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1 DESCRIPTION PLL G rcuit, Denodulating Grcuit, IC
Card, and I C Card Processing Apparatus Technica
Field The present invention relates to a PLL circuit,
a denodul ating circuit, an ICcard and an IC card
processi ng apparatus, and is applied nore
particularly to an | C card adapted for performng
i nput/out put of various data in a non-contact nmanner,
and an I C card proceSﬁﬁﬁﬁ; us adapted for
perform ng data comu Ron and fromsuch an IC
card. This Application clains priority of Japanese
PLIPa€CaohitAdpemoatilatm NoCirca0 4 36660, ahdl @ CTar&eProegsying
12, 2004, the entirety of which is incorporated by
Ahﬂ é rence herein. Background Art Hitherto, IC card
195@ &ns using IC card are used. The IC card systens
of this kind are applied to exam nation of a ticket
systemof the traffic facilities and/or room
entering/w thdrawal managenent system etc. Such IC
Tbc%ﬁﬁglﬁﬁﬁaen1conprlses an 1 C card processing apparatus
rocessor) including an IC card that user carries,
and_a reader/witer for performng
-t r addwei present/inweriion selatds twaa Phls caui, 2 demuodiufatimg circuit,
such 1C card. In such IC 2

an IC card and an IC card processing apparatus, and is applied more

particularly to an IC card adapted for performing input/output of various data
in a non-contact manner, and an IC card processing apparatus adapted for
performing data communication to and from such an IC card.

This Application claims priority of Japanese Patent Application No.
2004-035659, filed on February 12, 2004, the entirety of which is

incorporated by reference herein.

Background Art

Hitherto, IC card systems using IC card are used. The IC card systems
of this kind are applied to examination of a ticket system of the traffic
facilities and/or room entering/withdrawal management system, etc. Such IC
card system comprises an IC card processing apparatus (processor) including
an IC card that user carries, and a reader/writer for performing

transmission/reception of various data to and from such IC card. In such IC




card system transm ssion/reception of various data is
performed in a non-contact manner between the I1C card
and the reader/witer. The,reader/witer used in the
| C card systemof this kind serves to nodulate a
carrier wave of a predeterm ned frequency by a desired
data sequential to generate a transmt signal to send
out the transmt signal to the |C card. Mreover, the
' | C card serves to receive the transmt signal through
carda §ystght. RS pUSIQpBecapiion ofy garions dathdii peefogmgd, in a
' the data which has been sent fromthe reader/witer.

non—EHh’Ed&@ marinR® befwES theSRT ¥AR1 411 fRdehaéOwrityr. @
predeterm ned carrier wave, data such as personal

information, etc. held therewithin in agcordance with
t hel he & élwﬁéﬁfa‘l%%; e Abe 3&} e SYAIERR af dhis @u{é@awﬂeg to
obtained to the reader/witer. The reader/witer is

modafateesl daRribe wivd E § rbisrRinaD Fapieaes b daledired data

whi ch has been sent fromthe IC card to open or close
tg%ﬁfloor or %ate of ticket exam.nation machine, or, to

sequsafial o grpeals g/ HRnsN Shenaldp serd PWothegyansmg signal to the

recei ved data. Such IC card system serves to receive,

IC chwd. Mdorebvae nihe Ut ard skréss tosleorive the itaasmit sigabhbthabigh an
has been sent fromthe reader/witer, or to receive

dat i ch s been transmtted fromthe |C. d., The
anteiBhda denilate: o e Fepds Santh i goars i fhgen sont
signal S1 denodul ated fromantenna input to a
fronbi ther irgadérowricsrr cBurthet, othet A€ Icand t ssrves riouirhodulate, by a
configuration. The PSK nodul ating signal Sl which has
pre(%?%gl?ibgggégrg}%rt\%a{fg,e Bt RLER A Persdnat ufr&ofzmﬁt%on, etc. held
therewithin in accordance with the received data to send out the modulated
data thus obtained to the reader/writer.

The reader/writer is caused to be of the configuration to receive data
which has been sent from the IC card to open or close the door or gate of
ticket examination machine, or to permit entering/withdrawal of the room by
the received data.

Such IC card system serves to receive, by using demodulator 1 as
shown in FIG. 1, data which has been sent from the reader/writer, or to receive
data which has been transmitted from the IC card. The demodulator 1 inputs a
PSK modulating (modulation) signal S1 demodulated from antenna input to a

binarization circuit 2 of the limiter circuit configuration. The PSK modulating

signal S1 which has been inputted to the binarization circuit 2 s binarized. A



3 phase conparison circuit 3 is conprised of

Excl usive-OR circuit, etc. for perform ng phase

conpari son between a binarézed signal SA outputted

from the binarization circuit 2 and clock CK

outputted froma controlled oscillating circuit

(oscillator) 4, and serving to output phase conparison

result to a Low Pass Filter (LPF) 5 irrespective of

phase of the binarized signal, SA_ The . |aoypass filter
phass eRIpariseR (Graue 3paseTHBIEdr P dixclasveORCHehiby gice for

a control signal for the controlled oscillating

perf(gtﬁigl%"'sﬁhé]se_ chiﬁpﬁﬁéﬁﬁ BehwserP 8 BihhALéd Gigal SA toututted from

oscillating frequency to be variable in

accaordance, wth th ont signal,. Thus, t s
the \angatia 6ot Gotd ks Reowpuled dEQmya ed pscillaging
generate clock CK which is phase-synchronized with the

ciraﬁ% g@édiﬁﬁl@rﬁ “gRAl s@f\rinF Qo ®RpeOphssectoRisalikon resulPikKa Low

ulating signal. A Tatch circuit 6 Ssequentially

| at.che jharized signal th | ock CK t.o .t he
PassofiliaT (HBFR > SGGtRSHEIVS) ODPTASH Uniit DLyEiZedsignal SK. The
nodul ati ng signal S | has been denodul ated. Meanwhil e,

Jlowdpasé figtet G BRIdHigiE i plant eyohdparivom reshRigeeneratoactontrol
egree dependi ng upon di stance between the I1C card and

.t reader /wrij ter. ... Fol | owed. his ef o f. .

gl A R oA, Y Y St LT Wi
deteriorated, and the S/Nratio is also greatly

4 altteveosoillatied. fréquencyesube, variatlé én cmoosdericenaith the control
denodul ator, duty ratio is changed in the binarized

. _Sjgnal obtained by binarizing PSK nodul ati ng signal S
signdl. s, i

Thus, the demodulator 1 constitutes a PLL circuif, and serves to

generate clock CK which is phase-synchronized with the binarized signal SA
to reproduce clock CK from PSK modulating signal. A latch circuit 6
sequentially latches binarized signals by the clock CK to thereby output data
sequential D1 in which the PSK modulating signal S1 has been demodulated.

Meanwhile, in the IC card system, antenna input changes to much
degree depending upon distance between the IC card and the reader/writer.
Followed by this, waveform of the PSK modulating signal S1 is considerably
deteriorated, and the S/N ratio is also greatly deteriorated.

As a result, in the conventional demodulator, duty ratio is changed in
the binarized signal obtained by binarizing PSK modulating signal S1. Thus, it

becomes difficult to precisely reproduce clock of the PSK modulating signal



becones difficult to precisely reproduce clock of the
PSK nmodul ating signal 4 S 1 fromthe binarized signal
SA. Wien it becomes difficylt to precisely reproduce
clock in this way, it also beconmes difficult to

preci sely reproduce data accordingly. As one nethod

of solving this problem the applicant of the present
i nvention has proposed, in the Japanese Patent

licatjon Laid . . 999- 274919 puybl. cation, .
s1 5o8n G2 birgaRd: $1(s)§§'2 SR Mher, Tdsaties: dpelt to Precisely
nmodul ating signal by costas |oop. D sclosure of the

reprodueaicleck Bi dipkewny,t o diso bebueds iffidigt i peadisely deproduce
the case of receiving PSK nodul ated or Manchester

d tencod&d T“ gital data in a manner as descri bed above,
At HOLNE Y ecessity of performing extraction of
sanmpling clock. In the PLL circuit such as costas

| oops ehe methplasfesaloimarhis probhimete applcdiusf giegpisent
of an internal oscillator mounted therew thin and

iR Bhe OB, RSPl 2 AGPBRar A0 o

internal oscillator by the result thereof to thereby
1999€27481% pubheatiomnsuch sadpiniodglatinge kirchiiveey demahdste PSK
di fference such that phase error cannot be detected

modiflaghy siebab b A o8 s e ot at o Tesul fe i n such:
phase difference, errorneous |ock state would

Disclosure of the Invention
Problems to be solved by the invention

In the case of receiving PSK modulated or Manchester encoded digital
data in a manner as described above, there is necessity of performing
extraction of sampling clock. In the PLL circuit such as costas loop, etc.,
phase comparison between an output signal of an internal oscillator mounted
therewithin and digital data to be received is performed to perform control of
oscillating frequency and phase of the internal oscillator by the result thereof
to thereby perform extraction of sampling clock.

