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PLL CIRCU T, PHASE SHI FTI NG METHOD, AND I C CHI P CROSS
REFERENCES TO RELATED APPLI CATI ONS The present
i nvention contains subject mtter related to Japanese
Pat ent Application JP 2006-298815 filed in the |
Japanese Patent O fice on Novenber 2, 2006, the entire
contents of which are incorporated herein by
reference. BACKGROUND OF THE | NVENTION 1. Field of
the Invention The present invention relates to a PLL
circuit, phase shifting nethod, and IC chip, and
papticulrachy  elbanes tararRELMEiTHo, t Anphase cshipf ti ng
nmet hod, and I C chip configured to inprove reception
preci sion w thout increasing clock frequency. 2.
Description of the Related Art Heretofore, for
CROSSNGAFERANACES MO CaldTEOMARHICAATOE®NSa digital PLL
(Phase Locked Loop) such as a Costas-Loop has been
Ubedpirasenteinvenextnactnaasanpkbithjeckosktteromralated
digital signal subjected to PSK (Phase Shift Keying)
to Japgdglsat iFerronitt ApvEAcRésoer JEhEddiaTy Y68ar> dxamsl én e
Japanese Unexani ned Patent Application Publication No.
Japangge FpAg1d) Ofifg.cer ong NeVEMREE - di“dgPambiig @&tiats ng
an exanple of a traditional dlgltal PLL (Phase Locked
contepdgp Pl T i g"ufteallncorforlﬁl’_cl? d1 h&FeRing 1 ﬁesfed%ﬁ%‘%egur ed
with a Costas-Loop, and is nade up of a frequency
dividing oscillating circuit 11,

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a PLL circuit, phase
shifting method, and IC chip, and particularly relates to a
PLL, circuiif, phase shifting method, and IC chip configured
to improve reception precision without increasing clock
frequency.
2. Description of the Related Art

Heretofore, for non-contact IC card communication, a'
digital PLL {Phase Locked Loop) such as a Costas-Leoop has
been used in order to extract a sampling clock from a
digital signal subjected to PSK (Phase Shift Keying)
modulation with Manchester encoding (for example, see
Japanese Unexamined Patent Application Publication No. 11-
274919)

Fig. 1 is a circuit diagram illustrating an example of

a traditional digital PLL (Phase Locked Loop). The digital
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phase shift circuit 12, Exor circuits 13a and 13b, and
LPFs (Low Pass Filter) 14a and 14b. Wth the
frequency dividing oscillating circuit 11, the clock
frequency input froman unshown oscillating circuit
di vides a 13.56 MHz clock signal f clk eight ways,
thereby generating a signal sin(w + (p) serving as a
1696 kHz clock signal and supplying this to the phase
shift circuit 12 and Exor circuit 13a. The phase
shift circuit 12 generates a signal cos(w + (D)
pLL Mhef &tiny t he iphase g dher signala siddMs1.ddD), isd is
del ayed by 11/2 (90 degrees), and supplies this to
made tlye EXGr mdidricyl v ithedPucicli ratiirty Idiaaonputies an
exclusive OR fromthe 1696 kbps (bit per second)
phasesignalt DATASer Vig Baora dightials Isiegrald sidy eciret] TRFs
PSK (Phase Shift Keying) nodul ation with Manchester
(Low decadifhg tand tiHer sirghdldtsi n(wt + (p), generates a
signal V1 indicating a value VI wherein the conputed
Waeshl tse fredgimveit ddvidipaTAscéilppming Q)iycudnd 11, the
supplies this to the LPF 14a. The Exor circuit 13b
clock U1 @R tuSinAR GR AGRAYe ©ssilgnlal T IDAT A e tthe
signal__cos(w + (D), generates a signal V2 indicating

divides/q de 2 Wher G17PThe Eoiftuted restiay: afdys i ihaiey
senottg RS S SR (28 SERLLSE, i euthey, Lo
signailﬂgangf gug%ﬁ&i%%d%k}i%e t\{aaltlf}% \1{) aa‘lscer os Siftthecipr%rdiotd 102f and
Exor circuit 13a.

The phase shift circuit 12 generates a signal cos{wt +
®) wherein the phase of the signal sin(wt + ®} is delayed by
I1/2 (90 degrees), and supplies this to the Exor circuit 13b.

The Exor circuit 13a computes an exclusive OR from the
1696 kbps (bit per second) signal DATA serving as a digital
signal subjected to PSK (Phase Shift Keying) modulation with
Manchester encoding and the signal sin(wt + @), generates a
signal V1 indicating a value V1 wherein the computed results
are inverted (= DATA - sin(wt + ®)), and supplies this to
the LPF 1l4a.

The Exor circuit 13b computes an exclusive OR from the
signal DATA and the signal cos{wt + @), generates a signal
V2 indicating a value V2 wherein the computed results are
inverted (= DATA - cos{wt + ®)), and supplies this ftoc the

LPF 1é4b.




generates a signal EV1 indicating an added val ue EV1
(=Y-{DATA sin(w + (p)), and supplies this to the
frequency dividing oscillating circuit 11. For every
8 clocks of the clock signal f clk, the LPF |ob adds
the val ue V2 across the period of the 8 cl ocks,
generates a signal EV2 indicating an added val ue EV2
(=Y-{DATA cos(wm + (D)), and supplies this to the
frequency dividing oscillating circuit 11. The
frequency dividing oscillating circuit 11 controls a

conptepbrangl 818chased eRet heoral yegnEYlrandxEVEnesueh
that the value EV2 becomes 0, and causes the phases

1da a@bst h@esivanak vDARArard the pegnald sitntMe 8 @1dcdkshe
synchroni zed, thereby denodul ating the phase of the
generaitggak BAG§Aaandvextmnadicangng asampldedg velloek Zfiriom t he
signal DATA. SUMVARY OF THE | NVENTION Now, with a
(=X {DRfadi-t sandlwtdirgitt)al, Rirld sheelphesettihereonfthea strequency
controlled in increments of single clocks of the input
dividéhgckssiignal:ingngitrieeniaf dle t he phase resol ution
depends on_ the ratio of clock frequency and i nput
E@gn@VerVe&u@heyks FérthRafipPek @igRathé_allit AhePLEF1
, .the clock frequency is 13.56 Mz, whereas
14b aﬁﬁé F%@qﬁéﬁéﬁ J¢ ﬁﬁéo§§gﬁ§ﬁ PBA?Rd%@ﬁvﬁﬁﬁ &s tivsksnput
nal is 1696 kFE SQ sip, resolutl n_becones

genergg Pga(=igpplx Y@gen&iﬁfaﬁlw 56 R rdiigly, in
=Z{Dg&iet E%slngrovﬁ)recel¥i@§q?ﬁ?%$§'éﬁ&éﬁto the frequency

dividing oscillating circuit 11.

The frequency dividing oscillating circuit 11 controls
a control angle @ based on the values 2V1 and XV2, such that
the wvalue XV2 becomes 0, and causes the phases of the signal
DATA and the signal sin{wt + @) to be synchronized, thereby
demodulating the phase of the signal DATA and extracting a

sampling clock from the signal DATA.

SUMMARY OF THE INVENTION

Now, with a traditional digital PLL, the phase thereof
is controlled in increments of single clocks of the input
clock signal, and therefore the phase resolution depends on
the ratio of clock frequency and input signal frequency.
For example, with the digital PLL 1 in fig. 1, the clock
frequency is 13.56 MHz, whereas the frequency of the signal

DATA serving as the input signal is 16%6 kHz, sc the




data, or inprove the phase resolution of the digita
PLL in order to correspond to a higher transfer rate,
the clock frequency needs to be higher. However, when
the clock frequency is higher, power expenditure also
IS increased greatly, e.g. with a non- contact |IC card
driven by electrical power supplied froman externa
reader/witer, comunication quality can deteriorate
fromlack of power. It has been found desirable to
I nprove receiving precision wthout increasing clock
resolfita@ue Mo PRIIT(Phasexllogkedokoap)y ¢i ngubt maeor di ng
to an enbodi nent of the present invention includes: a
gkboeckdashgngl, igeperati ng uhipt oeenfriegeried rizo pgendrdte af
first clock signal wth a frequency as with that of a
data,PSk (iRfraseeShilfad Keydenglesatnduilcat ioh tSegndlgiser Vi kigh atn
a digital signal subjected to PSK nodulation, and a
ordersécontroleggiorsi drala df gl c - naves fphasetali fifter scfoom
the first clock signal by r1/2; a conputing unit
frequsanfyl s tte denputdderf-or each tine period of a
redeterm ned length, first phase conparison results
REGIVRE tReDr 656l £306K EERPEPTRY e PPIvASES BOWET

signal wherein the first clock signal is subjected to

expe SKHH g I T2 SETo e dgul vt ¢ht Hid-th & dHttol
angle which js an angle to virtually control th
cont agiades G st P i T S e oem an
c cl gck %léi%n?] Wi, t hr t h%m?n%Knirma Lf-‘Lloanti ounalsji na{ﬁ!arl duri ng
eXLeH e 55 HI&&F dnd “SECOd prase Tohpari s6h resul ts

deteriorate from lack of power.

It has been found desirable to improve receiving
precision without increasing clock fregquency.

L PLL (Phase Locked Loop) circuit according to an
embodiment of the present invention includes: a clock signal
generating unit configured to generate a first clock signal
with a frequency as with that of a PSK (Phase Shift Keying)
modulation signal serving as a digital signal subjected to
PSK modulation, and a second clock signal of which the phase
differs from the first clock signal by I1/2; a computing unit
configured to compute, for each time pericd of a
predetermined length, first phase comparison results showing
the results of comparing the phases of a signal wherein the
first clock signal is subjected to phase shifting of an
amount equivalent to a control angle which is an angle to

virtually control the phases of the first clock signal and




showi ng the results of conparing the phases of a
signal wherein the second clock signal is subjected
to phase shifting of an anbunt equivalent to the
control angle with the PSK nodul ati on signal during
the time period, based on a first paraneter
corresponding to the cosine of the control angle, a
second paramneter corresponding to the sine of the
control angle, the first clock signal, the second
clock signal, and the PSK nodul ation signal; a

the s%HHrch'cldid]@Cshlthl setd RhABdK GRiHd 104 Boh 191 l the
control direction for wvirtually controlling t

durirG@riH® |t gl e hiassd 0 tde-drid Fha Phassnsormpash Sﬂﬂsults
results and the second phase conparison results; a

showipay ated efesadity alf winpeaconfg greepHasceconif ol $henal
first paraneter and the second paraneter based on the

wherecionttrred ssngirel vilrdalald iygreointirol dwgdlj e at ¢ det @ qrita o
direction; and a reading control unit configured to

shifitdomt rol arhemdunthgeqwivaleadi g ddta deromehealRgke with
modul ati on signal based on the control angle

the Rﬁf?tmfélq%ﬁtclmﬁ rglared i iy ddift rieim]lineeteon. bagrd on a

onputing unit may be configured to conpute the first
flrSﬁﬂHﬁﬁ?%ﬁﬁﬁ%ﬂQ%ﬁﬁ?ﬁﬁﬁﬂﬂ%ﬂﬁ'éﬁd e et phddes control

compari son results for each cycle of the PSK
anglermmsaq%w R IGHA erTH—‘é’Ic‘oeiFdiﬁ/ Sb’e“e of the
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setting unit configured to set the control direction for
virtually controlling the contrel angle based on the first
phase comparison results and the second phase comparison
results; a parameter control unit configured to control the
first parameter and the second parameter based on the
control angle virtually controlled in the control direction;
and a reading Coﬁtrol unit configured to contrcl the timing
of reading data from the P3SK modulation signal based on the
control angle virtually controlled in the control direction.

The computing unit may be configured to compute the
first phase comparison results and the second phase
comparison results for each cycle of the PSK modulation
signal.

The computing unit may be configured to compute the

first phase comparison results and the second phase




control direction for every 1/2 cycle of the PSK
nmodul ation signal, and determ ning the contro
direction for every cycle of the PSK nodul ati on
signal, based on the two control directions obtained.
The conputing unit may be configured to conpute a
value wherein the sumof a first nultiplied val ue
having multiplied the first paraneter, the PSK
nodul ation signal, and the first clock signal, and a
second multiplied value having nmultiplied the second
compaPakaRetesulthe rBeKaredyl atborycskgnal rrandskhecseaerd on
clock signal, is cumrulatively added over the tine
signaler kedhashkheohitksth  phasetcoRpPakitsangr e@sukt $ind@nd the
conmputes a val ue wherein the sumof a third nmultiplied
contrval derbaving ifaveetedyt he¢2sicgrlef offhe healPs® wiveleiam ion
the second paranmeter, the PSK nodul ati on signal, and
signallheahdr seteechdakngi ghal canéroil tipleicéd onaddra efveuryt h
mul tiplied value having nultiplied the first
cycleparfairbeePSKt medRSK tipdukdgined, diegedl cnamdiet heroseoondol
clock signal, is curulatively added over the tine
direcpéphedobsathedsecond phase conparison results. The
conputing unit may further include a nultiplying unit
Eonf Fotpeling ebhputeythe FPREICURPBUBA CRABPEBEIfhvalue
mul tiplied values; a first cuynulative adding unit
WhefeéﬁnF@ﬁuﬁéH'OﬁoacgﬁﬁﬁgtWVéFﬁpé&Gdtﬁ@lF?rQPV&%Btiplied
o S0 TR St bR oot P WS ISELSH donon,

and thﬁ[%ﬁéﬁig%&%g%ngg%%lgug%hagi%%E n%d%u&%%?&hgg:value
having multiplied the second parameter, the PSK modulation
signal, and the second clock signal, 1s cumulatively added
over the time period as the first phase compariscn results,
and computes a value wherein the sum of a third multiplied
value having inverted the sign of the value wherein the
second parameter, the PSK modulation signal, and the first
clock signal are multiplied, and a fourth multiplied value
having multiplied the first parameter, the PSK modulation
signal, and the second clock signal, is cumulatively added
over the time period as the second phase comparison results.
The computing unit may further include a multiplying
unit configured to compute the first through the fourth
multiplied values; a first cumulative adding unit configured
to cumulatively add the first multiplied value every other

time, over the time period; a second cumulative adding unit




every other tine, so as to alternate with the first
adding wunit, over the tine period; a third cunul ative
addi ng unit configured to cunulatively add the second
multiplied value every other tine, over the tine
period; a fourth cunmulative adding unit configured to
cunul atively add the second nultiplied value every
other tinme, so as to alternate with the third adding
unit, over the time period; a fifth cunulative adding
unit configured to cunul atively add the -third

