1. Fiel™ of the Invention The present invention relates to an

| Czcard processor, and an |IC card system The present invention ca

applied to an I C card having various sorts of data input thereto or output
therefromin a non-contact manner, to an I C card processor which perforns
data communication with the I1C card, and to an IC card systemusing the IC
card. 2. Description of the Related Art I C card systens using |IC cards have
been applied to ticket exam nation systens for use in transport facilities,

been proposed &ﬁ?ﬂ% orlt rehRR  Bocbstl, GBND, S AR syl s e
read/witer (i.e., 1C card processor) for exchanging various sorts of data
with each of the IC cards. Various sorts of data are transmtted and

recei ved e CF%@{ rﬁﬂ%l read/ witer in a non-contact manner.
That is, Qﬁ&?ﬁﬁﬂu&ﬁ 8% Ccar f%ﬁﬁ the read/ witer fornms a

transm ssion signal by nodul ating a carr|er havi ng a predeterm ned
frequency with a desired data sequence, and sends out the transm ssion

signal toithpib&a of ZneCamtefitidi antenna.

| C CARD. | C CARD PROCESSOR AND | C CARD SYSTEM BACKGROUND. OF TH 5

'The present invention relates to an IC card, an IC card
processor,” and an IC card system. The present invention
can be applied to an IC card having various sorts of data
input thereto or output therefrom in a non—contﬁct manner,
to an IC card processor which performs data communication
with the IC card, 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 processdr)
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



The IC card receives the transm ssion signal via an antenna and denodul at es
the transm ssion signal to extract the data sent fromthe read/witer
Further, the IC card sends out data such as personal information stored
therein to the read/witer in response to the received data by nodulating a
predeterm ned carrier with the data to be transmtted. The read/ witer
receives the data sent fromthe I1C card,, and opens or closes a door of a

ti cket exam nation nmachine or allows én?ri into or exit froma room Data
exchange between the IC card and the read/ witer nay be executed based on a
full-duplex nmethod to reduce the tinme required for data exchange and to

i mprove teerdaviai ag ahtehna.kind of |C card system To enable data
exchange based on a full-duplex nethod, the carrier frequency of the

transm ssi on sthmalCtoabé@ seaeives themtirkasmdsdiion tssigreld Yl @@arri er
frequency of the response signal to be sent out fromthe IC card are set to
di f f er entantennanandsdemodalatest theprigangmigsion egiigrabntenexhfzact
efficiencz of use of the frequency band is then encountered. It is also
necessar ythe @atacsent| ﬁrpma%éwﬁ readd widgRe tHarthensntRei 8@ spgdal and

t he response_signal _having different frequencies. Therefore, there.,is also
a .3. sends out data such as personal information stored therein

to the read/writer in response to the received data by
modulating a predetermined carrier with the data to be
transmitted.

The read/writer receives 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.

Data exchange between the IC card and the read/writer
may be executed based on a full-duplex method to reduce the
time required for data exchange and to improve the handling
of this kind of IC card system.

To enable data exchange based on a full-duplex method,
the carrier frequency of the transmission signal to be sent
out from the read/writer and the carrier frequency of the
response signal to be sent out from the IC card are set to
different frequencies.

However, the problem of a reduction in the efficiency
of use of the frequency band is then encountered.

It is also necessary to efficiently transmit and
receive the transmission signal and the response signal

having different frequencies. Therefore, there is also a



probl em of the construction of the antennas, etc., becoming conplicated. In
the case of a type of 1C card operating by electric power of a received

transm ssion signal, it is necessary to receive electric power by
efficiently receiving the transm ssion signal and to efficiently transmt
data by low electric power. |If the efficiency of transm ssion and

reception of the transm ssion signal andg the reception signal cannot be
sufficiently increased, the operation of the IC card is unstable. SUWARY
OF THE I NVENTION I n view of the above-described problens, an object of the
present invention to provide an IC card, an | C card processor and an |IC
card systEﬁ?%}?ﬂnQEdtgG gonsgrpetdionpiof ithe anieprasi odtas. weercomingo be
capabl e of data exchange based on a full-duplex nmethod effectively

utilizi ngcd@PILGaEAey band. To achieve the above-described object,
according to e aspect of the present invention, there is provided an IC
card in mhich%glﬂgggdﬁgﬁes? nﬁngBefBan AT ARSI PR hi LSk FHer
havi ng the sane frequency.a mai n .carrier_ of transm ssion siﬂnak with a
esponse HAVSE <Rt AnEacev P, Sompey SHor 15 ondt « 126 ThcdeSRaterieten such
a menner £haL;{LS03bARIRIpURY BY HEd A AP AE0RIViRE the 4

transmission signal and to efficiently transmit data by low
electric power. If the efficiency of transmission and i
reception of the transmission signal and the reception
signal cannot be sufficiently increased, the operation of

the IC card is unstable.

SUMMARY OF THE INVENTION

In view of the above-described problems, an object of
the present invention to provide an IC card, an IC card
processor and an IC card system arranged so as to be simple
in configuration as well as to be capable of data exchange
based on a full-duplex method effectively utilizing a
frequency band.

To achieve the above-described object, according to one
aspect of the present invention, there is provided an IC
card in which a response signal is formed by modulating a
main carrier having the same frequency as a main carrier of
a transmission signal with a response data sequence
corresponding to a transmitted data sequence in such a

manner that its sideband does not overlap a sideband of the



transm_ssion signal along the frequency axis. According to anot her aspect

of thepresent invention, there is provided an IC card processor in which a
transm ssion signal is formed by nodulating a main carrief having the sane
frequency as a main carrier of a response signal with a transmitted data
sequence urgi ng sendi ng out of the response data sequence in such a manner
that its sideband does not overlap a sidehand of the response signal al ong
the frequency axis. The transm ssion signal is sent out froma
predeterm ned antenna. There is also provided an IC card systemin which an

IC card forns a_response signal,Z by npdulating a main_ carrier having the
same freqbEARYMLSSIOR,SE iQ%O&% EP?r%F%ﬂ&%%?ﬁna§F§nal with a response

data sequence gcorresponding_to transnitte ta sequence,in such a manner
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, signal with a transmitted data sequence urging sending out
of the response data sequenée iﬁ such a manner that its
sideband does not overlap a sideband of the response signal
along the frequency axis. The transmission signal is sent
out from a predetermined antenna.
There is also provided an IC card system in thch an IC
card forms a response signal by modulating a main carrier
having the same frequency as a main carrier of a
transmission signal with a response data sequence
corresponding to a transmitted data sequence in such a
manner that its sideband does not overlap a sideband of the

transmission signal along the frequency axis, the IC card

sending out the response signal from an antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing modulation and
demodulation circuits 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.s a characteristic curve diagramfor explanation of the nodul ation
and derfodul ation circuits shown in Fig. 1; Fig. 4 is a block diagram
shqwi ng nodul ati on and denodul ation circuits in an I C card system which
represents a second enbodi ment of the present invention; Fig. 5 is a block
di agram showi ng nodul ati on and denodul ation circuits in an I C card system
whi ch represents a third enbodi nent of- tshe present invention; Fig. 6 is a
characteristic curve diagram for explanation of the nodul ati on and

denodul ation circuits shown in Fig. 5, -Fig. 7 is a block diagram show ng

nmodul ati on and,denogul ation, circuits in an | C card systemwhich represents
a fourth enbogﬁ‘:'n%htgo"f‘stﬁecBPEQEEFrﬁ?\F&ﬁ V&R .agqung fg&lbl ock di agram

. o " : i : : _ whi ch
" epr csont B AppERo BN s e i facdodR e G ERLARRLER 270,
d|agran1sgﬂgﬁﬂgigng§%§tﬁqn and denodul ation circuits in an IC card system

whi ch represents a Stxth’‘enbodi nent of the present invention; Figs. 10A and

| OB are characgggi Ski £5CHI B8 ok @ AFR-ahP SN HMd At & 1 dlCag@dul ati on and
' ' ' 9 ' 117 s a bl '

denodul ation circuits shown in Fig. ™ 9; Fig. [ ock di agram show ng
nodul ati ogemBlulation circuits in an IC card system which represents

a second embodiment of the present invention;

Fig. 5 is a block diagram showing modulation and’
demodulation circuits in an IC caﬁd system which repfesents
a third embodiment of the presenf invention;

Fig. 6 is a characteristic curve diagram for
explanation of the modulation and demodulation circuits
shown in Fig. 5:

Fig. 7 is a block diagram showing modulation and
demodulation circuits in an IC card system which represents
a fourth embodiment of the present invention;

Fig. 8 is a block diagram showing modulation and
demodulation circuits in an IC card system which represents
a fifth embodiment of the present invention;

Fig. 9 is a block diagram showing modulation and
demodulation circuits in an IC card system which represents
a sixth embodiment of the present invention;

Figs. 10A and 10B are characteristic curve diagrams for
explanation of the modulation and demodulation circuits
shown in Fig. 9;

Fig. 11 is a block diagram showing modulation and



-6- denodul ation circuits in an I C card system which represents a seventh
enbodi rrent of the present invention; Fig. 12 is a bl ock di agram show ng
modul ation and denodul ation circuits in an I C card system which represents
an eighth enbodi rent of the present invention; Figs. 13A -13B, and 13B are
characteristic curve diagrans for explanation of the nodul ati on and

denmodul ation circuits shown in Fig. 12. {OESCRI PTI ON OF THE PREFERRED

EMBODI 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_showi ng an | C-card system which represents a first enbodi nent
of the prEeBRAVLAKARN GHromits 1@ @ LG yeaEt gystenpphich represendenyl e,
a ticket exam nation systemfor use in trans€ort facilities. In the IC card

syst em 1, 3d§EYPEhe ORAHEP Ye (e @ PTRERRT 1 BVEREIA F ead/ wri ter 3. The
sheet and & babbSpl MolBn uRione FasFarL e riag rodrtaFEeR 888 The | C
ol at | oRoBRASABRaRH Sersay it b Shabar € aRaboR Hndle TEetRRRAT a0
formed byahh%iBBE%Q@ﬂﬁgafﬂéﬁ%néf;the present invention;
Figs. 13A, 13B, and 13B are characteristic curve
diagrams for explanation of the modulation and demodulation

.circuits shown in Fig. 12.