However, phase difference such that phase error cannot be detected
exists in principle depending upon duty or phase state of data. Therefore,
when phase state results in such phase difference, errorneous lock state would

take place.




take place. 5 In view of the problens as descri bed
above, an object of the present inventionis to
provide a PLL circuit, a dgnodulating circuit, and an
IC card and an I C card processi ng apparatus whi ch use
these circuits which are adapted for detecting
erroneous |lock state to avoid that state to thereby
have ability to securely extract sanpling clock. The

enllnetlo is directe PLL cifycuit .adapted
Porih et 98¢ mgoblemusnas, Aerihad sbave bt psdhe Busent
caused to undergo transm ssion through a desired

invehtiandgit6 Provideys PEN colcaitk acderhddulatingteifdudnaind ad D€ card
PLL circuit conprising: a b| nar| zation circuit for

bi n zi t he inpu generate a.bi nar
and o361 2a8P arfess i nopatdg whickdRRe tBiSe i Whicth are
frequency to be variable by a control signal to output

adaped ifos tleteeting| aromeueuoplitstatei tonatoid tavstaec tthereby have
oscillating output signal different fromthe first

d /
bl e fouf R0 R on ol reuit ror

perform ng phase conpari son between the first
oscThe apresgno ihpenticn gisaldimated ttbe abiPhdr | ciechis i aytepited ofor
output a first phase conparison result; a second phase

reprRFREn “Fluf ol dhit Qe PHRY" 98 oHE HIRPULRE vadereo

bi nari zed signal to output a second phase conparison
transmissian throughtar ddsintidr wansnorssjandsyrstern, clackuwdi theanput signal,

judging control direction by the control signal on
the PPE. RATust Chofpplsifg:! b oSindtizhf6n fdif it 3P b dg the input
signal to generate a binarized signal; a signal generating circuit for allowing
frequency to be variable by a control signal to output a first oscillating output
signal and a second oscillating output signal different from the first oscillating
output signal by 90 degrees [11/2] in phase; a first phase comparison circuit for
performing phase comparison between the first oscillating output signal and
the binarized signal to output a first phase comparison result; a second phase
comparison circuit for performing phase comparison between the second
oscillating output signal and the binarized signal to output a second phase
comparison result; a control direction judgment circuit for judging control
direction by the control signal on the basis of polarities of the first and second

phase comparison results to output control direction judgment result; an

integrating circuit for integrating the control direction judgment results to




phase conparison results to output control direction

judgnent result; an integrating circuit for

integrating the control di%ection judgnment results to

6 output an integrated result; and a correction

circuit for discrimnating whether or not the

integrated result is zero to detect, fromthe

di scrimnation result and an output of the first or

second phase conparison circuit,, tha% phase difference
outpud an yntegrated r@é@ﬁu@n A CERTSCHIonGIgREt formdigpiiepnating whether

correction processing has been perfornmed on the basis

or n8f tHMmteelatst 10118 Fetd 1 BeRchTrannae diytanaitidoresult and
control The operation of the signal generating circuit

by the. correction-processed control. si.gnal. Mre r,
an q%@utmfe@@rﬁmt AL BFROT P RAS S G OTRRHTEP™: GrGliBdRatihase éﬁrence
circuit adapted for reproducing, froman input signal

is [¥Ri2ghohaspheancarksiesighal inRAREN CokfeRioRl H1Ricessihf Hideen
a désired transm ssion system data sequential Caused

perl S e TR P B R IE e Sishondy o

circuit for binarizing the input signal to generate a
confrtohartheedopegitialn, afsi gieal sgandr agemgatingcutirchior by the
allowi ng frequency to be variable by a control signal

to,.output a firs scillating output signal and a
corrggggﬂ—d:ﬁgg%qspﬂgpphg?é t signal different fromthe
first oscillating output signal by 90 degrees [ir/2]

i n phasoven thermesqattaseentomas idaeocted tocaidenfiodulating circuit
perform ng phase conpari son between the first

a5, PP L RS 1 S
undergo transmission through a desired transmission system, data sequential
caused to undergo transmission through the input signal, the demodulating
circuit comprising: a binarization circuit for binarizing the nput signal to
generate a binarized signal; a signal generating circuit for allowing frequency
to be variable by a control signal to output a first oscillating output signal and
a second oscillating output signal different from the first oscillating output
.signal by 90 degrees [n#/2] in phase; a first phase comparison circuit for
performing phase comparison between the first oscillating output signal and
the binarized signal to output a first phase comparison result; a second phase
comparison circuit for performing phase comparison between the second
oscillating output signal and the binarized signal to output a second phase

comparison result; a control direction judgment circuit for judging control



conparison circuit for perform ng phase conparison
bet ween the second oscillating output signal and the
bi nari zed signal to output.a second phase conparison
result; a control direction judgnent circuit for
judging control 7 direction by the control signal on
the basis of the polarities of the first and second
phase conparison results to output control direction
. judgnent result; .an_integrating circuit for

directipR dathergontsal signal om &er basis of thedpplarities of thesfirs) and
one period of the input signal to output an integrated

secdrﬁ.ﬁ?hﬁsie é(!ikﬂﬁﬂri%’ﬁ r&A1ltsOd oﬁtglﬁ Wohtrfo® difictiohi j'i!i'dgﬁiérﬂ Gesult;
whet her or not the integratéed result is zero t

.detect, fromthe discrimpnation result and an outpu
an 1gtegrafeng cCHePtgpr dRiegrafnh HE%CO%%EFP%%‘PP Hdgment fetstiﬁ by

phase difference is [n/2] to output a control signal

oneigeriothbf thes Ripie Gigl tBr AAPES hA AnREFated ey 41 BRSbresttion
the basis of 'the detection result thus obtained,

A ere to control, the operation of the signal
circijirior Qianianngvhoer DRSOt i Bepemied ruliaagro to detect
control signal to output the data sequential by the

frothi thet dizerisgaation plessk aalmar bagutr 68 thé firkherpsesadt phase
invention is directed to an | C card adapted for

coniTRGCLI oo il HAS SHTELenG i LA 1o O gnprol signal in
recei ved through an antenna to process the

whidk rodrédctiva cproatssise hae beealpet fovmedbdmithie Basis o the detection
denodul ating circuit conprising: a binarization

resufl {ffh s Blsas WIRESSY B sbifat BB RPN e el R AR e
al l ow ng frequency to be

circuit by the correction-processed control signal to output the data sequential

by the first or second phase comparison resﬁlt.

The present invention is directed to an IC card adapted for
demodulating data sequential, by a demodulating circuit, from a transmit
signal which has been received through an antenna to process the
demodulated data sequential thus obtained, the demodulating -circuit
comprising: a binarization circuit for binarizing the transmit signal to generate
a binarized signal; a signal generating circuit for allowing frequency to be
variable by a control signal to output a first oscillating output signal and a
second oscillating output signal different from the first oscillating output

signal by 90 degrees [a/2] in phase; a first phase comparison circuit for

performing phase comparison between the first oscillating output signal and



vari able by a control signal to output a first
oscillating output signal and a second oscillating
out put signal different frgmthe first oscillating
out put signal by 90 degrees [r/2] in phase; a first
phase conparison circuit for perform ng phase
conpari son between the first oscillating output signa
and 8 the binarized signal to output a first phase
conparison result; a s cong hase conparison circujt

the biariged sagnalig QB2 dHRhRARSOAOBPATISEM TEHEL s 8¢saNd phase
oscillating output signal and the binarized signal to

confpitivoh Eir&se ofod ﬁéﬂéﬁnirfgo;mﬁéésaﬁn a548d bepwsentthe! second
irection judgnment circuit for judging control

direction by.the control .signal on the basis of
osciflafif| ontput HETRY K Dyt siddal {6 A3apub Apiesagophase
results to output control direction judgnment result;
comParisbitiegiRf angomirslcdirection judpamnatdifgit fer §edéine! control
irection judgnment results by one period of "the Input

direZf By, 8 FORUIR il o G s of Alrtigs b drstand;sgeond
the integrated result is zero to detect, fromthe

phast sonmparisen eesulis W towtpdt donttd pdirection Hadghfedt @sult; an
second phase conparison circuit, that phase different

.. is.In/2] t.o.output copntrol. sjgnal..in. ich

intef il Giretie i ibBetrafln 1B Buishl RRribR R resnlig by one
of the detection result thus obtained, whereby to

periodnof ohe tihpub pigrad i toncufput hen Sniggedted eresuhif iand a correction
circuit by the correction-processed control signal to

. t . ) . i_al i K

circfit B8 idshinf R FHURR b gt Bl Gtk st BHIB o detect
invention is directed to an | C card processing

from the discrimination result and an output of the first or second phase

comparison circuit, that phase different is [+7/2] to output a control signal in
which correction processing has been performed on the basis of the detection
result thus obtained, whereby to control the operation of the signal generating
circuit by the correction-processed control signal to output the data sequential
by the first or second phase comparison result.