confimlddplded:uml e iexary pidehd ifExsowarlthsl tedevalue
period; a sixth cunulative adding unit configured to
everycwilat itviele, add dshecd hilrtcbmattd plited wtad uel everadding
other tinme, so as to alternate with the fifth adding
unit,univter duver ttihee tgarelodrerd odiimd seventdt comdddinvg unit
addi ng unit configured to cunulatively add the fourth
configinddplticedwal iad iy astcherhe tdgmondverltiml iedevalue
period; an eighth cunul ative adding unit configured
every @thgiltEmare 9 axdd-eh & sy ey dRd 1 i 9l § @ Wal @anulsierye
~other tine, so as to alternate with the seventh adding
addinghiun o { B 49 D &rimit:2 e e s e dilidi iy WRfFend
configured to conpute the sumof the first _
mul tiQimAhtiasdlsy Sfded Cifjhed-’e Cpuiitedith He st with

the {F4mu %%%ﬁgg?ddL unit_%ﬁg Hpe sec%ﬂg pung%géively_

_ t S (1% Heihibe L imf dtt Ve addi ng
cum s AU THE. SSUOnS Bl at TS At h i A
thiroghrﬁ.llscei?a%q(éqc LAt i §; adqed. valye commutad wiih. the

our cunulative ag‘lng uni t; and a second addi ng
peridﬂyta sixth cumulative adding unit configured to
cumulatively add the third multiplied value every other time,
so as to alternate with the fifth adding unit, over the time
pericd; a seventh cumulative adding unit configured te
cumulatively add the fourth multiplied value every other
time, over the time period; an eighth cumulative adding unit
configured to cumulatively add the fourth multiplied value
every other time, sc as to alternate with the seventh adding
unit, over the time period; a first adding unit configured
to compute the sum of the first cumulatively added value
computed with the first cumulative adding unit and the
second cumulatively added wvalue computed with the third
cumulative adding unit, or the sum of the first cumulatively

added value computed with the second cumulative adding unit

and the second cumulatively added value computed with the




configured to conpute the sumof the third

cunul atively added val ue conputed with the fifth
curmul ative adding unit and the fourth curul atively
added val ue conputed with the seventh cunul ative
adding unit, or the sumof the third cunulatively
added val ue conputed with the sixth cunul ati ve adding
unit and the fourth cunul atively added val ue conput ed
with the eighth cunul ative adding unit. The reading
control unit may be configured to control the timng

fourt{rpfcd diing, datay f1pmdihe PRl pdl @l on &gl yn 50 as

o read data twce at a timng wherein the phase

conf ilddel scDVedmsite d It Hors1an el Ofc i hey ReKumaul @dipn

signal . A phase control nethod according to an

adderhodiden@ft ed REL 4 @SeNtf i Ave rdunail d thickaidesd ke unit
steps of: generating a first clock signal with a

and HHequeneyh apphoxdtately eblal 0l ud haimeit el RSKEH Ritase
Shift Keying) nodul ation signal serving as a digital
seversilgralmsidd) iect edidindPSi inpdul mttilon, swandcfa tlsectonided
cl ock signal of which the phase differs fromthe
cumu fatriste lof ooklesi gralludhycdniphed onpgit ity fortleanimuiateive
period of a predeterm ned length, first phase
addirgpmyeirt so ridsul i righeMmhy- ather ales HAde dfvabip arqrigp ted
~the phases of a signal wherein the first clock signa
with jthes ihjEtiedury ghase a9 ngiiof- an anount
equi valent to a control angle which is an angle to
Vet GRS NEoreRGI othéNdhadey & CREffgdEd tseeontrol

the‘é%%ﬁﬁ% and th §ecg$gaﬁl_ck ﬁﬁgpq%ﬂgﬁth Eg%jESK ianal
tiYn 2iHh e CHE o e BeY ol T Hhd LY
S0 agqﬁgquﬁp%ﬁ53§qgﬁﬂ£§%ina timing wherein the phase
differs by just Il for a cycle of the PSK modulation signal.
A phase control method according to an embodiment of
the present invention includes the steps of: generating a
first clock signal with a frequency approximately egual to
that of a PSK (Phase Shift Keving) modulation signal serving
as a digital signal subjected to PSK modulation, and a
second clock signal of which the phase differs from the
first clock signal by II/Z2; computing, for each time period
of a predetermined length, first phase comparison results
showing the results of comparing the phases of a signal
wherein the first clock signal is subjected to phase
shifting of an amount eqguivalent to a control angle which is

an angle to virtually control the phases of the first clock

signal and the second clock signal with the PSK modulation




results show ng the results of conparing the phases of
a signal wherein the second clock signal is subjected
to phase shifting of an anbunt equivalent to the
control angle with the PSK nodul ati on signal during
the time period, based on a first paraneter
corresponding to the cosine of the control angle, a
second paramneter corresponding to the sine of the
control angle, the first clock signal, the second
clock signal, and the PSK nodul ation signal; setting

signdh@ 6oty Alhe Oﬂﬂneé:gimcfcp,r and tdaddryg G 0l ddmigh t Neon

control "angl e base on the first phase conparison

resulit@s WHasviangd e 1seaond phasseneomas iS00 flesidd sof a
controlling the first parameter and the second

signalamareteeim hasedaroidie Icork ralgranigl es Wulbiedtied to phase
controlled in the control direction; and controlling
shifttihey dfi mmanmeiureadinig datra: fromhde®@8ikcabduiate onith
signal based on the control angle virtually
the R&htragldled:jion theyreontdwiingitterttior priedhilkased on a
. arrangement, a first clock signal with a frequency
firstamerexiateiel g BfEend nhato dfihe PsKPhas e Ishigentrol

Keyi ng) nodul ation signal serving as a digital signal
anglegyifj @@ ¢ PIRGTEHIGRT GHEPAHE 2 St ore ¢ oek &f g

of  which the phase differs fromth firstI%%oc
contrQlgdid sy 1M Hars gfél%“atse]cﬁ“?rﬂ'rs’i%epr%%%o n‘pﬁ?@r]%on

, resul t howj th results, of co rin tﬁf phases
sionafh” 27 A Nterbio Kite O 78 K ST gRAIC 1% control

. ubj ect ed t.o phase shifti of 9 unt. equi val.ent
dlre%scoldél aSh rvoﬁrtgunaasley Vﬁﬁncihfc?rhgllanrg }thei ecac?r%trol achéle based
on the first phase comparison results and the second phase
comparison results; controlling the first parameter and the
second parameter based on the control angle virtually
controlled in the ccentrol directicon; and contrclling the
timing of reading data from the PSK modulation signal based
on the control angle virtually contreolled in the control
direction.

With this arrangement, a first clock signal with a
frequency approximately equal to that of a PSK (Phase Shift
Keying) modulation signal serving as a digital signal
subjected to PSK modulation, and a second clock signal of
which the phase differs from the first clock signal by 11/2
are generated; first phase comparison results showing the

results of comparing the phases of a signal wherein the

first clock signal is subjected to phase shifting of an




virtually control the phases of the first clock signa
and the second clock signhal with the PSK nodul ati on
signal during the tine period, and second phase
conparison results showing the results of conparing
the phases of a signal wherein the second cl ock
signal is subjected to phase shifting of an anount
equi valent to the control angle with the PSK

nodul ati on signal during the tine period, are
conputed for each tinme period of a predeterm ned

amourt€R@fNvalkased On addtrsdl RAARRLAT GO T LSRN dIg: too
the cosine of the control angle, a second paraneter
virtwe@lrespondiog the theised nef afhd hel sontd obclangl gnal hend
first clock signal, the second clock signal, and the
the sRSKmbdllcatkd eniggiagnalitit hdhe AKX moddudi ateictn o §roxl
virtually controlling the control angle is set based
duringn tthire tfimestpgphiash combardsod mesidd soamek r e secondts
phase conparison results; the first paraneter and the
showigwc ol parsandtse o fareomreiting] [t s Dt e £oinabl
angle virtually controlled in the control direction;
wheregid thife saqafich§ 161Ck eddintg dat SURIRTHE PsKehase
~_nodul ation signal is  cantrolled based on the control
shiftdmg @ fvigt ERAY e GHYNAIEN T ihe tHe Gthiotl Arett i'tht?
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functi onal i t,0 demodu] ate a PSK, ((Phase Shift
B S e R A
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the control angle, a second parameter corresponding to the
sine of the control angle, the first clock signal, the
second clock signal, and the PSK modulation signal; the
control direction feor virtually contreolling the control
angle is set based-on the first phase compariscn results and
the second phase comparison results; the first parameter and
.the second parameter are controlled based on the control
angle virtually controiled in the control direction; and the
timing of reading data from the PSK modulation signal is
controlled based on the control angle virtually controlled
in the control direction.

According to an embodiment of the present invention, an
IC (Integrated Circuit) chip with the functionality to

demodulate a PSK {Phase Shift Keying) modulation signal

serving as a digital signal subjected to PSK modulation,
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signal generating unit configured to generate a first
clock signal with a frequency as with that of the PSK
nodul ati on signal and a second cl ock signal of which
the phase differs fromthe first clock signal by

I1/2; a computing unit configured to conpute, for each
time period of a predetermned | ength, first phase
conmparison results showing the results of conparing

t he phases of a signal wherein the first clock signa
is subjected to phase shifting of an anount

havin@du PAIeNtPHa® «a IGRMSDOILARY! & iWhiGh i S anRd € 4 @lock
virtually control the phases of the first clock signa
signadnderichetseconc el eek feicanald wict kydie RSK At idrnock
signal during the tinme period, and second phase
signadonpahi oI reesdntcy asheniitng thiae rogfs ulhtes RHK oerpalra thigon
t he phases of a signal wherein the second cl ock
signadi gmal a seswbidectledk ¢ ighade ofshilfitdnglef dmsanolimfers
equi valent to the control angle with the PSK
from rebgulfdtrisén cdiogials idimeilndg vt AY 44 e pawpwdindagedt on a
first paraneter corresponding to the cosine of the
configygeolto gugPeitea docoRd Partamst &edet €péndi ng to
the sine of the <control angle, the first clock .
predediegRdnectt HeErsddond S5c PRaSty FAMPEHE T he s £5 showing
nodyl ati on signal,; a control direction setting unit
the rEHfitguPEd POV Ehd o RIASE SdiTTect P Hor A 5 dnI 1P
. controlli,n he caontr.al . angle based on.the firs
tiraty 1R Sl PUIRES aad Ot RO S50 g sk F an
0 I resul_ts; r t.er ral it
amoun o e B, TRoRt P he ShE1T pIRGE par BerdT i

Virtu%ﬁgys%ﬁ%QQOﬁa%%%E%%%SQ§S%%'Q%et%%rst clock signal and

the second clock signal with the PSK modulation signal
during the time period, and second phase compariscn results
showing the results of comparing the phases of a signal
wherein the second clock signal is subjected to phase
shifting of an amount equivalent to the contrel angle with
the PSK modulation Signél during the time period, based on a
first parameter corresponding to the cosine of the control
angle, a second parameter correspconding to the sine ¢f the
control angle, the first clock signal, the second clock
signal, and the PSK modulation signal; a control direction
setting unit ceonfigured to set the control direction for
virtually contrelling the control angle based on the first
phase compariscn results and the second phase comparison

results; a parameter control unit configured to control the
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control angle virtually controlled in the contro
direction; and a reading control unit configured to
control the timng of reading data fromthe PSK
nodul ati on signal based on the control angle
virtually controlled in the control direction. The IC
chip may be configured to have non-contact IC card
functionality, read/wite functionality, or read
functionality. Wth this arrangenent, an IC
(Integrated Circuit) chip wth the functionality to

firstdmdlleated a Bk HPhas® N iddr anrkadd Mia bWt ran

signal serving as a digital signal subjected to PSK

cont AdWrailicoRsi rithe iy dortdauk i gnalthid tdbra rdIr egluenayion;
approximately equal to that of the PSK nodul ation

and &Sirgalirmnddite second ek gigrbltofcortidl titee phiasing
differs fromthe first clock signal by I1/2 are

of regelerptdda ffriostthiphdsX conbdeEtsiom reisulals b g tide
results of conparing the phases of a signal wherein

contrdie afriglst vdlrdglellsi grealt ol Iugbjigcttdn: taprphasle dhidat g .
of an amount equivalent to a control angle which is
dheahfl ehip vyt bal cynfienredl tehbagRases 6PNERELS iLlst

' cl ock signal and the second clock signal with the PSK

card fyRgtaared idivgndieadlimiiig & HenGtienaddridod, otanascond

phase conparison results showing the results of

functdeomedlity t he phases of a signal wherein the second

Gh2E Phdnal Lot od Up Riaee LI R9.0L 30 oo
with Y3 TRAUlation 9,003 AWINA Hhe 1R PRILEL A&
Keying} modulation signal serving as a digital signal
subjected to PSK modulation, the first clock signal with a
frequency approximately equal to that of the PSK moduiation
signal and the second clock signal of which the phase
differs from the first clock signal by II/2 are generated;
first phase comparison results showing the results of
comparing the phases of a signal wherein the first clock
signal is subjected to phase shifting of an amount
equivalent to a contrel angle which is an angle to virtually
control the phases of the first clock signal and the second
clock signal with the PSK modulation signal during the time
period, and second phase comparison results showing the
results of comparing the phases of a signal wherein the
second clock signal is subljected to phase shifting of an

amount eguivalent to the contrel angle with the PSK

- 12 -




each tinme period of a predeterm ned | ength based on a
first paraneter corresponding to the cosine of the
control angle, a second paraneter corresponding to
the sine of the control angle, the first clock
signal, the second clock signal, and the PSK

nmodul ation signal; the control direction for virtually
controlling the control angle is set based on the
first phase conparison results and the second phase
conparison results; the first paraneter and the second

modulR@idfelanrane £enthiokhed thagedan dd)e Lentdplp g &or
V|rtuaIIy controlled in the control dlrectlon and the

each tifengeafi dieadi ng pdatd thramridie 1RSIt ald om S gnalst
is controlled based on the control angle virtually

param@erin eldreéspohdihe; contthel ddisfieet o .chAceomtinig taigle,
t hese arrangenents, the timng is controlled for

a seooeadiprg atdee edatca,r raxgbonnl ipayr ttioc wlhar s imeeedi Whg control
preci sion can be inproved wthout increasing the clock

anglef,r edpgedcy.s tBRILEE kDESCRIERT| ONeOR eTidR dDRAWMNGS ikl ,1 drsd
a circuit diagramillustrating an exanple of a

the RSKagiodivdradliodi gilalalpL theFiqpntzrals dd nsicdaiorndifagr am
illustrating an enbodi nent of a non-contact |IC chip

virtugHdpeicontihe griege it te pdditivenRidd © diFplSedd PaserB am g‘the

) 3 is a diagramto describe an overview of the
firsty PHEESsicRPGT 1BRE dicgitdlS prd itherisgeopd phase

comparison results; the first parameter and the second
parameter are controlled based on the control angle
virtually controlled in the control direction; and the
timing of reading data from the PSK modulation signal is
controlled based on the control angle virtually controlled
in the control direction.

According to these arrangements, the timing is
controlled for reading the data, and in particular,
receiving precision can be improved without increasing the

clock frequency.

