier is
generated, and PSK npodul ated signal =St3formed fromthis clock signal CK is
sent out 'fromthe |oop antenna 4. In this manner, the desired data
exchange can be perfornmed by a systemarranged as sinply as the | oad
SWi t chi ngligrysl eI Madigg s hnke Seeqwandy Gsorcite nain rearmigera of
sufficiently high, withstand voltage. Therefore, the circuit conponents
form ng the txX3maridsAorcangead Isemy Tombithed vieadyvanitien eyraxided circuit.
Al so, damage to the IC card when a high voltage is applied to the IC card
by st at iphasestynainoniced helth Rihe gatrierdsc@enerateshpand@sks t h t he
conventional art. Even if the power of the transm ssjon signal induced in

modulated signal S1 formed from this clock signal is sent

out from the loop antenna 4. In this manner, the desired

data exchange can be performed by a system arranged as

simply as the load switching system without using a

semiconductor device having a sufficiently high withstand

voltage. -

Therefore, the circuit components forming the IC card 2
can easily by combined into an integrated circuit. Also,
damage to the IC card,ﬁhen a high voltage is applied to the
IC card by static electricity or the like can be reduced in
comparison with the conventional art.

Even if the power of the transmission signal induced in
the loop antenna 4 is increased whén the IC card 2 is
brought closer to the read/writer 3, the response signal can
be sent out from the loop antenna 4 by constant power.
Therefore, the need for a means for coping with an
excessively large input on the read/writer 3 side can be
‘eliminated and the configuration of the read/writer 3 can be
simplified.

Further, the method of forming the clock signal by
limiting the amplitude of the input signal in the carrier

extractor 20 also enables stable generation of clock signal



the |l oop antenna 4 is increased when the I1C card 2 is brought closer to
the read/witer 3, the response signal can be sent outysfhQGHBEIdROP
antenna 4 by constant power. Therefore, the need for a neans for coping
with an excessively large input on the read/witer 3 side can be
elimnated and the configuration of the read/witer 3 can be sinplified.
Further, the nethod of form ng the clock signal by limting the anplitude
of the input signal in the carrier extractor 20 al so enabl es stable
generation of clock signal CK while the power of the transm ssion signal
I nduced in the |oop antenna 4 is changed. Al so, damage to the carrier
extractor 20 can be reliably avoi ded fhereby. On the read/witer 3 side,
the depth of nodulation is set to 10 % so that the carrier can be
continuously nonitored in the response signal received by the | oop

. ant ennacgd. K18 £REUbdwet NOF CLREKL PARSAL s 629N DS ghatugesuaéd Mstael ity in

the carrier extractor 20 arranged as a PLL <circuit, thereby making it

possi bl e148p SARLENNEXE NPHOEhARGEd . anBll §6, sGanhyesupptieetactiexc pover from
the power supply circuit 19. Further, the ratio of the carrier power to

t he tot adxtPawesri 20t bentbansal ssbyn svobdedi sheeebyo 99 % or hi gher,
thereby effectively reducing parasitic em ssions. (2) Second Enbodi nent
Fig. 3 is a Wmdhalisspdimsiton iy sideduihe ideptindf modulation is
set to 10 %, so that the carrier can be continuously
monitored in the response signal received by the loop
antenna 4. As a result, the clock signal can be produced
with stability in the carrier extractor 20 arranged as a PLL
circuit, thereby making it possible to stably exchange data
and to stably supply electric power from the power supply
circuit 19.

Further, the ratio of the carrier power to the total
power in the transmission signal is set to 99 % or higher,
thereby effedtively reducing parasitic emissions.

(2) ‘Second Embodiment

Fig. 3 is a block diagram showing a modulation and
demodulation circuit 30 of an IC card used in an IC card
system which represents a second embodiment of the present
invention. In the arrangement shown in Fig. 3, the same
components as those described above with reference to Fig. 1
are indicated by the same reference numerals and the
description for them will not be repeated.