Further, the present invention is directed to an IC card processing
apparatus adapted for demodulating, from a response signal which has been
received through an antenna, data sequential which has been sent out from an
IC card by using a demodulating circuit to process the demodulated data
sequential thus obtained, the demodulating circuit comprising: a binarization

circuit for binarizing the response signal to generate a binarized signal; a



apparatus adapted for denodul ating, froma response
signal which has been received through an antenna,
data sequential which has peen sent out froman IC
card by using a denodulating circuit to process the
denodul ated data sequential thus obtained, the
denodul ating circuit conprising: a binarization
circuit for binarizing the response signal to generate

. bi nari.zed .si l; 9.signhal generating circuyit for

signd) BENFADE Syt ALOBING dTGIEY Lty B COREARY DYsh giftrol
to output a first oscillating output signal and a

signskeonetpas aifirsabscilating putputssignal and 4 sesant odoilatind eutput
first oscillating output signal by 90 degrees [7r/?2]

. _in,.phase. a fir hasg conparison ci.rcui or .
signpifRRG rodh daé Hrohta fafRE O HoReRal &Y b, dérees [w/2] in
oscillating output signal and the binarized signal to
phaseytpdirst plfase stompadsor wirarii fon peefurntingaphaseodmparison

phase conparison circuit for perform ng phase

e R R0 AR A2 SR80 80 4 bR bR oot o

phase conparison result: a control direction judgnent
firstciphase t comparisoyi resulipntir secolind ephasen dompdrescaontiralit for
signal on the basis of polarities of the first and

perf3EARE PRHSY SabRERRoRS B LIS sblopd BofiiRChh By syenal

integrating the control direction judgnment results by
and giebparized signalite dutput a segord phase compatis@mresult: a control
integrated result; and a correction circuit for

. e ] i 1 h . t t .
B3 4 S i, AL LT 08 o

an output of the first or second phase conparison
on the hagis of pplaritigsaelkths firgrandcsecond phase comparison results to

output control direction judgment result; an integrating circuit for integrating
the control direction judgment results by one period of the input signal to
output an integrated result; and a correction circuit for discriminating whether
or not the integrated result is zero to detect, from the discrimination result and
an output of the first or second phase comparison circuit, that phase difference
is [+7/2] to output a control signal in which correction processing has been
performed on the basis of the detection result thus obtained, whereby to
control the operation of the signal generating circuit by the
correction-processed control signal to output the data sequential by the first or

second phase comparison result.

Since the present invention is adapted to integrate, by one period of an



is [ir/2] to output a control signal in which
correction processing has been perfornmed on the basis
of the detection result t obt ai ned, whereby to
control the operation of the signal generating circuit
by the correction-processed control signal to output
the data sequential by the first or second phase
conmparison result. Since the present invention is

. dapted to integrate, one periad of,an 10 input .
inpud sginal, cegie] BiFaios iddmept s dn bish conteol dression by
control direction by control signal has been judged

contesl Siggabaas beeh jndbad idn tfe BhsikiofSpolarities @Fofist apdageond
conparison results to discrimnate whether or not the

integrated result i.s zero.to,detect, fromthe }
phasg CQIRPRRSAR TSRS 4 discrinipats Mhhesorinat the jsegpted result is
second phase conparison circuit, that phase

zerodiof deteen feomshé disg@imimativer fesuln o ot of the fesesSidtend
on the basis of the detection result thus obtained to

control . oscillatin req cy by. the .
phageRihRarisdt FircudsbBlpbost dferenehia (721 fopgrfemmigoarection

to avoid erroneous |ock state to securely extract
proceasipgi pg GeodasisTifsthe detcctions sedle thos selstaineddy to control

process an input signal by sinple configuration and in

osilin TP eEF 5, PSRRI PRIl O OLUBA), Wpposse

practical nmerits obtained by the present invention
to awpid etveneorns lwkestajeptr savurélyoentrant saspilog cdecks Whushit is
wi || be explained belowwith reference to the attached
possbRYo"WRurely process an input signal by simple configuration and in the
case where the input signal is deteriorated.
Still further objects of the present invention and practical merits
obtained by the present invention will become more apparent from the

embodiments which will be explained below with reference to the attached

drawings.

Brief Description of the Drawings
FIG. 1 is a block circuit diagram showing a conventional demodulator.
FIG. 2 is a block circuit diagram showing an embodiment of an IC
card system to which the present invention has been applied.
FIG. 3 is a block circuit diagram showing modulation/demodulation

circuits of IC card and reader/writer in the IC card system.



Brief Description of the Drawings FIG 1 is a bl ock
circuit diagram show ng a conventi onal denodul ator.
FIG 2 is a block circuit Pll agram show ng an

enbodi mnent of an IC card Systemto which the present
i nvention has been applied. FIG 3 is a block circuit
di agr am showi ng nodul ati on/ denodul ation circuits of
IC card and reader/witer in the IC card system 11.

FI 4 is a characteristic curve diagram show ng
f r e§l@ndyis @p‘é’@t"?@ﬁ%‘su‘éPueraa@ﬁ%msﬁwgaﬁi%ﬂqeé@b’o%@émms

signal inthe IC card system FIG 5 is a block

of t@ink Al {ighhPAHPFAsPHAYE Signa] Hemedd é&lﬂrsgﬂﬁhth ed to the
nodul at ron/ denodul ation circuits at 1C card and
rea /witer,., FIGS 6A to 6H are signal, waveform .
di a&*iémié‘ I5sadlegk Cérﬁmta&@gram BOWifica &ﬁ&%ﬁfﬂléwrappﬂwé to
denodul ator. FIGS. 7A to 7D are characteristic curve

the Hiotwlaitn/dsevddubitixekaial AdC cald dftereader/Alritep of the
denodul ator. FIG 8 is a table used for explanation of

oI5 B 3Fe B Ry cesoh ot UeSiElor evpbanagion of

Enbodi ments of the present invention will be described
the opedeioai df the idemodeflatogence to the attached draw ngs.

he present invention is applied to an I C card system
100 ghed 59 fb 7D are characteristic curve diagrams used for explanation
of the operation of the demodulator.

FIG. 8 is a table used for explanation of control direction judgment

circuit of the demodulator.

Best Mode for Carrying Out the Invention

Embodiments of the present invention will be described in detail with
reference to the attached drawings.

The present invention is applied to an IC card system 100 having a
configuration as shown in FIG. 2. The IC card system 100 of this embodiment
is applied to, e.g., ticket examination system of the traffic facilities, and serves
to perform data communication between an IC card 10 and a reader/writer 20.
While explanation will be given in the following explanation by taking
example of an IC card having card shape as data communication apparatus, it

1s a matter of course that IC chip having the so-called IC card function to



configuration as shown in FIG 2. The IC card system
100 of this enbodinent 1is applied to, e.g., ticket
exam nation system of the affic facilities, and
serves to performdata comruni cati on between an IC
card 10 and a reader/witer 20. Wile explanation
will be given in the follow ng explanation by taking
- exanple of an IC card having card shape as data
onmmuni cati on ratus, it is a matter of course
Perf%ﬁ@t qeélgﬁ?ﬁbom’/g&gﬁ&“%e of o ACEPVRIG, | ¥iCe aPYF ot NIl at
12 performcertification/settlenent of accounts, etc.

informatiba tefkitaddqaipmént! suichBisi Mobile télephRbne @ pnent such
as nobil e tel ephone, etc. The IC card 10'is forned so

i CReiTF Syl Cis" i) s seo B el ians 19y B atate piere a

sheet are Jlamnated. A loop antenna 11 is fornmed by

boawd on nehipht irvegracs Ro@udts10@ nadehtdd and protective sheet are
nodul ati on/ denodul ation circuit 12 and a signal

rocessing circuit..13 are fornmed by inteqgrated
lamffiated & Jofp dnleback BB &Y Tieng pAteTY 58Pt difaand a
11 serves to couple with a | oop antenna 21 of the
mochdatien/demiddmlatih todroudic éRvand 4 sl prosegigg obvuéh 13 are
has been sent out fromthe |oop antenna 21, and to

forrh8h P ifBrd B RSRIRs b Rer 2R e BSha 3. "

nodul ati on/ denodul ation circuit 12 generates, fromthe
t r addei loopsingemha MAi ssrvesso lveaple sadi addoptartéend 8dpof the
antenna 11, power and clock, etc. required for the

readPRVRlr 90 & recBfid Qn%%&ﬂuéggn@%?a{ hal Ben sent out from the
loop antenna 21, and to radiate a response signal generated at the
modulation/demodulation circuit 12,

The modulation/demodulation circuit 12 generates, from the transmit
signal which has been received at the loop antenna 11, power and clock, etc.

requited for the operation of the IC card 10. Further, the

- modulation/demodulation circuit 12 becomes operative by the power and the

clock to demodulate data sequential sent out from the reader/writer 20 from
the transmit signal (hereinafter referred to as transmit data sequential)
D(R—C) to output the demodulated data sequential thus obtained to a signal
processing circuit 13. Moreover, transmitting {sending) operation is hastened
by the transmit data sequential D(R—C) to generate a response signal from

data sequential inputted from the signal processing circuit 13 (hereinafter




modul ati on/ denodul ation circuit 12 becones operative

by the power and the clock to denpdul ate data
sequential sent out fromtpe reader/witer 20 from

the transmt signal (hereinafter referred to as

transmt data sequential) D(R-->C) to output the
denodul at ed data sequential thus obtained to a signal
processi ng circuit 13. I\/breover transmtting

sendi n eration is e transmt data

fefeﬁf&@ﬁerﬂ% ¥® -%té)seﬂee@ ﬂ@g—ﬁ@sgnm@% fAnEpgh 11

dat a sequentl al inputted fromthe signal processing

by thé respionsé Sigrm te radihtecthe ¥esp@iservigahlt 0 as response
data sequenti al) D(C- >R) to drive the | oop antenna 11
e r.esppnse Si f 0. riglate t he respons

The TBE HERED B Gee MY cireBinu T Gostmes nueTine: &Y, hansy and

power and clock which have been generated at the

cloakcdhiczh' han besmgenaniedntche modulidobdensthllytien circuit 12 to
transmt data sequential D(R->C) to output response

I R

20, a nodul ati on/denodul ation circuit 22 generates a
D(G—H&)ﬁm’ a meidgietion/demotdhationaciseuit 15ak @csagjor denainds.
D(R-+C) |nputted froma SPU (Signal Process Unit) 23

adati S “FoRORAAEET D Ao Mo AfehRERR 3087 Blreul” 22

perforns si gnal processi ng of the response signal
gengiakesh ahdeanseah sigoal feomatthe t rensmip data esegaetialt ®(R—C)
denodul ate response data sequential D(C-R) which has

inplRRENroA 4 d%ft"g iﬁi Al PlodeSs i) 39 tb U BYbop Bitenna 21 by

response equenti a

the transmit signal. In addition, the modulation/demodulation circuit 22
performs signal processing of the response signal which has been received at
the loop antenna 21 to demodulate resnonse data sequential D(C—R) which
has been sent out from the IC card 10 to output the response data sequential
D(C—R) to the SPU 23.

