-1 . 1C CARD AND I C CARD SYSTEM BACKGROUND OF THE I NVENTION 1. Field of
the I nvention The present invention relates to an | C ca3 Noa&fdbaa20d card
system and, nore-particularly, to an IC card which transmts in a .
non-contact manner a signal nodulated with desired data and to an 1C card
systemusing the IC card. 2. Description of the Related Art IC card
systens using.lC cards have been applied to ticket exam nation systens for
use in transport facilities, roomentry/exit control systenms, 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 thleach of the IC cards. Various sorts
of data are transmtted and received between the IC card and the
read/ witer in a non-contact manner. That is, in this kind of IC card
system the read/ witer fOr¢ERm ANRNET SERENSBSOEmal by nodul ating a
carrier having a predeterm ned frequency with a desired data sequence, and
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
t r ansm SACKGROUWDEIOF CHE: ANvEMIEORS Novenber 2005 the data sent fromthe
read/ witer. Further, the IC card

1. Field of the Invention

The present invention relates to an IC card and an IC

. 3i> card system énd; more particularly, to an IC card which
- transmits in a non-contacﬁ 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 users and a read/writer (i.e., IC card processor)

for exchanging various sorts of data with each of the IC

iﬁ) 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 reprpdqce



sends out data such as personal information stored therein to the
read/witer in response to the received data by nodul a5 Nagerab@r2edet er m ned
carrier with the data 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 1is arranged to send out desired data to a
read/ witer by the nethod of changing the power radiated fromthe antenna
by changing the |oad inpedance of the antenna (hereinafter referred to as
"l oad switching systenf). That is, in_the antenna of the IC card, a
transm ssion signal sent fromthe reddfwiter is induced and this
transm ssion signal is reradiated. If at this tine the |oad inpedance of
the antenna is changed, the reradi ated power-is correspondi ngly changed.
Then, i thehdataceientn@ram ¢hea reaalivisddm, t IRuEiiieannad kthedn@d card, the
carrier of the transm ssion signal is detected at the signal |evel
cor r espseddsgondg tlatac sarde aisn pemsdnadd infipesoatcen |stanesh theneidd swit chi ng
system desired data can be sent out by being nodulated in _an anplitude
shift k&pi ke casdywritesr ibagesronse dianihe sigagigadsdatarhy overal |
confiiguration can be correspondingly sinplified. 25 Novenber 2005 - 3 This
ki nd of mpdudatdngsacpredegeppineds arsi#ey yith the data to be

transmitted.

The read/writer receives the data sent from the IC card,

”K“} and opens or closes a door of a ticket examinatioh machine
or allows entry into or exit from a room.

A type of IC card 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
uiD transmission signal is reradiated. If at this time the load

impedance of the antenna is changed, the reradiafed power - 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

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

configuration can be correspondingly simplified.




brought close to the read/witer when used. Therefore, the signal |evel of
the transmtted signal induced in the antenna varies bpaNgetsbaependi ng
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 |level varies largely as
descri bed above. |If a sem conductor 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 nmethod of processi3ng the signal obtained fromthe
antenna by cl anping the signal may be used. If such a nmethod is used, the
power reradiated by follow ng the change in the |oad inpedance cannot be

suf ficientl yTaianggdd dfatci &ardhd sdeanedcaf byal ulsede andijld keying
nodul ation.is reduced, resulting in a deterioration in data quality.
SUMVARY b@louGHE IcISHT itON tihe \dead Avr iiteas avhadn aiged Anclferaford) asie of the
present invention to provide an IC card and an I C card system capabl e of

per f or msdgnad: devedhafgeha tthansm tAed\eignadr i2@ifced 4n 1@ conduct or
device having a sufficiently large withstand voltage while being arranged
as si nppptganghyardgs dwrgediynglepending upon use. _
In the load switching system, therefore, there is a
_?ﬁ} need to use a semiconductor device having a sufficiently
H&;_ 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 fof this pfoblem, a method of processing-
the signal obtained from the antenna by clamping the signal
ﬁ:) 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




system According to one aspect of the present invention, there is
provided an I C card which transmts and recei ves desi r2fiNodatlsergéftiences in
non-contact transm ssion between itself and an |IC card processing
apparatus, said IC card conprising: an antenna for receiving a
transm ssion signal fromthe |1C card processing apparatus; a denodul ation
circuit for retrieving a transmtted . data sequence sent fromthe apparatus
by denpdul ating the transm ssion signal received by the antenna; a
r ef er erenistgrdllctior el @ rleaning or Fwifigiprtly efaran oul Bigjmid ext r act ed
froma carrier of the transm ssion signal, said reference sjignal having
the saPliaERuEncle ReHE THINIY dd HTHHES @S5y riiif S s Wi 9H- e
carrier; nodul ation circuit for sending out a response data seguence
corres '%@'to the transmtted data sequence from the antenna by
nodul ating the reference signal wth the response data sequence in a phase
shift keying manner; a power supply circuit for producing operating power
by rectifyimgdheidd ansBssi Mpsdignat viec e matehy Bajshtaidrenntherather ei n
said denodul ation circuit and said nodulation circuit operate by the power
pr oduceits hyrsaidedawerIGuptd witiale Ui tgn samids 2 5aridb vesrelrv 20 G s vl
data sequences in non-contact transmission between itself
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 extracted 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 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 formng circuit fornms the reference signa
by a phase | ocked |oop circuit. According to another agpelivedbeddo®spresent
invention, there is provided an IC card which transmts and receives
desired data sequences in non-contact transm ssion between itself and a
predet erm ned processor, said | C cardacenprising: an antenna for receiving
a transm ssion signal fromthe processor; a power supply circuit for
~ produci ng operating power b rectifying the transm ssion signal received
by said ant evhgrein ﬂ@h@d{@éﬂ”%ﬁhc%iN—:‘Blliléﬁlf%@rlﬁé@@i‘évwﬂgl’é feransntieed data
seqguence %ent formthe processor by deanuLatin .the, .transm ssion signal
recei veFCh§TERFE ShPRAhDY o2 1 DAY R+t brORhahEF At a 1 oad on said power
supply circuit according to a response data sequence corresponding to the