BRIE¥ DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagram illustrating an example of
a traditional digital PLL;

Fig. 2 is a block diagram illustrating an embodiment of
a non—-contact IC chip wherein the present embodiment is

applied;
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Fig. 4 is a diagramto describe an overview of the
processing of the digital PLL in Fig. 2; Fig. 5is a
circuit diagramillustrating a first enbodi nent of
the digital PLL in Fig. 2; Fig. 6 is a circuit diagram
illustrating a second enbodinent of the digital PLL
in Fig. 2; Fig. 7 is a block diagramillustrating a
functional configuration of the ACT in Figs. 5 and 6;
Fig. 8 is a chart illustrating an exanple of the
direction of control; Fig. 9 is a chart illustrating
20 jexanpke 10ty LBe ek e gie ol 1 60S aPALF 3R %l BP&h2
F|8. 10 is a diagram for describing an exanpl e of
procdd Mg JorHeaigie dategr, Firg-rill i a diagram for
descri bing the operation of the digital PLL in Figs.
$ignd 46 sFagditdrbs aoddaganbiosndeselriviicng cithehe
operation of the digital PLL in Figs. 5 and 6; Fig.
procek¥irgy aMitagr adidral IHUstiratiing & first pattern for
timng of. signal DATA to be input as to signals
giitg(wb) isand cdesit) diRogaml4 lilsisg rditdguoam fforrst
illustrating a second pattern for timng of signa
emboABAtt ®baehaplitgids:t Fhthelsilgial 2~ 14 sin(w) and
cos(wm); Fig. 15 is a diagramfor illustrating a third
pagt-ebnis a circuit diagram illustrating a second

embodiment of the digital PLL in Fig. 2;

Fig. 7 1s a block diagram illustrating a functional
configuration of the ACT in Figs. 5 and 6;

Fig. 8 is a chart illustrating an example of the
direction of control;

Fig. 9 is a chart illustrating an example c¢f the values
of cos para and sin_para;

Fig. 10 is a diagram for describing an example of
timing for reading data;

Fig. 11 is a diagram for describing the operation of
the. digital PLL in Figs. 5 and 6;

Fig. 12 is a diagram for describing the operation of
the digital PLL in Figs. 5 and 6;

Fig. 13 is a diagram for illustrating a first pattern
for timing of signal DATA to be input as to signals sin{wt)
and cos(wt):;

Fig. 14 is a diagram for illustrating a second pattern

for timing of signal DATA to be input as to the signals
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for timng of signal DATA to be input as to the
signals sin(w) and cos(w); Fig. 16 is a diagramfor
illustrating a fourth pattern for timng of signa
DATA to be input as to the signals sin(wt) and
cos(wm); Fig. 17 is a diagramfor illustrating a fifth
pattern for timng of signal DATA to be input as to
the signals sin(wt) and cos(w); Fig. 18 is a diagram
for illustrating a sixth pattern for timng of signa
DATA to be input as to the signals sin(wt) and
. S )..-EFig,,19 is a diagramfor illustrating a
51n(w§gvé%@hcggé g%h for timng of signal DATA to be i nput

%?%gcﬁé Si OBl Srami AEME ) 1 BRg: £98{ ML) & FhOrd20al Bedn
i

gramfor illustrating a eighth pattern for timng
for thishonal sPATAIt kR tBPHE asphie kbetsi gRal sigslbnewt )
and cos(w); Fig. 21 is a diagramillustrating an

sin (wexaghkec8t (t/be; operation of the digital PLL in Figs.

5 and 6; Fig. 22 is a diagramillustrating an

TIpr ovenefnta exanpie Hirtheloperatiog of fohetdi gatbbrn

PLL in Figs. 5 and 6; Fig. 23 is a diagram
for tikiogtodt shgnah BRAApkLe bek tihput- ag5toazhepergniads of

the digital PLL in Figs. 5 and 6;
sin(wt) and cos{wt);

Fig. 17 is a diagram for illustrating a fifth pattern
for timing of signal DATA to be input as to the signals
sin{wt) and cos{wt};

Fig. 18 is a diagram for illustrating a sixth pattern
for timing of signal DATA to be input as to the signals
sin{wt) and cos(wt);

Fig. 19 is a diagram for illustrating a seventh pattern
for timing of signal DATA to be input as to the signals
sin(wt) and cos(wt);

Fig. 20 is a diagram for illustrating a eighth pattern
for timing of signal DATA to be input as to the signals
sin{wt) and cos{wt};

Fig. 21 is a diagram illustrating an example of the
operation of the digital PLL in Figs. 5 and 6;

Fig. 22 is a diagram illustrating an improvement
example of the operation of the digital PLL in Figs. 5 and
6;

Fig. 23 is a diagram illustrating an example of the

- 15 -




Fig. 24 is a diagramillustrating an exanple of the
operation of the digital PLL in Figs. 5 and 6; Fig. 25
is acircuit diagramillustrating a third enbodi nent
of the digital PLL in Fig. 2; Fig. 26 is a diagramfor
descri bing the operation of the digital PLL in Fig.
25; Fig. 27 is a diagramillustrating an exanpl e of
the operation of the digital PLL in Figs. 5 and 6;
Fig. 28 is a circuit diagramillustrating a fourth
enbodi nent of the digital PLL in Fig. 2; Fig. 29 is a
operaltliQek H aglam;idilust makl ng aifganctd epad ¢configuration
of the ACT in Fig. 28; Fig. 30 is a chart illustrating
gngexanpke af aikAi-ag ifonskteading out cdak@)lcard Fihg
31is a diagramdescribing the operation of the
opera@ii@int alf Rible idigfitgl 28.1 DESGRIGETI ON LK THE PREFERRED
EMBODI MENTS Bef ore descri bi ng enbodi nents of the
ptesent iimventionuitt Héagormespdndemed ilnet we drm itrive
features of the clains and the specific elenents
emboddireritosdd tihe ehtgddieneMld. ofn tthey. ptiesent invention is
di scussed bel ow. This description is intended to
adgur 86t hat aeAbedirrEnters deperibag ot ke eclogierad-1on of
i nvention are described in this specification. Thus,
the dagdiral FE.L jin dd %l eftent in the fol |l owi ng enbodi nents

i s not described as [elatin% to a certain featur?lof
Fﬁ@-p?@séﬁtaiﬁ&éﬁ??@nllluStr ting an example cf thne

operation of the digital PLL in Figs. 5 and 6;

Fig. 28 is a circuit diagram illustrating a fourth
embodiment of the digital PLL in Fig. 2;

Fig. 29 is a block diagram illustrating a functional
configuration of the ACT in Fig. 28;

Fig. 30 is a chart illustrating an example of timing
for reading out data; and

Fig. 31 is a diagram describing the operation of the

digitai PLL in Fig. 28.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before describing embodiments of the present invention,
the correspondence between the features of the claims and
the specific elements disclosed in embodiments of the
present inventicn is discussed below. This description is
intended to assure that embodiments supporting the claimed

inventicn are described in this specification. Thus, even
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that does not necessarily nean that the el ement does
not relate to that feature of the clains. Conversely,
even if an elenment is described herein as relating to
a certain feature of the clains, that does not
necessarily nmean that the elenent does not relate to
the other features of the clainms. rrr The PLL circuit
(e.g., adigital PLL 112a in Fig. 5, a digital PLL
112b in Fig. 6, a digiital PLL 112c in Fig. 25, or a
digital PLL 112d in Fig. 28) according to an

if arerbediementin ohd FRINLRSORE drbRNkicon JTBY Imel Wisscribed
firstly, a clock signal generating unit (e.g., a

as reequency di Wedehil3Fdatudd @F the Gradmntorind®ntion,
configured to generate a first clock signal (e.g.,

that sio@ahcgi mautc)s)samitlly aefame qlenc ythap prieniarat eloes egual
to that of a PSK (Phase Shift Keying) nodul ation
relatsi gralthser fieag vas afditdgiet allasignal Subjeectedd t WRSK i f
nodul ati on, and a second cl ock signal (e.g., signa
an elegsiw )i defsontiibetd theerepmage dicfifadrigd rtoma e ftiaigt
clock signal by 11/2; a conputing unit (e.g., Exor
featugier @i ttel13daimed F326, doad Mol inece sE3gE-ly agughat
133b- 2, adders 134a and 134b, and LPF 135a and_ 135b
the glemeng doesppt i@kt $01328 PSRBT HAT I i
. 133a-1 through 133b-2, LPF 16la-1 through 161b-2, and
claimsjders 162a and 162b in Fig. 6, Exor circuits 132a and

BRDGE UL BLL B R 1% A LA 130 2ol 00 B, o
digital P % in rig. 6, a digital PLL 112c in Fig. 25,
or a digital PLL 11i2d in Fig. 28) according to an embodiment
of the present invention may include, firstly, a clock
signal generating unit (e.g., a frequency divider 131 in
Figs. 5, 6, 25, cor 28) configured to generate a first clock
signal (e.g., signal sin(wt)) with a frequency approximately
equal to that of a PSK (Phase Shift Keying) modulation
signal serving as a digital signal subjected to PSK
modulation, and a second clock signal (e.g., signal cos(wt})
of which the phase differs from the first clock signal by
I[1/2; a computing unit ({(e.g., Exor circuits 132a and 132b,
multipliers 133a-1 through 133b-2, adders 134a and 134b, and
LPF 135a and 135k in Fig. 5, Exor circuits 132a and 132b,
muitipliers 133a-1 through 133b-2, LPF 16la-1 through 16lb-2,
and adders 162a and 162b in Fig. 6, Exor circuits 13Z2a and

132b, muitipliers 133a-1 through 133b-2, LPF 31la-1 through
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circuits 132a and 132b, multipliers 133a-1 through
133b-2, LPF 31l a-|I through 31l b-4, and adders 162a
and 162b in Fig. 28) configured to conpute, for each
time period of a predetermned length, first phase
conparison results (e.g., value EV11l) showi ng the
results of conparing the phases of a signal wherein
the first clock signal is subjected to phase shifting
of an ampbunt equal to a control angle which is an
angle to virtually control the phases of the first

311b-9, O%lﬁd sigRals and i hesacend 6l asky sizgnals mirth, 4 he PSK
modul ati on signal during the time peri'od, and second

circul@se eMad SoPh,r ealtip (@G 1 3m-ue EER)grs howme,
the results of conparlng t he phases of a signa

LPF herai nHhegesand-al,ockdignrird sl e2subjrectieaby drphmise.
shifting of an anmobunt equal to the control angle with
28) ddneiRScamdd atdrpmtsd, grialr durdbng itndee da mievd e i20d,
based on a first paraneter (e.g., cos_para)
predet@maspendiemg tthe  tihie sto gihaes cofedniper gy alesanglie, (ea g,
second paraneter (e.g., sin_para) corresponding to
valuet BY ldineshofwinige theomasel tangife coamparfinastths adlases of a
signal, the second clock signal, and the PSK
Slgnaﬁndm@&tqléh tdiggfalrsta destly Sligmalecis (ﬁﬁlbjs%?ttﬁ%gt%rﬂftase
(e ,_acontrol direction detecting unit 181 in Fig
Shlft?n&r o G 2P dnfiiredd ¢ e iRt @&ﬁlreol‘“’hld?}f ét?t |‘36h

for virtually controII| t he contr e bas on

anqletﬁ:@f Hirdtadias & 0dmhsar Fesng & er*et $de

Slgna( ase rrparl ﬂﬁg r es rS (%mjfar afgﬁtt?{elggl{ r ol LglathOd}

51gna1 %UI %@'%gpr%HEF%@rlod and second phase comparison
results (e.g., value XV12) showing the results of comparing
the phases of a signal wherein the second clock signal is
subjected to phase shifting of an amount equal to the
control angle with the PSK modulation signal during the time
period, based on a first parameter {(e.g., coOs _para)
corresponding to the cosine of the control angle, a sécond
parameter (e.g., sin para) corresponding to the sine of the
control angle, the first clock signal, the second clock
signal, and the PSK modulation signal; a control direction
setting unit (e.g., a control direction detecting unit 181
in Fig. 7 or FPig. 29) configured toc set the control
direction for virtually controlling the control angle based
on the first phase comparison results and the second phase

comparison results; a parameter control unit (e.g., a
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to control the first paranmeter and the second
paraneter based on the control angle virtually
controlled in the control direction; and a reading
control unit (e.g., a reading timng control unit 184
in Fig. 7 or.a reading timng control unit 371 in
Fig. 29) configured to control the timng of reading
data fromthe PSK nodul ati on signal based on the
control angle virtually controlled in the contro
direction. The PLL circuit according to an enbodi nent

parafft dN&o&SENIn{ VAN 19D Ry, inchds; g sepondtyntid@red
computing unit; the nultiplying unit (e.g., Exor

to oLl t@ﬁel%ﬁ@q%alﬁﬁﬁbt@ﬁdan@wﬂé Pt d @Fi8d IgBtarieter
t hrough 133b-2 in Figs. 25 or 28) configured to

based® Apuite: tdientf i Standweoughe el Twutddt rand éd plh eche
val ues; a first curul ative adding unit (e.g., LPF

cont Bl atilrddt Fdrgs.ad drr8)irmpnfomgured Yol cutal @t j vel y
add the first nmultiplied value every other tine, over

readire timeng peritody] arsidcoftf cumiliiag i Ve @ddi ngeamitg
(e.g., LPF 311a-3 in Figs. 25 or 28) configured to

tlmll‘@mralrcvlelh}mam&'thelrf ifFisd- FU t¢p i e ved ueo evaptyrol
other tinme, so as to alternate wth the first

the tUMN@ty Cerding dafia T overthhe 5K rf@a%@fﬁt@aen aSl‘irFﬁ1=d

curmul ative adding unit (e.g., . LPF 311a-2 in Figs. 25
basegronpgihe diftilgit e P Dt ¢ ahiT et e yc%fb*dr?%%e%ejc%n@e

nultlplled val ue every other time, over the tine
cont i Y CGF¥Purth  cumul ati ve addi ng unit (e g., LPF