The SPU 23 1s comprised of arithmetic processing unit for executing
relatively simple processing procedure, and serves to send out transmit data
sequential D(R—C) to be transmitted to the IC card 10 to the
modulation/demodulation circuit 22, and processes response data sequential
D(C—R) inputted from the modulation/demodulation circuit 22. In this
processing, the SPU 23 displays processing process and processing result on a

display unit 24 as occasion demands. In addition, the SPU 23 switches the




D(CG+R) to the SPU 23. The SPU 23 is conprised of
arithnetic processing unit for executing relatively
si npl e processi ng procedur and serves to send out
transmt data sequenti al R-*C) to be transmtted to
the 1C card 10 to the nodul ati on/denodul ation circuit
22, and processes response data sequential D(C +R)

i nputted fromthe nodul ati on/ denodul ation circuit 22.

| In thj L.ng, the SPU 2 i spl.ays, processin
opeisfisbobs cefbTnacued: e Tedth bk 2% 16 JREBYRYRHR dats ugh as
occasi on demands. I n addition, the SPU 23 switches the

prockdsinge paddécaiurdy ecantarhd fromt he exterdaluihit 26 h® occasion
i nput/out put data such as processing procedure, etc.

d to.and froman external unit 26 as occasi on demands
en@f‘&? 3 is a block circuit diagramshow ng the
nodul ati on/ denodul ation circuit 12 of the IC card 10
andFIGe rodulist i @an/ dblowttul atirovitci rdiaptard2 ohdwidg  the
reader/witer 20. At the nodul ati on/ denodul ati on

L EUl f e reader/ wyite modul at 22
mo@é%‘?‘g‘b@%ﬁé@%l ‘”Erbl zfﬂ%blﬁt 0 trgﬁsﬁﬁ? 35( aC§Jé uem [ 51,1121 the
D(R-4C) inputted fromthe SPU 23 by clock CKl of a
modg aen/denicdedati o giremit P 2R the readerputiter 6K nodul at i ng
(nodul ation) signal St. In this case, transmt data

24 A3 A oL BBn ol 32 R GRIBHRAF 20, o
moc{uellj\t%ziZ%qsgérgérmhflgglh{egoizﬂe&?gf oif fraggr?l\i/ti (fa?g 'se(';l\lential D(R—C)
inputted from the SPU 23 by clock CK1 of a predetermined frequency F1 to
output a PSK modulating (modulation) signal S1. In this case, transmit data
fate and frequency of clock CK1 are in correspondence with each other. In the
case of a specific phase relationship, Manchester code is provided. A
modulator 222 performs ASK modulation of the PSK modulating
(modulation) signal S1 outputted from the modulator 221 by main carrier
wave Sm of a predetermined frequency Fm to drive the loop antenna 21.

Thus, the reader/writer 20 serves to modulate transmit data sequential
D(R—C) in two stages to generate a transmit signal to send out the transmit
signal thus generated from the loop antenna 21.

At the modulation/demodulation circuit 12 of the IC card 10 side, a

power supply circuit 121 receives the transmit signal induced at the loop

‘antenna 11 to rectify the transmit signal to generate d.c. power. The power



nodul at or 222 perforns ASK nodul ati on of the PSK
nmodul ating (nodul ation) signal S1 outputted fromthe
nodul ator 221 by nain carrjer wave Smof a
predeterm ned frequency Fmto drive the | oop antenna
21. Thus,, the reader/witer 20 serves to nodul ate
transmt data sequential D(R-W in two stages to
generate a transnmit signal to send out the transmt

i gnal .t nerated fromthe | oop antenna . At the
suphsdarcans bAT dEROeHS he K RAWE IPregoeesive cEchlisk of he 1C
side, a power supply circuit 121 receives the

cardt @S Mhius S| theamodifduaes/demddigati®PPcir@iit enPaadd e signal
rectify the transmt si gnal to generate d.c. power.

The power .15,supply ciycuit 121 delivers.the d. c.
procE3siol G uieLh 3t Spratad B povier ekt bhneRe yenslar d 10.
Thus, the npdul ati on/ denpdul ation circuit 12 and the

si gAalcarri¥roegsattoy L1 geddivésd the araneiietsigndly fiveiehe ofoop
the transmt signal. A carrier extractor 122 receives
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signal. Further, this main carrier wave conponent is

Furtherjsthis tmaib eaniar whve gontporient 4s cpused tiebamperdting cloek to
t he denodul ator 123. Further, the carrier extractor

pro B8 SR S AT 29 RoBhSE g Yot Bfacor 12

reference clocks to the signal processing outputs 13,
genatates Vareoweradelenae alodk®3withdhe wpsriting tloakdming as gefgkence
fromthe loop antenna 11 to process the transmt

to oﬁhﬂﬂ%e }é}%?ex{c%cc%é’fsdtob%eﬁéﬂ p?Bgés%iﬁggutputs 13, etc.

The demodulator 123 receives the transmit signal from the loop
antenna 11 to process the transmit signal thus received by using operating
clock outputted from the carrier extractor 122 to thereby demodulate PSK
modulating signal S1 of the modulator 221 which is superimposed on the
transmit signal.

The band-pass filter 124 band-himits the PSK modulating signal S1
outputted from the demodulator 123 to thereby selectively output a signal
component corresponding to output signal S1 of the modulator 221.

The demodulator 125 demodulates the transmit data sequential
D(R—C) from an output signal of the band-pass filter 124 to output the
transmit data séquential D(R—C) to the signal processing circuit 13. Thus, the

IC card 10 is adapted to have ability to receive the transmit data sequential



clock outputted fromthe carrier extractor 122 to
t hereby denodul ate PSK nodul ating signal SI of the
nodul at or 221 which is sug%rinposed on the transmt
signal. The band-pass filter 124 band-limts the PSK
nodul ating signal SI outputted fromthe denodul ator
123 to thereby selectively output a signal conponent
corresponding to output signal S 1 of the nodul ator 22
The denodul ator 125 denodul ates the transmt data

1. . I
D(Rsef)avitich has begn sew) ont Famathegepgen/ weitein2l)- of t he
band-pass filter 124 to output the transmt data
se td - i | [WreTe o] i
TR B 10c e Stk ple S LT be
receive the transmt data sequential 16 D(R->C) which
senthgyt fEan Q@nﬁ&y@ RIOSRSIRS GIEANE 1 wtp t e Depdenfyaiter 20 to
nodul at or 126 recei ves response data sequential D(CR)

perfbfmPPSKS#idduPition bPihé hespimdBaat® se§8SRiAIIDECLSRY byldlock
to the reader/witer 20 to perform PSK nodul ati on~of

he response, data sequent| al C->R cl ock CK2 af
CK3,0F pahedarriied Fraipnaton2 2 ontots R oK mepdptited Signal 52.
nodul at ed signal S2 In this case, rate of the

In thi§SREBSFate aif&h&&%pbﬁé@ﬁa@nﬁbq?emup asy PéqidieycdOe clock
CK2 are in correspondence with each other. In the case

CK 2 gk Pftorrieritaganes MR caEDroer i 1Be e of SPRific phase
for power outputted fromthe power supply circuit 121

relationsiipnNfnchestet endeisvplovéded) accordance with an

A load circuit 127 is connected to a line for power outputted from the
power supply circuit 121 to change resistance value in accordance with an
output signal S2 of the modulator 126. As a result, the load circuit 127
changes load of the power supply circuit 121 in accordance with output signal
S2 to change input impedance of the power supply circuit 121 when viewed
from the loop antenna 11 in accordance with output signal S2. Thus, the load
circuit 127 changes, in accordance with output signal S2 of the modulator 126,
- power of a fransmit signal which is induced at the loop antenna 11 and is
re-radiated from the loop antenna 11.