transni tted gatarseqyenseand whereln.sal gl 0ad SLICUML GBI pes a filter

circuit for pe ng band ITrmtation o esponse dat'a sequence and
for thefeaté elsoptPut déddah NEC T ESPONFE: ARt Br SESHENS Cat@® rédfe D HUL term nal
of said power supply circuit. According to still another aspect of the

pr esentdesihvedt dota $dguendcss provhcede@mnt 4 € clar &n syss ehoc dnstwéath ed  of
~.each of the above-described IC cards. According to a further aspect of the
presentiipebht ot 2 preieternineryipreeceasseC caaid WiF cketd ansnits and

receives desired data sequences in non-contact transm ssion between
comprising:

an antenna for receiving a transmission signal from the
{i) 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 seguence sent form the processor by demodﬁlating the
. transmission signal received by said antenna;

a load circuit for changing a load on said power supply
circult according to a response data sequence corrésponding

to the transmitted data sequenceand

wherein said load circuit comprises a filter circuit
{;} for performing 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



25 Novenber 2005 - 4b itself and a predeterm ned processor, said IC card
conprising: an antenna for receiving a transm ssion si goidovembsr 2008
processor; a denodulation circuit fro retrieving a transmtted data
sequence sent fromthe processor by denodul ating the transm ssion signal
recei ved by said antenna; a referencgysignal formng circuit for formng a
reference signal having the sane frequency as a carrier of the

- transm ssion signal received by said antenna and phase- synchronized with
the cariteelfaanddul ptedatermined fpoocsekec)i weiy DOt patding the reference
signal fromsaid antenna according to a response data sequence

corr espeABPRESEBIt he transn155|on dat a sequence a power supply circuit
for produ0|ng ogeratlng gomer rectlfg g the transm ssion signal

recei ved by SBi a"hRPRANECT TRePETH Safd ARMBELP 8 PBrS LoReki fTaRATER d |
m)dulatlgggnC gm%§UIt operate by the power produced by said power supply §
circuit? and efein said reference signal formng circuit forns the 3
ref erence St gnabndyy Pabhasecl ocked FOOP-CLEEM1ng22 PONRIREELER0S - S5 1T,

in an IC card, a reference signal having t
data sequence sent from the processor by demodulating the

transmission signal received by said antenna;
a reference signal forming circﬁit for forming a
e 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 sald demodulation circuit and said modulation

,t> circuit operate by the power produced by said power supply
e circuit; and
wherein said reference signal forming circuit forms the

‘reference signal by a phase locked loop circuit.



frequency as a carrier of a transm ssion signal received by an antenna and
phase-synchroni zed with the carrier is formed, and if2aNoeapmr2605iat a
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

met hod, thereby sending out a response signal. In this manner, data
exchange can be perfornmed by a system arranged as sinply as the | oad
switching systemw thout using a senj.conductor device having a high
withstand voltage. If, in an IC card,“the |oad on a power supply circuit
for producing operating power by rectifying a transm ssion signal received
by an antenna .is changed according to a response data sequence, a response
signal can be sent out wth the same effect as in the case of changing the
| oad inpedance of the antenna. At this time, even if_an excessively |large
transni ssi ot §i gl an SIG arde® FaEerenes 8 igpabrhavtngntpfgSaB®a can be

stably perfornmed b cl anping the output from+the power supply circuit or
by a IEK@qﬁﬁPﬁﬁd@zlﬂ ERFELigAnAES 2 H§B§5@*§ﬁéﬂﬁeségﬁgﬁer5€PEHPﬁeBY by ‘a

SRR JERTNER R M R R R
W thstandyVokt §98es faEle Chat 1850420 80988t iR $Rof®EnbOLALEAN, C card
by PSK-mcdulating 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, thereby sending out a response signal. 1In
this manner, data exchange can be performed by a system
arranged as simply as the load switching system.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
fﬂ:) signal received by an antenna is changed aCcordihg to a
response data seguence, a response signal can be sent out
with the same effect #s in the case of changing the load
impedance of the antenna. At this time, even if an
excessively latge 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




system having a sinple configuration. An IC card may al so be arranged in
which a reference signal having the sane frequency as2aNoaembar2005f 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 systemarranged as sinply as the load swtching systemto
perform data exchange w thout using a sem conductor device having a high
wi t hstand vol t age. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block

di agram showi ng a nmodul ation and demdul ation circuit in an IC card system
whi ch represents a first enbodiment of the present invention; Fig. 2 is a
bl ock di agram showi ng the entire configuration of the IC card system shown
in Fig. 1; Fig. 3 is_a block diagramshowi ng a nodul ati on and denodul ati on
circmi:h#gnﬂW££?§%#Qﬁs%Rﬁ¥#ﬁ%mich represents a second enbodi nent of the

ferodul at | on BT 0 Gie ARRCAEIPRISTS o o SR edahed 4C b

bl ook ARYSAR R 5 SRt S0 at fon oireuit in an 1C card

system whi ch,teRieaghiys Ay ULt BeLTRUNTRIY Y JHIEHP T2 edenERNt i ON.
signal having the same frequency as a carrier of a

. transmission signal received by an antenna and phase-

é*) - synchronized with the carrier is formed, and in which the
feference signal is selectively sent out from the antenna
according toc 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
é¢) demodulation circuit in an IC card system which 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




DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Enbodi nents of the present
invention will be described in detail with reference 2&Nomemberadidfigs. (1)
First Enbodinent Fig.2 is a block diagram showi ng an I C card system which
represents a first enbodi nent of the present invention. This IC card
system 1l is applied to, for exanple, a ticket exam nation systemfor use
in transport facilities. In the IC card systeml1l, data is exchanged
between an. ICcard 2 and a read/witer 3. The ICcard 2 is fornmed into
the shape of a card by lamnating a protective sheet and a base plate on
which integrated circuits are nDunteg. The 1C card 2 has a |loop antenna 4
formed of a wiring pattern on the bas€ plate. A nodul ati on and
denmodul ation circuit 5 and a signal processing circuit 6 are formed by the
integrated circuits forned on the base plate. The |l oop antenna 4 is
coupl ed to arligopSanseanhléckf diabramesdioningra Roduiatioop aad enna 4
receives a transmssion signal sent fromthe |oop antenna 8 and radiates
a respodenosiudadlidoiggudf time avod§ @axsh sisteas wihvhireprgpsts a
dermodul ation circuit S. The nodul ati on and denpdul ation circuit 5 produces
necessafpugitc embodigwmt of thecPrasGndl In¥eNtiqy the operation of the
IC card 2 froma transm ssion signa