A A R A S a0t che
present invention may include, secondly, the computing unit;
the multiplying unit (e.g., Exor circuits 132a and 132b, and
multipliers 133a-1 through 133b-2 in Figs. 25 or 28)
configured to compute the first through the fourth
multiplied values; a first cumulative adding unit (e.g., LPF
31ia-1 in Figs. 25 or 28) configured te cumulatively add the
first multiplied value every other time, over the time
period; a second cumulative adding unit (e.g., LPF 31la-3 in
Figs. 25 or 28) configured to cumulatively add the first
multiplied value every other time, so as to alternate with
the first cumulative adding unit, over the time period; a
third cumulative adding unit (e.g., LPF 311a-2 in Figs. 25
or 28} configured to cumulatively add the second multiplied
value every other time, over the time period; a fourth

cumulative adding unit (e.g., LPF 31la-4 in Figs. 25 or 28)
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every other tine, so as to alternate with the third
cunul ative adding unit, over the tine period; a fifth
curmul ative adding unit (e.g., LPF 311b-1 in Figs. 25
or 28) configured to cunulatively add the third
mul tiplied value every other tine, over the tine
period; a sixth cunmulative adding unit (e.g., LPF
31l b-3 in Figs. 25 or 28) configured to cunulatively
add the third nultiplied value every other tinme, so
as to alternate with the fifth cunul ati ve addi ng
confidirkd Q¢eluthg attliRR 1Rekided tha SeVeMd reumikatiae value
adding unit (e.g., LPF 3l1b-2 in Figs. 25 or 28)
everyCotthiegurathet, 0 scCumultat iaveleyradd theH atrd Rhmdd i pl i ed
val ue every other tinme, over the tine period; an
cumu leitdhltch addimloatunde , addieng tid ttimee pgeriddPF a3HiEth in
Figs. 25 or 28) configured to cunulatively add the
cumulfgumrth asditigpluned Vial.ge ,eVé&y 3dtliverl imi ME,gsso Zds aro 28)
alternate with the seventh cunul ati ve adding unit,
configuered he Cunelgddivedy add tde dddingg mittiplae.ay vaddder
162a in Figs. 25 or 28) configured to conpute the sum
everyofthigg timest cv@fultdE Vel aeddddaltus iedvp hadt Wty e
. the first cumulative adding unit and the second
addingymiidt i (el raddéd 3 Wade iokdPted an OF 498 (g oured

cunnul ative adding unit, or the _sumof the first
to cu Fatievel paddE argE EM&%&@\% PR it4e SVEddoRERer

cime, STV Ve SIS0 AL S0 % SSSORS LS Sl
onie S0k 5308 AT B0 s BT BT
(e.q.Lhe pehind i cumylati el Vo5 or 28) configured to
cumulatively add the fourth multiplied value every other
time, over the time period; an eighth cumulative adding unit
(e.g., LPF 311b-4 in Figs. 25 cor 28) configured to
cumulatively add the fourth multiplied value every other
time, so as to alternate with the seventh cumulative adding
unit, over the time period; a first adding unit (e.g., adder
162a in Figs. 25 or 28) configured to compute the sum of the
first cumulatively added value computed with the first
cumulative adding unit and the second cumulatively added
value computed with the third cumulative adding unit, or the
sum of the first cumulatively added value computed with the
second cumulative adding unit and the second cumulatively

added value computed with the fourth cumulative adding unit;

and a second adding unit (e.g., adder 162b in Figs. 25 or
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added val ue conmputed with the fifth cunul ati ve addi ng
unit and the fourth cunul atively added val ue conput ed
with the seventh cunulative adding unit, or the sum
of the third cunulatively added val ue conputed with
the sixth cunul ative adding unit and the fourth
cunul ati vel y added val ue conputed w th the eighth
curmul ative adding unit. A phase control nethod
according to an enbodi nent of the present invention
i ncludes steps of generating a first clock signa

28} de®rflqur¥dngd Mo Jend tdhind I eGUERAY: r ARALAXI A8l Vy
equal” to that of "a PSK (Phase Shift Keying)

added"RAUhRL iQMRit@RAly (8 Ghe SAignal PARA) SEFY i dWHASy ainit
digital signal subjected to PSK nodul ati on, and a

and t$eCarthrdrocdumSiagiale1e.aidedsivgnale cosipt)dd of i vihi tate
the phase differs fromthe first clock signal by

sevently Zuncdrpuutiengddiorg eacht ,t iare tiperdwd of #he third
predeterm ned | ength, first phase conparison results

cumu lag.ig.e l w aldde EvhDues howiing: chev rtds uitss pfxtdonpani gt Lve
t he phases of a signal wherein the first clock signha

addinigs ursiibjeet ddnet & phdde wmvhatng ofy afldambuml ey uamrwted
a control angle which is an angle to virtually

with ddwr reglahthe pases igie adibing r8ilted ock signal and the

second cl ock signal with the PSK nodul ation signal
fuphaget Rentire perbed, 2 rddegndo 6‘F9a§€1b86iriﬂ‘£gﬁts&¥

the RS Sl LS AR o v e oaul L5 of
crociCSkT HIEL |5 SUBLECLE, LA BhaseEly LG, glon - 21
appr&g%%gfgfﬁnéqual to that of a PSK (Phase Shift Keying)
modulation signal (e.g., signal DATA) serving as a digital
signal subjected to PSK modulation, and a second clock
signal (e.g., signal cos(wt)) of which the phase differs
from thé first clock signal by II/2; computing, for each time
period of a predetermined length, first phase comparison
results (e.g., value 2V11l) showing the results of comparing
the phases of a signal wherein the first clock signal is
subjected to phase shifting of an amount equal to a control
angle which is an angle to virtually control the phases of
the first clock signal and the second clock signal with the
PSK modulation signal during the time period, and second
phase comparison results {e.g., value XV12) showing the

results of comparing the phases of a signal wherein the

second clock signal is subjected to phase shifting of an
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signal during the tine period, based on a first
paraneter (e.g., cos para) corresponding to the
cosine of the control angle, a second paraneter
(e.g., sin para) corresponding to the sine of the
control angle, the first clock signal, the second
cl ock signal, and the PSK nodul ati on signal; setting
the control direction for virtually controlling the
control angle based on the first phase conparison
results and the second phase conparison results;
amoun€0BENQL | 9O hibecbhrshl Qﬁ@@@e%fﬁhaﬂﬂetb@KSﬁégﬂQatlon
parameter based on the control angle virtually
signatodtfohfeghéncthe gontoel HhreatbAna @ndstCpRtbAkkiery
the timng of reading data fromthe PSK nodul ation
(e.g.si ghal phasedconrébposanhgotoatgkecustihdablythe control
controlled in the control direction. An IC (Integrated
angle acaetdnehppréeeger adenon; contaptrh cohirpspOhding to
Fig. 2) according to an enbodi nent of the present
the sinveafiOne wpbhroheahahetibhal Fiystocdembdalignela tRSK
(Phase Shift Keying) nodul ation signal (e.g., signa
seconPATAPckepvingl asanddrget aﬁKsm@fﬁaﬂaéaﬁpeéﬂédat‘L@ pSKting
nmodul ati on, having a PLL (Phase Locked_Loop) circuit
the ceptgol d%h@CEiL@ntgprP‘ILLrMQélYnCPrl*gméllagngm cppgrol
112b in Fi gital PLL 112¢c in Fiqg. or
angledb@$%g|O@L€hQ1§ar?h PP@Sez@?mPaFﬁéPHdé§581€Po€Pd aﬁa

enerating unift the frequenc er 1inFig
second pigaso5C0gpa s Eoﬁ??‘é P Rdng Erlh e tRE rhebt ok

param3E%Fo§?%a¥%?yS%a%aﬁ patoneteh Bkl fr§0§3?§¥ﬁgﬁ%

angle i r%uaffg controlied in the control direction; and

controlling the timing of reading data from the PSK
modulation signal based con the control angle virtualily
controlled in the contreol direction.

An IC (Integrated Circuit)-chip (e.g., a non-contact IC
chip 101 in Fig. 2) according to an embodiment of the
present inveﬂtion, with the functionaiity to demodulate a
PSK (Phase Shift Keying) modulation signal (e.g., signal
DATA) serving as a digital signal subjected to PSK
modulation, having a PLL (Phase Leocked Loop) circuit (e.g.,
the digital PLL 112a in Fig. 5, digital PLL 112b in Fig. 6,
digital PLL 112c¢ in Fig. 25, or digital PLL 112d in Fig. 28),
includes a clock signal generating unit (the frequency
divider 131 in Figs. 5, 6, 25, or 28) configured to generate

a first clock signal (e.g., signal sin{wt)} with a freguency
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a second clock signal (e.g., signal cos(w)) of which
the phase differs fromthe first clock signal by
I1/2; a conputing unit (e.g., (e.g., Exor circuits
132a and 132b, nultipliers 133a-1 through 133b-2,
adders 134a and 134b, and LPF 135a and 135b in Fig.
5, Exor circuits 132a and 132b, nultipliers 133a-1
t hrough 133b-2, LPF 16l a-1 through |6lb-2, and adders
162a and 162b in Fig. 6, Exor circuits 132a and 132b,
mul tipliers 133a-1 through 133b-2, LPF 31la-1 through
approxintd1 2 r&bz wagders tkfida cﬁ“_nd:lrﬂeG%H MddidatZfon i and
circuits 132a and 132b, multipliers 133a-1 through
a secbidb-A.ocd B gikla- e throughyndll ok (vind addertsi db2ame
and 162b in Fig. 28) configured to conpute for each
phasd i feard k- cad the pfiedet erlmidiedsileengt hyy fllf 8t phase
conmparison results (e.g., value EV11l) show ng the
computasy tsidf (conpari g d-he Plasesiwfuid s si raalamwherBin,
the first clock signal is subjected to phase shifting
mult igfl iy sanoidst- leguedouah a Tdntd.oladkhyglie Mg b, and
angle to virtually control the phases of the first
LPF ka&acl@ncéulgaa'iéfl land itche sedoitf @Wléifgrﬂa?fzamqflrﬁt]ﬁe?msK
nodul ati on. signal during the tinme period, and second
L A o M ol 7 6l 3¢ g, 1P bal GO EVAEPreNdn i 1~

t he results of co arln%1 t he phases of a si

and agdsTs 1 4%fe Ak oRiRIise lsﬁgn6al HROT Siij St ﬁ?apf?d%%

1320, Hgﬁgg@%%&ﬁaﬁtﬁm *Qtté};%“ r%%r%h%e%?éﬁmﬁ 1pae_nlfJ

based fi '
311b~ 43??&08 ahagjerlsr o ar Aol & tE’hlegcgan$r ol angcf e, a

ea CcOoslI ne O
circﬁ%%““¥§2a and 132b, multipliers 133a-1 thrcough 133b-2,

LPF 311a-1 through 311k-4, and adders 162a and 162b in Fig.
28) configured to compute for each time period of a
predetermined length, first phase compariscn results (e.g.,
value XV11l) showing the results of comparing the phases of a
signal wherein the first clock signal is subjected to phase
shifting of an amount equal to a control angle which is an
angle to virtually control the phases of the first clock
signal and the second clock signal with the PSK modulation
signal during the time period, and second phase comparison
results (e.g., value XV1i2} showing the results of comparing
the phases of a signal wherein the second clock signal is
subjected to phase shifting of an amount egual to the
control angle with the PSK modulation signal during the time

period, based on a first parameter ({(e.g., cos para)
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paranmeter (e.g., sin para) corresponding to the sine
of the control angle, the first clock signal, the
second clock signal, and the PSK nodul ation signal; a
control direction setting unit (e.g., the contro
direction detecting unit 181 in Figs. 7 or 29)
configured to set the control direction for virtually
controlling the control angle based on the first
phase conparison results and the second phase
conparison results; a paranmeter control unit (e.g.,

corrdd@nAYFARR] eh Qe WH tthk83 drt f19%nglledr 2Becond
configured to control the first paranmeter and the

parareeand Ray.gnetier feased cairddi@renniy alo angl &ivid tamldne
controlled in the control direction; and a reading
contredntamell eynitthe( €igst tdieakeadigig 1 ,t iengecantd atladk t
184 in Fig. 7 or the reading timng control unit 371
signaln REingl t29) ESehiriognled itoe: comiadl; teheorttimilngliofection
readi ng data fromthe PSK nodul ati on signal based on
settifnge vedrit ri@. cangltdeviqunialdly ddomatoldredid teathara omtirtol 181
di rection. Enbodi nents of the present invention w |l
in Figew be crdesdr idsed ise1rew Wit Fateffdifered il e rection
diagrams. Fig. 2 is a block diagramillustrating a

for viaitidn Yofcoan r griiddi bt OMtE Hordit adsqdcon the
, (Integrated Circuit) tq which é%?e resent invention
Fi st Ghoe  AFICHT RS, GOt 01 IR PEERE [ n B g.
2.is an I C. chip havi(r%l?ne on- contact IC.card the
COMPA NS GIRATT Y, dnd FoIetanpis. s "B Furdtihr (18
paramre Setror eon;jjr%ﬁ or'ltgll%%J iqlatﬂgfsr.om %rdIZQJ)t %lonsfli nuallfled to
subjected to
control the first parameter and the second parameter based
on the control angle wvirtually controlled in the control
direction; and a reading control unit (e.g., the reading
timing control unit 184 in Fig. 7 or the reading timing
control unit 371 in Fig. 2%) configured to control the
timing of reading data from the PSK modulation signal based
on the control angle virtually controlled in the control
direction.

Embodiments of the present invention will now be
described below with reference to the diagrams.

Fig. 2 is a block diagram illustrating a portion of an
embodiment ¢f a ncn-contact IC.(Integrated Circulit) to which
the present invention has been applied. The non-contact IC
chip 101 in Fig. 2 is an IC chip having non-contact TIC card

functionality, and for example, has a function to restore
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nodul ation, i.e. a function for denodul ating a digital
signal subjected to PSK nodul ati on. The non-contact IC
chip 101 is arranged so as to include a denodul ating
circuit 111, digital PLL 112, and a CPU (Centra
Processing Unit) 113. The denodulating circuit 111
generates the power necessary for the operation of
the non-contact 1 C chip 101, based on an RF i nput
signal supplied froman unshown antenna having

recei ved el ectromagneti c waves from an unshown

origirfAdesdiy i4:@im Andi euppl i esgdde genprated poweskto the
various units, at the sane tine outputtlng to the

modulH@idml i RLL dldrecidenpdidatddgpsigraing hereajieil al so
call ed signal DATA) serving as a 1696 kbps (kilobits
signglersgepandd d@irsH meigal i qub) edtecthdro-RSKeact IC chip
nodul ati on by subjecting the bit row, which is a
101 idermchdrageat s grmaltobtratnete by dematiul @timg ¢declRE 111,
input signal and is original data, to Manchester
digitenicdtilngl.12 Asand teh GRiE digyittedl Afodesshigy ginit) akt3.
shown in Fig. 3, the digital PLL 112 is an operating
dhec ke diHa tdngn &l "ERTA  lildpgenfréhethd hdemsdia at i ng
circuit 111 and the non-contact |C chip input from an
necesihowP oIS | RS HY QT Qf tthevasiPHE 2ot ot gl &L/
ch is controlled so that the prs di fference A
baseddfheth the Etnal t Fiei( it RP ) ﬁ%&%ﬁﬁ%ﬁwwm@ma
. the clock, signal f clk wherein the clock frequency is
havi ng RS T HHCONES B v el V5 W1t e WESLTbed
I{?er“ the digital , PLL 112 is not to directl ontrol
readq R (HEE T 5y SR T ot the TRl ues
vari@ls QASTRAT &, SeMd hAS A RATAEI & ting to the digital
PLL 112 a demcdulating signal (hereafter also called signal
DATA) serving as a 1696 kbps (kilcobits per second) digital
signal subjected to PSK modulation by subjecting the bit row,
which is a demcdulated signal obtained by demcdulating the
RFF input signal and is original data, to Manchester encoding.
As with the digital PLL 1 in Fig. 1, as shown in Fig. 3,
the digital PLL 112 is an operating clock of the signal DATA
input from the demecdulating circuit 111 and the non-contact
IC chip input from an unshown oscillating circuit, whereby a
control angle ® is controlled so that the phase difference A
between the signal sin{wt + ®) generated by dividing the
clock signal f clk wherein the clock frequency is 13.56 MHz

becomes 0. However, as will be described later, the digital

PLL 112 is not to directly contrcl the sin (wt + @), but by
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corresponding to cos(b, and sin-para serving as a
paraneter sine in the case of expanding sin(wt + (D)
as shown bel ow (Expression 1), whereby the phases of
the control angle (p and the signal sin(w + (p) can
be controlled. virtually. sin (vt + (P) = cos (h'x
sin(wt) + sin cV x cos(w) . (1) Also, with the
digital PLL 112, the bit rate of the signal DATA to
be input is 1696 kbps, whereas the clock frequency of
the clock signal f _clk to be input in the frequency

contr%lmu%r tln%l U813, B Mds 502 sk ipanal al‘%lnketé%f

ei ght cl ocks worth is assigned to one bit o

correSr@di nPATACIs®, MMe Syelgand Séonahg DT A ﬁ§r3ﬁé{er'
be described later, with the digital PLL 112, as is

sin® SOWhd nedig.od, ei;ﬁtﬁqdﬂﬁ@s§1rﬁ esol Htdon wheERbANOPE L ow
clock is further divided into four, i.e. a resolution