In this embodiment, modulated signal S1 is formed by
.switching a clock signal CK having the same frequéncy as a

carrier and phase-synchronized with the carrier and a clock



denodul ation circuit 30 of an I1C card used in an I C card system which
represents a second enbodi nent of the present inventiggﬁgﬂ?ﬂu%a 05
arrangenent shown in Fig. 3, the same conponents as those described above
with reference to Fig. | are indicated by the sane reference nuneral s and
the description for themw |l not be repeated. In this enbodi nent,

nodul ated signal S1 is formed by sw tching a clock signal CK having the
sanme frequency as a carrier and phase-synchronized with the carrier and a
cl ock 25 Novenber 2005 - 17 signal CKI forned by inverting the signal

level of the clock signal CK. That is, in the nodul ati on and denodul ati on

circuit 30, a carrier extractor 36-flotms cl ock signal CK fromthe output
fromthe | oop antenna 4 and out puts the clock signal CK The carrier
extractor 36 also forns and outputs clock signal CKI having a phase

differ egﬁgnﬁﬁ &%&fb&:ﬁl@dt Bg $hoektingn@he Sgnall areielg oan they @lloesk si gnal
I gnal

of cloc . A nodulfator 37 is formed by a switching circuit which
selectssggﬂaqutggts clock signal CK or CKI according to response data
sequence (C -> R). The nodul ator 37 thereby outputs a PSK-nodul at ed
signal the phpae &, Wahchhésmehabgeilonaandr demgdudatéspoasecdata3dequence D
(C-,R. In the nodul ati on and denodul ation circuit 30, nodul ated si gnal
S1 i s out parrtiert kxtiraeroanBénfiarmsatfleck signal CK from the output
from the loop antenna 4 and outputs the clock signal CK.
The carrier extractor 36 also forms and outputs clock signal
CKI having a phase difference of 180° from the clock signal.
CK by forming an inverted signal of clock signal CK.
A modulator 37 is formed by a switching circuit which
selects and outputs clock signal CK or CKI according to
response data sequence D (C — R). The modulator 37 thereby
outputs a PSK-modulated signal the phase of which is changed
according to response data sequence D (C — R).
In the modulation and demodulation circuit 30,
modulated signal S1 is output to the loop antenna 4 after
the signal level of modulated signal S1 has been corrected
by the level adjuster 24. The signal level of the carrier
is thereby enhanced or lowered at the input terminal of the
loop antenna according to response data sequence D (C — R),
and PSK-modulated signal S1 thus formed is sent out.
According to the arrangement shown in Fig. 3, modulated
signal is formed by switching the clock signal CK having the
same frequency as the carrier and phase-synchronized with

the carrier and the clock signal CKI having a phase

difference of 180° from the clock signal CK, so that the




the signal level of nodul ated signal S1 has been corrected by the |evel

adj uster 24. The signal level of the carrier s thereby Aneesho’"

| owered at the input termnal of the |oop antenna accor Ing to response
data sequence D (C --a- Rr and PSK-nodul ated si gnal thus forned is
sent out. According to the arrangenent shown in Fig. 3, nodul ated signa

Is formed by swtching the clock signal CK having the sane frequency as
the carrier and phase-synchronized with the carrier and the clock signal
CKI having a phase difference of 180 fromthe clock signal CK so that

t he 25 Novenber 2005 - 18 configuration of the nodul ator 37 for nodul ating
response data sequence D (C ---> R) x@n.be sinplified while the sane
advant ages as those of the first enbodi nents are achieved. (3) Third
Enbodi ment Fig. 4 is a block diagram showi ng a nodul ati on and denodul ati on

cireuit 4%5gﬁ3%%tg$ Cﬁ FleHeCHoll1 a0y Gt mO¥RE ey ﬁ%‘g@ %ngsents a

third effd présent i nvéenti on Inthis e to send out

2 resPonsta Seiahoe! e boaﬁa%_fm.ﬁgag 68 _8inblieel Q9nvRD EneRedsiie changed by

changin rsuppl y | o odi ment, the same conponents as
t hose d%&%fahlﬁ e%b%e Wb&.la be' eheNG8 st cmbBdihedts aRdl aahdéved.the same

ref erence nunerals an the description for themw Il not be repeated. In
this empadi MRt rdapnB6dimésetion circuit 41

Fig. 4 is a block diagram showing a modulation and
demodulation circuit 40 of an IC card used in an IC card
system which represents a third embediment of the present
invention. In this embodiment, to send out a response
signal, the load impedance of the loop antenna 4 is changed
by changing the power supply load. In this embodiment, the
same components as those described above with reference to
Fig. 1 are indicated by the same reference numerals and the
description for them will not be repeated.