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. In 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
?i} ~ laminating a protective sheet and a base plate on which
' integrated circuits are mounted. The IC card 2 has a loop
lantenna 4 formed 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




received by the | oop antenna 4. The nodul ati on and denodul ation circuit 5
operates by the electric power and the clock signal t@a5devoobec0®5t he
received transm ssion signal to retrieve a data sequence sent fromthe
read/ witer 3 (hereinafter referred to as "transmtted data sequence") D
(R -" O . The nodul ation. and denodul ation circuit 5 outputs the data
sequence to the signal processing circuit 6. By this transmtted data

. sequence, the nodul ation.and denodulation circuit 5 is urged to transmt a
response signal. The nodul ati on and denodul ation circuit 5 forns the
response signal froma data sequence (hereinafter referred to as "response
data sequence") D (C-> R) input fromthe signal processing circuit 6 and
radi ates the response signal by driving the |oop antenna 4 by the response
signal. The signal processing circuit 6 operates by the electric power and
t he cl odemsidgilalt iganedacadtby .t he nodul ati on and denodul ation circuit 5 to
anal yze the transmtted data sequence D (R - C) and outputs a response
dat a sequenc®® mnodulaiien and demofadpsioaneigemddubabireducesrcuit 5 by
readi ng out this data sequence froman internal. nonvolatile nenory

accor di RGCEESAEYd elestrdfePRrer2065 Clogk B igndle £3Cm i fOr £y nodul ati on
and denodul ati,on circuit 9 receives a transnitLed,data,se%.ence D(R->0

i nput f PBRFaRN1SAgRE tPFodEsSARY dniEolsBULIARSTLERE 100 #8983 r ansni ssi on
si gnal Bécggg%hahgn%h% %ELiSBtQ%%B”%.a The modulation and
55} demodulation circuit 5 operates by the electric power and
b 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 data sequence to the signal processing circuit 6. By
this transmitted data sequence, the modulation .and
demodulation circuit 5 is urged to transmit a response
| signal. The modulation and demodulation circuit 5 forms the
response signal from a data sequence (hereinafter referred
@:} 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 ciréuit 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.




 the | C t&pBRSBigsden SignpLlaR¥LHe

predeterm ned frequency in a binary phase shift keying (BPSK) or
differential phase shift keying (DPSK) manner. As a methdefnber 2005
nodul ati on, any of various nodul ati on methods, such as ASK, PSK,
Gaussian-filtered m ninmum shift keying (GvwSK), 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
fromthe loop antenna 8. Al so, the nodul ation and denodul ation circuit 9
processes a response signal received by the |oop antenna 8 to retrieve a
response data sequence D (C - R) senf fromthe IC card 2 by denodulation
and outputs this response data sequénte D (C -, R) to the SPU 10. In
processing a transmi ssion signal and a response signal as described above,
t he nodul ation and denodul ation circuit 9 forns the transm ssion signal by
a depth of Hwduhatireadiwribeunt3ioaopodudatinat andhdemedudatienti el ds
formed by the | oop antennas 4 and 8 are neasured and the frequency
spect r umirtisisof recedvesvadtrapsmished datio ssaueanse LadB &> €d the total
power is equal to or higher than 99 % The signal |evel of the carrier is
t her eby ippukof&arBe AN §agNAl] ProggRfiRdo YL ﬁﬁ&ﬂ@aﬂﬂbda§§ FOIPS Be equal to
or higher than a certain_|evel in t.he transm.ssion signal is received on
y&j‘, ALAD I FnER TS -G h AT HEAnds is limited
SO0 as not 50 exceed .a gredeterntned
pre f

etermined equéndy in a binary phase shift keying
e (BPSK) or differential phase shift keying (DPSK) manner. As
$f} 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 D (C — R) sent from the IC card 2 by
;;3 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 3. The signal level of the carrier is thereby



| evel . The SPU 10 is constituted of a calculation processing unit for ;
executing a conparatively sinple processing procedure25NoeeShtt 2005sends to :
t he nodul ation and denodulation circuit 9 a transmtted data sequence D (R
- ' C to be transmtted to the IC card 2. The SPU 10 al so processes a
response ‘data sequence D (C -- R) input fromthe nodulation and
denodul ation 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 al so changes the operation by a command from an i nput
section 12 and exchanges data for a processing procedure, etc., with an
external device 13 according to neeﬁ.lﬁig. 1 is a block diagram show ng the
nodul ati on and denodul ation circuit 5 of the IC card 2. In the nodul ation
and denodul ation circuit 5 on the IC card 2 side, a power supply circuit
19 r eceicont imuovalyninesiima isiegh&lo iasddzede requdie twax dnitghena thand
‘rectifies this transmssion signal to generate power for operating the IC
card 2. aAceartr@igr levelasthen 2he &riamamicsgforn plgnad. |isc neddiomu quPLL)
circuit which operates by limting the anplitude of 25 Novenber 2005 - 11
t he tratde J§ earsl gn@lidesceiSiaglbpngauslibp the aeawers ofTide carri er
extractor 20 generates a clock signal CK having the sanme frequency as the
carr i er sddebgads: 4 Hiadited siogRs natd tpipseed i rederEITnEe t he

carrierlezgﬁocarrier extractor
. The SPU 10 is constituted of a calculation processing
ﬁ$} unit for executing a comparatively simple processing
procedure. The SPU 10 sends to the modulation and
demodulation circuit 9 a transmitted data sequence D (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