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 system 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 fead/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 ére mounted. The IC card 2 has a loop
antenna 4 formed of a wiring pattern on the base plate. A
modulation and demodulation circuit 5 and a signal

processing circuit 6 are formed by the integrated circuits



-7- formed on the base plate. The |loop antenna 4 is coupled to a | oop
antenna 8 of the read/witer 3. The | oop antenna 4 receives a transni ssion
signal sent fromthe |oop antenna 8 and radi ates a response signal forned
by the nodul ati on and denodul ation circuit 5. The nodul ati on and

denodul ation circuit 5 produces necessary electric power, a clock signal,
etc., for the operation of the IC card froma transm ssion signha
received by the | oop antenna 4.. The nodulation and denodul ation circuit 5
operates by the electric power and the clock signal to denodul ate the
transm ssion signal to retrieve a data sequence sent fromthe read/ witer 3
(her ei naf formegf onr ddhet dagse 'pnXadresimi tt ed data sequence") D (R -> C. The
nodul ati on and denpdul ation circuit 5 outputs the data sequence to the

si gnal processThg &pppupntennBy 4 Hiss aqumisd tter deep seytence, 8t €

modul ati on_and denpdul ation circuit 5 is urged to transmt a response

si gnal . ThBenF@@d Mrditem® dehri kRop ARteRRRt 45TeELAEesha 1 esponse si gna
froma data sequence (hereinafter referred to as "response data sequence")
D(C- R issdan vt aahaFenl ocedRi Hge clpeni antenna BadPdtes the

i anal pr SC0NGRY & FARRORE S B, BYTPRG BYclhPi BoPBNBELand %P e ol ock
si gnal gé@%ﬁ%%%ié@&éﬂ“%ircuit 5. -

" The modulation and demodulation circuit 5 produces
necessary electric power, a clock signal, etc., for the
operation of the IC card 2 from a transmission signal
received by the loop antenna 4. The modulation and
demodulation circuit 5 operates by the electric power and
the clock signal to demodulate the transmission signal to
retrie#e 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



-8- modul ation and denodul ation circuit 5 to analyze the transnmitted data
sequence D (R - C and outputs a response data sequence D (C - R) to the
modul ati on and denodul ation circuit 5 according to need. In the read/witer
3, .a nodul ati on and denodul ation circuit 9 forns a transm ssion signal from
a transmtted data sequence D (R - C) input froman signal processing unit
(SPU) 10 and drives the | oop antenna 8 this transm ssion signal. The
modul ati on and denodul ation circuit 9 processes a response signal received
by the | oop ant.enna 8 to retrieve a response data sequence D (C - R) sent
fromthe 1C card 2 and outputs this response data sequence D (C - R) to the
SPU 10. Thed8PatioOni andodemaduledtioin accidwit abi bo pnatygei theunit for
executing a conparatively sinple processing procedure. The SPU 10 sends to
t he nodul frepamittededodal seiawends dui (R 9—~a G @andhiquipuata cespense D (R
- C to be transmtted to the IC card 2. The SPU 10 al so processes a
response @ata seguence D (€ — R) itepdher madulatinn And  ¢emedalation
denodul ation circuit 9. During this processing, the SPU 10 di splays the
progress SHECHESLPt 8CEPTHAGE I REYY- a display section 11 according to

Section 12 andiRxERAnEREAIRELtES . i B Ahich centrenottlaflonl b an

exter nal gg%h%gtlg %%%%gﬁéu{féhéﬁ¥§gion signal from a transmitted
data sequence D (R — C) input from an signal processing
unit (SPU) 10 and drives the loop antenna 8 by this
transmission signal. 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 and outputs this response data
sequence D (C — R) to the SPU 10.

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 trahsmitted data sequence D (R —
C) to be transmitted to the IC card 2. The SPU 10 also
.processes a respbnse 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 accordihg to need.



-9- Fig. 1 is a block diagram show ng the nodul ati.on and denodul ati on
circuit-5 of the IC card 2 and the nodul ati on and denodul ation circuit 9 of
the read/witer 3. In the nodul ation and denodul ation circuit 9, a
nodul at or 17 performnms binary phase shift keying (BPSK) nodul ati on or
differential phase shift keying (DPSK) nodul ati on of a subcarrier Ssi
havi ng a predeterm ned frequency F1 witly a transmtted data sequence D (R -
C) input fromthe SPU 10, and outputs the nodul ated signal. The transmtted
data sequence D (R - C) is bit-coded in the nonreturn to zero (NRZ) manner
and input at a rate of 106.2 kbps or 212.4 kbps fromthe SPU 10. As a

met hod for thiBlgodulidsianbloak difagzamoghomdag dhieomadntliaddon sapd as
anplitude_shift keying (ASK), PSK, Gaussian-filtered m nimumshift keying
(GVBK), fiemeentytianf c1keisg S PSkithendd sartk hond dfhermednjatian be
used according to_need. A mpdul ator 18 ASK-nodul ates a main carrier having
a predet 2R¢ nEEMPRBLAEACT RATGUTF &h Fuithir Z8YWHTICF rdm t he nodul ator 17

d dri he_ | . _As hod .for. this | ati on, f
Vari ous. modul 217 P HGILAt LORnaad POROGEBSELOBERERAE Sk P Lan be
d | d, I hi el |t 3
{7 ansm saPenilabtsl 7, peRbokie, KIRBHY B it ¢ ARt 18 HPERRY dat o
sequence fogfiatfbn?Be 322¢8-ANe N AL LY O kY MG (5ESR) 1 he | oop

ant enna
modulation of a subcarrier Ssl having a predetermined

frequency Fl1l with a transmitted data sequence D (R — C)
input from the SPU 10, and outputs the modulated signal.

The transmitted data sequence D'(R — C) is bit-coded in'the
nonreturn to zero (NRZ) manner and input at a rate of 106.2
kbps or 212.4 kbps from the SPU 10. As a method for this
modulation, any of various modulation methods, such as
amplitude shift keying (ASK), PSK, Gaussian-filtered minimum
shift keying'(GMSK), frequency shift keying (FSK), and pulse
modulation (PM), can be used according to need.

A modulator 18 ASK-modulates a main carrier having a
predetermined frequency Fm with an output signal S1 from the
modulator 17 and drives the loop antenna 8. As a method for
this modulation, any of various modulation methods, such as
PSK, DPSK, GMSK, FSK, and PM, can be used according to need.

In this manner, the read/writer 3 forms a transmission
signal by two-stage modulation with the transmitted data
sequence D (R — C) and sends out the transmission signal

from the loop antenna 8.



- 10 - .In the nodul ati on and denodul ation circuit 5 on the IC card 2 side,
a power supply circuit 19 receives a transmission signal induced in the

| oQp antenna 4 and rectifies this transm ssion signal to generate.dc power.
The power supply circuit 19 supplies this dc power to circuit bl ocks of the
| C card 2. The nodul ati on and denodul ation circuit 5 and the signal
processing circuit 6 are made to operatggyby electric power of the

transm ssion signal. A carrier extractor 20 receives the transm ssion
signal fromthe | oop antenna 4 and extracts a main carrier conponent of the
transm ssion signal. The carrier extractor 20 outputs the main carrier
conponent as afn opee anpdglatéer angndemogudatinn figreuit ghdor othe IC
denodul ator 22. The carrier extractor 20 generates various reference clock
si gnal s b&3E8 3nSiHE ofePA¥eTy LW GiFErit ahd BeEBLYeSt le reference

clock sigpals to the signal processing circuif 6 and to other conponents.
The ' denp o braReRLss10B. SHER1 HOMIGRA TR LoGRAOFPBRAL AoePBop ant enna 4

and processe nd d dul,at es _the transm ssjon signal sing the

oper ot i ngT S b LEP g 2o IR Th e Le T oo APPaEete 95, PBHEReny

[fé;éﬁ¥L2?%%h§98§gf%hpﬂﬂ?“@iﬁ%hfﬂ“%Btéﬁbﬁ&&%@a%ﬂislicSBB%éBO%%d on the
circuit blocks of the IC card 2. The modulation and
demodulation circuit 5 and"ihe signal process;ng circuit 6
are made to operate by electric power of the transmission
signal.

A carrier extractor 20 receives the transmission signal
from the lcop antenna 4 and extracts a main carriér
éomponent of the transmission signal. The carrier extractor
20 outputs the main carrier component as an operating clock
signal to a modulator 21 and to a demodulator 22. The
carrier extractor 20 generates various reference clock
signals based on the operating clock signal, and outputs the
reference clock signals to the signal processing circuit 6

" and to other components.

The demodulator 22 receives the transmission signal
from the loop antenna 4 and processes and demodulates the
transmission signal by using the operating clock signal
output from the carrier extractor 20, thereby retrieving the
output signal S1 from the modulator 17 superposed on the

transmission signal.

A bandpass filter 23 performs band limitation of the



A bandpass filter 23 perforns band limtation of the out put signal Sl to
sel ecti‘vely out put the signal conponent corresponding to the output signal
Si fromthe nodulator 17. A denodul ator 24 denodul ates an out put signa
fromthe bandpass filter 23 to retrieve the transmtted data sequence D (R
- € and outputs the transmtted data sequence D (R -> C) to the signal
processing circuit 6. Thus, the IC card y: is arranged to receive the
transmtted data sequence D (R - O sen% fromthe read/witer 3. A

nmodul ator 25 receives, fromthe signal processing circuit 6, a response
data sequence D (C - R) to be sent out to the read/witer 3, BPSK- or

DPSK- noduputpytasigbadr SlettoSseliestiiney et tr e cgignagueampongntss7. 5
kHz) with the response data_sequence D (C - i, and out puts the nodul at ed
si gnal . A§°§rﬁﬁpﬁéélpért@hﬁ?ﬂnﬂﬂﬂﬂﬁ?(ﬁig%%¥ 2t FEProtRenmadrafter Adt-hods,
such as ASK, PSK,6& GWBK, FESK, and PM_can be used. The transmited data
sequence D (RA[@ﬁ"‘*‘F“j’dE‘:%‘-"“itQrb?f1 dsmedulatas ARAGHERIHe SRR T nbEeMmathg rate
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is arranged'to receive the transmitted data sequence D (R —

C) sent from the read/writer 3.

A modulator 25 receives, from the signal processing
circuit 6, a response data sequence D (C — R) to be sent
out to the read/writer 3, BPSK- or DPSK-modulates a
subcarrier Ss2 having a predetermined frequency F2 (847.5
kHz) with the response data sequence D (C — R), and outputs
the modulated signal. As a method for this modulation, any
of various modulation methods, such as ASK, PSK, GMSK, FSK,
'and PM, can be used. The transmitted data sequence D-(R -
C) is bit-coded in the NRZ manner and input at a-rate of
106.2 kbps or 212.4 kbps from the signal processing circuit
6.