In this embodiment, a rectification circuit 41
rectifies a response signal output from the loop antenna 4
to produce electric power for the IC card 2. A
‘stabilization circuit 42 stabilizes the output voltage of
the rectification circuit 41 and supplies the stabilized
output to the signal processing circuit, the demodulator 22
and other components.

A level adjuster 43 corrects the signal level of
response data sequencé D (C — R) to a predetermined signal
level and outputs the corrected signal. A bandpass filter
(BPF) 44 performs band limitation of the ocutput signal of

the level adjuster 43 and then outputs the signal to the



rectifies a response signal output fromthe | oop antenna 4 to produce
electric power for the IC-card 2. A stabilization circul ilizes
the output voltage of the rectification circuit 41 angﬁgﬁﬂé Pgéﬂﬁﬁe
stabilized output to the signal processing circuit, the denodul ator 22
and ot her conponents. A level adjuster 43 corrects the signal |evel of
response data sequence D (C -' R) to a predeterm ned signal |evel and
outputs the corrected signal. A bandpass filter (BPF) 44 perforns band
‘limtation of the output signal of the level adjuster 43 and then outputs
the signal to the 25 Novenmber 2005 - 19 output termnal of the
rectification circuit 4.1 through a Ifapacitor 45. The | evel adjuster 43
and the bandpass filter 44 thereby change the power supply | oad according
to the logical |evel of response data sequence D (Ca R). .The |oad

| rpedang@tphtt kRermeanl1apirethe 4ectilfieaehyntkdreed tt a1sehdtought at he
response signal. According to the arrangenent shown in Fig. 4, the power

suppl y kcepdcitoghasgedThec dedield aijukiter]! dgi aald thecbanlipasesgdnterdat a
sequence D (C a R), so that data exchange can be perfornmed by a system
ar r anged 4ashereplyy changee theagowen sapply dpsidemcworddng bei thea
sem conduct or device having a particularly high withstand voltage for
sendi nglegticaledpyricofarespofgeadrfa sequence D (C — R). .The load
impedance of the loop antenna 4 is thereby changed to send
out the response signal.

According to the arrangement shown in Fig. 4, the power
supply load is changed according to the logical level of
respdnse data sequence‘D (C — R), so that data exchange can
be performed by a system arranged as simply as the load
switching system without using a semiconductor device having
a particularly high witﬁstand voltage for sending out
response data D (C — R).

Therefore, the circuit components forming the IC card 2
can easily by combined into an integrated circuit. Also,
'damage to the IC card when a high voltage is applied to the
IC card by static electricity or the like can be reduced in

- comparison with the conventional art.

Even if the power of the transmission signal induced in
the loop antenna 4 is increased when the IC card 2 is
brought closer to the read/writer 3, an abrupt increase in
current at the time of switching, such as that observed in
the load switching system, can be prevented, thereby making

it possible to send out a response signal by stabilized

_power. Therefore, the need for a means for coping with an



Therefore, the circuit conmponents formng the IC card 2 can easily by
conbined into an integrated circuit. Al so, danage to en a
high voltage is applied to the |1C card by static elec?sﬁg*%§£g¢ﬂ¥)e i ke
can be reduced in conparison with the conventional art. Even if the power
of the transm ssion signal induced in the |loop antenna 4 is increased when
the ICcard 2 is brought closer to the read/witer 3, an abrupt increase
in current at the time of switching, such as that observed in the |oad
switching system can be prevented, thereby making it possible to send out
a response signal by stabilized power. Therefore, the need for a nmeans for
coping with an 25 Novenber 2005 - 20 2@xeessively large input on the

read/ witer 3 side can be elimnated and the configuration of the

read/ witer 3 can be sinplified. The power supply voltage output fromthe

rectifi GalddukivdiyFlidrdtl fiuts $hernes atbduhaaitdy T eiaeneans bf the
carrier. en the 1 C card is brought closer to the IC card processor, the

si gnal |aweli mftddaanulaat idih faeRerdrirs of niieasemi/Writdy 8 emwdiarent ,
however, such pul sating conponents are suppressed by the capacitor 45 and

the bangdpgssifidder 44, so that application of an excessively high

voltage to the output termnal of the |level adjuster 43 can be reliably

avoi ded. The power supply voltage output from the rectification
circuit 41 has superposed pulsating components of the
carrier. When the IC card is brought closer to the IC card
processor, the signal level of the pulsating components
increases. In this embodiment, however, such pulsating
components are suppressed by the capacitor 45 and the
bandpass filter 44, so that application of an excessively
high voltage to the output terminal of the level adjuster 43
can be reliablj avoided.
(4) Fourth Embodiment

Fig. 5 is a block diagram showing a modulation and
demodulation circuit 50 of an IC card used in an IC card
system which represents a fourth embodiment of the present
invention. In the arrangement shown in Fig. 5, the same
components as those described above with reference to Fig. 4
are indicated by the same reference numerals and the
description for them will not be repeated.
In this embodiment, the read/writer forms a

transmission signal by ASK modulation and sends out the
formed signal.