The power which is re-radiated from the loop antenna 11 in this way is
power mainly based on main carrier wave Sm. In the periphery of the loop

antenna 11, there is formed electro-magnetic field by main carrie wave Sm of

which intensity changes in accordance with output signal S2 of the modulator



out put signal S2 of the nodul ator 126. As a result,
the load circuit 127 changes |oad of the power supply
circuit 121 in accordance ﬁfth out put signal S2 to
change i nput inpedance of the power supply circuit 121
when viewed fromthe |oop antenna 11 in accordance
Wi th output signal S2. Thus, the load circuit 127
changes, in accordance with output signal S2 of the
nodul at or 126, . power of a transmt signal, which is

126; ddwsedhat qualatwﬁdwénl?éwm CHRHLY §2 p@UIVALANSLYe gperforms
fromthe | oop antenna 11. The power which is

ASK embéﬁ'laﬁbﬁdof bﬁgﬂdthﬁﬁhﬂoﬂ 1a5% gt enokhilator LiTies bWaiﬁS carrier
power mai nl main carrier wave Sm
peri phery of the loop antenpa 11, there is f
wave S@t iogeRarats 8 resRMSeHy SHa 1T GAFYIBEgROTSR) @ata sArential
intensity changes in accordance w th output signal S2
D(@Lﬁ)hﬁltﬁ%gé&ofo e ¥efderMAtfer 20€o radiate the response signal
_ nmodul at i on/ denpdul ation circuit 12 equival entl
perffrms ASK nopdul ati on of output signal S1 of t he
iRk 1oaPoAntenBa By nain carrier wave Smto generate a
response signal for carrying response data sequenti al

D( CThigy, WhehldRE peeduit 01 2V hecdstaetes Wai hesdd@id® circuit for
radi ate the response signal fromthe |oop antenna 11.

the load cir 127 cons dul
modyliBiies it GYO Sieds: 1 it P doltyetRS bt e power
sequential D(C 4R) al ong with the power supply
supglyr citddit 121. A/peeeesusplppitabibizaton ichetitd28cierves to diaBilize

serves to stabilize power supply voltage changi ng by

power su%%lg? t t%%g ch%ntg?ﬁgs b‘)’\/a an%eoéi'f Ri4a hﬁus way to output the

fro

power supply voltage thus stabilized.

At the modulation/demodulation circuit 22 of the reader/writer 20 side,
a demodulator 223 receives a response signal which is generated in this way,
and is induced at the loop antenna 21 to demodulate an output signal S2 of the
modulator 126 which has been superimposed on the response signal.

A band-pass filter 224 band-limits an output signal of the demodulator
223 to thereby selectiveiy output a signal component corresponding to output
signal S2 of the modulator 126.

A demodulator 225 demodulates response data sequential D(C—R)
from an output signal of the band-pass filter 224 to output the data sequential
D(C—R) to the SPU 23. Thus, the readex/writer 20 is adapted to have ability

to receive the response data sequential D(C—R) which has been sent out from



power supply voltage thus stabilized. At the

nodul ati on/ denodul ation circuit 22 of the

reader/witer 20 side, a nodul at or 223 receives a

response signal which is generated in this way, and

is induced at the |oop antenna 21 to denodul ate an

out put signal S2 of the nodulator 126 which has been
. superinposed on the response signal. A band-pass

iIlte 24 band-limts an output signal of the

ﬂ“’ﬁgﬁﬁﬁLﬂétor 223 to thereby selectively output a

si gnal conponent corresponding to output signal S2 of

t he oty | BT ajard 200 ahdd e deddrfnritetS20 ewRilh ateaidapted for
response data sequential D(C->R) from an out put

ignal of the.band-pass filter 224 t.o output the,data .
perfOa, (rASTIEYON APSCRLOT ik dafe sosBientigldn thifevay, frequéncies
reader/witer 20 is adapted to have ability to

F1 amt #Fvef threcloekpalKe aint CKZauerti By R¥duentlesliffdieheby a
been sent out from18 the IC card 10. In the IC card

d t.h der hwr it 20 which . d d.f .
predele el FaRT MNbidser et Jro6R 81 Fiche 4 b, fsfbpngies F1
in this way, frequencies Fl and F2 of the clocks CKl

anddrll a@K2ette fieguehyies rsaffieientlgsapdirt (iey eomsbyf 6me) from each
predeterm ned frequency. Moreover, as shown in FIG 4,

' E S tq f uenci es
othéfy HFHIERGAEE, SH0, M, aRdS 80° Bke fort G EIE Shapepsk
so that sidebands S1U, S1L and S2U, S2L do not overl ap
modwenin@Skgnatolllilatputied ifppml th8lmodutator 2 1f eoreades/writer 20

nodul at or 221 of reader/witer 20

side and PSK modulating signal S2 outputted from the modulator 126 of the

IC card 10 side are viewed on the frequency axis, and so that signal
components of PSK modulating signals S1 and S2 can be respectively
extracted by band-pass filters 124, 224 of the simple configuration when these
PSK modulating signals S1 and S2 are superimposed.

Thus, the IC card 10 and the reader/writer 20 are adapted to have
ability to bidirectionally perform data exchange at the same time.

FIG. 5 is a block circuit diagram showing demodulators 125, 225
applied to modulation/demodulation circuits 12, 22 at the IC card 10 and the
reader/writer 20. In the IC card system 100, since these demodulators 125,
225 are caused to be of the same configuration except that signals to be
processed are different, only the demodulator 12 of the IC card 10 side will be

explained, indication is made such that reference numerals corresponding to




side and PSK nodul ati ng signal S2 outputted fromthe
nmodul ator 126 of the |C card 10 side are viewed on
the frequency axis, and sog hat signal conponents of
PSK nodul ating signals Si and S2 can be respectively
extracted by band-pass filters 124, 224 of the sinple
configuration when these PSK nodul ating signals Si
and S2 are superinposed. Thus, the I1C card 10 and the
.ecleader/witer re adapted t.q have ability t
difrd5F R Buins i FI 2 oo ARARAGA Vel Resvse! fe e, lmodulator 225
time. FIG 5 is a block circuit diagram show ng

of thierwadett/atrnes20 2hle, 228 théippépaitioexplanation will be omitted. In
nodul ati on/ denodul ation circuits 12, 22 at the I C card

t d it 20. In the.l G.card syste
the I s8R silEm 1 B0CESK BindtiadRs sidule'S355204te mdkidras the
be of the same configuration except that signals to be

dempdobsesel 522 Sdiofdegneditlateoddty stfeemte®M(Rat-9IC)1B(0f SR).
the 1C card 10 side will be explained, indication is
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to the denodul ator 225 of the reader/witer 20 side,

inveated athoierperagbof tlock inxocardricerwith lbgibel lewkel bEdatal subject
the 1 C card system 100, PSK nodul ating signals S1, S2

h epnd 5, .
to t3HEpRERAF S §o . RIS A M 6% TR i a8 9K mpdylating
to be noted that Manchester coding is bit coding in
signalsi &, phasdhere takasemlack dheonascpevhard tfansinisskon nof edge
accordance with |ogical level of data subject to
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the logical level of data subject to transmission (sending).

In the IC card system 100, when distance between the IC card 10 and
the reader/writer 20 becomes apart from each other, SN ratios of demodulated
PSK modulating signals S1, S2 are deteriorated and waveform distortion takes
place as shown in FIG. 6C.

A binarization circuit 251 is comprised of a binarization circuit of the
limiter circuit configuration, and serves to binarize a PSK modulating signal
S1 inputted from the band-pass filter 124 to output a binarized signal S3A in
which one period consists of 8 (eight) samples as shown in FIG. 6D and a
binarized signal S3B as shown in FIG. 6E in which the polarity of the
binarized signal 3A is inverted. In this case, in the binarized signals S3A, S3B,

- reproduction is performed in the state where duty ratio is changed from 50




signals S1, S2, there takes place the case where.
transni ssion of edge information of clocks CKI, CK2
may not be perforned in acgprdance with the |ogical
| evel of data subject to transm ssion (sending). In
the IC card system 100, when distance between the IC
card 10 -and the reader/witer 20 becones apart from
each other, SN ratios of denodul ated PSK nodul ating

(1D S B B 3 B PR s 51, 52 are

bi nari zation circuit 251 is conprised of a
distwitedyri zation circuit of the limter circuit
conf i gurati on, and serves to binarize a PSK nodul ati ng

cur it ol Toherigkarinedi i 752 REaRten rpwanisy (1356

consists of 8 (eight) sanples as shown in FIG 6D and

MHa) wiiickiis Netinssgeat., E38 64y gebaren than HeGraflk dafe WhilClespect
the polarity of t he -narized signal 3Ais inverted.

o e CEE BB S o SRt 5. 20

ratio is changed from50 20 [%9 to such a degree that
Kpsweueftputan ofcilsinguoampuit sigealsS4balasreSiangtParavave signal.
distorted. An oscillator (oscillating .circuit) 252

oxop VR FOURIE, 30 STl e

respect to the clock CKl of PSK nodul ating signal Si
outpiviigyal Sdnefl the escidlagor, 232 1intKdsNt to owtpuit a dirst oscillating

oscillating output signal S4 by a rectangul ar wave
outﬁitgﬁ?gﬁal 56Q as shown in FIG. 6F having frequency substantially equal
to that of the PSK modulating signal S1, and a second oscillating output signal
S6I as shown in FIG. 6G different from the first oscillating output signal S6Q
by 90 degrees.in phase.

An Exclusive-OR (EX-OR) circuit 254Q outputs phase comparison
result S7Q between the first oscillating output signal S6Q and the binarized
signal 3A as exclusive logical sum output of the first oscillating output signal
| S56Q and the binarized signal S3A. An Exclusive-OR (EX-OR) circuit 2541
outputs phase comparison result S7I between the second oscillating output
signal S6I and the binarized signal S3B as exclusive logical sum output of the
second oscillating output signal S6I and the binarized signal S3B.