The modulator 21 is constituted of a variable load
circuit which is connected between two terminals of the loop
antenna 4. The modulator 21 is impedance-variable according
to the signal level of the output signal S2 from the
modulator 25. The modulator 21 is thus arranged to change,

according to the output signal S2 from the modulator 25, the



according to the output signal S2 fromthe nodul ator 25, the - 12 -
power of a transm ssion signal induced in the |oop antenna 4 and reradiated
frgmthe | oop antenna 4. The power reradiated fromthe | oop antenna 4
consists mainly of the power of a main carrier Sm Around the | oop antenna
4, an electromagnetic field is formed by the main carrier Sm the intensity
of whi ch changes according to the outpuggasignal S2 fromthe nodul ator 25.
Accordingly, the nodulator 21 forms a response signal carrying the response
data sequence D (C - R to the read/mmiter 3 by equival ently ASK-nodul ati ng

the main carrier Smw th the output, S|$ﬂ § fron1the ngdulator 21, and
radi at es PﬁgeFegﬁoﬁsé:rﬁ”gsﬁ‘&IS%Jr obrdncefninathe hoppdantesna A

ei ves th respans al as de cri beq above and induced in the
;ﬁtcenna 82 §n Ep@%&@&egggr q}%‘:g% 3“513 0 retrieve the output
signal S2 fro e re nse,s nalk
bi’igdpass f | I tg?%lflgSpper %%% % r{)%fl on ort'f(g ea%u%?n 8%3F1FF8m t he
denodul at gy Spit e oR 0 ng to
t he out put SI gXIaF’ %Ih% E)dr% cfg ﬂi‘ éfgg\é%e%@gﬁl a Bhn rtcEi1 8331 at es
the out pubntegfidl 4" & tél%él?:.‘lﬂﬁ?&&eﬂétﬂei& ig ESS:fnleﬁVByI Rfe GRAGNSE data

sequence
carrier Sm, the intensity of which changes according to the

output signal S2 from the modulator 25. Accqrdingly, the
modulator 21 forms a response signal carrying the response
data sequence D (C — R) to the read/writer 3 by
equivalently ASK-modulating the main carrier Sm with the
output signal S1 from the modulator 21, and radiates the
response signal from the loop antenna 4.

A demodulator 27 receives the response signal formed as
described above and induced in the antenna 8, and
demodulates the response signal to retrieve the output
signal S2 from the modulator 25 superposed on the response
signal. |

A bandpass filter 28 performs band limitation of the
output signal from the demodulator 25 to selectively output
the signal component corresponding to the output signal S2
from the modulator 25.

A demodulator 29 demodulates the output signal from the .
bandpass filter 28 to retrieve the response data sequence D
(C — R) and outputs the data sequence D (C — R) to the SPC

10. The read/writer 3 is thus arranged to receive the



(C - R). and outputs the data sequence D (C -> R) to the SPC 10. The

read/ witer 3 is thus arranged to receive the 13 - response data
sequence D (C - R) sent fromthe ICcard 2. Inthe IC card 2 and the

read/ witer 3 each of which transmts or receives a data sequence as

descri bed above, the frequencies F1 and F2 of the subcarriers Ssl and Ss2
are set to frequencies differing fromepgh_other by a predeterm ned
frequency. The frequencies F1 and F2 and the depths of nbdulation in the
nodul ators 17 and 25 ate set to frequencies sufficiently spaced apart from
each other and correspondi ng depths, such that, in the spectrum of the

out put siEeSPORIef daknrt FEANGIRCatbr(CL7>oR )t e SR ithe I Fakd afd t he

t put si | S2 f t h dul at 25 I - the f i s,

the' si debands Hb TR LGePRER EalRUotAE: X \GHRPR hhieaGhAtE (FRLORT put

signals S1_and S% are supen%psed, ch of the signa conpon nt§ of the

out put si ghaNSBItHHTsZeCEVEE e iSRAULRGE r 32 1 ABSEHLPRE BEAYFass

filt 23 8 havi i.mpl. e conf i tion The.statg i igh,th

[} oo £heaa¥bRRe BATHAR AP 08 Ao TELSHE, Sal et Sl 8 ooy
i val f e, . ' ich, i L Qh- i deband

anal yoed BycotPr5eRRiaipaSe WAL Min ol SLALEERCR °\ he 11 ke.

component grbfot BemshdNIILIRRN® Ofnd W& EnSEGLCFECand ¥5UahR chE bands
of the sidebands of the other

depths of modulation in the modulators 17 and 25 are set to
frequencies sufficiently spaced apart from each other and
corresponding depths, such that, in the spectrum of the
output signal S1 from the modulator 17 on the read/writer 3
side and the output signal S2 from the modulator 25 as seen
along the frequency axis, the sidebands do not overlap each
other, and such that, when the output signals S1 and S2 are
superposed, each of the signal components of the output
signal S1 and S2 can be respectively extracted by the
bandpass filter 23 or 28 having a simple configuration.

The state in which the sidebands do not overlap each
other along the frequency axis is, in effect, equivalent to,
for example, a state in which, in high-order sidebands
analyzed by being Bessel-expanded in frequency modulation or
the like, components in the sidebands of one of two data
sequences mixed in the bands of the sidebands of the other
data sequence are suppressed to such a sufficiently low
level that the other data sequence can be retrieved with

sufficiently high reliability.



dat a sequence are suppressed to such a-sufficiently low | evel that the

ot her data sequence can be retrieved with sufficiently high reliability.

- 14 - The frequency Fmof the main carrier Smis set to a frequency of
13.56 MHz legally allowed with respect to this kind of 1C card. The depth
of nodul ation in the nodulator 18 is set to about 10 % such that, as shown
in Fig. 3, when electric fields forned the | oop antennas 4 and 8 are
measured and the frequency spectrumtheréof is observed, the power ratio of
upper and | ower waves S1U and SUL of the output signal SI and upper and

| ower waves S2U and S2L of the output signal S2 to the total power is equal
to or |ower thEhelfequppcyodm @fortheg main earekenrgedis osebntiooat data
sequence D (R -> C) through the |oop antenna 8 by setting the electric

power of EReayeasyards 43 3 Mik|legpbly tadlbewedwwithhiaspegitedor dbhdisned

value while the main carrier Smat a |evel equal to or higher than a
pr edet er nKA8g & J€ ic@rdent iR QQR)FHt% 'T‘%‘blﬁﬁ%ﬁﬁn&HStthmPﬁélllan,rar d
system 1

1 and 2) arranged as described above, the subcarrier Ssli
having fr &ugﬁq?erf'l q%a#é’d{ﬁ a?t‘go%b ‘Fﬁ% tRAGt aRBr SBOWR LR FRE -t Bandhal ed
dat a seque D.(R be s he rea /mmlter 3. to the IC card 2,
and the rr& 55?% &"Legrﬂ% ‘fr‘:@ﬁué}ﬁ yiml‘gn ennas 4 and 8

measured and the frequency spectrum thereof is observed, the
power ratio of upper and lower waves S1U and S1L of the
output signal S1 and upper and lower waves S2U and S2L of
the output signal S2 to the total power is equal to or lower
than 1 %.

The modulator 18 is thus arranged to send out data
sequence D (R — C) through the loop antennau8 by.setting
the electric power of the sidebands to a level equal to or
lower than a predetermined value while the main carrier Sm
at a level equal to or higher than a predetermined value is
sent out from the loop antenna 8.

In the IC card system 1 (Figs. 1 and 2) arranged as
described above, the subcarrier Ssl1l having frequency F1l is
modulated by the modulator 17 with the transmitted data
sequence D (R — C) to be sent from the read/writer 3 to the
IC card 2, and the main carrier Sm having frequency Fm is
modulated with the signai modulated by the modulator 17 to
be 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 transmission signal



modul-ated with the signal nodul ated by the nodul ator 17 to be sent out from
the | oop antenna 8. Wen the IC card 2 is brought close to the read/witer
3 Qperating in this manner, the transm ssion signal - 15 - correspondi ng
to the nodul ated main carrier Smis induced in the |oop antenna 4 of .the IC
card 2. A portion of this induced transm ssion signal is converted into

el ectric power for the IC card 2 by thelgomer supply circuit 19. The

nodul ati on and denodul ation circuit 5 and the signal processing circuit 6
of the IC card 2 are driven by this electric power. The transm ssion signal
obtained by the | oop antenna 4 is denodul ated by the denodul ator 22 to

retri eve FRETEEPPRALRDgKS the mognl@tedmaimtiearraier $msisi §nducednponent
undergoes band limtation in the baggfass filter 23 to be separated from

ot her si gh2f L8RBoABAEENAA] Ofhdheefir fadfl & gnd RIFPEPRN®E| Shifput to the
subsequent _denodul ator 24. The transmtted data sequence D (R- O is
retri eved PR“PH BEHBEE‘FEEGPDQE.lgﬂ?é ARt dat B ctlRAtELD PRVET ()
dat a sequbabethe L. SAFE ¢ RY SR Ha e gt vards B8 Rec ponse dat a
sequence [heGratibBh hiid ARWodud 1S R &1 g&%nérkﬁgesggggiator 25, the.
processing circuit 6 of the IC card 2 are driven by this
electric power.
The transﬁission signal obtained by the loop antenna 4
is demodulated by the demodulator 22 to ;etrieve the output
~signal S1 from the modulator 17. This signal component
undergoes band limitation in the bandpass filter 23 to be
separated from other signal components, and the separated
signal component is input to the subsequent demodulator 24.
The transmitted data sequence D (R — C) is retrieved in the
demodulator 24.
The transmitted data sequence D (R — C) is then
analyzed in the signal processing cifcuit 6 to-form the
response data sequence D (C — R) to be sent to the
read/writer 3. The response data sequence D (C — R) is
input to the modulator 25. In the modulator 25, the
subcarrier Ss2 having frequency F2 is modulated with fhe
response data sequence D (C — R). In the modulator 21, the
load impedance of the loop antenna 4 is changed according to

the output signal S2 from the modulator 25. The response

data sequence D (C — R) is thereby sent out as an



subcarrier Ss2 having frequency F2 is nodulated with the response data
sequence D (C -> R). In the nodulator 21, the |oad inpedance of the |oop
antenna 4 is changed according to the output signal S2 fromthe nodul ator
25. The response data sequence D (C - R) is thereby sent out as an - 16
- anplitude-nodul ated signal on the main carrier Smof the transm ssion
signal. The response data sequence D (Cz R) is thereby transmtted from
the ICcard 2 to the read/witer 3. The response data sequence D (C -> R
transmitted in the above- describe.d nmanner is received by the read/witer
3 wth the | oop antenna 8 coupled to the | oop antenna 4. The response