‘In the modulation and demodulation circuit 50, a

capacitor 51 is connected in parallel with loop antenna 4.




(4) Fourth Enbodinent Fig. 5 is a block diagramshow ng a nodul ati on and
denodul ation circuit 50 of an IC card used in an IC Caﬁ@r«ﬁ%ﬁ%ﬁﬁ%ﬂﬁiCh-
represents a fourth enbodi nrent of the present invention. In the
arrangenment shown in Fig. 5, the sanme conponents as those described above
with reference to Fig. 4 are indicated by the sane reference nuneral s and

the description for themw Il not be repeated. In this enbodi nent, the
read/witer forns a transm ssion signal by ASK nodul ati on and sends out
the forned signal. . In the nodul ati on and denodul ation circuit 50, a

capacitor 51 is connected in parallel with |oop antenna 4. 25 Novenber 2005
- 21 The loop antenna 4 and the capagltor 51 forma parallel resonance
circuit for resonance with a carrier. The loop antenna 4 is thus arranged
to receive a transm ssion signal selectively and efficiently and to

radi at e pn& eEROSEntsd Rl Aid ithenddpaceei BB fombayiprdlEerat hode
grounded is connected to one termnal of the | oop antenna 4, and the ot her

ter m nal re§éndiee | ODRCWIY eftin redongri@eneech by caraipac t @hé3lode | oop
antenna 4 is maintained by a rectification circuit forned of the diode 52
and the gapamhd of &8 tdms antamiednto areceive ad tratsnissions bgnel by
rectifying the carrier.
selectively and efficiently and to radiate a response signal
efficiently.
A diode 52 having its cathode grounded is connected to
one terminal of the loop antenna 4, and the other terminal
of the loop antenna 4 is grounded by a capacitor 53. The
loop antenna 4 is maintained by a rectification circuit
formed of the diode 52 and the capacitor 53 as a detection
circuit at a dc level obtained by rectifying the carrier.
The terminal voltage of the loop antenna 4 maintained in
this manner is changed according to a transmission signal
and a responsé signal.
A stabilization circuit 54 is supplied with the
terminal voltage of the loop antenna 4 via a resistor 56,
‘and produces power for operating the IC card 2 from the
power of a transmission signal received by the loop antenna
4. At this time, the stabilization circuit 54 grounds the
power input by a clamp circuit formed by series connection
of six diodes 57A to 57F, thereby reliably avoiding damage
" caused by an excessively large input voltage.
A carrier extractor 20 removes the dc component from

the terminal voltage of the loop antenna 4 by a capacitor 58,

performs binary recognition in reference to the zero level




The termnal voltage of the |loop antenna 4 maintained in this manner is
changed according to a transm ssion signal and a respoRs&.sh#bdoosA
~stabilization circuit 54 is supplied with the termnal voltage of the | oop
antenna 4 via a resistor, 56, and produces power for operating the IC card
2 fromthe power of a transm ssion signal received by the | oop antenna 4.
At this time, the stabilization circuit 54 grounds the power input by a
clanp circuit formed by series connection of six diodes 57A to 57F,
thereby reliably avoi ding danage caused by an excessively | arge input
voltage. A carrier extractor 20 renoves the dc conponent from the termna
vol tage of the loop antenna 4 by a €apacttor 58, perforns binary
recognition in reference to the zero | evel 25 Novenber 2005 - 22 - with a
conparison circuit 59 operating by operating power supply VCC, and thereby

pr oduces, GhoGk ohgadli Gl RAVALL B9 cpuatingIugneperating gRiydrer and

phase-synchronized with the carrier. "The carriér éextractor 20 al so has an

ampl i t UdgpdiiyTicRY, | aRC hitteby! promticals dledss sdgnand di0 leerrcipe to the
I nput terﬁ nal to reliably avdoid an excessively large anplitude input. A
denodul glagle 33 RficheyMasbané laFirtizid emdphabe-syaichironized tegh of the

| oop antenna 4 with a lowpass filter forned of a resistor 63 and a

capaci t @heb4ardi@r. The carrier extractor 20 also has an amplitude
limitation circuit formed of diodes 61 and 60 connected to
the input terminal to reliably avoid an excessively large
amplitude input.