A Low-Pass Filter (LPF) 255Q obtains, as quinary value output,

movement average every half-period of 4 (four) samples with respect to phase




A variabl e frequency divider 253 frequency-divides an
oscillating output signal S4 of the oscillator 252
into /N to output a fi rst2losci [lating output signal
S6Q as shown in FIG 6F having frequency substantially
equal to that of the PSK nodul ating signal S 1, and a
second oscillating output signal S61 as shown in FIG
6G different fromthe first oscillating output si gnal
by 90 de ees in phaetﬁ An Excl usive
¥ellg

comprpan resed 3 B0 phietncsh b dhiASADIC G o2ahQ 7 QUIpuL the

bet ween the fi rst oscillating output signal S6Q and

moviehgerlt Mﬁ%@@ahi% 886 (A S6taf&l. %'E&NLMSCEM@? g!DPF) 23551
output of The first oscillating output signal

the binarized signal S3A. An Excl usive-OR (
obtaify.can sy valug (SHBU HRQECTHERD AV PLAGH @@Mfﬁ(ﬂgﬁmd of 4
bet ween the second oscillating output signal S61 and

(foukh gaﬂﬁtpuw wWifdréspaneto %ﬁﬁs@%oﬁﬁfaﬂ&%wﬁshﬁ%’ﬂabbﬁa@ﬁ&d by the
out put of the Second oscillating output signal

rized si naI S3B. A Low Pas er (LPF)
Ex 3 gigics 18 o 28t A moveinial witpes valiroyhmont

aver age every hal f - period of 4 (four) sanples W|th

r es peindrizapbasdrcliit 266Qacliznges meswhe i/ Rht@vake $FQ of
the EX-CR circuit 254Q to out put the novenent average
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every half-period of 4 (four) sanples with respect to
tringyasealueothmar obamnedsold cBhfrobhiissatieth pydgrhent EXediR 257. A

circuit 2541 to output the novenent average value S
trinfdzation circuit 2561 changes movement average value S8I of quinary
value outputted from the LPF 255I into ternary value to output the ternary
value thus obtained to a control direction judgment circuit 257 and a
correction circuit 259.

The control direction judgment circuit 257 determines variable
(adjustable) direction of frequency division ratio at the variable frequency
divider 52 on the basis of trinarized signals S9Q, S9I obtained by the
trinarization circuits 256Q, 2561 to output a control signal S10 in accordance
with the variable (adjustable) direction.

Here, as shown in FIGS. 7A to 7D, phase comparison results by
exclusive logical sum with respect to clock CK1 are indicated by analog

quantifies S7IA, S7QA in accordance with comparison between phase

comparison result S7Q between first oscillating output signal S6Q and



A trinarization circuit 256Q changes novenent average
val ue S8Q of quinary value outputted fromthe LPF
255Q into ternary value to,putput the trinary value
thus obtained to a control 'direction judgnent circuit
257. A trinarization circuit 2561 changes novenent
average value S81 of quinary value outputted fromthe
LPF 2551 into ternary value to output the ternary
. value thus gbtained to a control directi j.udgment
binagized,sig 7S§Ad 280 phase QBRI URSUSS T Tviesnt pegond
direction judgnent circuit 257 determ nes vari able
osci{iafihgsée bl@ési?x?ileSEI %doﬁjﬂa&ﬁ@ueﬁgylawsml AR ﬁ%b?lt,atwhen

the vari equency divider 52 on the basis o

trinarized signals S9Q . S91 tai ned, b )
phase camcides Wal FESPEEH 1) C@%Cffgz%éf-st Bhath é&?eran%m fofzero)
signal SIO in accordance wth the variable

01 UaR0Lalliod e Gimntivehy Sbtified RWhise EbiBaridén results

(
7D, "phase conparison results by exclusive |ogical sum

' respect to, cJock CKI are indicated anal o
STLL§1Ch ARG tambnin trophech CORBERISARCENA ALtsaBaPY 90 degrees
bet ween phase conparison result S7Q between first

in phacé,| pleisen@mpinion sisaledf GaQead z613) khndd alemindd) Frther,
\ S3A and phase conparison result S71 between second

e T e
to clock CK1, i.e., phase difference is 0 (zero) and

wavér shzpel (saegFI@S| BAsamt €B).especti vel y obtai ned as phase
comparison results

This relationship is indicated by signs of phase comparison results S7I,

and

S7Q as shown in FIGS. 7C and 7D. In the second phase comparison S7I,
value rises up to positive value within the range from — 90 degrees [— 7/2] to
90 degrees [+ 7/2], and value falls down to negative value within the range
ﬁom — 90 degrees {— 71/2] to — 180 degrees [—7] and the range from 90 degrees
[+ /2] to 180 degrees [+ w]. Moreover, in the first phase comparison result
S7Q different therefrom by 90 degrées [7/2] in phase, value rises up to
positive value within the range from 0 (zero) degrees [0] to 90 degrees [+ 7/2],
and value falls down to negative value within the range from O (zero) degrees
[0] to —180 degrees {— m].

Thus, it is understood that it is possible to roughly detect phase shift
with respect to binarized signal S3A by signs of the phase comparison results

S71, S7Q.



S71, S7TQ At this tine, in the phase conparison
results different by 90 degrees in phase, phase
conparison result of valugzo (zero) can be obtained.
Further, these values change by change of phase

di fference so as to have triangular wave shape (see
FIGS. 7A and 7B). This relationship is indicated by
signs of phase conparison results S71, S7Q as shown

in Fl 7Cand 70. In th cond phase conpari son
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corrparl son result S7Qdifferent therefromby 90
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180 degrees [- 7r] Thus, it is understood that it is
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to binarized signal S3A by signs o the ase
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of binarized signal 3A, phases of 0 (zero) degrees [O]
transmdssi@0by dleg PS&S niddullatangesigaahB8d. wi t h respect to cl ock
CK in accordance with | ogical

Thus, within the range where phase difference detected by phase
comparison result S71 is —90 degrees [-71/2] to 90 degrees [+7/2], as indicated
by arrow a in FIG. 7, control is performed such that phase difference of the
phase comparison result S7Q becomes equal to 0 degrees [0], thereby making
it possible to synchronize oscillating output signal S61 serving as generating
reference of phase comparison result S7I with clock CK.

Moreover, within the range where phase difference detected by phase
comparison result S71 is —180 degrees [-m] to —90 degrees [-m/2], and 90
degrees [+71/2] to 180 degrees [+m}, control is made as indicated by arrow b in
FIG. 7 so that phase difference of the phase comparison result S7Q becomes
equal to 180 degrees, thus making it possible to synchronize oscillating output

signal S6I serving as generating reference of phase comparison result 871

with clock CK.



| evel of data. In this case, in the phase conparison
results S71, S7Q using binarized signal 3A, portions
whi ch. are phase-synchronléfd with respect to clock
CK1l are switched at phase fference O (zero) degrees
[0] and phase difference 180 degrees [it] in
accordance with data caused to undergo transm ssion,
by the PSK nodul ating signal S 1. Thus, within the

n ere e di.fferen e det ect ed
n«%arsvhg iugil@ 8511 acgor caéﬁnhésls[ reﬁatzqn .ode control
degrees [+i/2], as indicated by arrowa in FIG 7,

dire6@oi filgrhent@rdat D5Y halédtabiain M sitnk fofrnge c@fnr[faﬁ‘ﬁon

phase conpari son result S7Q becones edqual to O degrees

reby maki SSIb| to s nchr onj
resulS ST 87 arecased Tei iadiae ta BelsPmatia sopdnbattestion (ead
ref erence of phase conparison result S71 with clock

[+], Gig[-Ypbgother tabWé tdiontpltecdmrslesiphsl §10 Hﬁ%i‘:c@tdzﬁﬁ:@ew% the
detected by phase conparison result S71 is -18

-ir] to -90 degrees [-7r/21, and 90 degrees
Comfger]ig‘alzr%%({rb 180 degrees [+ir], control is made as
i ndicated by arrow b in FI G 7 so that phase

di f Aer émegraiing ércpita26 8c doteaininey sags wbtal F1 kefc 8mesight)
equal to 180 degrees, thus naklng it posslble to

samBlec PORRHESIERE, o, nes PeRit i, 3paRRL o7 roBfl Sl s10

wth clock CK 24 As shown in FIG 8, in accordance
obtamechby lthe cortral divestivpjudgrmentaritauit 25Hi recti on

judgment circuit 257 holds table in which signs of

Phage.GRURMH &RBuit 259 detects, on the basis of a trinarized signal S91
obtained by the trinarizaion circuit 2561, that phase difference in which phase
error existing in principle cannot be detected is [+m/2] to output, to the
variable frequency divider 52, once per each period, a correction-processed
control signal S12.