si gnal foambhitufe-meduilededsisjraniali on riphe nain headehedubat of 2heand i s
denodul ated therein to retrieve the output signal S2 fromthe nodul ator 25.
Thi s signhFaesmpeReAR §4g82does band limtation in the bandpass filter 28

to be separated from ot her signal conponents, and_the separated signal
conponent is iTpaitTesPeREestptagsesreasRoI& oF ?Q.lﬁhég¥%§$bhse dat a
seqguence n transm ssion and

receptionE%%g%hégiségﬁﬁgbré§¥2q§%gﬁ%%£égga%gﬂégiggaézﬁrgﬁﬁrtPansWPPted data
SpLence Bekpisf cBER SRR, LR Rl AR B2
describeg manner is received by the read/writer 3 with the
loop antenna 8 coupled to the loop antenna 4. The response
signal forming the received signal is input to the
demodulator 27 and is demodulated therein to retrieve the
output signal S2 from the modulator 25. This signal
component undergoes band limitation in the bandpass filter
28 to be separated from other signal components, and the
separated signal compbnent is input to the subsequent
demodulator 29. The response data sequence D (C — R) is
retrieved in the demodulator 28.
In transmission and reception of the response data
sequence D (C — R) aﬂd the transmitted data sequence D (R —
C) performed as described above, the frequencies Fl1 and F2
of the subcarriers Ssl and Ss2 are set to different
frequencies, and the frequencies F1 and F2 and the depths of
modulation in the modulators 17 and 25 are set to such
values that, in the spectrum of the output signal S1 from
the modulator 17 on the read/writer 3 side and the output

signal S2 from the modulator 25 as seen along the frequency

axis, the sidebands do not overlap each other. Therefore,



frequencies, and the frequencies F1 and F2 and the depths of nodulation in
the nmodul ators 17 and 25 are set to such values that, in the spectrum of
the output signal Si fromthe nodul ator 17 on the read/witer 3 side and

t he output signal S2 fromthe nodul ator 25 as seen along the frequency

axi s, the sidebands do not overlap each other. Therefore, - 17 - even in
the case where the response data sequgﬂgf D(C- R and the transnmtted
data sequence D (R - C) are simnmultaneo y transmtted fromthe I1C card 2
and the read/witer 3, the response data sequence D (C - R) and the
transmtted data sequence D (R -> C) can be respectively received by the
read/ wi tevel® indthbechaSecwher2 whehamgsponseldaistsedaenece DThC +=s,R}) he
denodul ator 22 of the IC card 2 and the denodul ator 27 of the read/witer 3
are supplard thehtransaitieda datepseguendred biR resfoctaneel y

anpl i tude-nodul ating the main carrier Smw th the nodul ating signals
(respect i $ErylEanpeusdy syapsmiditgdhifron el X2)cam o2 rerdbyhasi ng the two
data sequences D (C - R and D (R - C). However, these output signals S

and S2 arEeR@{ WFAFREd3sothe xeshopss dath e@IPRER? &F oy Bheand efaRncy

axis. Therefore h ut put signal s _SI, _and are respectively retrieved b
t he demdﬁﬁ?wgtgﬁgaﬁﬂs: 7 ajf(f%r"l"ng’%frc@rﬂ @@a&qﬂ%q%%m% or the g

I ke and Eége£938e8§i%ﬁgyread/writer 3 and the IC card 2 without
mutual disturbance. ]

That is, the demodulator 22 of the IC card 2 and the
demodulator 27 of the read/writer 3 are supplied with the
antenna outputs formed by respectively amplitude-modulating
the main carrier Sm with the modulating signals
(respectively formed of output signals S1 and S2) obtained
by using the two data sequences D (C — R) and D (R — C).
However, these output signals S1 and S2 are mainfained SO as
not to overlap each other aloﬁg the frequency axis.
Therefore, the output signals S1 and S2 are respectively

. retrieved by the demodulators 22 and 27 without suffering
from beat disturbance or the like and are respectively
extracted by the bandpass filters 23 and 28. The extracted
output signals S1 and S2 are respectively input to the
demodulators 24 and 29. Thus, transmission and reception of
the data sequences D (C — R) and D (R — C) can be performed
in a full-dupiex ﬁanner.

-In this transmission and reception, in the IC card 2,

it is possible to transmit response data sequence D (C — R)



extracted by the bandpass filters 23 and 28. The extracted output signals
Si and“S2 are respectively input to the denodul ators 24 and 29. Thus,
transm ssion and reception of the data sequences D (C - R) and D (R -- O
can be perfornmed in a full-duplex manner. In this transm ssion and
reception, in the ICcard 2, it is possible to transmt response data
sequence D (C - R - 18 - and to receive transmtted data sequence D (R
- O through one | oop antenna 4 by u§1ﬂﬁ3dhe main carrier Sm In the
read/witer 3, it is also possible to transmt transmtted data sequence D
(R-* C and to receive response data sequence D (C - R) through one | oop
antenna &y tsirgcoiee nraransaiticed Satallk@micaaree D hR confd)gwmiduyh of
each of the IC card 2 and the read/witer 3 can be sinplified in conparison
wi th the ene ahgepeamténnat 4 abgnmasingn oaed madoepidmniexf Shatl a Beqtisaces based
on full duplexing using two carriers. The shape of the | oop antennas 4 and
8 can be zeadtwettep Bhaltt he shsonpossidle dro ciransamit f frxarsmiyted
transmtted and received, and desired data sequences can be transmtted and
recei ved d3ta rrequemce Br(BngedChyandnto| reepdveCcrespense flahigpplied with
electric power froma transm ssion signal, electric power for the IC card 2
can be ef‘ﬁ?‘é‘i‘%‘%ﬁ?y"s&%pﬁ &) FERFOUSR PRAUARPP: BRLENNAL S BB USIAY (ML the | C

card syste '
y mégn carrier Sm. Therefore, the configuration of each of

the IC card 2 and the read/writer 3 can be simplified in
comparison with the arréngement for transmission and
reception of data sequences based on full duplexing using
two carriers.

The shape of the loop antennas 4 and 8 can be selected
so that the one main carrier can be efficiently transmitted
and received, and desired data sequences can be transmitted
and received by the simﬁly arranged system. If the IC card
2 is supplied with electric power from a transmission éignal,
electric power for the IC card 2'can be efficiently.supplied
from the read/writer 3, thereby enabling the IC card system
1 to operate stably.

The main carrier Sm having frequency Fm of 13.56 MHz is
modulated with output signals S1 and S2 obtained by
respectively modulating subcarriers Ssl and Ss2 with
transmitted data sequence D (R — C) and response data
sequence D (C — R). The main carrier Sm is modulated so
that the power ratio of upper and lower waves S1U and S1L of

the output signal S1 and upper and lower waves S2U and S2L



1 to operate stably. The main carrier Sm having frequency Fm of 13.56 Mz
is noddl ated with output signals SI and S2 obtained by respectively
nodul ating subcarriers Ssl and Ss2 with transmtted data sequence D (R -)
C) and response data sequence D (C - R). The main carrier Smis nodul at ed
so that the power ratio of upper and | ower waves S1U and SIL of the output
signal Si and upper and | ower waves S2U @nd S2L - 19 - of the output
signal S2 to the total power, neasured and observed in the frequency
spectrum of electric fields formed by the | oop antennas 4 and 8, is equal
wer for stabl e exchange of

data can B6 EBA OBEP GHOPRE Mok ou/ii P ER L BN | BERRHERLORES. 56 Mz
ot her 1 nafPBREVBdndn, b8 TrRateReyl e o SR IS LGRS e Braned o
{ransm sePintEEqiBpb] ansEadel Al oo 15Nl 2o o) Bher Cebd®o 1 R,
Cont [ nousl 'y <} ReEt RaNAGRER: oF L eeREer PoNa= £ Yo B Tq or |\,

modul ati ogagh tHR BRI Behd’ bl £SUmMtH: tf&@;&%@é%@%ﬁ&érom t he

nodul at or 25 can be perforned by changing t | npedance of the | oop
antenna 4rpyqhBAcyPdEl aQe2MHz legally allowed, but the field

strength is effectively reduced in bands other than the band
about the frequency of 13.56 MHz legally allowed, in which
the increase in field strength is restricted by law.

In the transmission signal induced in the loop antenna
4 on the IC dard 2 sidg, the amplitude variation component
of the main carrier Sm appears continuously since the depth
of modulation is set to 1 or less. Thus, the modulation of
the main carrier Sm with the output signal S2 from the.
modulator 25 can be performed by changing the load impedance
of the loop antenna 4 by the modulator 21.

In the above-deseribed arrangément, data.sequences D (R
— C) and D (C — R) each of which is to be sent out from the
read/writer 3 to the IC card 2 or from the IC card 2 to the
read/writer 3 can be transmitted and received simultaneously
by using the common main carrier Sm. This is achieved by
performing a process in which the main carrier Sm is
modulated with each of the modulating signals obtained by
modulation of the subcarriers Ssl and Ss2 of different

frequencies with the data sequences in such a manner that



In the above-described arrangenent, data sequences D (R - C and D (C -> R)
each of which is to be sent out fromthe read/witer 3 to the ICcard 2 or
frgmthe ICcard 2 to the read/witer 3 can be transmitted and received
si mul t aneously by using the common main carrier Sm This is achi eved by
performng a process in which the main carrier Smis nodul ated with each of
t he nodul ating signals obtained by nedw@at4i on of the subcarriers Ssl and
Ss2 of different frequencies with the data sequences in such a manner that
- 20 - the sidebands do not overlap each other along the frequency axis.

VTM:? S ?%%%ﬂ%‘%ﬁeiﬁéﬁbéﬁ%é%ﬁe B A lﬂ&eﬁﬁ%‘b%ﬁ%?"?f |
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oop” an I'C card Icrently

suppl i ed f’ﬁdﬁ\[l‘m @&Yﬁxfm&e&§&ew56ﬁdéw'§&%ng&gz-aff&dgéﬁl@ﬁt&@t@ffe@@fw_ﬁycan

be execute e sinply arrange rd 2 by changing the | oad

| mpedancq;9f1 1 hd 0PPrAEL8BRAY4baRAGas to nodul ate the carrier Sminduced in
the | oop antenna 4. The depth of nodulation in the nodulator 18 is set to

about 10 % t o I@naiHes gdiRerBslp By EeFcoitt Qobesi peevade@o o AWM WHe t he
| oop antenna 4, thereby changi ng the

IC card 2 by electric power induced in the loop antenna 4,

the IC card 2 can be efficiently supplied with power from

the read/writer 3.