A demodulator 22 performs band limitation of the
terminal voltage of the loop antenna 4 with a low-pass
filter formed of a resistor 63 and a capacitor 64, then
removes the dc component with a capacitor 65, and inputs the
voltage to a comparison circuit 66. The comparison circuit
66 operates by operating power supply VCC and performs
binary recognition of the input voltage in reference to the
zero level. The demodulator 22 obtains and outputs
transmitted data sequence D (R — C) by this demodulation.
At this time, in the demodulator 22, an excessively large
amplitﬁde input to the comparison circuit 66 is reliably
avoided by inputting the terminal voltage of the loop
antenna to the comparator 66 after band limitation has been
éerformed by the 1oﬁ—pass filter formed of resistor 63 and
capacitor 64 and after the dc component has been removed by
capacitor 65.

A level adjuster 43 is formed of a FET 69 which forms a

 switching circuit and which operates by response data



renoves the dc conponent with a capacitor 65, and inputs the voltage to a
conmparison circuit 66. The conparison circuit 66 operakgs Jp @ting
power supply VCC and perforns binary recognition of the Input voltage in
reference to the zero level. The denodul ator 22 obtai ns and outputs
transmtted data sequence D (R -p C by this denodulation. At this tine,

I n the denodul ator 22, an excessively large anplitude input to the
conparison circuit 66 is reliably avoided by inputting the term nal
voltage of the loop antenna to the conparator 66 after band |imtation has
been perfornmed by the |low pass filter fornmed of resistor 63 and capacitor
64 and after the dc conponent has beepsrenoved by capacitor 65. A |evel
adjuster 43 is fornmed of a FET 69 which forns a switching circuit and
mhich operates by response data 25 Novenber 2005 - 2 3 - sequence D (C-),
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connect ek thiadpha i Dis ddiferflid de gﬂgoeestchteosh%aﬁle% gr 56 in the
group of diodes 57A to 57F "formng the clanp circuit "to supply power,
t her eby deasmeiatdd byt Rethes 1@ i HAY Qfo Rade PONGFe dadHi AU dad C
outputs the corrected signalf' In this embodiment, the
resistor 70 is connected to the anode of the diode S7A
closest to the resistor 56 in the group of diodes 57A to S57F
forming the clamp circuit to supply power, thereby
correcting the signal level of response data sequence D (C —
R) to the signal level determined by the other diodes 57B to
57F and outputting the corrected response data sequence D (C
— R).
A ldw—pass filter 72 is formed of a resistor 73 and a
capacitor 74. The low-pass filter 72 performs band
limitation of the output signal from the level adjuster 43
and then outputs the signal to one terminal of the loop
antenna 4 via a capacitor 45.
According to the arrangement shown in Fig. 5, the same
advantages as those of the third embodiment can also be
achieved by performing band limitation of the output signal
from the level adjuster 43 through the low-pass filter 72.
(5) Other Embodiments
The first to third embodiments havé been described with
respect to the case where the carrier extractor is formed by

a PLL circuit, and the fourth embodiment has been described



R) to the signal |evel determ ned by the other diodes 57B to 57F and
outputting the corrected response data sequence D (C FP&Q&&N& s filter
72 is formed of a resistor 73 and a capacitor 74. The [ ow pass ter 72
perfornms band limtation of the output signal fromthe |evel adjuster 43
and then outputs the signal to one termnal of the loop antenna 4 via a
capacitor 45. According to the arrangenent shown in Fig. 5, the sane

advant ages as those of the third enbodi ment can al so be achieved by
~performing band limtation of the output signal fromthe |evel adjuster 43
t hrough the | owpass filter 72. (5) O her Enbodinents The first to third
enbodi ments have been described with 24espect to the case where the carrier
extractor is formed by a PLL circuit, and the fourth enbodi nrent has been
descri bed 25 Novenber 2005 - 24 wth respect to the case where the carrier

extract Gfitls réSpa®e £y thé UM WY S £/l dar FVEVSIord &P s ent

i nvention is not limted to these arrangenents. In the first to third

enbodi mefdrmed Ney CaréompardoRG fcdBy. aldwivad | iale dreeddived by a
conparison circuit. In the fourth enbodiment, the carrier extractor nmay

al t er natinedntidre formed himitdd tcitmagd aﬂi‘@@mdismntm haiee been
described with respect to the
first to third embodiments, the carrier extractor may
alternatively be formed by a comparison circuit. In the
fourth embodiment, the carrier extractor may alternatively
be formed by a PLL circuit.