-modulation 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 powei

- 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



20 divi des this-clobk signal to formoperating clock signals for the

signal processing circuit 6 and to other conponents. EﬁéﬁWﬂmbthKbomer of

the transm ssion signal received by the |oop antenna 4 varies largely, the
carrier extractor 20 generates, at.a constant |level, the clock signal CK
having the sane frequency as the carrier of the transm ssion signal and
phase-synchroni zed with the carrier. A denodul ator 22 receives the
transm ssion signal from the | oop antenna 4 and processes and denodul at es
the transm ssion signal by using the clock signal CK output from the
carrier extractor 20, thereby retrieving the transmtted data sequence D
(R->0C transmtted by the transn1s§l signal. The denodul at or. 22
outputs the transmitted data sequence D (R-'" O to the signal processing
circuit 6. A nodulator 23 is forned of a PSK nodul ator, and nodul ates the
clock stheatrarsmispioni ségnaheregeived byxthsclepp2enkennat he r 8bonse
data sequence D (C - R) to_ forma PSK-nodul ated signal Si. A leve
adj ust eFapyiesr pEELActAE dPgAGRErates &f Clrek PSﬁnﬁgdGﬁaPéﬂl§Hgﬁ§P Si to a
pr edet er m ned S|gnal level to forma re%%fa e signal, and.outputs the

h
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for the signal processing circuit 6 and to other components.

ﬁg} Even if the power of the transmission signal received by the
.loop antenna 4 varies largely, the carrier extractor 20
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

,i:) 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 Sl1.

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




signal level equal to or higher than a certain value even if the |ogical
| evel - of the response data sequence D (C -, R) vari es25Noeembgr 200abl i ng
the carrier extractor 20 forned of a PLL circuit to operate stably. In the
|C card systeml1l (Figs. 1 and 2) arranged as described above, the carrier
I's nmodul ated with the transmtted data sequence D (R -> C) to be sent from
. the read/witer 3 to the IC card 2, and the nodul ated signal is sent out
fromthe | oop antenna 8. Wien the IC card 2 is brought close to the
read/witer 3 operating in this manner, the corresponding transm ssion
signal is induced in the |oop antenng_4 of the IC card 2. A portion of
this induced transm ssion signal i§ dénverted into electric power for the
|C card 2 by the power supply circuit 19. The nodul ati on and denodul ati on
circuit 5 and the signal processing circuit 6 and other conponents of the
1 C car dtRe at@oplramvteanicy 4 hi sTlke etevel adymsteFrdfh obaaswesstba signa
obtai ned by the loop antenna 4, the transmtted data sequence D (R -> C)
i s repraignell Igvehen demdeprneston Theettanthet legpdarbhessauénce D (R -
C is then analyzed in the signal processing. circuit 6 to_formthe 25
Novenbean@ousrredlss the poigratiateveboeibnthe piedulaipd: gigradefil 9 the
read/ witer 3. The response data sequence.D (C -> E% Is input to the
npdul atBRapathe FarEien ARSRETeR PN 1HRe I IRR 15 JRAFDERIBSE pAF 1 om
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 reprqduded by the
dembdulator 22. The transmitted data sequence D (R — C) is

then analyzed in the signal processing_circuit 6 - to form the




the carrier extractor 20 is nodulated with the response data sequence D (C
- R to obtain PSK-nodul ated signal Si. The |evel of PSEavesibe208d si gnal

- Si 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
fromthe carrier extractor 20 has the sane frequency as the carrier of the
transm ssion signal and phase-synchronized wwth the carrier, the

PSK- nodul ated signal Si has the sanme frequency as the carrier of the
transm ssion 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 fromthe |oop ant ennh347 the response data sequence D (C -
R) is transmtted. Data exchange can be reliably perfornmed by these neans
wi t hout using a sem conductor device having a.sufficiently high wthstand

vol t age regpoindrgddtdze devarbricpalafe>oR )t e banisemta tas the the conventi onal
| oad switching system Mreover, in the |IC card system1l, even if the power
of the rdeadlfwnitsron .si ghel reshorse idatdhesequmaemtni@ + Redsnes | arge
when the IC card 2 is brought closer to the 25 Novenber 2005 - 14

r ead/ wr iingm t3 toc ltdek meidpdAta@k 28i nt ai ned at a constant signal level is
produced by the carrier extractor 20, and the nodul ated signal Si is

formed from Ihj shel BeRudpgeal 28K the claskrisdangd & aiPEtdiramsequence D
(C-> R%h;:gggﬁgér extractor 20 is modulated with the response data

. sequence D (C — R) to obtain PSK-modulated signal Sl. The

ﬁ%) 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
f:) 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 load 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




sendi ng out the response signal fromthe | oop antenna 4 by constant power.
In the case of the |load switching system when the |C 26afcdebeis2ddSought
closer to the read/witer to increase the power of the transm ssion signal
i nduced in the | oop antenna 4, the current change at the tinme of sw tching
I's correspondingly increased, thereby increasing the transm ssion output.
This increase in the transm ssion output becones |arger abruptly as the IC
card is brought closer to the read/witer. Consequently, the response
signal is received at an extrenely large signal |level due to such an

I ncrease in the transm ssion output, gnd there has been a need to adopt a
certain neans for coping with an Bxt sSively large input in sone |oad
switching systenms. In contrast, in this enbodi nrent of the present

i nvention, response signal is sent out by constant power fromthe |oop

ant ennareadl/ wihiteeedl, fokoek rregnraX (7K ngained atich epneb@wtsively | arge
I nput can be elimnated. The configuration, of the read/witer 3 can be

cor r espoighal| level nis iprednced o diiR) ST BELEaeeRE r4bed®n r angenent ,
cl ock 25 Novenber 2005 - 15 signal CK having the same freguency as the

mai n cdehe arodilated skanwhiSkith LeERed %@‘P\‘g EREH ¢HRCE 2R3 tEF 3 and

phase-synchroni zed with the carr energlﬁd(caﬂg PSK- nnd%&ated si gna

Si for e $rapARH: She &ﬁ?'@%lé%@:"z& TRe R), there

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
ﬂ;) 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
configuration of the read/writer 3 can-be correspondingly

_ simplifiéd.