In accordance with the demodulating circuit of the configuration

- shown in FIG. 5, there is employed an approach to determine control direction
‘in accordance with polarities of first and second phase comparison results
from the first and second phase comparison results by oscillating output
signals different from each other by 90 degrees in phase to allow oscillating
- frequency to be variable, thereby making it possible to securely reproduce

clock CK by a simple configuration, and even in the case where PSK

modulating signals S1, S2 are deteriorated to demodulate the reproduced data



results S71, S7Q are caused to be address to determ ne
control direction (lead [+], lagH) by the table to
output control signal SIO4n accordance with the
control direction. An integrating circuit 258
determ nes sumtotal SII of 8 (eight) sanples
corresponding to one period with respect to contro
signal S10 obtained by the control direction judgnent
circuit, 257. A correction circuit 259 detects, on the
thusphtpineds 3 trinarized signal S91 obtained by the
trinarizaion circuit 2561, that phase difference in

whi Bl REdRRON,erthefe e Sémployedl Phn NGIpPkGadkaNfwt dekect that
detected is [7r/21 to output, to the “variable

frequency ,di vi 52, once perl..each ri , .a ]
COﬂE&P‘ﬂEﬁ{lgé?h%? dﬁ&é&f‘é@e 18 E}S%C[lgfg epé:ﬁ.af where there is the

accordance with the denodul ating circuit of the

possibilitiyothiadterriheotl olueki stafd mayd resulet® pesfarimlcoyedtian with
approach to determne control direction in accordance

W th polarities of first. and second .pha 0 [ison
respgt, o fROTtiAllsH) Voraehle &Y thAFOrEEHNE RILE 2P ThgaRy have
results by oscillating output signals different from
abilagco wwicheslylepfihuegrleek CK withoat beinzl bwghs ¢nid etrongous

frequency to be variable, thereby making it possible

lock GaR ELIGRHONER AR ERen i R e SRR P
nodul ating signals S1, S2 are deteriorated to
dembbuhelye ihethepembodatedtt af 2the hpeeseht aimadition, as a
configuration for outputting first and second phase comparison results by
oscillating output signals different from each other in phase, there may be
employed, e.g., a configuration to obtain, as an output, movement average
with respect to phase comparison result of the phase comparison circuit to
process the movement average value thus obtained to provide an output
thereof. As a result, it is detected on the basis of such an output that
corresponding phase difference is phase difference [+7/2] furthest apart from
phase to be locked to make correction by a predetermined controlled variable
to thereby have ability to securely reproduce clock CK without being brought
into exroneous lock state to demodulate the reproduced data thus obtained.
It is to be noted that while the case where IC card is caused to become

operative by power of a transmit signal has been described in the

above-described embodiments, the present invention is not limited to such an



In addition, there is enployed an approach to detect
that correspondi ng phase difference is phase
difference [7r/21 where thgre is the possibility that
erroneous |lock state may result to performcorrection
with respect to controlled variable by the correction
circuit 259 to thereby have ability to securely
reproduce clock CK w thout being brought into

. ferronegus . lock state. to de ul ate the reproduc :
implementaiien, Yk sathde. W@rmp,p?xpe% oo 5 PBH b T eard is
present invention, as a configuration for outputting

causelt8tbedbtheSsscratlve bgatepyraci son resul ts by
oscillating output Signals different fromeach other

in ase, the be enpl oyed . 0., a
conMQIERYEn oWhils d ardse akhens slRgkis’ sEvemisd from PSK
average Wwth respect to phase conparison result of

moduiletinh agendt P Manciestér codé, hnd dutedesdermbdulanid iddtbeen
aver age val ue thus obtained to provide an out put

thereof .. As;a result., it i.s detected on the basis of.
desceihid T the iy RS ived emulislifienty, Thades it Ueaiel issnot

phase difference [7r/21 furthest apart from phase to -
limitee! kookel 4© imglemeatatizat, it tan depnddelyeapplied! to the case

controlled variable to thereby have ability to

securely.reprad | ock . i . bei 0 .
whel (oK i B3GR (B L0, "biBlings sheld PAtRbe ey 35

data thus obtained. It is to be noted that while the
reprodeseedvbgnsingsech d dlsclcamshdist dobexample, dpe casd wheby clock

power of a transmt signal has been described in the

is oRREMEABC LhiiSts PRRUNBAIAingd Wi 9R0! ARV EbMBdufated,
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and/or the case where clock is generated by ASK modulating signal, etc.
Further, while explanation has been given in the above-described
embodiments that the present invention is applied to the IC card and the
reader/writer comprised of IC card processing apparatus, the present invention
is not limited to such implementation, but can be widely applied to PLL
| circuits and demodulating circuits of various data transmission apparatuses.
Itis to .be noted that while the present invention has been described in
accordance with certain preferred embodiments thereof illustrated in the
accompanying drawings and described in detail, it should be understood by
those ordinarily skilled in the art that the invention is not limited to
embodiments, but various modifications, alternative construction or

equivalents can be implemented without departing from the scope and spirit of



i npl enentation, but can be widely applied to the case
where the I1C card is caused to becone operative by
battery, etc. Mbreover, VW% e the case where clock is
generated from PSK nodul ati ng signal by Manchester
code, and data is denodul ated has been described in

t he above-descri bed enbodi nents, the present invention
is not limted to such an inplenmentation, but can be

wi dely. appl.ied to the case where c¢lock is generated
the WS%XIFIBG LD @8 Sat f%& Ry @HHPBd%{wﬁmsd ata is
reproduced by using such.a clock, such as, for
exanpl e, the case where clock is generated by various
PSK nodul ating signals and data is denodul at ed,
and/ or the case where clock is generated by ASK
nmodul ating signal, etc. Further, while explanation has
been given in the above-descri bed enbodinments that
the present invention is applied to the IC card and
the reader/witer conprised of |IC card processing
apparatus, the present invention is not limted to
such inpl enentation, but can be widely applied to PLL
circuits and denodul ating circuits of various data
transm ssion apparatuses. It is to be noted that while
the present invention has been described in _
accordance with certain preferred enbodi nents thereof
illustrated in the acconpanying draw ngs and
described in detail, it should be understood by those
ordinarily skilled in the art that the invention is
not limted to enbodinments, but various
nodi fications, alternative construction or
equi val ents can be inplenented w thout departing from
the scope and spirit of



27 the present invention as set forth by appended
clains. 28 CLAIMS 1 A PLL circuit adapted for
reproduci ng, froman input,signal which has been
caused to undergo transm sSion through a desired
transm ssion system clock of the input signal, the
PLL circuit conprising: a binarization circuit for

bi anari zing the input signal to generate a binarized
signal; a signal generating circuit for allow ng
frequency to be variablécbgL Scontrol signal to
output a first oscillating output signal and a second

1 OSCiA PRI Sgcit 98Abted ifbf 88 ﬁa%fngﬁdiﬁ I ignal which h

oscillati ngcout p% esifgnalﬁggugo ’ egrggslh?w/ SZl]gnlanw e has
phase; ,a first phase conparjson circujt for performn

been cansed dopuidesgn trapgpgsaon tth@ughr 3 desyedl| transimgsiont sfy@gem,
signal and the binarized signal to output a first

Clo@d@ﬁﬂlqupﬁggiigggp result; a second phase conparison
circuit for performng phase conparison between the

secgllgéj cillating output signal and the binarized
si gtg PLd- GEeWLEOMPrisiiEng phase conparison result, a
control direction judgnment circuit for judging, on the

basiasbiifarization circuit for bianarizing the input signal to generate a
binarized signal,;

a signal generating circuit for allowing frequency to be variable by a
control signal to output a first oscillating output signal and a second
oscillating signal different from the first oscillating output signal by 90
degrees [n1/2] in phase;

a first phase comparison circuit for performing phase comparison
between the first oscillating output signal and the binarized signal to output a
first phase comparison result;

a second phase comparison circuit for performing phase comparison
between the second oscillating output signal and the binarized signal to output
a second phase comparison result,

a control direction judgment circuit for judging, on the basis of
polarities of the first and second phase comparison results, control direction
by the control signal to output control direction judgment result;

an integrating circuit for integrating the control direction judgment



polarities of the first and second phase conpari son
results, control direction by the control signal to
out put control direction jydgnent result; an
integrating circuit for integrating the contro
direction judgnent 29 results to output an integrated
result; and a correction circuit for discrimnating
whet her or not the integrated result is zero to

gtgt ect, fromthe discrimnation result and an out put
resuyis to putpytan integratesiosultpAdde conparison circuit, that
the phase difference is [7r/2] to output a control

si 9okttt ERcER 0 it EPmPARRS SWHMhd26r %@lrthe intesgrated

performed on the basis of the detection result thu

bt ai ned, where to control the operation of the
resudi i§7&10 f Agtest: %ﬂbﬁ%ﬁﬁwlwm@ resuit gk bAUTHUS Of dhe first
control signal. 2 The PLL circuit as set forth in

or sebehd phasehesBparisdie dirtRi thho A @E‘éicﬁff‘éréifceaispﬁﬁiﬁr%] to

nodul ating signal. 3 The PLL circuit as set fort

ourf A FRtokghel i Biett RRHEeSAT B OE SAsiboun ferformed on
denodul ating circuit adapted for reproducing, from an
the banisibf shgdelectivhiredulhamishgrainedused to undergo

transm ssion through a desired transm ssion system
02t QRGP | SRS i AP s A S0 N e
correction-processed control signal.
2 The PLL circuit as set forth in claim 1,
wherein the input signal consists of a PSK modulating signal.
3 The PLL circuit as set forth in claim 1,
wherein the input signal consists of a modulating signal by
Manchester code.
4 A demodulating circuit adapted for reproducing, from an input signal
Which has been caused to undergo transmission through a desired fransmission
system, data sequential caused to undergo transmission through the input
signai,
the demodulating circuit comprising:
a binarization circuit for binarizing the input signal to generate a
binarized signal;