The embodiments have been described with respect to the
case where a transmission signal is formed by modulation to
a depth of 10 %f but the present invention is not limited to
this. 1If the power of the sidebands is not restricted by
law, or in a like situation, the transmission signal may be
formed by a depth of modulation smaller than 1 to achieve
the same advantages as the above-described embodiments.

The embodiments have been described with respect to the
case where the reference signal is sent out by being PSK-
modulated, but the present invention is not limited to this.
The reference signal may be sent out by béing modulated by
an ASK modulation method such that it is selectively sent
out from the antenna according to the response data sequence.

The embodiments have been described with respect to the
case where a loop antenna is used, but the present invention
is not limited to this. A dipole antenna or any of other

~antennas having various shapes may alternatively be used.

The present invention can find various applications in



case where a transm ssion signal is fornmed by nodulation to a depth of 10
% but the present invention is not limted to this. hk\Re BoRfysof the
~sidebands is not restricted by law, or in a |ike situation, ?%e _
transm ssion signal may be fornmed by a depth of nodulation. smaller than 1
to achieve the sane advantages as the above-descri bed enbodi nents. The
enbodi nents have been described with respect to the case where the
reference signal is sent out by being PSK- nodul ated, but the present
invention is not limted to this. The reference signal may be sent out by
bei ng nodul ated by an ASK nodul.ation nethod such that it is selectively
sent out fromthe antenna according 29 the response data sequence. The
enbodi ments have been described with respect- to the case where a loop
antenna i s used, but the present invention is not limted to this. A

di pol e apf A a Ky ﬂﬁ%?uéhdyfﬁﬂ megit &IHAS d1aViien @ etarticou Sfcah apesip Iy, :
alternatively be used. The present invention can find various applications
in 25 NovErBeEmMO0R -frifjuestdyc hirt ke o icarpweavey bafndreim aoey ratdrer s set to,
for exanple, 13.56 MHz, a frequency in a mcrowave band or any ot her

f requencissyueniiesodi mnents have been described with respect to the case
where the IC card is operated by electric power of a transm ssion signal,
but the pres&he iembodimentss haye been descrdbed yithnaespecti §@ #BPfi ous

applications in which . .
case where the IC card is operated by electric power of a

transmission signal, but the present invention is not

% : limited to this, and can find various applications in which
a battery or any other means is used to operate the IC card.
% The embodiments have been described with respect to the
1 case where an antenna is used in common for transmission and
reception of data sequences on the iIC card processor side,
but the present invention is not limited to this. A
complicated configuration may be allowed on the IC card

proceésor-side in comparison with the IC card configuration.

Therefore, the present invention can find other various
applications in which antennas respectively dedicated to
transmission and reception are provided on the IC card
processor side.

According to the present invention, as described above,
‘an IC card capable of performing data exchange without a
semiconductor device having a sufficiently large withstand
voltage while being arranged as simply as the load switching
system, and an IC card syétem using the an IC card can be
obtained. This performance can be achieved by forming a

- reference signal having the same frequency as a carrier of a



a battery or any other neans is used to operate, the I1C card. The
enbodi ments have been described with respect to the cagaghe Apsant enna
is used in common for transm ssion and reception of data sequences on the
| C card processor side, but the present invention is not limted to this.
A conplicated configuration may be all owed on-the 1 C card processor side
in conparison with the I1C card configuration. Therefore, the present
invention can find other various applications in which antennas
respectively dedicated to transm ssion and reception are provided on the
| C card processor side. According to the present invention, as described
above, an |IC card capable of performeng data exchange wi thout a

sem conductor device having a sufficiently large withstand voltage while"
bei ng arranged as sinply as the load switching system and an IC card

system g gpg?g%sn .L,J?gﬁs‘ daﬁan gsegg%ﬂhﬂfgnl ? S Eﬁhfe geagergap be

ach|eve ng a ef€nck si'gnat “having the sane requency as a
carrier v tb§"RBuAThLIng' 8H8! réference
phase- synchronlzgg mﬁ?ﬁgPﬁggga?%é 2l 2d ?grn?ngng response signal by
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according to the response data sequence.