According to the above-described arrangement, clock -




out fromthe |oop antenna 4. In this manner, the desired data exchange can
be performed by a systemarranged as sinply as the | o2d MNwetnbbht 2@)55yst em
wi t hout using a sem conductor device having a sufficiently high. wthstand
voltage. Therefore, the circuit conponents formng the IC card 2 can
easily by conbined into an integrated circuit. Also, danage to the IC
card. when a high voltage is applied to the |1C card by static electricity
or the Iike 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

i ncreased when the IC card 2 is brought closer to the read/witer 3, the
response signal can be sent out fromihe | oop 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/ wr isdgnad. &k heging fhei FRBE THATIRNCY tfe thQ MBI HCHFIRNMPT he cl ock
T Sheot s Geione s Braby 2ot btk Y SRR S e
oop. ameRrH AL EeRAA A kR S h I S R n SRR AeR GBI 485t 20 can
ﬁgdLFLi %xgxl' -lié\{:%idd escaj.ggagir ggy fogmetdheflro?naq!h\%si Eﬁf:)c%( %ii%alt *E':% q.%ptslén%f :
: out from the loop antenna 4. In this manner, the desired

data exchange can be performed by a system arranged as
i;) simply as the load switching system without using a

semiconductor device having a sufficiently high,withstaﬁd

voltage. - _

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

g:} the loop antenna 4 is increased when 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 amplifude of the input signal in the carrier

extractor 20 also enables stable generation of clock signal




set to 10 % so that the carrier can be continuously nonitored in the
response signal received by the loop antenna 4. As a E&Navembed908! ock
signal can be produced wth stability in the carrier extractor 20 arranged
as a PLL circuit, thereby nmaking it possible to stably exchange data and
to stably supply electric power fromthe power supply circuit 19. Further,
the ratio of the carrier power to the total power in the transm ssion
signal is set to 99 %or higher, thereby effectively reducing parasitic
em ssions. (2) Second Enbodinment Fig. 3 is a block diagram show ng a
nmodul ati on and denodul ation circuit of an IC card used in an IC card
system whi ch represents a second enbodi nent of the present invention. In
t he arrangenent shown in Fig. 3, the sane conponents as those descri bed
above with reference to Fig. 1 are indicated by the sane reference
nuner al £Kan itilee thee pomiept odn ther tanamndsd it isnal paduaed in e
enbodi nent, nodul ated signal Si is fornmed by swtching a clock signal CK
havi ng flioeps amd: einmaq deisy changedoar rﬂrl@torarﬁﬁ%él ViR ICHHAEF with the
carrier and a clock 25 Novenber, 2005 - 17 qpal CKI formed by inverting
the sigeaitraskelr @0 CFa @ﬁbé@1¥§Q$ﬁﬂaW9%deﬂ1 §%EDbY 1 the nodul ation and
oot put ok £he' beddrieBl’ ' 81aly" RS Hopth LY HRaBuRtoR ga G¢ from
set to 10 %, so that the carrier can be continuously

- monitored in the response signal received by the loop
i*) 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 ﬁransmission signal is set to 99 % or higher,
thereby effectively 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 embbdiment, modulated signal S1 is formed by
'.switching a clock signal CK having the same frequency as a

carrier and phase-synchronized with the carrier and a clock




fromthe | oop antenna 4 and out puts the clock signal CK The carrier
extractor 36 also forms and outputs clock signal CKI BaWovgmbenittfise
difference of 180 fromthe clock signal CK by form ng an inverted signal
of clock signal CK. A nodulator 37 is forned by a switching circuit which
sel ects and out puts clock signal CK or CKI according to response, data
sequence D (C - R). The nodul ator 37 thereby outputs a PSK-nodul ated
signal the phase of which is changed according to response data sequence D
(C- R. in the nodul ation and denodul ation circuit 30, nodul ated signa
-Si is output to the |oop antenna 4 after the signal |evel of nodul ated
signal Si has been corrected by t fe Wevel adj uster 24. The signal |evel of
the carrier 1is thereby enhanced or | owered at the input term nal of the

| oop antenna according to response data sequence D (C - R), and

PSK- nodsii el €Kynfbredt hysihveneingstbensigoal Aeyeddeidigthe check
arrangenent shown in Fig. 3, nodulated signal is forned by switching the
cl ock ssigmal CBKhaving the sanme frequency as the carrier and
phase-synchroni zed with the carrier and the cl ock ngnaI CKl , havi ng a

phase diff&hafceisi wBothe grpdiiattion kargd FAmodriation Girewit 2¥0 Noverber

2005 - 18 configuration of _the nodul ator 37 fo duyl at i response data
sequencd GRYTICE G¥LEARLPE %?nﬁ????eﬂlﬂﬁklElﬁﬁéisgge%rgﬂvgﬁFaaggpg t hose
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- The carrier extractor 36 also forms and outputs clock signal

CKI having a phase difference of 180° from the clock signalr
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 b (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 cixcuit 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




Fig. 4 is a block diagram showi ng a nodul ati on and denodul ation circuit 40
of an IC card used in an IC card system which represefl$ Noaemberad0s

enbodi ment of the present invention. In this enbodinent, to send out a
response -signal, the |oad i npedance of the |oop antenna 4 is changed by
changi ng the power supply load. In this enbodi nent, the sane conponents as
t hose descri bed above with reference to Fig. 1 are indicated by the sane
reference nunerals and the description for themw |l not be repeated. In
this enbodiment, a rectification circuit 41 rectifies a response signal
output - fromthe [ oop antenna 4 to produce electric power for the I1C card
2. A stabilization circuit 42 stabi li8es the output voltage of the
rectification circuit 41 and supplies the stabilized output to the signal
processing circuit, the denodul ator 22 and other conponents. A |evel

adj ust egoiBi§AFALELR bhethéanediulaver 8 foesmodadating sespense D (C -. R
to a predeterm ned signal |evel and outputs the corrected signal. A

bandpasgati! sequehBEF) ¢ peroromn leeds inpl i Giedwivile Hehowame signal of
the | evel adjuster 43 and then outputs the signal to the 25 Novenber 2005 -
19 outadvaheagesahs othose ofcthéi farstnembediments aneoaghiavedapacitor
45. The | evel adjuster 43 and the bandpass filter 44 thereby change the
power s{ppl yFhizatl Emswstidieant to the |ogical |evel of response data sequence