(Exprefssdldn /132 wheneity ate grdseofof Stj@‘laiorﬁAc'EA imngle @
divided into thirty-two is realized. Note that the

and tihedtsh gofa it leimr@sol+ut®oncas lexpressed! besd AADrt241132)
and the control angle is expressed as ¢ = On x A(p
Epn (Ws andintegers f® omHin 6v131)+ mmer cehéwli gital
PLL 112 controls the timng for reading data from the
si-ghdl DATA in order to extract a bit row before PSK

nodul ation, i.e. in order to restore the data before
BSROpDH St £BE, d%ﬂé@éloﬁLﬁhélgalG@eoplénraﬁeeOfbégéd

on the V|rtual cont r.ol Speci fi cal
sianagy gr Fo bip LR 1P Guerdtey AT Ay Lo
frequerlllg:lyc%tf r%%e c 009< tsolgrneald f clk to be input in the
frequency divider 131 is 13.56 MHz, so a clock signal £ clk
of eight clocks worth is assigned to one bit of the signal
DATA, i.e. one cycle of signal DATA. As will be described
later, with the digital PLL 112, as is shown in Fig. 4, the
phase resolution wherein one clock 1is further divided into
four, i.e. a resolution of 2II /32 wherein one cycle of
signal DATA is divided into thirty-two is realized. Note
that the width of the resolution is expressed as AD (=
2I1/32), and the control angle is expressed as © = On x AD
(OPn is an integer from 0 to 31).

Further, the digital PLL 112 controls the timing for
reading data from the signal DATA in order to extract a bit
row before PSK modulation, i.e. in order to restore the data
before P3SK modulation, based on the value of ®n, i.e. based

cn the virtual control angle @®. Specifically, the digital
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the data fromthe signal DATA based on the val ue of
On, and supplies this to the CPU 113. The CPU 113
reads the data fromthe signal DATA based on the
timng signal supplied fromthe clock signal f clk
and the digital PLL 112, thereby restoring the data -
before PSK nodul ation, and perforns predeterm ned
processi ng such as reading/witing of the data stored
in an unshown non- volatile nmenory, based on the
restored data. Figs. 5 and 6 are circuit diagrans

PLL 10bl ysheahtng antigxagpkegehlt hedeeafiigy atimanofiot head
digital PLL 112 in Fig. 2. Hereafter, in order to

the ddtst Fpgui shebetyeaen DheAdbgistal onPlthel?2live kifgshn,5 and
and 6, the digital PLL 112 in Fig. 5 will be called a

suppldegi thlisPtbt th2asrandlthe digital PLL 112 in Fig. 6
will be called a digital PLL 112b. Also, in the event
ThatCkthel B3 | seads pline | et ar fneedthe digniphgihTh based
between the digital PLL 112a and the digital PLL

on thelRpmipngi sighpl sheplycdbéredl L8¢ CRECH gilgar P c1i2.
The digital PLL 112a in Fig. 5 is nade up of a

and theegdighEfldPrldél213theERbyY EPFEOTLEI1EPE dRdaidehore
nultiELiers 133a-1 t hrough 133b-2, adders 1343 and

PSK meduhatipprsa{loRPPASS™Ri PT 68} 185 AN & PSE6 S 1 8/d ST

A i tud traolled T f 136. Th
as reRLpbdNEy aNg; 86 Ch81 gERaPEPea a8 ghatinsP Pon-
ving as a 1698 kk&t |0%§S%E g%I which is of a

volatsir m TV, b3s5& n e datar :
f %qu%ngy -P27%“aPhos equi val ent £6% he si gnal DATA,

5{5%? §i£ﬂ§l6cg§éméircuit diagrams illustrating an

example of the configuration of the digital PLL 112 in Fig.
2. Hereafter, in order to distinguish between the digital.
PLL 122 in Figs. 5 and 6, the digital PLL 112 in Fig. 5 will
be called a digital PLL 11Za, and the digital PLL 112 in Fig.
& will be called a digital PLL 112b. Also, in the event
that there is no particular need to distinguish between the
digital PLL 112a and the digital PLL 112b, this will simply
be called the digital PLL 112.

The digital PLL 112a in Fig. 5 is made up of a
frequency divider 131, Exor circuits 132a and 13Zb,
multipliers 133a-1 through 133b-2, adders 134a and 134b,
LPFs {(Low Pass Filters) 135a and 135k, and an ACT (Amplitude
Controlled Transfer) 136,

The frequency divider 131 generates a signal sin(wt)

serving as a 1696 kHz clock signal which is of a freguency
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serving as a 1696 kHz cl ock signal wherein the phase
of the signal sin(w) differs by just rl1l/2, or nore
accurately, the phase is delayed by just rl/2, based
on the 13.56-MHz clock signal f clk input fromthe
unshown oscillation circuit. The frequency divider 131
supplies the signal sin(w) to the Exor circuit 132a,
and supplies the signal cos(w) to the Exor circuit
132b. The Exor circuit 132a generates a signal DATA X
sin(wt) wherein the signal DATA input fromthe

almosfifersaﬁ}ﬂv%{ﬂé?ﬁ Hd GHd sibhkianhtde fxclusd MardR d&xah))
0

the signal sin(w) are inverted, and supplies this
servilr@ e snlddplier 1k33a-sh gid  whash=ih e e of the
circuit 132b generates a signal DATA x cos(w)
signatheyiei (wih)helisifgral HATASMANL2 f rem hdee desodubati g the
circuit 111 and the Exor of the signal cos(w) are
phasd nverdeddiyeandy suppl i€ t hvssdd dhetimal 18 pbbenkz 18BacR
and 133b-2. The nultiplier 133a-1 nultiplies a
signgdarfangtkeringog farcan tdgppirisdebvir emainel sAdTr 361 tauitthe
signal DATA x sin(w), assumng a H |evel value of
The firesusingivald iPATR X silnEmPPtiesdher sE gl @#illplwtlevied the
val ue thereof to be -1, generates a signal cos para X
Exor MATAW tsilmda) and isvdirdadce the milanad i€ (Whall de ddse
para x DATA x sin(wt), and supplies this to the adder
Exor pigguifnd 3ARtiplier 133a-2 nultiplies a parameter sin

%%%ZE%béggéﬁEugelH%QafggggEg eécg é%gn%g_EE%A§&gg?h(wt)
wherein the signal DATA input from the demodulating circuit
111 and the exclusive-CR (Exor) of the signal sin{wt) are
inverted, and supplies this to the multipliers 133a-1 and
133b-1.

The Exor circuit 132b generates a signal DATA x cos (wh)
wherein the signal DATA input from the demodulating circuit
111 and the Exor of the signal cos(wt) are inverted, and
supplies this to thé multipliers 133a-2 and 133b-2.

The multiplier 133a-1 multiplies a parameter cos para
supplied from the ACT 136 te the signal DATA x sin(wt),
assuming a Hi level value of the signal DATA x sin(wt) to be
+ 1 and a Low level wvalue thereof to be -1, generates a
signal cos para x DATA X sin(wt} to indicate the multiplied
value cos_para x DATA x sin{wt}, and supplies this tc the

adder 1i34a.

The multiplier 133a-2 multiplies a parameter sin para
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assumng a H |evel value of the signal DATA x cos(wt)
to be + 1 and a Low |l evel value thereof to be -1,
generates a signal sin para x DATA x cos(wt) to
indicate the multiplied value sin Para x DATA x
cos(w), and supplies this to the adder 134a. The
multiplier 133b-1 nultiplies a paraneter cos para
supplied fromthe ACT 136 to the signal DATA x
sin(w), assumng a H |evel value of the signal DATA
X sin(w) to be + 1 and a Low |l evel value thereof to

supplhed- ¥rogenaeanes a3zeskenahesikhgpana phTRATACH sShiR(W )
to indicate the multiplied value sin para x DATA X

assumshg(wt Hi aedesupphiuvesofhitset eithal adder x134b.(wtheto be
mul tiplier 133b-2 nultiplies a paraneter cos Para

+ 1 asdppl Led fleomlt helAETth8Gebd thebsi gial goAEAaxes a
cos(wm), assuming a H |evel value of the signal DATA

signal eds(weyate PATA+xlcaadwh)Low liedékbatveal tbet hedsoplied
be -1, generates a signal cos para x DATA x cos(w)

valuet 81hngiacat & DR&AMY| epplved, waflueuepsipar 4hksDATAtke
cos(w), and supplies this to the adder 134b. The

adderadddp - 134a adds together the value cos para x DATA x

si n( wt the value sin para x DATA x cos(wm) to
Herera ElP51§th%§bV4|m?hH%Eé%?ﬁg ah? &adetcvarte ppxa

suppliggl RePh ¢ gﬁdAgBDQ Bensd Thikibrine iR’ 3 sin (hehg

assumﬂﬁaﬁﬁt at e eq Vae%%db%gt 2 %E%n%ﬁl%%Tx;ngE%th§ to be
+ 1 and a Low level value thereof to be -1, generates a
signal sin para x DATA x sin(wt) to indicate the multiplied
value sin para x DATA x sin(wt), and supplies this to the
adder 134b.

The multiplier 133b-2 multiplies a parameter cos para
supplied from the ACT 136 to the signal DATA x cos{wt},
assuming a Hi level wvalue of the signal DATA x cos(wt] to be
+ 1 and a Low level value thereof to be —1; generates a
signal cos para x DATA x cos{wt) to indicate the multiplied
value cos para x DATA x cos(wt), and supplies this to the
adder 134b.

The adder 134a adds together the value cos para x DATA X
sin(wt) and the value sin para x DATA x cos{wt) to generate
a signal V11 indicating an added value V11 (= cos para X
DATA x sin(wt) + sin para x DATA x cos(wt)), and supplies

this to the LPF 13b5a.
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in the LPF 14a of the digital PLL 1 in Fig. 1 as
descri bed above, this becones as the follow ng
Expression (2), and the value Vii becones a val ue
wherein the coscb and sincb of the final expression
beconme val ues replaced with cos-para and sin para,
respectively. V1 = (DATA x sin(w + (D)) cose x DATA X
sin(w) + sine x DATA x cos(wt)...(2) The adder 134b
adds a val ue wherein the sign of the value sin para x
DATA x sin(w) is inverted, and the value cos para x
PATA xh8eSup¥h) ckBagengfgabe ansi gaalieV¥2 whAdhcaki Rgput
an added value V12 (_ - sin para x DATA x sin(w) +

in theos.ppanaax dPATAeX ddes tewm PI,L. and rsupp).i es d=hide ddr il
LPF 135b. Note that upon expandi ng of the value V2

abovenhitth s Scdapiats aisn tihlee PR oldinoofEdrhe sthigirt al2 )BLLIand ithe
Fig. 1 as described above, this becones as the

valuef ollllomicngnispressilor (Bleredmd thive cordb uen¥/12i h@cofreshea
val ue wherein the cose and sine of the fina

finaleepressision feBopreeysilore y Ierdacmre widlhuax s s e edid

_ w th cos para and sin para, respectively. V2 = (DATA x

sin_pggg(wrespeOtivelsi-n@x DATA x sin(wt) + cose x DATA x
cos(mﬁb ... (3) The LPF 135a cumul atively adds the
Val ge (DATA 3naindyppti ®d)a signal EVil indicating the

val ue EV11 (=E{cos- - 30 para x DATA x sin(wt) +
Si ROPEr & briary ilé‘d%’(:it i )Slﬁ‘ﬁ)eﬁ‘ei%m S L) T2
The adder 134b adds a value wherein the sign of the

value sin para x DATA x sin(wt) 1is inverted, and the value
cos_para X DATA x cos (wt) to generate a signal V12
indicating an added value V12 (= - sin para X DATA x sin{wt)
+ cos para x DATA x cos (wt)}, and supplies this to the LPF
135b.

Note that upon expanding of the value VZ which is input
in the LPF 14b of the digital PLL 1 in Fig. 1 as described
above, this becomes as the following Expression (3), and the
value V12 becomes a value wherein the cos® and sin® of the
final expression in Expression (3) become values replaced
with cos para and sin_para, respectively.

V2 = (DATA x cos(wt + @))

= —s5in®d x DATA x sin{wt) + cos® x DATA x cos{wt)

. (3)
The LPF 135a cumulatively adds the value V11, and

supplies a signal XV11l indicating the value XZV11 (=X{cocs-
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the value Vii is cunulatively added over the period of

8 clocks worth of the clock signal f clk, i.e., 1
cycle of the signal DATA, to the ACT 136. Upon
supplying the signal VIl, the value held by the LPF

135a is reset, and the LPF 135a cunul atively adds the..
value V11 again fromO. That is to say, for every
cycle of the signal DATA, the LPF 135a cunul atively
adds the value Vii of one cycle worth, and supplies
the signal EV11l indicating the cunul atively added

para yabH@AEyléiﬁ@wEhe+A§Eh1§§ra5knEA@A'y,céﬁewﬂPF)135@rein
curmul atively adds the value V12 of one cycle worth

“the vhoheevenyisyeheuoktthelsi gaakdDAYAr and psuppli e Bhe
signal EV12 indicating the cunul atively added val ue
clockEVk2rta blietAETc136k Bayaafhat cier, dne.cydl eyoflet bé the
signal DATA, the value EV11 shows the results of
signatoDpaRi ngot heephaSed36f t Hponverppadlisoghak sighad V11,
cp) wherein the signal sin(w) is phase-shifted by an
the vafpanheédubly tbet h€FvilBbaaliscoreedl aadgltéet LPand ke
signal DATA. For exanple, in the event that a dut
cumulpgtiveliordgdhe toegrall uBATAL 89809 firamt Re eVBRE Ifhal

t he phases of the si%nal_sin w + (D) and_t he si%nm
say, DATASVEEE FUEAEi P&l tNEnélgaplePRVRL F&ealElt 4 3gPeat est

level, and in the event tha% t he phaﬁes oft he si gna
cumulgf vl v+edgp Zh8 VERESsVinaPiDRRR GYFREr Y6F tPr/ 2% he

val ue Evil beco 0, and_.in the event .that the
Supplbﬁéségéoﬁlgﬂéisggiéllggﬁfﬁf ?g(ﬁseaﬁamgfateﬁgagiSgaed
valueD§$é1dEEf%Beb£C&l13%he value EV11 is at its | owest

Similarly, the LPF 135b cumulatively adds the value V12
of one cycle worth for every cycle of the signal DATA, and
supplies the signal 2V12 indicating the cumulatively added
value ZV12 to the ACT 136.