WHAT IS CLAIMED I'S: 1. An IC card which transnits and recei ves desired data

sequences in non-contact transm ssion between itself aRd\gRehber S5
processi ng apparatus, said IC card conprising: an antenna for receiving a
transm ssion signal fromthe |C card processing apparatus; a denodul ation
circuit for retrieving a transmtted data sequence sent fromthe apparatus
by denodul ating the transm ssion signal received by the antenna; a
reference signal formng circuit for formng a reference signal extracted
froma carrier of the transm ssion sjgnal, said reference signal having
the sane frequency as the carrier and a phase synchronized with the
carrier; puAPdtd athopepsifeuit for sending out a response data sequence
corresponding to the transmtted data sequence from the antenna by

nodul ating the reference signal with the response data sequence, in a

phase shift keylng fRMielsa,8 ANG! SURREIMLE LiY' LedAbdlr adUELDY QRar ating

power by rectifying the transm ssion signal received by said antenna,
wher ei n sa¢guateresddhanpornceitecti transgnbsidnmbetivaen oit ssilfcaintl agpdfat e by
t he pomrcg£8duced bé/. sai d suppl. rcuit; and wherein said reference

signal formngterreurt 4 oarprgaoﬁahrgs’r efé ef{lgecgirgrlg?m%ﬁliséngﬁase | ocked | oop
circuit. 2. Anah Geesthacter dier@itvangl ai mrhnswheseom sigrhl from the
IC card processing apparatus;

a demodulation circuit for retrieving a transmitted data
sequence sent from the apparatus by demodulating the
transmission signal received by the antenna;

a reference signal forming circuit for forming a
reference signal extracted from a carrier of the
transmission signal, said reference signal having the same
frequency as the carrier and a phase synchroﬁized. with the
carrier;

a modulation ciréuit for sending out a response data
sequence corresponding to the transmitted data sequence from
the antenna by modulating the reference signal with the
response data sequence, in a phase shift keying manner;

a power supply circuit for producing operating power by
rectifying the transmission signal received by said antenna,
wherein said demodulation circuit and said modulation circuit
operate by the power produced by said power supply circuit;
and

wherein said reference signal forming circuit forms the

reference signal by a phase locked loop circuit.

2. An IC card according to Claim 1, wherein said
reference signal forming circuit has an amplitude limitation

circuit for limiting the amplitude of an input signal.




reference signal formng circuit has an anplitude limtation circuit for
limting the anplitude of an input signal. 25 Novenber 220@%/emd8r 2085 An | C
card according to Claim1, wherein said nodulation circuit perfornms pul se
shift keying nodulation wth the response data sequence by changi ng and
selectively outputting the reference signal and a phase reference signal
havi ng a phase difference of 180 degrees fromthe reference signal
according to the response data sequence. 4. An IC card which transmts and
receives desired data sequences in _nop-contact transm ssion between itself
and a predeterm ned processor, said IC card conprising: an antenna for

receiving a transmgsgsi gp s¢gﬂﬁlakhggugﬁg £ OBESSRr ;1,2 RAVBEiSURRIY circuit
for produci ng operating power rectifying the transm ssion si gnal
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transm ssion signa circuit r changlng a
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correspongiathd o ifed  ATEELILEL O M SPURRE SELS P Bs o
response ﬁﬁ@ﬁaBQﬂM@@den@nﬂaﬁﬂkaIkhﬁbﬁaét@&twu&ﬁmbhbég the response dat a
sequence to an out put

4, An IC card which transmits and receives desired
data sequences in non-contact transmission between itself and a
predetermined processor, said IC card comprising:

an antenna for receiving a transmission signal from the
processor;

a power supply circuit for producing operating power by
rectifying the transmission signal received by seid antenna;

a demodulation circuit for retrieving a transmitted data
sequence sent from .the processor by demodulating the
transmission signal received by said antenna;

a load circuit for changing a load on said power supply
circuit according to a response data sequence corresponding to
the transmitted data sequence; and

wherein said load circuit comprises a filter circuit for
performing band limitation of the response data sequence and for
thereafter cutputting the response data sequence to an output

terminal of said power supply circuit.