D(C->R. The |oad ) . .
Fig. 4 is a block diagram showing a modulation and

o demodulation circuit 40 of an IC card used in an IC card
ii;) system which represents a third embodiment 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 éﬁbodiment, 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 sequence D (C — R) to a predetermined signal
level and outputs the corrected signal. A bandpass filter
(BPF) 44 performs band limitation of the output signal of_

- the level adjuster 43 and then outputs the signal to the




| npedance of the | oop antenna 4 is thereby changed to send out the
response signal. According to the arrangenment shown i n2FiNpveshbert 2085power
supply load is changed according to the | ogical |evel of response data
'sequence D (C -' R), so that data exchange can be perfornmed by a system
arranged as sinply as the load sw tching systemw thout using a
~sem conduct or device having a particularly high withstand voltage for
. sending out response data D (C -> R). Therefore, the circuit conmponents
-formng the ICcard 2 can easily by conbined into an integrated circuit.
Al so, damage to the IC card when a ﬁbgh voltage is applied to the 1C card
by static electricity or the like can”bé 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 IC card 2 is_ brought closer to
t he reauipput crenpinal apf uphe i reeehfbcahionueisaniht 41 heb¥eRghoR switching,
such as that observed in the |oad swtching system_ can be prevented,
t her ebycapa¢ HePT i 45 posEhe| kevel sahiuster a43 eéb‘i ntheshapdpasy E£LBPYi zed
power. Therefore, the need for a neans for coging mﬁéh an_25 Ebvenber 2005
- 20 ekbehexelY ¢hange i HRitPSFRE RRUPRLY/ WPt eRC3CLIYRICER BRE el ni nat ed
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impedance of the loop antenna 4 is thereby changed to send

out the response signal.

:i;) According to the arrangement shown in Fig. 4, the power
supply load is changed according to the logical level of
response 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 withsténd voltage for sending out
response data b (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 thé

IC card by static electricity or the like can be reduced in
. comparison with the copventiogal 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




circuit 41 has superposed pul sating conponents of the carrier. Wen the IC
card is brought closer to the I'C card processor, the 25yvabmbevaosof the
pul sating conponents increases. In this enbodi ment, however, such

pul sati ng conponents are suppressed by the capacitor 45 and the bandpass
filter 44, so that application of an excessively high voltage to the
output termnal of the |level adjuster 43 can be reliably avoided. (4)
Fourth Enmbodinent Fig. 5 is a block diagram showi ng a nodul ati on and

denodul ation circuit 50 of an IC card used in an I C card system which
represents a fourth enbodi nent of tné resent invention. In the

arrangenment shown in Fig. 5, the sai conponents as those described above

with reference to Fig. 4 are indicated by the sanme reference nunerals and
the description for themw Il not be repeated. In this enbodi nent, the

r ead/ wr ieikeesbdaved yalargenimpati on Shgnzeady wxdikerpdulsddeofagndesends out
the forned signal. In the nodul ati on and denodul atjon circuit 50, a

capaci t el ifinatedoandctde cONFigRrREioR of thep readdwriter 35CRBy Bfber 2005
- 21 The loop antenna 4 and the capacitor 51 forma parallel resonance
circuit siopliddedance with a carrier. The loop antenna 4 is thus arranged

to receive a transn ssion Signa sel ectivel y and, effici to
radiate a regbgng@wgpgﬁgpplygvo tage ou%pug ¥rom tﬁe rgcggkigaéﬂgn

circuit 41 has superposed pulsating components of the
- carrier. When the IC card is brought closer to the IC card
i“) processor, the signal level of the pulsating components
increases. In this embodiment, however, such pulsating
components are suppressed by the capacitor 45 and the
bandéass filter 44, so that application of an excessively
high voltage to the output terminal of the level adjuster 43
can be reliably 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.




efficiently. A diode 52 having its cathode grounded is connected to one
term nal of the loop antenna 4, and the other term nal 25doveibed 200 ant enna
"4 is grounded by a capacitor 53. The |oop 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
term nal voltage of the |oop antenna 4 maintained in this manner is
changed according to a transm ssion signal and a response Signal. A
stabilization circuit 54 is supplied with the termnal voltage of the |oop
antenna 4 via a resistor 56, and proguces power for operating the IC card
2 fromthe power of a transnissioﬁ'é?ﬁdél received by the |loop antenna 4.
At this tine, the stabilization circuit 54 grounds the power input by a
clanp circuit fornmed by series connection of six diodes 57A to 57F,
t her eby Thel ilaioipy aateingiand @adafdie capred-tier &l Sesas&d Pasplilalge input
vol tage. A carrier extractor 20 renoves the dc conponent. fron1 the term na
vol t age nﬁsqma@qeo@grmlémﬁamrwoaww&amt& %garrﬂ&’%"or e,
- recognition in reference to the zero |evel venber, 2Q05 - W th a

“conpari Meéhniacﬂl t155§'hé‘ﬁera§trﬁ‘ﬁ§% tt?pé%eéi‘?ﬁ’f fo nsﬂiﬁﬁ’ﬂf“\/@ég% t her eby
, d | ock s | fr d
P oo pedrbivaad S, SRR ERmES arkh S WEHEAC) SRekPRe I idart ]

anplltUd%f1c1ently.
A diode 52 having its cathode grounded is connected to

ﬁ;> 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 response 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 aveiding 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



‘limtation circuit formed of diodes 61 and 60 connected to the input
termnal to reliably avoid an excessively large anpli 2iitfevempert2004
denodul ator 22 perforns band Iimtation of the term nal voltage of the

| oop antenna 4 with a lowpass filter forned of a resistor 63 and a
capacitor 64, then renoves the dc conponent with a capacitor 65, and