Full-duplex data exchange can be executed with the
simply arrénged IC card 2 by changing the load impedance of
the loop antenna 4 so as to modulate tﬁe carrier Sm induced
in the loop antenna 4.

The depth of modulation in the modulator 18 is set to
about 10 % to enable the main carrier Sm to be induced
continuously in the loop antenna 4, thereby changing the
load impedance of the loop antenna 4 so that the main
carrier Sm induced in the loop antenna 4 is modulated

"reliably.

The depth of modulation in the modulator 18 is set to
such a value that the power ratio of upper and lower waves
S1U and S1L of the output signal S1 and upper and lower
waves S2U and S2L of the output signal S2 to the total power,
measured and observed in the'frequency spectrum of electric
fields formed by the loop antennas 4 and 8, is equal to or

lower than 1 %, thereby enabling the electric power in the



| oad i npedance of the | oop antenna 4 so that.the main carrier Sminduced in
the | o6p antenna 4 is nodul ated reliably. The depth of nodulation in the
nodul ator 18 is set to such a value that the power ratio of upper and | ower
waves S1U and SIL of the output signal Si and upper and | ower waves S2U and
S2L of the output signal S2 to the total power, nmeasured and observed in
the frequency spectrumof electric fielgg forned by the | oop antennas 4 and
8, is equal to or lower than 1 % thereby enabling the electric power in

t he - 21 - sidebands to be set equal to or smaller than a predeterm ned
val ue. Consequentl|y, parasitic emssiorns can be reduced. (2) _Second

Enbodi nenfigehandsi 0,0 it GRFarkS ni FRpELeDdEraR | 3nPEAGeEeFBdDRS: i on
circuit 30 of an IC card used in an IC card system whi ch regresents a

second enb@dPfent COPSEAY en®3TREHR G P ARE SR oRE n§etHECHD AUl at i on
and denod ti0n ci cgiﬁ g.on %he'read/wwiter 3 side. In this enbodi nent,
the | oad r%;edgﬁ%%néf TRe FBSB antenna 4 is changed to send out response
dat . (C 2>, t h [writer 3. At thi e, the.,l oad on
tﬁeapg\iggegﬁgp]iol Ci ?ch%algl%)gﬁchg%gg% S%WJTP& % ﬁ%mf"b];%ltjr%e%réﬂce of the
I t . t ' Lg. t t
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t hose descri above wth reference are
system which represents a second embodiment of the present

invention, and also showing fhe modulation and demodulation
circuit 9 on the read/writer 3 side. In this embodiment;
the load impedance of the loop antenna 4 is changed to send
out response data sequence D (C — R) to the read/writer 3.
At this time, the load on the power supply circuit 19 is
changed to change the load impedance of the loop antenna 4.
In the arrangement shown in Fig. 4, 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.

A load circuit 31 is connected in a power supply line
for the output from the power supply circuit 19, and has its
resistance value changed according to the output signal S2

" from the modulator 25. The load circuit 31 thereby changes
the load on the power supply circuit 19 according to the
output signal S2, thereby changing the input impedance of
the power supply circuit 19 as seen from the loop antenna 4
according to the output signal S2. Thus, the load circuit

31 forms, in association with the power supply circuit 19, a



by the sane reference nunerals and the description for themw || not be
repeatéd. A load circuit 31 is connected in a power supply line for the
output fromthe power supply circuit 19, and has its resistance val ue
changed according to the output signal S2 fromthe nodul ator 25. The | oad
circuit 31 thereby changes the |oad on the power supply circuit 19
according to the output signal S2, thergby changing the input inpedance of
t he power supply circuit 19 as seen fromthe | oop antenna 4 according to

t he out put signal S2. Thus, the load circuit 31 forms, in association with
t he power_supply circuit 19, a - 22 - final -stage nodul ation circuit for
nodul at | AR5 RIS ReGuEaELoD cErCBiR) fpr mpdh hoddimtdae A power
supply stabilization circuit 32 stabilizes the. power supply voltage varied
by the alfREIEREE D bd Thdlgdt Fihes 1338 '&ﬂa%ngaPs the stabilized

Todul at 1 onci P BRME0 S HRRAN B FRLT R R hbok SHECU B aaF R A e e dat a
of ‘the. | ST uLY By PERSR OB LeRe Bro oo ARSI T 1o,
is formedy,JThusyg tdes S GH¥apLadesap 1&&%%?€§1€¥H%fir5t enbodi nent can
be achi eved by tdhe SI np arranged sys?‘em
According to the arrangement shown in Fig. 4, a final-
. stage modulation circuit for modulation in two-stage"
modulation of response data sequence D (C — R), which
changes, for this modulation, the load impedance of the loop
antenna 4 by changing the load on the power supply circuit
19, is formed. Thus, the same advantages as those of the
first embodiment can be achieved by the simply arranged
system.
(3) Third Embodiment
Fig. 5 is a block diagram showing modulation and
demodulation circuits 40 and 41 of an IC card and a
read/writer used in an IC card system which represents a
third embodiment of the present invention. In the third
embodiment, response data sequence D (C — R) to be
transmitted from the IC card to the read/writer is
transmitted by one-stage modulation. In the arrangement
shown in Fig. 5, 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.



(3) Third Enbodinent Fig. 5 is a block diagram show ng nodul ati on and
denodulation circuits 40 and 41 of an IC card and a read/witer used in an
| C.card system which represents a third enbodi nent of the present

invention. In the third enbodi nent, response data sequence D (C -- R) to be
transmtted fromthe IC card to the read/witer is transmtted by one-stage
nmodul ation. In the arrangenment shown indig. 5 the same conponents as

t hose descri bed above with reference to Fig. 1 are indicated by the sane
reference nunerals and the description for themw Il not be repeated. -
23 - In this enbodi nent, a nodul ator 42 anplitude-nodul ates main carrier Sm
i nduced in thdn ¢&d-sambniinenic? dredulatere4Pogmpail tudeemoguladgsonse
data sequence D (C - 3%5 y chan |ng t he | oad i npedance of the_ | oop antenna
accor di n@“?’d‘ o HRE t-'an@éﬁﬁ ndB BhFClQQPR)ant&W’rae%(ﬂﬁﬁ‘?@Jyng ofPt he
read/ writ S|de denodul ator 43 denodul ates a respqnse sign obtalned
fromt heq Cé"i{?njnal%“’ %L; %tFFEP@nF‘@sﬂBﬁé‘es&&“&%%r@b D {"3 YR) and a

e e 158 (ke B P e
sequence J%ép%nsg)da{:g ;Qa&egggogl ?Ent ?Etl ng of the rmdul ators 17, 18,

Correspondingly, on the read/writer side, a demodulator
43 demodulates a response signal obtained from the loop
antenna 8 to retrieve response data sequence D (C — R}, and
a subsequent low-pass filter (LPF) 44 performs band
limitation of this response data sequence D (C — R) and
outputs the passed response data sequence D (C — R).-

In this embodiment, setting of the modulators 17, 18,
and 42 and setting of subcarrier Ssl are performed in such a
manner that a sideband component SBm corresponding to
response data sequence D (C — R) and sideband components
S1U and S1L corresponding.to transmitted data sequence D (R
— C) do not overlap each other along the fréquency axis.
The power ratio of these sideband components S1U, S1L, and
SBm, and the main carrier component is set in the same
manner as in the first embodiment.

According to the arrangement shown in Fig. 5, sideband
components S1U and S1L are set so as not to overlap each
other along the frequency axis even if two-stage modulation
is not performed for response data sequence D (C — R) sent

out from the IC card side. Thus, the same advantages as



and 42 and setting of subcarrier Ssl are perfornmed in such a manner that a
si deband conponent SBm corresponding to response data sequence D (C - R
and si deband conponents S1U and SIL corresponding to transmtted data
sequence D (R - C) do not overlap each other along the frequency axis. The
power ratio of these sideband conponents S1U, SiL, and SBm and the main
carrier conponent is set in the sane I er as in the first enbodi nent.
According to the arrangenent shown in Fig. 5, sideband conponents S1U and
SIL are set so as not to overlap each other along the frequency axis even

if two-stage nodul ation is not performed for -response data sequence D (C ->
R sent cotRos¢oRft Hee| ElegEdempadiments camdes afhiaKathtgethassimply24 -

those of the first enbodi mrent can be achi eved by the sinply arranged
system (ZFTFRIPENSERBSWFnent Fig. 7 is a bl ock di agram showi ng nodul ati on
and denvdgigtion circuits_ .50 and 51 of an IC card and a read/witer used in

an | C car 3&§Qﬂﬁ§9ﬂ%WP?@iW%%Ents a fourth enbodi nent of the present

venton. AL [PYA i SBPRd ek LR el Bl e IEE D (R O

ot ocaBRIH LS8 LBFHT SH U Y WP e b Tand " SO
read/writer used in an IC card system which represents a
fourth embodiment of the present invention. In the fourth
embodiment, transmitted data sequence D (R — C) to be
transmitted from the fead/writer to the IC card is
transmitted by one-stage modulation. In the arrangement
shown in Fig. 7, 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 modulator 52 amplitude-modulates
main carrier Sm with transmitted data sequence D (R — C).
The modulator 52'performs this amplitude modulation to a
depth of modulation of about 10 % to form a transmission
signal such that the power ratio of main carrier Sm to the
total transmitted power is 99 % or higher, and such that
main carrier Sm does not intermit.
On the other hand, in the modulation and demodulation

circuit 50 on the IC card side, a demodulator 53 demodulates
a transmission signal obtained from the loop antenna 4 to

retrieve transmitted data sequence D (R — C), and a



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
nodul at or 52 anplitude-nodul ates nmain carrier Smwith transmtted data
sequence D (R - C. The nodulator 52 perforns.this anplitude nodulation to
a depth of nodul ati on of about 10 %to forma transm ssion signal such that
the power ratio of main carrier Smta tyy total transmtted power is 99 %
or higher, and such that nmain carrier Smdoes not intermt. On the other
hand, in the nodul ati on and denodul ation circuit 50 on the I1C card side, a

denodul at or. 53 denpdul ates a transm ssion signal obtained fromthe | oop
ant enna ASYRSeFeRbyEOYTBASH FildfegaldPEdqréndensamms band Lipitation o5 .

subsequent | owpass filter (LPF) 54 perforng band limtation of thi
transmit t¥d Ué&g EE%%‘H%EtB&( ﬁa}tacfem% PutR ReCPadBly FMERNGS ¢ dat a

sequence D (R - Q. In. thi odi_ nent . setti of the nodul ators 21, 25,
and 52 euﬁﬁéﬁﬁQiF%a%?mﬁtgﬁaraggF §§SU§P€eb rﬁggﬁﬁdcin such a manner that
7 debare commaenl £ GASSIAREAESD her FERRCREC AL RoRSONRATE Bl Can D 5,
2?& ag‘ég%ﬁ’ds 0\?\?1 égéﬁ:gﬁﬁg?o{fﬂgu%%@ﬁ%‘iys@ﬂ Srd ¥ #hHed % "Such a
manner that sideband components corresponding to response
data éequence D (C — R) and a sideband component
corresponding to transmitted data.sequencé D (R — C) do not
overlap each other élong the frequency axis.