Note that for one cycle of the signal DATA, the value
¥V11l shows the results of comparing the phases of the
virtual signal sin{wt + ®) wherein the signal sin(wt) is
phase-shifted by an amount equal to the virtual control
angle ®, and the signal DATA. For example, in the event
that a duty ratic for the signal DATA is 50%, in the event
that the phases of the signal sin(wt+ @) and the signal DATA
are identical, the value XIV1l is at its greatest level, and
in the event that the phases of the signal sin{wt + @) and
the signal DATA differ by II/2, the value ZV1l becomes 0, and

in the event that the phases of the signal sin(wt + ®) and
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| evel . Also, for one cycle of the signal DATA, the
val ue EV12 shows the results of conparing the phases
of the virtual signal cos(w + (p) wherein the signa
cos(wm) is phase- shifted by an amobunt equal to the
virtual control angle (D, and the signal DATA. For
exanple, in the event that a duty ratio for the
signal DATA is 50% in the event that the phases of
the signal cos(wt+ (p) and the signal DATA are
identical, the value EV12 is at its greatest |evel,
the sARGha1N DATRE EViEEr thatllf hehphasese ofvi heisi gnal teostukst
+ (p) and the signal DATA differ by 11/2, the val ue
levelEV12 becones 0, and in the event that the phases of
the signal cos(wt + (p) and the signal DATA differ by
Rlsot héovabue EVE2el sfatthiet sicowdstCATRevélhe Tlad vaCEV1Z2
136 controls the values of cos para and sin para,
showshaded rersuliie sifjraimEvinaridia haigmatt BV, v iiha1aJACT
136 supplies the signal show ng the val ue of the
signadomasolvted bk parieind e sidRepl Fof §W1B35S 1Phage -
- 133b-2, and supplies the signal show ng the val ue of
shiftage QoY MBET S Park® 11814 He-Fhtah prorel 3ne e dRd
133b-1. Also, the ACT 136 generates a timng Signa
and thtoRitg alh @A nd o SR T he Ut 150 Y ﬁ%‘%‘? ghafuaty

ot A 0 6 armie YL el e ) e X,
ooy Bt 22 LG By AP o T2 Ao o Sap,
identical, the wvalue XV12 1s at its greatest level, and in
the event that the phases of the signal cos{(wt + @) and the
signal DATA differ by I1/2, the value XV12 becomes 0, and in
the event that the phases of the signal cos(wt + @) and the
signal DATA differ by Il, the value ZV1Z is at its lowest
level.

The ACT 136 controls the values of cos para and
sin para, based on the signal ZV11l and the signal ZV1Z2. The
ACT 136 supplies the signal showing the value of the
controlled cos para to the multipliers 133a-1 and 133b-2,
and supplies the signal showing the wvalue of the controiled
sin para to the multipiiers 133a-2 and 133b-1. Also, the
ACT 136 generates a timing signal showing the timing tc read
the data from the signal DATA, based on the signal 2VI11 and
the signat Zv12, and supplies this to the CPU 113.

Note that with the digital PLL 112a in Fig. 5, the
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| i near conputing, so the positions of the adder 134a
and LPF 135a, and the positions of the adder 134b and
LPF 135b, can be interchanged. The digital PLL 112b
is configured by interchanging the positions of the
adder 134a and LPF 135a, and the adder 134b and LPF
135b, according to the digital PLL 112a in Fig. 5.
The digital PLL 112b in Fig. 6 is nade up of a
frequency divider 131, Exor circuits 132a and 132b,

mul tipliers 133a-1 through 133b-2, ACT 136, LPF 16la-1

adde rtsh raugh .161h2, and addernerl62a aa%dlqzﬁ)b Nater 4 hat

for portions corresponding to Fig. 5 have the sane

llnea&Efc%ﬂ@‘&%QngnU@%r alhs, pdditthend ad Rthdhaveideans denoted pr
th the sane reference nunerals, and redundant

135a, d%s;l@r itplel @ saft it gFortheonsidMrt h. siknidrat IAFOCESH Ngzan
‘Will be omtted. The LPF 16la-1 curmul ativel y adds the

be intalrd@ac@edpar ahe DATAad SIA(\MD2b ard cupplduwessd by
signal E{cos para x DATA x sin(wt)} indicating the

intervalaneg iBc ahepgros ix IDANFAOL dihg( widder wiretaeiand NP all ke,
cos para x DATA x sin(wt) is cunulatively added over

and tihiee aplgieirod 3dfo &nel ddis Iwdit,h agfcansbing dek Wigyrddgigal
clk, i.e., 1 cycle of the signal DATA, to the adder

PLL 11@2alnr@H@h §Upp|y|ng the signal E{cos _para x DATA X
sin(w)j value held by the LPF 16la-1 |s reset,
BhE tﬂh@lEpic Eé%alwbc&ﬁu'ﬁae. vél Qsaalaget e PAl Ge

oo S e AL S R TR S T 80,
multpo:Lers Cllﬁrg%_ﬁt | \flerle{lg&}lqu%:}bh—% ,V%é‘&e 103063, H?E[Ea %RLATIA‘ X
through 161b-2, and adders 162a and 16Zb. Note that for
portions corresponding to Fig. 5 have the same reference

. numerals, in the drawing have been denoted with the same
reference numerals, and redundant description of the
portions with simila¥r processing will be omitted.

The LPF l6la-1 cumulatively adds the value cos para x
DATA x sin{wt), and supplies a signal X{cos para x DATA x
sin{wt)} indicating the value X{cos para x DATA x sin(wt}}
wherein the value cos para x DATA x sin(wt) is cumulatively
added over the period of 8 clocks worth of the clock signal
f ¢ik, i.e., 1 cycle of the signal DATA, to the adder 16Za.
Upon supplying the signal Z{cos_para x DATA X sin(wt)}, the
value held by the LPF 16la-1 is reset, and the LPF léla-1
cumulatively adds the value cos para x DATA x sin(wt) again

from 0. That is to say, for every cycle of the signal DATA,
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sin(w) of one cycle worth, and supplies the signal
E{cos para x DATA x sin(wt)} indicating the

curmul atively added value E{cos para x DATA x sin(w)}
to the adder 162a. In the sane way, for every cycle
of the signal DATA, the LPF |6l a-2 cunul atively adds
the value sin para x DATA x cos(wt) of one cycle
worth, and supplies the signal E{sin para x DATA X
cos(wm)} indicating the cunulatively added val ue
E{sin-para x DATA x cos(wt)} to the adder 162a. Also

the 1HMMlaAEH Y dfuiemerse 6y dRiDf HdeySighal o DA a ttheppshE «
| 6l b-1 cunul atively adds the val ue sin_para x DATA x

sin (w)NEM Joneofo e Gyed ey, warrddh, s vl isapplriess #diea si gnal
E{sin_para x DATA x sin(w)} indicating the

I{co<L padatd \vaina addeach (wal)ye inBfisian-ipar ahe DA Da tsive(wt ) }
to the adder 162b. Further, simlarly, for every

added ywd lmeof {tdres giagralx DATA x ke nlRfE )16y thec wrdeat il ay.
adds the val ue cos_para x DATA x cos(wt) of one cycle
vor the sadesuppl i ésrt kyegivgrnak1E{ ods tpar & igrBATAMA,
cos(w)} indicating the cunul atively added val ue

the IERJISIFar’a COmMBATA ve loo(dds Jthep teHasaddldr e . < THelA X
adder 162a adds the value E{cos para x DATA x

cos (v In(ft YIearfy tife Wattle B YRRl se DATA S¢Evst wt ) }

 for every cycle of the signal DATA to generate a
2 {singiRfia "E\V?ATA Pndccdtitng LRdLsddedd dNFe WU Latively

saoed SEOSRS SPPI, 0 RATA SR gl 0018 BTA 00
Also Tsr}Lem ialdadr ry ,1 6t2 obr aedvdesr ya cvyacl oy ng'l ecrheei , 1t ghnea iy | e 2 ,f éhhee LPF
161b-1 cumulatively adds the value sin para x DATA x sin{wt)
of one cycle worth, and supplies the signal X{sin para x
DATA x sin(wt)} indicating the cumulatively added wvalue
Z{sin-para x DATA x sin(wt)} to the adder 16Zb. Further,
similarly, for every cycle of the signal DATA, the LPF 161b-
2 cumulatively adds the value cos _para x DATA x cos{wt) of
one cycle worth, and suppiies the signal X{cos para x DATA x
cos(wt)} indicating the cumulatively added value Z{cos-para
x DATA x cos(wt)} to the adder 16Zb.

The adder 162a adds the value X{cos para x DATA x
sin(wt)} and the value XZ{sin para x DATA x cos(wt)} for
every cycle of the signal DATA to generate a signal 2ZV1l
indicating the added value Vil (=Z{cos para x DATA x sin(wt)
+ sin para x DATA x cos(wt)}}, and supplies this to the ACT

136.
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value E{sin para x DATA x sin(w)} is inverted, and
the value E{cos para x DATA x cos(wt)} for every
cycle of the signal DATA to generate a signal EV12

i ndi cating the added value V12 (=E{-sin para x DATA x
sin(w) + cos para x DATA x cos(w)j), and supplies
this to the ACT 136. Fig. 7 is a block diagram show ng
a functional configuration of the ACT 136 in Figs. 5
and 6. The ACT 136 is configured so as to include a
control direction setting wunit 181, a virtual control

ah@l & N iRiddsl 82 vaa uRaAkMBan GORt ralgruift 183,

and a reading timng control unit 184. The control
valudi¥@oin gfhsetl iorgrani tsik8litet s d hewveditet ion tihe

control” a virtual control angle D using the chart
valusOwod npdig.x §atrasedtomn(vwihe duievEM dyudiccadfed:Hry

the signal EV11l and the value EV12 indicated by the
signasl giEla EViRnsSpeo: fa caldngl PasEd omlidret Thart hs hodwed

in Fig. 8 the control direction is set in the +
valugliVlett (=% tin_ hmeventDAThat Sive(vdilgrs ofs_tiieraval WRTA X

EV1il and the value EV12 are the same, and the control
cos (vifi rlelet i o i ek 1G5 §ihes -t@li Fleetheh 130 t he event that

t he signs of the value EV11l and the value  EV12

diltrer’ i6r 3 hlosd siegrahahorhieda f@eHPrial 0 and

the value EV12 is not 0O, but_jn the ev né t hat the
confwr@etl@/ﬂfi%h%,AqTegla?r%HégsFJoqsth§ %T?u . E\@ﬁ hpe 136
_ control direction js set to be O, j.e., so as not to
is cONEREThe'® S5 Lo Hoartl e oo it Tet S say.  1he
unit(¥§¥fcg é&géﬁgicgbntrol angle control unit 182, a
parameter control unit 183, and a reading timing control
unit 184.

The control direction setting unit 181 sets the
directicn to control a virtual control angle @® using the
chart shown in Fig. 8, based on the value XV1l indicated by
the signal V11 and the value 2V12 indicated by the signal
2ZvV12. Specifically, based on the chart shown in Fig. 8, the
control direction is set in the + direction in the event
that the signs of the wvalue ZV11l and the wvalue ZV12 are the
same, and the control direction is set in the - direction in
the event that the signs of the value XV11l and the value
V12 differ, or in the event that the value XVI11 is 9 and
the value X2V12 is not 0, but in the event that the value
¥V12 is 0, regardless of the value 2V11l, the control

direction is set to be 0, i.e., s0o as not to change the
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setting unit 181 sets the control direction of the
control angle cp so that the value EV12 becones 0.
The control direction setting unit 181 notifies the
set control direction to the virtual control angle
control unit 182. The virtual control angle contro
unit 182 controls a virtual control angle 0, based on
the control direction set by the control direction
setting unit 181. Specifically, in the event that the
control directionis set in the + direction, the
cont X% bHgh eC@Nt I alh ANgle 1oLl Y teckB2rol NENai®@sn t he
value of On by 1. That is to say, the virtual contro
Settlﬁ@glu@d_@ %81 Rereased bynarocamaurtcequal oo tMR, cand ridhe
phase of the virtual signal sin(wt + (p) is delayed
anglebyp & anmauntcrequed1deo IMA2 Asammd (d.he ®Muendorithasl t he
control directionis set in the - direction, the
directiphuakttdant meltaiglencantfiels thiet s&82 cdecrerients t he
value of On by 1. That is to say, the virtual contro
direcanghet® itbhedecrecasedcoby ran amgaﬁtceqaablt@nwm léﬁd
the phase of the virtual signal sin(w + (p)
By ancetuby gﬁn‘aﬁ@bn@n@é@amﬂbrﬂ%Dmltuiﬁﬁeiaontmﬂﬁea
event that the control direction has been set to O,
virtughe cpnirgal 286Rer 8 drgiad COhtiiel amitr B HidRetigptset
change the value of On. That is tq say, the phases of
by thﬁhéolé}it@’ﬁél deméztaﬁal FRE TRt Hé}ﬂts.l&&m " SPRGHE Fag)L Var én
det er ned nchronous st ate, the

the eyghfr ffatak Fecﬁnt§0 09¥5ﬁ55688 lfh§e€|ﬁfb§ contro
direcgégpﬁolﬁgg%gktys§ ﬁg%@%%llg%g Otbgh Ehunl%l%%ZOf the
increments the value of ®n by 1. That is to say, the
virtual control angle @ is increased by an amount equal to
AD, and the phase of the virtual signal sin(wt + @) is
delayved by an amount equal to A®. Also, in the event that
the control direction is set in the - direction, the virtual
control angle control unit 182 decrements the value of ®n by
1. That is to say, the virtual control angle @ is decreased
by an amount equal to A®, and the phase of the virtual
signal sin(wt + ®) is advanced by an amount equal to AD.
Further, in the event that the control direction has been
set te 0, the virtual centrol angle control unit 182 does
not change the wvalue of ®n. That is to say, the phases of
the signal DATA and the virtual signal sin(wt + ®P) are
determined to be in a synchronous state, so the control

angle ® is not changed. The wvirtual control angle control
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paraneter control unit 183 and the reading tim ng
control unit 184. The paraneter control unit 183
controls the values of cos Para and sin para, using
the chart shown in Fig. 9, based on the value of On,
i.e. based on the virtual control angle 4). As shown
in Fig. 9, as the value of cos_para corresponds to
cosy serving as the cosine of the control angle a),
the value of cos para is at its greatest when On = 0,
i.e., the control angle e = 0, the value of cos para
unit M@t icaldy tdecredses sthemdOrentdrd hrealghn 160 the. ,
in the section of the control angle c¢cD = 0 through
parandted heontatale wfit cos3 pard et amesdihgheimirg <@ tick.
the control angle (D _ 11/2, the value of cos para is
unit dt84.ts | east when cbn = 16, i.e. the control angle cD
=11, and the value of cos_para nonotonically
Ther pagegeheen contxolguniy 183 cogfrods the vieduelse of
section wherein the control angle cb = 11 through 211
cos_[aya HnH Ci_Pod.i Wingrde rdas i@ dm cos peFa O
beconmes O with the control angle 0 = 311/ 2. Aiso, as
baseq it AU DISIH para %o?re]%%‘% sOR ot RE nBIrERR Y| AN hEC!
sine of the, control angé valge of sin

t
anglebgga i As oShRER Bh gl%; ?{e.,

e 0, th
e Kohtt of L afigF ePore o,
th I f sj t oni [ ' wh
corr IS 5, o b "B B OR0L AL CEL L Yyd ek epteo Mep
t 0 .= / h f . s] ' _
anh 2 Ao R0B) B e Fard PPy LB L1 LR o -
o, iﬂﬂq|Qj§pé%Ae¥é% éﬁgﬁ&ﬂbuﬁ @f ShE Pfde of Ccos_para

monotonically decreases when ®n = 0 through 16, i.e., in the

section of the contrel angle ® = ¢ through II, the wvalue of

It

cos_para becomes 0 when ®n = 8, i.e. the control angle @
I1/2, the value of cos para is at its least when ®n = 16, i.e.
the control angle ¥ = II, and the value of cos para
monctonically increases when O®n = 16, 17, ..., 31, 0 i.e.,
in the section wherein the control angle ® = Il through 2II
(0), and ®n = 24 i.e., and the value of cos para becomes 0
with the control angle © = 3II/2.