I nputs the voltage to a conparison circuit 66. The conparison circuit 66
operates by operating power supply VCC and perforns binary recognition of
the input voltage in reference to the zero level. The denodul ator 22
obtains and outputs transmtted data_sequence D (R -. C by this

denodul ation. At this time, in thf& ydul at or 22, an excessively |arge
anplitude input to the conparison circuit 66 is reliably avoided by
inputting the termnal voltage of the loop antenna to the conparator 66
af t er bagfdhl ancoapanisbascheenitpsff operdthngt hy Pperp&dsdf power f or ned of
resistor 63 and. capacitor 64 and after the dc conponent has been renoved
by capsappby ®8C,Aandveherdbyspredugesscilockeglgnad CEThaying &heforns a
swtching circuit and which operates by response data 25 Ngovenber 2005 - 23
sequenceale( Crequepcy aag theeSrErder 780HoPhagppPYPAErEBRERd: ¥1ithhe FET 60.
The | evel adjuster 43 corrects the si

S nal |eyel ., of response data .sequence
D (C -,thy earrhersi ghae FaVEReT GeKEFAFREY B§ ahEo; B Al aWB&&iiageof t he
rGSiStoiiggta%Egn circuit formed of diodes 61 and 60 connected to
. the input terminal to reliably avoid an excessively large
E%?g 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 perfdrms

“binary recognition of the input voltage in reference to the
zero level. The demodulator 22 obtains and outputs

1i¥} 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
performed by the 1oﬁ~pass filter formed of resistor 63 and
capacitor 64 and after the dc component has been removed by
capaciﬁor 65.

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

 switching circuit and which operates by response data




outputs the corrected signal. In this enbodinent, the resistor 70 is
connected to the anode of the diode 57A closest to th25Nesesbar2086 in the
group of diodes 57A to 57F formng the clanp circuit to supply power,
thereby correcting the signal |evel of response data sequence D (CR) to
the signal |evel determ ned by the other diodes 57B to 57F and outputting
the corrected response data sequence D (CR). A lowpass filter 72 is
formed of a resistor 73 and a capacitor 74. The |ow pass filter 72 perforns
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 show3in Fig. 5, the sanme advantages as
those of the third enbodi mrent can al so be achieved by perform ng band
limtation of the output signal fromthe |evel adjuster 43 through the

| ow passehulehele D2(C (5)R{} hend Eabediieabs Tbefbkr§hFEQyihbrﬂo§§¥°Q6”E”t5

have been described with respect to the case where e carrier extractor
i s formetieb¥ETa6PLL Checilievelaad julsterouwst koameeds eile Bagnden egfegcri bed
25 Novenber 2005 - 24 with respect to the case where the carrier extractor
is forofdregpensendataserquiencei D. (BowevR), tohther eignél lavebtion i s not
limted to these arrangenents. In the first to third enbodinents, the
carri erdekermingg hiythe terminal voltage of the resistor 70, and

outputs the corrected signal. In this embodiment, the

resistor 70 is connected to the anode of the diode 57A

Ty

O

‘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

i:) 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 émbodiment 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 have been described with

respéct to the case where the carrier extractor is formed by

-a PLL circuit, and the fourth embodiment has been described




alternatively be formed by a conparison circuit. In the fourth enbodi nment,
the carrier extractor may alternatively be fornmed by as5Rovemberc®s. The
enbodi ments have been described with respect to the case where a

transm ssion signal is forned by nodulation to a depth of 10 % but the
present inventionis not limted to this. If the power of the sidebands is
not restricted by law, or in a like situation, the transm ssion signal nmay
be forned by a depth of nodulation smaller than 1 to achieve the sane
advant ages as t he above-descri bed enbodi nents. The enbodi nents have been
described with respect to the case ggﬁre the reference signal is sent out
by being PSK- nodul ated, but the pre t“invention is not limted to this.
The reference signal nay be sent out by being nodul ated by an ASK

modul ati on nethod such that it is selectively sent out fromthe antenna |
accor di mytho respacds gon dded ataes es atpgarec & heT loa ramiod | exhintas tivav d.sbeen
described with respect to the case where a |oop antenna is used, but the
pr esent fopmad bhyn a icompariision Cdarcud.ti-hi dowevdpoltheapr@ssator any of ot her
ant ennas havi ng various shapes may alternatively be used. The present

i nvent | GAVERYIOM sy Aqtoddmded t& these rroangsnamis. 2dostheps  which the
frequency of main carrier i set to, for exanple, = 13.56 M4z, a frequency

in a m &rERdy & ihd-rey didMments o CBGuEATEIET FETAHO% M8¥t s have been

descr'b%ﬂt@%%%t&%%ﬂﬁp%e?%oE%%d by a comparison circuit. In the

fourth embodiment, the carrier extractor may alternatively

O

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 %, but the present invention is not limited to
this. If 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

E:) 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 ahy of other
antennas having various shapes may altérnatively be used.

The present invention can find various applications in



case where the IC card is operated by electric power of a transm ssion
signal, but the present invention is not limted to tB@bMNovembler@®h5fi nd

- various applications in which a battery or any other nmeans is used to
operate the IC card. The enbodi ments have been described with respect to
the case where an antenna is used in comon for transm ssion and
reception of data sequences on the I C card processor side, but the present
inventionis not limted to this. A conplicated configuration may be
allowed on the I1C card processor side in conparison with the 1C card
configuration. Therefore, the prese i nvention can find other various
applications in which antennas respectively dedicated to transm ssion and
reception are provided on the IC card processor side. According to the
present invention, as described above, ,an I.C card capabl e of rformng
dat a exwhighe thiet Ksgquencyefitc Badlc COXrId&F € ﬁ&@iﬁ&vaﬁﬂﬁfﬁﬁépg ry | arge
w thstand voltage while being arranged as sigply as the lL.oad swi tching
syst em 13n86aMHEC @aﬁae§F§P€N|&§iﬁgmgﬁéogﬁvpc BREY OFa A We O%BELi ned. This

performance can .be achieved by fornming a reference signal having the sane
frequendFed8eRCeEEr i er of a 25 Novenber 2005 - 26 transnission signal and