According to the arrangement shown in Fig. 7, the
sideband components are set so as not to overlap each other
along the frequency axis even if two-stage modulation is not
performed for transmitted data sequence D (R — C) sent out
from the IC card processor side.' Thus, the same advantages
as those of the first embodiment can be achieved by the
simply arranged system.

(5) Fifth Embodiment

Fig. 8 is a block diagram showing modulation and
demodulation circuits 60 and 51 of an IC card and a
read/writer used in an IC card system which represents a
fifth embodiment of the present invention. In the
arrangement shown in Fig. 8, the same components as those
described above with reference to Figs. 4 and 7 are
indicated by the same reference numerals and the description

for them will not be repeated.



si deband conponents are set so as not to overlap each other along the
frequency axis even if two-stage nodul ation is not perforned for
transmtted data sequence D (R - C) sent out fromthe IC card processor
side. Thus, the same advantages as those of the first enbodi nent can be
achieved by the sinply arranged system (5) Fifth Enbodinent Fig. 8 is a

bl ock di agram showi ng nodul ati on and _d dulation circuits 60 and 51 of an
|C card and a read/witer used in an | C card system which represents a
fifth enbodi ment of the present invention. In the arrangenent shown in Fig.
8, the same conponents as those descri bed above with reference to Figs. 4
and 7 are indil@atddshemindiugnt r ckle anedubatibpal angndemoedudeddamt i on for
themw || not be repeated. 26 - In this enbodinent, the nodul ati on and
dermpdul atGigieEht it t£oUmS o nETraneMARSALYs SIS 1g Ry ane vifads age nodul ati on
with the nodul ator 52, On the other hand, the nodul ati on and denodul ation .

circuit GPPEIGIM HeHRIHP A PBRUKAERTa Sdern @R ditsy IaR hdadackhe
e L SERER bbb o, Bl S by, dRalaeTeth,
Ioad\Mtf%%{ﬁiéﬁgg%gﬁ&{aggragg %Qeekg%gc%iyggﬂéﬁ§%ted data sequence D
(R — C).
On the IC card side, modulation with response data
sequence D (C — R) is performed by changing the power
supply load with the modulator 25 and the load circuit 31.
According to the arrangement shown in Fig. 8, the same
advantages as those of the first embodiment can also be
achieved by sending out transmitted data sequence D (R — C)
by one-stage modulation and by changing the power supply
load for modulation with response data sequence D (C — R).
(6) Sixth Embodiment
Fig. 9 is a block diagram showing modulation and
demodulation circuits 70 and 71 of.an IC card and a
read/writer used. in an IC card system which represents a
sixth embodiment of the present invention. In the
arrangement shown in Fig. 9, the same components as those
described above.with reference to Figs. 1 and 7 are
indicated by the same reference numerals and the description
for them will not be repeated.
In this embodiment, a transmission signal and a

response signal are formed by one-stage modulation with



According to the arrangenment shown in Fig. 8, the sane advantages as those
of the first enbodi nent can al so be achi eved by sending out transmtted
data sequence D (R - C) by one-stage nodul ati on and by changi ng the power

supply load for nodul ation with response data sequence D (C -. R). (6)
Si xth Enbodinment Fig. 9 is a block di agram show ng nodul ati on and :
denodul ation circuits 70 and 71 of an I card and a read/witer used. in an

| C card system which represents a sixth ‘enbodi ment of the present

i nvention. In the arrangenent shown in Fig. 9, the sane conponents as those
described above with reference to Figs. 1 and 7 are indicated by the sanme

r ef er encetrrmsmibttedndataesdguenicgt Padn (Ror~>t Génandl kesponise dext@at ed. | n
this enbodi ment, a transm ssion signal and a response signal are fornmed by
one- st ageSedRReei Bh (Fth> R) -ip7whichaspartrun camposegienexedl (R - C)
and response data sequence DI (C - R) in which spectrum conponents are

di st ri but@tsthbeteds RRgBENRy LESANERSIN FORFasPoRGinhHQra rsFansEeE i n

whi ch dc conponents, are sufficiently suppressed, in such a nmanner that the

si debandsFye oA viR| WRighcAC crmponeRls are SutHGhentlygupnpessed,

R/;ﬁgﬁ;nst EaJ‘rer(xj gl?ct:l? geﬂgﬁﬂgg PinaQ:RtheC)siidsébfa%rd;E %obX'iog orveer aa lc—aea’.c{i1
other.

That is, as shown in Fig. 10A, transmitted data
sequence D1 (R — C) is formed by, for example, a Manchester
code such that spectrum components are distributed about
frequency F1 and dc components are sufficiently suppressed.
Also, response data sequence D1 (C.—* R) is formed by, for
example, a Manchester code such that spectrum components are
distributed about frequency F2. The transfer rates of the
transmitted data sequence D1 (R — C) and the response data
sequence D1 (C — R) are set to such values that their
basebands do not overlap each other.

In this embodiment, the modulators 18 and 21
respectively form a transmission signal and a response
signal by using these data sequences in such a manner that
sidebands S1U to S2L of transmitted data sequence D1 (R —
C) and response data sequence D1 (C — R) do not overlap
each other, as shown in Fig. 10B.

According to the arrangement shown in Fig. 9, a
transmission signal and a response signal are formed by one-

stage modulation with transmitted data sequence D1 (R — C)



code such that spectrum conponents are distributed about frequency F1 and
dc conponents are sufficiently suppressed. Al so, response data sequence D
(C. R is forned by, for exanple, a Manchester code such that spectrum
conponents are distributed about frequency F2. The transfer rates of the
transmtted data sequence DI (R - C) and the response data sequence DI (C -
R) are set to such values that their b bands do not overlap each other.
In this enbodi nent, the nodul ators 18 dnd 21 respectively forma
transm ssion signal and a response signal by using these data sequences in
such a manner that sidebands S1U to S2L of transmtted data sequence D (R
C) and r espbnssspaise siajcenseqient€ b RC do Rot iovwhliish spelctamrer, as
shown i'n Fig. | 0OB. According to the arrangenent shown in Fig. 9, a
‘transnm ssiampaiegnts el Alistrpbutedspyorit & £regruanth\carresperdging
nodul ation with transmtted data sequence DI (R - O - 28 - and response
dat a sequence Drangsfer Rrate., wAn@hispwdichmoso GMRNenty %R st ri but ed about
a frequency corresponding to a transfer rate, and in which dc conponents
are suf fiHerkgienubpr¥irraessadsudh £UThhfe™aniar (Hhak|the fitdebrndst
overlap each other. Thus, the Sﬁmi‘ advga r st

as

enbodi nerfl® &t RVeRkiR 3By theTnucH nt%g'%ea%%%éggee;i
those of the first embodimenﬁ can be achieved by the much
simpler arrangement.
(7) Seventh Embodiment

Fig. 11 is a block diagram showing modulation and
demodulation circuits 80 and 81 of an IC card and a
read/writer used in an IC card system which represents a
seventh embodiment of the present invention. In the
arrangement shown in Fig. 11, the same components as those
described above with reference to Fig. 1 are indicated by
the séme reference numerals and the description for them:
will not be repeated.

In this emﬁodiment, a plurality of transmitted data
sequences DA (R — C) to DX (R — C) and a plurality of
response data sequences DA (C — R) to DX (C - R) are each
transmitted and received by being multiplexed. That is, in
the modulation and demodulation circuit 81, a modulator 82
performs multiphase PSK modulation of subcarrier Ssl having
frequency F1 with a plurality of transmitted data sequences
DA (R — C) to DX (R — C) and outputs the modulated signal.

In the modulation and demodulation circuit 80 on the IC



(7) Seventh Enbodinent Fig. 11 is a block di agram show ng nodul ati on and
denodulation circuits 80 and 81 of an IC card and a read/witer used in an
| C.card system which represents a seventh enbodi nent of the present

i nvention. In the arrangenent shown in Fig. 11, the sane conponents as

t hose descri bed above with reference to Fig. 1 are indicated by the sane
reference nunerals and the description %9r them will not be repeated. In
this enbodi nent, a plurality of transm ffed data sequences DA (R - C to DX
(R- © and a plurality of response data sequences DA (C- R) to DX (C --
R) are each transmtted and received by being nultiplexed. That is, in the
nodul at i ogazdd sddend@ atadladio 83 Bdrfermsdutht bph88epBfKomoduhalttiiophase
PSK nodul ati on of subcarrier Ssl having frequency F1 with a plurality of
transnitt 0ff gubgagajeanss? bavimg Qequemyy (F2-with anpglugapdty oife

nmodul ated signal. In the nodul ati on and denopdul ation circuit 80 on the IC
- 29 - caFgsPrase dahsdfeusnes J f f e R tipHEs (PSR Rod@rat i on of
subcarrier Ss2 haV|ng fre ueney F2 with a plurality of response data
sequences °BEPEE qéi gted signahg o%%p%t@u%HéPﬁEH&PSt@&t§P§nal As a

mul ti pl exi nethod u drature a I tude dul ati on. (QAM or the | i ke may
by used |ﬁ§gg§3q&r ﬁ§ﬁﬂﬁﬁﬁﬁ+%ElgaéMk or thé 12&3 may by

used instead of multiphase PSK modulation.

Correspondingly, a demodulator 84 of the modulation and
demodulation circuit 81 demodulates output signal S2 from
the bandpass filter 28 to extract response data sequences DA
(C - R) to DX (C — R). Also, a demodulator 85 of the
modulation and demodulation circuit 80 on the IC card side
demodulates output signal S1 from the bandpass filter 23 to
extract transmitted data sequences DA (R — C) to DX (R — C).

In this embodiment, the transmission signal and the
response signal are formed by these modulation and
demodulation processings so that the sidebands do not
overlap each other, as described above with reference to Fig.
3, and so that the power of main carrier Sm is equal to or
larger than a predetermined value.