Also, as the value of sin para corresponds to sin®
serving as the sine of the control angle ®, the value of
sin para is 0 when ®n = 0, i.e., the control angle ® = 0,
the value of sin para monotonically increases when ®n = 0
through 8, i.e., in the section wherein the control angle @

= I1/2, the value of sin para is at its greatest when ®n = 8,
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nonot oni cal | y decreases when On = 8 through 24, i.e.,
in the section wherein the control angle CD =11/2
t hrough 30/2, the value of sin-para becones 0 when On
= 16, i.e., the control angle CD =11/, the value of
sin para is at its least when On 24, i.e. the contro
angle CD = 311/2, and the value of sin para
nonot oni cal ly increases when On = 24, 25, ..., 31, O
i.e., in the section wherein the control angle q)=
3l11/2 through 211 (0) The paraneter control unit 183
i.e., SUMd i@hrSi gnalle iddicaybnghbe vhale 3 stihe para
controlled cos para to the multipliers 133a-I and
monothIdlrad, 1 antk st d esydersi@nat gi pdreathng4t he. ¥al uenothe
the controlled sin para to the multipliers 133a-2 and
sect ik33khkrclhe tteadicrg: td Imavgylcondr ol Tuki t-hi84ghsedithe the
chart shown in Fig. 10 to control the timng for the
valueCRU Elihtrara dad-drms datwhdn chnt hel§j ghak. DATAg basedel
on the value of On, i.e., based on the virtual _
angleddtT oll/anghe ¢BluSpedi biivabbya ibasédiés ttkesthahen ®n
shown in Fig. 10, the reading timng control unit 184
= 24,sdt-¢ t Hda idAng Foranelli Pg= dadktld 26 r orct fide Fiagwal oBATA
~ wherein the clock counter of the clock signal f clk is
sin e SRR GR LY AT et if1sh Bl 8d2éh ogkr -+ 31,
counteh? in the event that the value of On

1
0 1S GAGHFIE SSCion NS eV THAL T he oMt 1B ~athi%

I Syin the range of 1 x MD through 4 x 4D, and sets
throé%iaiﬁrﬁ%b‘of the clock - 38 counter to 1 in the

%K%n%aEg%%t%Qec%%%%%logngﬁ H%355£H£§¥¥¥% a signal
indicating the value of the controlled cos_para to the
multipliers 133a-1 and 133b—-2, and supplies a signal
indicating the wvalue of the controlled sin para to the
multipliers 133a-2 and 133b-1.

- The reading timing control unit 184 uses the chart
shown in Fig. 10 to ccntrol the timing for the CPU 113 to
read the data from the signal DATA, based cn the value of ®n,
i.e., based on the virtual control angle @®. Specifically,
based on the chart shown in Fig. 10, the reading timing
control unit 184 sets the timing for reading data from the
signal DATA wherein the clock counter of the clock signal
f clk is 0 (hereafter will also be simply called clock
counter) in the event that the value of ®n is 1 through 4,
i.e., in the event that the control angle @ is in the range

of 1 x A® through 4 x AD®, and sets the timing of the clock
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8, i.e. the control angle CDis in the range of 5 x MD
through 8 x AND, and sets the timng of the clock
counter to 2 in the event that the value of Onis 9
through 12, i.e. the control angle CDis in the range
of 9 x ND through 12 x MD, and sets the timng of the
clock counter to 3 in the event that the value of On
is 13 through 16, i.e. the control angle (Dis in the
range of 13 x MD through 16 x 4D, and sets the timng
of the clock counter to 4 in the event that the val ue
count@fr @ i1S ik fHy ught2@hdt ehd heylaentgoldnangl 8 €Brb8gh
in the range of 17 x MD through 20 x OWD, and sets
8, i.the thgnigwgtafolt hewgdlecock Toul erhé ordndge dheSevend t hat
the value of On is 21 through 24, i.e. the control
throwamglée xCA® s aml tdeet 3 artge ofm 24g xo ND:dr olighk 2doniNDy: to
and sets the timng of the clock counter to 6 in the
2 in eventevdrat tthiee dleueralofe OF iBn 26st hiroughudlg, 12, el ehe
control angle CDis in the range of 25 x MVD through
the @trNDargnd Rtisthe thed meped ehed ¢l 8CkthsgHEEr 1E0X
7 in the event that the value of On is 29 30, 31, or
AD, andisets tHee colttey ahghee 4519%k| RowneeF ahges ofn2bhey
MD through 31 x MD of is at_0. That is_to. say, jn the
eventodit (R ey TaiTS bF {HEOIERghal DATA FbCat

oot S Bl RS T ok SR B dgne ot
an g SO LRI LS diged oeseralng o 4, P ol {1
that,%§ée%¥ﬁﬂk§%§?%&$ iéniﬁgthrough 20, i.e. the control
angle @ is in the range of 17 x A® through 20 x A®, and
sets the timing of the clock counter to 5 in the event that
the value of ®n is 21 through 24, i.e. the control angle ®
is in the range of 21 x A® through 24 x A®, and sets the
timing of the clock counter- to 6 in the event that the wvalue
of ®n is 25 through 28, i.e. the control angle ® is in the
range of'25 x AD through 28 x A®, and sets the timing of the
clock counter to 7 in the event that the value of ®n is 29,
30, 31, or 0, i.e. the contrel angle @ is in the range of 29
x A® through 31 x A® or is at 0.

That is to say, in the event that the duty ratic of the
signal DATA is at 50%, controel is performed so that value at
approximately the center of the first half of each bit of

signal DATA is read according to the phase of the signal

DATA.
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signal showi ng the value of the clock counter which
has been set to the CPU 113. Note that the clock
counter of the <clock signal f clk is to repeat the
values 0 through 7. Next, the processing of the
digital PLL.112 will be described in detail wth
reference to Figs. 11 and 12. Hereafter, in order to
sinmplify the description, the processing of the
digital PLL 112b in Fig. 6 will be primarily

descri bed. Note that as shown in Fig. 11, a situation

wher &bl nesitdmanDAPALS 1 Rpute i1 4at Reiiididsalt Ll iming
112b at a timng wherein the phase is delayed by 11/2

signd I ARG HMYhe andliis dhechs aM@Phasaurase €0 WD , haw | been
be considered. Al so, the value of On when the signa
set iATAd SCRhAUE3 i N Ndiee dilgitt alhdPld] AR beourst eas saifreith d 0
be 1. That is to say, a situation is considered
cloclweEirgial tthes ki gl t DARpdst itiputvashere @ hehrouglt ual
control angle "D =1 x Al and the phase of the virtual
diegntal tdienpwocesednag oiwthe digivel Bt Hd2, widd del,
so the value of cos para is assunmed to be controlled
descryded pyn dHe pPlardidt eie gt thikias3 khiadhel4al ue
of sin parais assunmed to be control]ed as 1, based
Heregfif athe hatdehdvih $HPYHe B8 ARl ber Filghe o.

procai il i 0F & s DAFA W 14P b7 der | DG IWER he
primigices %é%hég? he first bit, the signal DATA x sin(w)
om the Exor circuit 132a is H in the

&%Ego%hat as shown in Fig. 11, a situation where the
signal DATA is input in the digital PLL 112b at a timing
wherein the phase 1s delayed by Il/2 from sin{wt), and is the
same phase as cos{wt), will be considered. Also, the wvalue
of ®n when the signal DATA is input in the digital PLL 112b
is assumed to be 1. That is to say, a situation is
considered wherein the signal DATA is input where the
virtual control angle © = 1 x A@ and the phase of the
virtual signal sin(wt + @) is wt + 1 x AD. Further, ®n = 1,
so the value of cos para is assumed to be controlled as 7 by
the parameter control unit 183 and the value of sin para is
assumed to be controlled as 1, based on the chart shown in
the above-described Fig. 2.

First, the processing for the digital PLL 112b for the

first bit of signal DATA will be described. With the

processing of the first bit, the signal DATA x sin (wt)

- 40 -




wherein the clock counter is fromO to 1, beconmes Low
inthe period from2 to 3, becones H in the period
from4 to 5, and becones Lowin the period from6 to
7. Also, the signal DATA x cos(wt) output fromthe
Exor circuit 132b is H in all of the periods wherein
the clock counter is fromO to 7. Accordingly, the
val ue of the signal cos-para x DATA x sin(w) output
fromthe nmultiplier 133a-1 becones 7 in the period
wherein the clock counter is fromO to 1, becones -7

outpultn R REE edohr %mr%utl‘ﬂ 3300LCaMes 7 RHNe RaId0d
from4 to 5, and becones -7 in the period from®6 to

whereln TRUSc1bb@ c¥ahwerofi st Fecsi gnal B CosRakd X.JIATA Xhe
sin(w)} output from the LPF 16la-1 becones 0 at the

periocpOiFRbmwWhemot Be ekeookeegount ek the @keriodAlfsem theoval ue
of the signal sin para x DATA x cos(wt) output from
and bthemadl Lopl ier thd33ac2ibecdmes ¥ i &l.l of the periods
wherein the clock counter is fromO to 7. Thus, the
Masue Dhet begsa gnBATE{si nopéwR) XoDAFAL xfros(why} Exor
output from the LPF 16la-2 becones 8 at the point
circuiiren 3€he iel dék ivoantert itheapeTioplssyhetrsd ny dlhge cdfock
the signal sin para x DATA x sin(w) output fromthe
countgyl displirer $33%p- ¥ -becomes 1 in the period wherein the

clock counter is fromO to 1, becones -1 in the
PefPBairgbin 2the alvecehese FHIPAE pePiLBATRr SnPATRO®

sin( w?hugﬁ%pﬁ§4%5pg:%gp %u1%1%Q1%2e1%%%L%dbgggggg %01; the

period wherein the clock counter is from 0 teo 1, becomes -7
in the period from 2 to 3, becomes 7 in the period from 4 to
5, and becomes -7 in the period from 6 te 7. Thus, the
value of the signal XZ{cos para x DATA x sin(wt)} output from
the LPF 16la-1 becomes 0 at the point when the clock counter
is at 7.

Also, the wvalue of the signal sin para x DATA x cos (wt)
output from the multiplier 133a-2 becomes 1 in all of tﬁe
periods wherein the clock counter is from G to 7. Thus, the
value of the signal X{sin para x DATA x cos(wt)} output from
the LPF 16la-2 becomes 8 at the point when the clcck counter
is at 7.

Also, the value of the signal sin para x DATA x sin(wt)
output from the multiplier 133b-1 becomes 1 in the period
wherein the clock counter is from 0 to 1, beccmes -1 in the

pericd from 2 to 3, becomes 1 in the period from 4 to 5, and
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the signal 7-{sin para x DATA x sin(wt)} output from
the LPF 16l b-I becones 0 at the point when the clock
counter is at 7. Also, the value of the signal cos
para x DATA x cos(wt) output fromthe multiplier
133b-2 becones 7 in all of the periods wherein the
clock counter is fromO to 7. Thus, the value of the
signal E{cos para x DATA x cos(w)} output from the
LPF | 6l b-2 becones 56 at the point when the clock
counter is at 7. Further, the value of the signa

becond£0S. Pl a e AR od SidH W )do i5. 0 @iies £ henevafaenofo f
the signal E{sin para x DATA x cos(mﬁ)} is 8 at the

the Qi1 ivenird hened oclkoraount erini(%t7,} satphdte eadmuehef LPF

t he signal EV11 output fromthe adder 162a becones 8.
161b-Al Sscdnies V@al ate wdfe t heist gnaén Efsencpacd xoDATArxis at 7.

sin(wt)} is 0 and the value of the signal E{cos para X

BAFA, xheos@wg} cifs the atignheé poisntawider DREACkocks (wt)

counter is 7, so the value of the signal EV11l out put
outpifty dmanhet b derl tigPal e thelcoies? 36 comsor diylad L thle the

control direction setting unit 181 sets the contro
pemqﬁ% SBI9IoH N Hdresfladk (rint ol detthim bdsed - oty the
gns of the signal EV11 and the signal EV12 usi ng
Valu%tﬂi éﬁﬁ%ts%ﬂﬂﬂﬁ1 HitE_gam adAlle oot dlﬁ%%ﬁﬂ%ﬁwfrom
thereof set to E%f i rectiaon, the virt
the T URIIb UGG TR 1T Anithe 8P 1t H9 bl ¢ he

val ue of 97 froml to 2.
counter 1s at /.

Further, the value of the signal X{cos para x DATA x
sin(wt)} is 0 and the wvalue of the signal X{sin para x DATA
x cos(wt)} is 8 at the point when the clock counter is 7, so
the value of the signal XV11 output from the adder 1l62a
becomes 8.

Also, the value of the signal X{sin para x DATA x
sin{(wt}} is 0 and the value of the signal X{cos para x DATA
x cos(wt)} is 56 at the point when the clock counter is 7,
so the value of the signal XV11l ocutput from the adder 162a
becomes 56.

Accordingly, the control direction setting unit 181
sets the control direction therecof to the + directicn, based
on the signs of the signal XV11 and the signal ZV12, using
the chart shown in Fig. 8.