a signal generating circuit for allowing frequency to be variable by a



t he denodul ating circuit conprising: a binarization
circuit for binarizing the input signal to generate a
bi nari zed signal; a signabgpenerating circuit for
all ow ng frequency to be riable by a 30 contro
signal to output a first oscillating output signal and
a second oscillating output signal different fromthe
~first oscillating output signal by 90 degrees [rr/2]
in phase; a first phase conparison circuit for
contsak fsagmalndo penput canfissti sseillagagwestputhsignal send a second
oscillating output signal and the binarized signal to
' . f Ie 1 . | o
O O o9 DR eling DR KiEnal by 90
conparison_ between the second oscillating signal and
degregs [B{2]dniph@se;si gnal to output a second phase
conmparison result; a control direction judgnent
ci 1 g Ufitst thaseUB8in 'S%téﬂuié'fb??ér%}n%g Pﬁﬁs&%iﬁ;?cirison
signal on the basfs of polarities of the“first and
second phase _conparison results to oqutput, contyo
betvggete tiasatlating Qwpnl signahandthe bapanizsdesignal to putput a
integrating the control direction judgnent results by
ﬁmgqﬂﬁm@Qbhqﬁqun&Bgﬂhnput signal to output an integrated
result; and a correction circuit for discrimnating
whet her or not the integrated resulf is zero to .
det Bc¥CORY Rhase COTRAISON GEEHIH{OF PSTIITIAY PARSE FopIRarison
of the first

between the second oscillating signal and the binarized signal to output a
second phase comparison result;

a control direction judgment circuit for judging control direction by
the control signal on the basis of polarities of the first and second phase
comparison results to output control direction judgment result;

an integrating circuit for integrating the control direction judgment
results by one period of the input signal to output an integrated result; and

a correction circuit for discriminating whether or not the integrated
result is zero to detect, from the discrimination result and an output of the first
or second phase comparison circuit, that the phase difference is [t71/2] to
output a control signal in which correction processing has been performed on
the basis of the detection result thus obtained,

whereby to control the operation of the signal generating circuit by the

correction-processed control signal to output the data sequential by the first or



or second phase conparison circuit, that the phase
difference is [Tr/2] to output a control signal in
whi ch correction processiqﬁihas been perforned on the
basis of the detection resulit thus obtained, whereby
to control the operation of the signal generating
circuit by the <correction-processed control signal to
out put the data sequential by the first or 31 second
~ phase conparison result. 5 The denodul ating circuit as
secong pHase O MPATEoR 1@sWlt. wher ei n the i nput si gnal
consists of a PSK nodul ating signal. 6 The
5 deﬁ?ﬁe'd%iﬁdtﬁusfeh;&gemﬁ%s%%t gﬁlﬁa iflclaimi4,2i m S, wherein
the 1 nput signal~consists of a nodul ati'ng signal by
Manchester code. 7 An I C card _adapted faqr .denpdul ating
dat wheeejndhe input signal consisyof adiSly medwating signgh a
transmt signal which has been received through an
6 ant %E%iehﬁbcﬁﬂ@ﬁﬁ%%h%ﬁﬁ AerpserRiedlAa 5. sequenti al
t hus obtal ned, the denodul ating circuit conprising: a
bi nari zatiop circuit for, binarizing the transmt.,
oi gWAETeS JRCABRY SIBNM GORSES | Ghap; THOGIGHRE signal by
generating circuit for allow ng frequency to be
MandicsaR!lcody a control signal to output a first
oscillating output signal and a second oscillating
out qut signal, different fromthe first oscillating .
7 outpt Kgnard ppdapededpncdemodniing, dads seayenyglyspy a
phase conparison circuit for perform ng phase
denmeidaing olrchir| rean atthensmit signal which has been received through

an antenna to process the demodulated data sequential thus obtained,

the demodulating circuit comprising: a binarization circuit for
binarizing the transmit signal to generate a binarized signal; a signal
generating circuit for allowing frequency to be variable by a control signal to
output a first oscillating output signal and a second oscillating output signal
different from the first oscillating output signal by 90 degrees [71/2] in phase; a
first phase comparison circuit for performing phase comparison between the
- first oscillating output signal and the binarized signal to output a first phase
comparison result; a second phase comparison circuit for performing phase
comparison between the second oscillating output signal and the binarized
- signal to output a second phase comparison result; a control direction
judgment circuit for judging control direction by the control signal on the

basis of polarities of the first and second phase comparison results to output



first oscillating output signal and the binarized

signal to output a first phase conparison result; a
second phase conpari son ci%ﬁuit for perform ng phase
conpari son between the secdhd oscillating out put

signal and the binarized signal to output a second
-phase conparison result; a control direction judgnent
circuit for judging control direction by the contro

- signal on the basis of polarities of the first and
con@@ﬂ diigcprBsmdgaaIdr Tesul; pdsintegratimgogirputt for indegrating the

direction judgnent result; an integrating circuit for

 contrBl BREAR %ggkﬁen@f&utelb dbhé Pt épﬂﬁ%@gﬁ SR &8 diXput

one period the 1 nput signal to output
Jdntegrated result; and a cqrrection circuit for

an igtegedteditgsulnndiA coprection Gisult forediseigynaiing) whethgror not
is zero to detect, fromthe discrimnation result and

the dtegRitePybsflt i RBrd itd etddt, FRARNHe RIBGIMERRA r&R¥ and an
ciruit that the phase difference is | /t/2] to

out pu control signal in whjch correctiqn processjng
0‘1%50%6%% %HStp%‘i' W?PH%(P CLREMBSOY Cdlfcutlh&laél ﬁleeﬁhlﬁ*%r&l%efence
result thus obtained, whereby to control the operation

is [Pf/2heo sughal a @6ARO6REIgHA] Gh velvich ddfrédiRn ?rocessing has been
correection-processed control signal to output the data

equential .by.the first or second phase conparison
perfBERiiion Gefisia of s drieatln iSRS Ditanedm 7 wher ei n
the transmt signal consists of a PSK nodul ating
si gmdierebPtorbentrdl thersheaatioe of tles signah gemﬁiaﬁhg' circuit by the

wherein the transmt signal consists of a nodul ating

conséicﬁgﬁlprg&ssed control signal to output the data sequential by the first or
second phase comparison result.
8 The IC card as set forth in claim 7,

wherein the transmit signal consists of a PSK modulating signal.
9 The IC card as set forth in claim 7,

wherein the transmit signal consists of a modulating signal by
Manchester code.
10 An IC card processing apparatus adapted for demodulating, from a
response signal which has been received through an antenna, data sequential
which has been sent out from an IC card by using a demodulating circuit to
process the data sequential thus demodulated,

the demodulating circuit comprising: a binarization circuit for

binarizing the response signal to generate a binarized signal, a signal



Manchester code. 10 An I C card processi ng apparatus
adapted for denodulating, froma response signha
~whi ch has been received through an antenna, data
sequential which has bee %ent out froman I C card by
using a denodul ating circuit to process the data
sequenti al thus denodul ated, the denodulating circuit
conprising: a binarization circuit for binarizing the
response signal to generate a binarized signal; a
gengragnalcigBigenallawing eqeenay foobe satiablenky areanie sygna to
be variable by a control signal to output a first
. ti . . , ]
outgBYE B SR Bl Higng PR B SR6R0 PR oh i signal
..signal by 90 degrees [rr/2] in phase; a first hase
diffasenpfons dhe Srstcitst ongputsszalrvy B dugiees buRban pose, a first
between the first oscillating output signal and the
phat¥l 88tpafdos iRl I FRhIE Phise! chiBatsor BERAELS b first
result; a second phase conparison circtuit for
.ner.form ng phase cqonparison_between_the second
oscigaung| auiphy Yenguend; thieabingiirednsignahdo putputsaghiegt phase
out put a second phase conparison result; a contro

comgﬂaﬁ@éﬁirﬁﬁult;i HOQEBAE pHdsE WdmpRisdi el ﬁﬁg_ﬁésr%rming phase

irection by the control sighal on the basis of
polarities of the first and second phase conparison .
compasisPR Pe st B secont %qlﬂatln& QUYIBHL § thes Binarized

an integrating circuit for integrating the control

signdl reectoudpul 4wdeeesid I sisdset SolpaeRenpessudd af cogol Mitdction
signal to output an integrated result; and a

. .correction circuit for discyin.natjng,whether ar npt
judgment” Circuit for ]uﬁgmg cong'of' irection i)y 4né" Control 51gnalo on the

basis of polarities of the first and second phase comparison results to output
control direction judgment result; an integrating circuit for integrating the
control direction judgment results by one period of the input signal to output
an integrated result; and a correction circuit for discriminating whether or not
- the integrated result is zero to detect, from the discrimination result and an
output of the first or second phase comparison circuit, that the phase
difference is [+ 7/2] to output a control signal in which correction processing
has been performed on the basis of the detection result thus obtained,
whereby to control the operation of the signal generating circuit by the
correction-processed control signal to output the data sequential by the first or
second phase comparison result.

11 The IC card processing apparatus as set forth in claim 10,



the integrated result is zero to detect, fromthe
discrimnation result and an output of the first or
second phase conparison cifcuit, that the phase
difference is [ ir/2] to oltput a control signal in
whi ch correction processing has been perfornmed on the
basis of the detection result thus obtained, whereby
to control the operation of the signal generating
circuit by the correction-processed control signal_ to
out piiereinghe acsponse sigmal gonsigtstofea PBKsmogulating-gignal.
phase conparison result. 11 The I C card processing
app t i ' {m the

12 POETHEIE GRS riflessld Tpdafls et Portin LPEAEIL, el
12 The 1 C card processing _apparatus as set  forth in
cl amherein e rigsponsee sigralorarsisisgphl a chwsudatingfsignal by
nodul ati ng signal by Manchester code.

Manchester code.