According to the arrangement shown in Fig. 11, the same
advantages as those of the first embodiment can be achieved
even in the case of multiplexing and transmitting a
plurality of data sequences. |
(8) Eighth Embodiment

Fig. 12 is a block diagram showing modulation and



Correspondi ngly, a denodul ator 84-of the nodul ati on and denodul-ati on
circuit 81 denodul ates output signal S2 fromthe bandpass filter 28 to
extract response data sequences DA (C- R) to DX (C- R. Aso, a

denodul ator 85 of the nodul ati on and denodul ation circuit 80 on the IC card
si de denpdul ates output signal Si fromthe bandpass filter 23 to extract
transmtted data sequences DA (R - CD_tQODx (R- ©. In this enbodinent,
the transm ssion signal and . the response signal are fornmed by these

nodul ati on and denodul ati on processi ngs so that the sidebands do not
overl ap each other, as described above with reference to Fig. 3, and so
that the @gemedudbatimnncizciids 90 iandk@ialof anric acaed ahdnaa
predet erm ned val ue. According to the arrangenent shown in Fig. 11, the
same advaftagésriserhpsedofin lg@ LG stardhisios temiwkbeh beeprésentd auen in
the case of nmultiplexing and transmtting a plurality of data sequences.

(8) Ei ghtiEbddeRRRfipegt of the; nyessnlyikyrentemwi nkrnblael ati on and

- 30 - dempdul ation ciyfcuits 90 .and 91 of an IC card and a read/witer used
in an | C *&F3ngseeeh ﬁ/ﬁf’?ﬁ‘ r@prdentl athg GHme FRMRPRRAES kSt KROBPesent

those of PhetboSRbRRaRRREEd bath St lnterthe, i (e dirTod HE Thfesane
reference numerals and the description for them will not be
repeated. ’

In this embodiment, a plurality of transmitted data
sequences DA (R — C) to DX (R — C) and a plurality of
response data sequences DA (C — R) to DX (C — R) are each 
transmitted and received By being multiplexed. That is, in
the modulation and demodulation circuit 91, modulators 17A
to 17X modulate subcarriers having predetermined frequencies
F1lA to F1X with transmitted data sequences DA (R - C) to DX
(R = C). A summing circuit 92 adds outputs from the
modulators 17A to 17X together. 1In the modulation and
demodulation circuit 92,  the depth of modulation and the
frequencies F1A to F1X of the subcarriers are set to such
values that the sidebands of the output signals do not
overlap each other, as shown in Fig. 13A. Thus, a
transmission signal is formed by frequency-multiplexing the
plurality of transmitted data sequences DA (R — C) to DX (R
- C).

In the modulation and demodulation circuit 90,

modulators 25A to 25X modulate subcarriers having



reference nunerals and the description for themw || not be repeated. In
this enbodinent, a plurality of transmtted data sequences DA (R -> C) to
DX.(R C and a plurality of response data sequences DA (C- R) to DX (C -
R) .are each transnmtted and received by being nultiplexed. That is, in the
nmodul ati on and denodul ation circuit 91, nodulators 17A to 17X nodul ate
subcarriers having predeterm ned freqy%ﬂpLes FIAto FiX wwth transmtted
data sequences DA (R - C to DX (R - C. A sunming circuit 92 adds outputs
fromthe nodul ators 17A to 17X together. In the nodul ati on and denodul ati on
circuit 92, the depth of nodul ation and the frequencies FIA to Fi X of the
subcarri azedegtexwined fveqguencies FRAt toh& 2K aulidndesrongs dakdput signal s
do not overlap each other, as shown in Fig. 13A. Thus, a transmni ssion

si gnal | sSe@reReEHYDAr CGuehdy) nt® tBH| 6%i Ty Rhe ph uFEMPIYIofireRASNPBt ed
data sequences DA (R -- Q) .to DX &R C). In_the nodul ati on and denodul ati on
circui t FAIHRNIREES sOP5ERe omogR1IASAESaLEA X 3% fgeRghy 1n-thg .

predeterm ned. frequencies F2A to F2X wi.th response data sequences DA (C --
R “to Dx Redulad £68 aad ndengaul ALiop SATEHIT GllpaiiS GPRHE Sodul ators 25A

to 25X 1ogehiflesf 408 PREVEBLGAG AL VALLY AL & "G 'oiBeatfEedEPt "
are set Fo such values that the sidebands of the output
signals do not overlap each other, and that the sidebands of
the output signals and the sidebands of the frequency-
multiplexed signal on the IC card processor side do not
overlap each other, as shown in Figs. 13B and 13C. Thus, a
response signal is formed by frequency-multiplexing the
plurality of response data sequences DA (C — R) to DX (C —
R).

Correspondingly, the modulation and demodulation
circuit 91 performs band limitation about center frequencies
F2A to F2X of output signa;s from the demodulator 27 in
bandpass filters 28A to 28X, therebf reproducing the output
signals from the modulators 25A to 25X. Demodulators 29A to
29X demodulate output signals from the bandpass filters 28A
to 28X to extract response data sequences DA (C — R) to DX
(C — R).

The modulation and demodulation circuit 90 on-the IC
card side performs band limitation about cenfer frequencies
F1A to F1X of ouﬁput signals from the demodulator 22 in

bandpass filters 23A to 23X, thereby reproducing the output



nodul ati on and the frequencies F2A to F2X of the subcarriers are set to
such val ues that the sidebands of the output signals do not overlap each

ot her, and that the sidebands of the output signals and the sidebands of
the frequency- nultiplexed signal on the I C card processor side do not
overl ap each other, as shown in Figs. 13B and 13C. Thus, a response signal
Is fornmed by frequency-nmultiplexing the plurality of response data
sequences DA (C- R to DX (CR). CorTéggdhdingly, t he nodul ati on and
denodul ation circuit 91 perforns band Iimtation about center frequencies
F2A to F2X of output signals fromthe denodul ator 27 in bandpass filters
28A to 2&AX.gridias ebyori epi® duedalatbesout7puttosilgnal s Dempadletomsiut 48 ors 25A
to 25X. Denopdul ators 29A to 29X denodul ate out put signals fromthe bandpass
filters 28X tdem@¥ulatexdutputr sipnaie dabm $heudmeipdsds (firtdys ta3DOX (C -
R). The nodul ati on and denodul ation circuit 90 on the I C card side perforns
band | i mtatd3k aboextraont etr&neni&teide daklaA segruenGesf DAUt (Rit—sicgndles from
t he denodul ator 22 in bandpass filters 23A to 23X, thereby reproducing the
output DX @ = fi)gnals fromthe nodulators 17A to 17X. Denodul ators 24A

to 24X denodul ate output signals fromthe bandpass filters 23A to 23X to
extract transd® ttddsiambadiientesthbp tRansmisgsdon signal and the

response signal are formed by these modulation and
demodulation processings so that the sidebands do not
overlap each other, as described above with reference to Fig.
3, and so that the power of main carrier Sm is equal to or
larger than a predetermined value.

According to the arrangement-shown in Fig. 12, fhe same
advantages as those of the first embodiment can be achieved
even in the case of multiplexing and transmitting a
plurality of data sequences.

(9) Other Embodiments

The embodiments have been described with respect to the
case where é transmission signal is formed by modulation to
a depth 6f 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
case where loop antennas are used, but the present invention

is not limited to this. A dipole antenna or any of other



DX (R->C). In this enbodinent, the transnission signal and the response

signal "are forned by these nodul ati on and denodul ati on processings so that
t he sidebands do not overlap each other, as described above with reference
to Fig. 3, and so that the power of main carrier Smis equal to or |arger .
than a predeterm ned value. According to the arrangenent shown in Fig. 12,°
the same advantages as those of the f1r$§ enbodi nent can be achi eved even
in the case of nmultiplexing and transmting a plurality of data sequences.
(9) O her Enbodi nents The enbodi nents have been described with respect
to-the case where a transm ssion signal is fornmed by nodul ation to a depth
of 10 % dutenhasphavéng vawrdouisoshapesomdy mlternatively bé whedpower of
the sidebands is not restricted by law, or in a |ike situation, the .
transm ssi on sikgagnpedinentsr haveppegnddesrdbedMilth ixaspert 0 than 1
to achieve the sane advantages as the above-described enbodi ments. The

enbodi nentasfayBesectnge fELUNERN Of Mide GAXHLER SR k% FhbrEo| $8pS6
antennas are used, but the present invention is not limted to this._ A

di pol e arf8AnaPBt 5R¢ Bresemrsy invention if, Mo imitsedgtoafhdss eRdpes may

al Lernat el ve0eau98%: o aSTHIUIT.S, "By SulSY ES85hd Pdoutthopespect to

frequenéies is set to a frequency in a microwave band or.any
other frequencies. i

The embodiments have been described with respect to the
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 be 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,
and antennas respectively dedicated to transmission and
reception may be provided on the IC card processor side.

The embodiments have been described with respect to the
case where a response signal is formed by changing the load
impedance of the antenna in the IC card, but the present

invention is not limited to this. The arrangement of the



case where the frequency of main carrier Smis set to 13.56 MHz, but the
present inventionis not limted to this, and can find various applications
in_which the main carrier frequencies is set to a frequency in a m crowave
band or any other frequencies. The enbodi nents have been described with
respect to the case where the I1C card is operated by electric power of a
transm ssion signal, but the present inyentionis not limted to this, and
can be find various applications in mhi%ﬁ a battery or any other neans is
used to operate the I C card. The enbodi nents have been. descri bed with
respect to the case where an antenna is used in comon for transm ssion and
r ecept i onmofiutiatars agde thes demddvd.d o analy hecasclortBatea beferbacpr esent
invention is not limted to this. A conplicated configuration nay be

al | oned oaighell Bavang [mheceswsw Iiefmency onparhie onaimt parhnéerCaodr d
configuration, and antennas respectively dedicated to transm ssion and

r ecept i onphagebsypcbrogddesh wild |the paiiprerester &5 dormpd bwbadi nents
have been described with respect to the case where a response signal_is
forned byCeREAGIn§XtRaqtdan iHFtic Lavinga Mbvknpanfiguratiencapgd But
the present inventign is not limted to this. The arrangenent of the -
34 - noduF§EBPNER Sig@ade st fiormad RY BRAVIRHLIRGatREY F&@F@HS@ signal,

as indicated by the brcoken line in the diagram showing the
configuration of each modulation and demodulation circuit.