5.  An IC card according to Claim 4, further comprising a
stabilization circuit for stabilizing power output £from said

power supply clrcuit.

- 6. In IC .card according to Claim 4, wherein the

transmission signal is formed so that the power of the carrier is



2

term nal of said power supply circuit. 5. An IC card according to O aim 4,
further conprising a stabilization circuit for stabil bgiNdgeRBSHoOUL put
fromsaid power supply circuit. 6. An IC card according to O aim 4,
wherein the transm ssion signal is formed so that the power of the carrier
is -29 99 %or higher of the total power. 25 Novenber 2005 7. An IC card
according to Claim4, wherein the transm ssion signal is

anplitude-nodul ated to a depth of nodulation snaller than 1-. 8. An IC
card which transmts and receives desjded data sequences in non-contact
transm ssion between itself and a predeterm ned processor, said IC card

conpri si ngy araft @Kla Jrokhk ecfiadi pgwa: t ransni ssion signal fromthe
processor; a denodulation circuit for retrieving a transmtted data

sequence sent fromthe processor by denodul ating the transm ssion signal

received by sajd ankenne 2.8l eLensRusbongh O[O £11 Gktalor dRrming a
reference signal having the Same frequeficy as a carrier of the

transm sstomsgigain r ecigineéd by samplidntermedwrdephase- syndéwtdni 28d with

t he carriﬁédul%_tr.rggul %tlilog f_c:kilarncg@.t for selectively outputting the reference
signal from S8 a7 ant et accor i'ng to a response

8. An IC card which transmits and receives desired data
sequences 1in non-contact transmission between itself and a
predetermined processor, said IC card comprising:

an antenna for receiving a transmission signal from the
Processor;

a demodulation circuit for retrieving a transmitted data
sequence sent from the processor by demodulating the
transmission signal received by said antenna;

a reference signal forming circuit for forming a
reference signal having the same frequency as a carrier of the
transmission signal received by said antenna and phase-
synchronized with the carrier;

a modulation circuit for selectively outputting the
reference signal from said antenna according to a response
data sequence corresponding to the transmission data sedquence;

a power supply circuit for producing operating power by
rectifying the transmission signal received by said antenna,
wherein said demodulation circuit and said modulation circuit
operate by the power produced by said power supply circuit;
and wherein said reference signal forming circuit forms the

reference signal by a phase locked loop circuit.

9. An IC card according to Claim 8, wherein said
reference signal forming circuit comprises an amplitude

limitation circuit for limiting the amplitude of an input



dat a sequence corresponding to the transm ssion data sequence; a power
supply circuit for producing operating power by recti f%iNtgeldBEr 2005

transm ssion signal received by said antenna, wherein said denodul ation
circuit and said nodul ation circuit operate by the power produced by said
power supply circuit; and wherein said reference signal formng circuit
forms the reference signal by a phase |locked loop circuit. 9. An IC card
according to Claim8, wherein said reference signal formng circuit
conprises an anplitude Ilimtation cigguit for limting the anplitude of an
i nput 25 Novenber 2005 -30 signal. 10. An IC card according to Claim8,
wher ei n sgighaidenodul ation circuit and said nodul ation circuit operate by
power produced by said power supply circuit. | C CARD AND | C CARD SYSTEM
ABSTRACT OF THE DI SCLOSURE An I C card and an I C card system for
transmtting ajosignal reodul Al edwhihidgdas) r ed.dat & sequepsen Iduiidhe 1C
card, a reference signal having the sane frequency as a carrier of a

t ransm sséemodilgtdlon ezigicvdd mpdarsaint enedulaid onp risudEncinesateedywi t h t he
carrier 180000 Fladld By LEPPYRRIELBPFWANGH (COT responding to the

desired



sequence is sent out fromthe antenna by nnddlating the reference signal
with the response data sequence in a phase shift keyi ng j&A&er 200sCURE 4

_31_

IC CARD AND IC CARD SYSTEM
ABSTRACT OF THE DISCLOSURE

An IC card and an IC card system for transmitting a
sigﬁal modulated with a desired data sequence. In the IC
card, a reference signal having the same frequency as a
carrier of a transmission signal received by an antenna and
phase~-synchronized with the carrier is formed, and a
response data sequence corresponding to the desired data
sequence is sent out from the antenna by modulating the
reference signal with the response data sequence in a phase

shift keying manner.

FIGURE 4