Todul a1 ng thes; erepaiRentE; fRke Boen e hISRRREFREETC " ity

circuit accopdingta The LeaPqesBpldhi e BYeRIBctric 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

case where an antenna is used in common for transmission and
reception of data sequences on the IC card processor side,
but the present invention is not limited to this. A
complicated configuration may be allowed on-the IC card
processor side in comparison with the IC card configuration.
Therefore, the present invention can find other various

i;} 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,

én 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




-27 WHAT IS CLAIMED IS: 1. An IC card which transmts and receives desired
data sequences in non-contact transm ssion between it28Novembers203C card
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 ati ng 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 signal, said reference signal having
the sane frequency as the carrier and a phase synchroni zed with the
carrier; a nmodulation circuit for-s@fdi-ng 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 sfy-idsiEys 1éh 1 #ndiiseupphyhconizied dbeh ptivelucangiemper ating
power by rectifying the transm ssion signal received by said antenna,
wher ei a5 £hEeIRg W atéspoms e csd gnahdby anakdwbatting | e creferenceper ate by
t he power produced by said power supply circuit; and wherein said reference
si gnal §Igmﬁlm;dxrahangingrmh&r&pade¢nreh@epqwgha$umglﬁ.?#ﬁ@%#tocked Ioop
circuit. 2. An IC card according to Caim1, wherein said

according to the response data seguence.




reference signal formng circuit has an anplitude limtation <circuit for
limting the anplitude of an input signal. 25 Novenber220@%emB& 2085 An | C
card according to Claim1l, wherein said nodulation circuit perforns 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
recei ves desired data sequences in-@dn-contact transm ssion between itself
and a predeterm ned processor, said IC card conprising: an antenna for
recei vi ngiHATt TANGTARBHEILoASsi gnal fromthe processor; a power supply circuit
- for producing operating power by rectifying the transm ssion signal
received by said antenna; a denodulation circuit for retrieving a
transmtted data sequencerdseanidnr aahbeips cors secehyesedesliteat idagat he
transm ssion signal received by said antenna; a load _citguit for anging a
| oad on SKIFSPERRr1E UM FORERFE UF I ATEGPdPRGPE Y eEY é§58ﬁ1£ea’a§t ﬁnsgguence
cor responding Jr@celsRentr appArht 84, dah g sequenE®; capatiwhagei n sai d | oad
circuit conprises a filter circuit for erformng band [imtation of the
response dataa§e@@éﬁ@@aaﬁ§rféﬁce%ﬁé¥@aﬁtE?a%ﬁﬂkﬁﬁ#qqufﬁﬂﬂ§lré§88n§89data

sequence]kpcggdo$géggssihsrQ%ﬁggaﬁgg;said power supply circuit.
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, saild reference signal having the same

frequency as the carrier and a phase synchroﬁized. 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 power supply circuit for producing operating power by
i:) rectifying the transmission signal received by said antenna,
- wherein said demodulation circuit and said modulation circuit
operate by the power produced by sald 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.



5. An IC card according to Claim4, further conprising a stabilization
circuit for stabilizing power output fromsaid power ZOppBivymberZd@St. 6. An
| C card according to Claim4, wherein the transm ssion signal is formed so
that the power of the carrier is 25 Novenber 2005 -29 99 % or higher of
the total power. 7. An IC card according to Claim4, wherein the

transm ssion signal is anplitude-nodulated to a depth of nodul ation
smaller than 1. 8. An IC card which transmts and receives desired data
sequences in non-contact transm ssioeX8between itself and a predeterm ned
processor, said IC card conprising: an antenna for receiving a transm ssion
signal fromthe pPRocetSorcars dempdudand oroci Ftatm flor whereBvi gld

transm tted, 43t3,,SeURNGE: SE%Eféﬁf?é“ y&?‘[ Bl 0GERAROT %&éﬂg %ﬁ%{t@%gt he

transm ssion signal received by Saird antenna; are nce sign rm ng
circuit fwirtH ot ngesporrsef elanc esesjugnake gy atgartdiengs el fselguernioplas a
carrier of the, .transm ssi.on signal received by, said ant enna and ase-
synchr oniSHFREERS | KBS ¢ APFREFLCS REHatdbh i PRETT FOroraioee i e

out put ti ngatifg o efffRNCEi SicRakel LIMIBAW HafHeRBNaF REC AHH NEeflcdeickesponse

data sequence corresponding to the transm ssion data sequence; a power
supply ciFidil PEFORTIRAIGNGHEpEFERPPRT sEREr SBfuence.

4. An IC card which transmits and receives desired

data sequences in non-contact transmission between itself and a
%w) 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 séid antenna;

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

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

{:) wherein sald load circuit comprises a filter circuit for
performing band limitation of the response data sequence and for
thereafter outputting 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 circuit.

© 6. An IC card according to Claim 4, wherein the

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




rectifying the transm ssion signal received by said antenna, wherein said
denodul ation circuit and said nodulation circuit opera? @Ow@ﬂbﬁéﬁo%wer
produced by said power supply circuit; and wherein said reference signal
forming circuit forns the reference signal by a phase |ocked loop circuit.
9. An IC card according to Claim8, wherein said reference signal formng
circuit conprises an anplitude Ilimtation circuit for limting the
anplitude of an input 25 Novenber 2005 - 30 signal. 10. An IC card
according to Claim8, wherein said -d&nodul ation circuit and said

nodul ation circuit operate by power produced by said power supply circuit.
| C CARD AND% or GARIZYSTENIABSTRAQIOWEE . THE DI SCLOSURE An IC card and an IC
card systemfor transmtting a signal nodulated with a desired data
sequence. In the IC card, a reference signal having the sane frequency as
a carrier of 7a tramsmiSsi cardi gnadordénei ved bYylzaim adfenmbemsich the
phase-synchronized with the carrier respons dat

sequence PESHOI n@lfgf}afhel%les‘_f'r?pé&%ﬁg?a{mdg%ag%% 9 s den ht *om t he
ant enna bﬁbdﬁmaui@{ ishallee tHaef er ence signal with the response dat a sequence
in a phase

8. 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 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

f:> 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.

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



shift keyi ng manner.
: 25 November 2005
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Signal.

10. An IC card according to Claim 8, wherein said
demodulation circuit and said modulation circult operate by

power produced by said power supply circuit.