According to the present invention, as déscribed above,
data sequences are transmitted by using main carriers having
the same frequency on the IC card side and the IC card
processor side and by performing modulation of the main
carriers with the.data'sequences in such a manner that the
sidebands do not overlap along the frequency axis.
Therefore, data exchange can be performed based on a full
duplex method with a simply arranged system and by

effectively utilizing a frequency band.



signal having the sanme frequency as the main carrier and phase-synchroni zed
with the main carrier is fornmed by a carrier extraction circuit having a
PLL configuration, and a response signal is forned by nodul ating the
reference signal, as indicated by the broken line in the diagram show ng
t he configuration of each nodul ati on and denodul ation circuit. According to
t he- present invention, as described apo?g,_data sequences are transmtted
by using nain carriers having the sane frequency on t he+€-eard-side _and
the I C card processor side and by perform ng nodul ati on the main
carriers with the data sequences in such a manner that LM@M m&n ”ﬂ not
overl ap aWBAE LReCLAIMEOnAWP:axis. Therefore, data exch 5 e E; urned
y *

based on a full duplex nmethod with a sinply arranged system and

effectively utilizing a frequency band. - 35 - WHAT IS CLAIMED IS: 1. An
| C card which transmts and_receiyes desired data seqguences_in, nog-contact
transmi ssi on bbt weBR FEsERFIHRLIEh, LEANSI s, &R 7S 425 HEee card
conprising..,an _antenna faqr receivi i transm ssion signal fromt
processoraagadgﬁﬂﬁﬁﬁﬁﬁin+ﬁﬂqQHﬂq04g%é%eﬁ??%ﬁ*ﬁ@sép?rQ%EW??Pe&tﬁgﬁg

sequence Sgat f LOMLRG BH0Ces SN AN ASTPUWA P 90 Ll EBAEFLSEhYY ST ona

recei ved by sai enna, and

an antenna.for receiving a trapsmission 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; and

a modulation circuit for fbrming a response signal by
modulating a main carrier having the same frequency as a
main carrier of the transmission signal with a response data
sequence. corresponding to the transmitted data sequence in
such a manner that a sideband of the response signal does
not overlap a sideband of the transmission signal along the
frequency axis, said modulatioﬁ circuit sending out the

response signal from said antenna.

2. An IC card according to Claim 1, wherein said
demodulation circuit comprises:

a first demodulator for demodulating the transmission
signal to obtain a demodulated signal; and

a second demodulator for demodulating the demodulated

signal to retrieve the transmitted data sequence.



a nodul ation ciTcuit for form ng a response signal by nodul ating a nmain
~carrier having the same frequency as a main carrier of the transm ssion
signal with a response data sequence. corresponding to the transnmtted data
sequence in such a manner that a sideband of the response signal does not
overlap a Srdeband—othhe~traﬁsnission signal along the frequency axis,

sai d nndulat j ng out thezgesponse signal from said ant enna.
2. An IC ca j aim1l, wherein said denodul ation circuit
conpri ses: * r for denodul ating the transm ssion signal to

obtain a denDduIated S|gnal and a second denodul ator for denDduIating t he
denodul at ed signal to retrieve the transmtted data sequence. 3.
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plurallty of data sequences ereln sai nDdu ation circuit
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modulating the main carrier with the modulated subcarrier.

4. An. IC card according to Claim 1, wherein the
response data sequence is formed of a plurality of data
sequences, and

wherein said modulation circuit multiplexes the

plurality of data sequences and thereafter forms the

response signal.

5. An IC card according to Claim 4, wherein said
modulation circuit forms the response signal by frequency-

multipleking the plurality of data sequences.

6. ‘An IC card according to Claim 1, wherein the
response data sequence is coded by a coding method of

suppressing a lower band.

7. An IC card according to Claim 1, wherein said
modulation circuit sends out the response signal from said

antenna by changing the load impedance of said antenna.



response signal. 5. An IC card according to Claim4, wherein said

modul ation circuit forns the response signal by frequency- nultiplexing the
plurality of data sequences. 6. An IC card according to Caim1l1, wherein
the. response data sequence is coded by a coding nmethod of suppressing a

| ower band. 7. An-}C-eard—according to Caim1l, wherein said nodul ation
circuit sends out the reSﬁonse signal _fgem sai d. antenna by changing the

Iloa\(?\hleggleﬁﬂnm““uimﬁu[l!&u enna. - 37 - 8 An ICcard according to Claim

' on circuit and said nodulation circuit are
oper at ed by efectric power of the transmi ssion signal. 9. An IC card
processor which transmts and recei ves desired data sequences in

non-cé6ntact transnj ssjion between itself and_.an | C card, said | C card
processor conp isin%@:hg ABRBaAPSPFEADG tou Tt TrethaRAiTy SB1dsponse data

f .the I.C card by, denodul af i ' I f
The TG calBuBgUdRFaPS S EEthmimi L (S SO Not cEFOVCEFr 26 for T or m ng

a transm ssi 50 ng {] i L er. i ng ame
fr equencyégéggtégi ﬁgjcaeg‘%’l er (?f%t ‘Jeéq:r &%ﬂ%%%%%l%#éﬂaswgﬁzm tted data
sequence urgi ng sendi ng out of the response data sequence in such a manner:

that a sideband does not overlap a sideband of.
9. An IC card processor which transmits and receives

desired data sequences in non-cdéntact transmission between
itself and an IC card, said IC card processor comprising:

a demodulation circuit for retrieving a response data
sequence sent from the IC card by demodulating a response
signal sent from the IC card by wireless communication; and

a modulation circuit for forming a transmission signal
by modulating a main carrier having the same frequency as a
main carrier of the response signal with a transmitted data
sequence urging sending out of the response data sequence in
such a manner that a sideband does not overlap a sideband of
the response signal along the frequency axis, said
modulation gircuit sending out the transmission signal f;om

a predetermined antenna.

10. An IC card processor according to Claim 9, wherein
said demodulation circuit comprises:

a first demodulator for demodulating the response
signal to 6btain a demodulated signal:; and

a second demodulator for demodulating the demodulated



the response signal along the frequency axis, said nodulation circuit
sendi ng out the transm ssion signal froma predeterm ned antenna. 10. An IC
card processor according to Claim9, wherein said denodul ation circuit
conprises: a first denodul ator for denodul ati ng the response signal to0
obtain a denodul ated signal; and a second denodul ator for denodul ating the
denodul at ed - 38 - signal to retrievggthe response data sequence. 11. An
| C card processor according to Cdaim9, wherein said nodul ation circuit
forms the transm ssion signal by nodul ating a subcarrier having

a
predeterm ned frequency with the transmtted data sequence,

transni ss¥ b8R8 ghel TBFIHEYS dhendFasRongs R rs*AUGRER- t he m“mm m““m“ I!Il
subcarrier. 12. An IC card processor according to Claim9, wler&in‘tht °
transmtted data sequence is forned of a plurality of data sequences, and

wherein said ulagjiop. circyit nultiplexes the pluraljty, of data seguences
and t hereaft epfft)r ?ént ﬂ% F?ﬁﬁsﬁirggleﬁﬁ%?i &%qr%%gfg LA%P Ie&%laﬂldg priEReEs
accordingsgodC%aiWP%%iowheye&p. ai d nmodul.ation ci&cuit foros tEe
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modulating a subcarrier having a predetermined frequency
with the transmitted data sequence, and forms the

transmission signal by modulating the main carrier with the

modulated subcarrier.

12. An IC card processor according to Claim 9, wherein
the transmitted data sequence is formed of a plurality of
data sequences, and

wherein said modulation circuit multiplexes the
plurality of data sequences and thereafter forms the

transmission signal.

13. An IC card processor according to Claim 12,
wherein said modulation circuit forms the transmission
signal by frequency-multiplexing the plurality of data

sequences.

14. An IC card processor according to Claim 9, wherein
the transmitted data sequence is coded by a coding method of

suppressing a lower band.



sequences. 14. An IC card processor according to Claim9, wherein the’
transnitted data sequence is coded by a coding nethod of suppressing a
| ower band. - 39 - 15. An IC card processor according to Caim9,
wherein said nodulation circuit forns the transm ssion signat—sothat—the

el ectric power of the main carrier is 99 % or nore of I C
power. 16. An I C card processor accordigg to Clain19,” ﬂ I ﬂ ,
nodul ation circuit forns the transm ssion signal by a 10) i on

smaller than 1. 17. An IC card systemin which desired data sequences are
transmtted and received in a non-contact manner between an |IC card and an
| C card proceskdr, BnjHC| cardr Bre6gpsrs agcoadling Lk recarhergin

transm ssion _signal fromthe |IC card processor; a denpdulation_circuit for
retri evi n§249t PQAYARELOR FAEEUdq TS it $rRRbF o 849B8hr §Pessor by

denodul at | the transm ssion signal received by said antenna; and a

modul at | okPats Ehet CREFTEIEPRFT s Ot Rty AT Bhe Tkl 301 Ryos RarR

carrier h?ﬁigﬁ t he,sane frz&yenc as a main carrier of the transn ssion
Wi

si gnal Pe§85 o &lgctric power.

16. An IC card processor according to Claim 9, wherein
the modulation circuit forms the transmission signal by a

depth of modulation smaller than 1.

17. An IC card system in which desired data sequences
are transmitted and received in a non-contact manner between
an IC card and an IC card processor, said IC card
comprising:

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

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

a modulation circuit for forming a response signal by
modulating a main carrier having the same frequency as a
main carrier of the transmission signal with a response data
sequence corresponding to the transmitted data sequence in
such a manner that a sideband does not overlap a sideband of

the transmission signal along the frequency axis, the



sequence corresponding to the transmittéd data sequence in such a manner

t hat: a si deband does not overlap a sideband of the transm ssion signal

al ong the frequency axis, the - 40 - nodul ation C|rCU|t"send|ngﬂout

t he response-si gnal from said antenna, said |IC card processor conprisi ng a

denpdul ation circuit for retrieving the response dat Il
the IC card by denodul ating the responsggsignal sent a\ﬂﬂﬂmml““amw ‘
Wi rel ess communi cation; and a nodulation circuit for formng the

transm ssion signal by nodulating the main carrier with the transmtted

dat e sequence ool d Todulat! o Gl eul S, ool L adD% LA L83k ORa3ho

antenna, said IC card processor comprising:

a demodulation circuit for retrieving the response data
sequence sent from the IC card by demodulating the response
signal sent from the IC card by wireless communication; and

a modulation circuit for forming the transmission
signal by modulating the main'carrier with the transmitted
data sequence, said modulation circuit sending out the

transmission signal from a predetermined antenna.