As the control direction thereof is set to the +

direction, the virtual control angle contrel unit 182
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As the value of On is changed to 2, the paraneter
control unit 183 controls the value of the signal cos
Para to be changed to 6 and the val ue of the signal
sin_para to be changed to 2 based on the chart shown
in Fig. 9. As the value of On is changed to 2, the
reading timng control unit 184 generates a tim ng
signal wherein the value of the clock counter reading
the data fromthe signal DATA is set to 7, based on
the chart shown in Fig. 10, and supplies this to the

increfBRtil3heTRAN vieS clrodsAYErdnel rRAdI NG timi ng control
unit 184 controls the CPU 113 to read the data from
Aberséghal uDATA @b tike cpahrikdwhen 2t hehel eek aneawnt er
of the clock signal f clk is 7 at the next bit of the

contrsilgnak tDATA, cehiteh liss thewvbieesedontebistigntiie doBFpara
16l a-1 through 161b-2 reset the values held at the

to bepehahgefl the éclhodk tbeuntducheifnghat s2.9r\lt Is ittheagec Grod
bit of the signal DATA, simlar processing is

be chpegkdr fred? &adedt onhéhgoicharshehorie 1l doke- Founter is
7, the value E{cos para x DATA x sin(wt)} becones 0,
Rpethal ielEgsph PFar dSx ChATACK &6sEnt ;P%é@@ﬁéélglémt%
val ue E{sin para x DATA x sin(wt)} becones Q, the

contred| ygitefldds I5area e@A?At%méag( WP e dbiveS 148 thenyalue
val ue EVI1 becones 8§, e value 2 becones

of theccdPGFnGOYN TEe TEGRLNG! tgﬁ 2] Fort 58! i”t é&A

I Syt e T

supplies this to the CPU 113. That is to say, the reading

=
o

timing control unit 184 controls the CPU 113 to read the
data from the signal DATA at the point when the clock
counter of the clock signal f clk is 7 at the next bit of
the signal DATA, which is now the second bit.

The LPFs 16la-1 through 161b-2 reset the values held at
the point of the clock counter being at 7.

With the second bit of the signal DATA, similar
processing is performed, and at the point when the clock
cocunter is 7, the value Z{cos_para x DATA x sin(wt)} becomes
0, the value Z{sin para x DATA x cos(wt}} becomes 16, the
value Z{sin para x DATA x sin(wt)} becomes 0, the value
2{cos para x DATA x cos(wt}} becomes 48, the value XZV1l
becomes 8, and the value XV12 becomes 48.

Accordingly, the control direction is set to the +

direction based on the chart shown in Fig. 8, the value of
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cbn is incremented from2 to 3 based on the chart
shown in Fig. 10, control is perfornmed so that the
value of cos para is 5 and the value of sin para is
3, based on the chart shown in Fig. 9, and the val ue
of the clock counter reading the data fromthe signa
DATA is controlled to be 0. Hereafter, the sane
processing is repeated, and as shown in Figs. 11 and
12, with the processing of the seventh bit of the

si gnal DATA, the value of (len is set to 8, the value

On iHfi kOB Bed SEEGE 20:0, 3apdstfieoMatne ehastnspaka is
set to 8, and with the processing of the eighth bit,

Fig. tihg omlue Eicospafarme DATA hsi i{ivd )ta beconBscds phea
value 7-{sin para x DATA x cos(wt)} becones 64, the
is 5 \aaldieHe sialparet s DATADa sin(3w )jadetomestide diwert
val ue E{cos para x DATA x cos(wt)} becones 0, the
shownvalrue i1 B becoheshé4ra lamd of herev at UeBV12owecenmes:@ding
Accordingly, the control direction is set to O, based
the deta Heahdte shiawmli HRg. 18 comarolked otsayse @he
phases of the signal DATA and the virtual signa
ﬁﬁﬁ@@ﬁtﬁf(pﬁhéréam@epépﬁﬁﬁédnﬁo1ﬁa¢@9§ﬁﬁéﬁ%oﬁﬂ¥b@5
e., the control of the phases by the digital PLL
Shc>""1’11112"o Higsgetler mtted 40 Have kt‘?)ri'\’/l’é?(tff‘e%‘sl%ﬁ*‘]o‘)? h"eh?/l TR

_ control angl.e S Iock as 8 x S0,
sit SR o déﬂr@f.sneoc S PantSy st b e bhe

para I s | ocked val of he.clock

d )
value §inf@s e RO e i S Aot SR abe
set tl -lthasrf W1 echdlt%e ap!ro%‘el‘séllr?gb o%sel%ﬁé hee &L&?K()J_S{gr@l‘le

S8 Ty

value X{cos para x DATA x sin{wt})} becomes 0, the wvalue
2{sin para x DATA x cos(wt}} becomes 64, the value

Z{sin para x DATA x sin(wt)} becomes 0, the value X{cos_para
x DATA x cos(wt)} becomes 0, the value ZV11 becomes 64, and
the value ZV12 becomes 0.

Accordingly, the control direction is set to 0, based
on the chart shown in Fig. 8. That is to say, the prhases of
the signal DATA and the virtual signal sin{(wt + ®) are
determined to have synchronized, i.e., the control of the
phases by the digital PLL 112b is determined to have
converged, and the virtual control angle @ is locked as 8 X
AD. Also, the value of cos para is locked as 0, and the
value of sin para is locked as 8, and the value of the clock
counter reading data from the signal DATA is locked as 1.

Thus, the digital PLL 112b uses the clock signal f clk
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having the same clock frequency as the digital PLL 1
in Fig. 1, i.e. inproves phase resolution wthout

i ncreasing clock frequency, and can inprove data
receiving precision. In other wrds, the origina
data can be restored nore accurately w thout

i ncreasing the clock frequency. Accordingly, the
communi cation quality can be inproved, or a higher
transfer rate while retaining communi cation quality
can be handl ed, w thout increasing the clock

havirdd @enGine NotR: K hale pRoUS, desariPtd o has beem mader;
rdegar ding processing of the digital Q%LLL 112b, but by N

1, i.contingddng tdhesealdes ofi Gosyipatau@anthSidh Paf@ d0sck
the digital PLL 112a also, with simlar processing as
frequdieydi giridalcd?l Linkkive tdwera condgiolimnglee®idison. In
virtually controlled, and the timng for reading the
othematcards,omhtche rsiiggned 1 DRTA icarc dd rd dtedredh maceor dance
with the virtual control angle (D. Note that with the
accurditgiltvalwiplbout] Znarnea siing fdid npuclhyfradqeersiygnal DATA
for the signal sin(w) and the signal cos(wt) has
Accorgligtal yoatther memmraldat ies i aHilgy, cE the oughr 20:d, The a
first pattern shown in Fig. 13 is a pattern wherein
hlgh%ﬁgﬁﬁ%nﬁﬁﬁﬁAq%iqrﬂhﬁlqr¥ﬁqﬂ%Q$Qﬂt%ﬂmMHR}QQEFQWth%4k$Y

phase __bejn /2 del ayed fromthe S|gnal sin(w) and
can R e S Phage S A b igHal O WYY T

t th d bed Fi
N e ?ho‘efégdﬁﬁ?%{lgtﬁg?& AR B R B ﬁamt he

procefsrs&%evel O:Jecfg_{lttht %rﬂalbb 5@%@:@ SI ?[:gnv%r)olof g the
values of cos para and sin para for the digital PLL 112a
also, with similar processing as the digital PLL 112b, the
contrel angle © is virtually controlled, and the timing for
reading the data from the signal DATA is contrclled in
accordance with the virtual control angle ©.
Note that with the digital PLL 112, the timing input by
the signal DATA-for the signal sin(wt) and the signal
cos(wt} has eight patterns in all, as in Figs. 13 through Z0.
The first pattern shown in Fig. 13 is a pattern wherein
signal DATA is input in the digital PLL 112 with the phase
being T1/2 delayed from the signal sin(wt) and having the
same phase as the signal cos(wt}. This is the same pattern
as in the above-described Figs. 11 and 12. With the first

pattern, in the event that the Hi level value of the signal

DATA x sin({wt) output from the Exor circuit 132a is assumed
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to be + 1, and the Low |l evel value is assuned to be

-1, and the H |evel value of the signal DATA x

cos(wm) output from the Exor circuit 132b is assuned

to be + 1 and the Low I evel value is assuned to be

-1, the value E{DATA x sin(wt)} wherein the signal

DATA x sin(w) is added over one cycle worth of

si gnal DATA becones 0, and the val ue E{DATA X

cos(wm )} wherein the signal DATA x sin(w) is added

over one cycle worth of signal DATA becones 8. Also,
to bd M tihe Buenthe tihal 1sdwgalvDARA i$ dpiieMdd Bde-1, and

timng shown in the first pattern, the value of On
the HiOMeargesrdlme off t2d; AcporldiDRTA o« ddie{wal uertgfutOnf &dm

the tinme of the input of signal DATA being started.
the ERwer seicend tpdtIZy nishesunatd Raq.bd 4 ils angathieriow level

wherein signal DATA is input in the digital PLL 112
valueniitsh admmgrhdse Heeinlg déleaayed 81 2 WATom tdien Sitgnal

sin(w), and the phase being delayed 11/4 fromthe
whersgirgridie cosrwt]) .DANA ¢ tHé (vgac dird ackrayen e & ayfel.e

E{ DATA x sin(wt)} becones -4, and the value E{DATA x
worthe g \ithgnage Lecomesp, 0/ michehsy et uq RatPAT Ay al

DATA is input with the timng shown in the second
cos (width étieraie W @%f%@%%@@s(w 1% gyddsgl over one

cer S S 00, M ale 1, et Ahs fireof,
crat AT IR 4 NELE Al SRS Mharel, Syl
patteg%gggc}%:!\%%% }[3# fd‘)r?ngcglj?'\?e?ée%]allo Sé ncgly\'tiﬁl . aggcéyging Lo
the value of ®n at the time of the input of signal DATA
being started.

The second pattern shown in Fig. 14 is a pattern
wherein signal DATA is input in the digital PLL 112 with the
phase being delayed 3I1/4 from the signal sin{wt), and the
phase being delayed II/4 from the signal cos{wt). With the
second pattern, the value Z{DATA x Sin(wt)} becomes -4, and
the value Z{DATA x cos(wt)} becomes 4. Also, in the event
that signal DATA is input with the timing shown in the
second pattern, the value of ®n converges to 12 or 28,
according toe the initial value of ®n at the time of the
input of signal DATA being started.

The third pattern shown in Fig. 15 is a pattern wherein

signal DATA is input in the digital PLL 112 with the phase

being delayed Tl from the signal sin{wt), and the phase being
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del ayed r1/2 fromthe signal cos(w). Wth the third
pattern, the value E{DATA x sin(wt)} becones -8, and
the val ue E{DATA x cos(wt)} becones 0. Also, in the
event that signal DATA is input with the timng shown
in the third pattern, the value of On converges to O
or 16, according to the value of On at the tine of
the input of signal DATA being started. The fourth
pattern shown in Fig. 16 is a pattern wherein signa
DATA is input in the digital PLL 112b with the phase
delaylel My det@yed 1ad 14 dydaoredhess) gnaki shnfme) thard phbeern,
phase bei ng del ayed 3U 4 fromthe signal cos(wt). Wth
the vhheef Qunkhapat sennwt) hebvabwesEFBATAnY siha( wh)llie Z{DATA
beconmes -4, and the value E{DATA x cos(wt)} becones
x cos4wtAllsbecbnethé. ewnént,t hat tsegraknbATAstS sigputl BATE
the timng showmn in the fourth pattern, the val ue of
is in@utcenvér gés tomdngr s2Oyn accthei ngitro phdé bealnue thfe On
at the tinme of the input of signal DATA being
valuespdr fRed comive fdefs F-dt et rl hawrdniifigy. tathis wlue of
pattern wherein signal DATA is input in the digital

@n atPLt@ell‘iZHW tqﬂf the pHEsE Heiigndel NYING rgrA R -
gnal sin é and t he hase bei ng, del ayed F1 from
?h% E?@ﬁab 1 f%ﬁf)shovvthntﬁégfu%?hlspatPéFﬁerﬁhe

ATA X Sin

he el DRHATR e DO 1P bEeoteans hA S094H L Ko leddnd ED
the BRePEn°par SPA7YERe T BT Gl L GHVERos Kbl or 5
the pﬂ%ggrg ﬁgD§$AEQSE¥%HW%(gIJa1€H t4¥%ﬁéfn%§g 15? Im%%h
the fourth pattern, the value Z{DATA x sin(wt)} becomes -4,
and the value Z{DATA x cos(wt)} becomes 4. Also, in the
event that signal DATA is input with the timing shown in the
fourth pattern, the value of ®n converges to 4 cr 20,
according to the value of ®n at the time of the input of
signal DATA being started.

The fifth pattern shown in Fig. 17 1is a pattern wherein
signal DATA is input in the digital PLL 112 with the phase
being delayed 3I1/2 from the signal sin{(wt), and the phase
being delayed Il from the signal cos(wt). With the fifth
pattern, the value X{DATA x sin(wt)} becomes 0, and the
value Z{DATA x cos{wt)} becomes 8. Also, in the event that
signal DATA is input with the timing shown in the fifth
pattern, the value of ®n converges to 8 or 24, according to

the value of ®n at the time of the dinput of signal DATA
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being started. The sixth pattern showmn in Fig. 18 is a
pattern wherein signal DATA is input in the digital
PLL 112 with the phase being delayed 711/4 fromthe
signal sin(w), and the phase being delayed 511/4
fromthe signal cos(w) Wth the sixth pattern, the
val ue E{DATA x sin(w)} becones 4, and the value
E{ DATA x cos(wt)} becones -4. Also, in the event that
signal DATA is input with the timng shown in the
sixth pattern, the value of On converges to 12 or 28,
beingaetardieng to the value of On at the tinme of the input
of signal DATA being started. The seventh pattern
ThewaiknhhFpgttdOni shawpaiheFng. whér ésnaspghakrbDAFAersin
input in the digital PLL 112 with the phase being the
signada@dTas ishénpiugnahn $he( vititadd Piie IgRase thbeiheg phase
del ayed 311/2 fromthe signal cos(wt). Wth the
bElngsélﬁéﬁtYﬁdpaﬂ/é]r rf, ¥ arh & hea | Ve TEIDATA fvt9)i n (3itd Jelre dormese
8, and the val ue E{DATA x cos(vvt)g becones 0. Al so,
being; deflpgesy &Rt/ 4 tiram silgndll DAFA G35 Hput Wi tHe sixth

ti mng shown |%the seventh pattern, the value of On
Py !

patteggny éf§ed &0 PATé\ X é&c‘?di‘“’&)rﬁgb?&of“ﬁé Val 68%fhen at
me of t t of si naI ATA beln started.
ValueTﬁéDg‘uTéhf‘hCBE WEM ﬁSRﬂan irg. 226% s t&i"ﬁn% that

ot naxf)h n SI nal D,%TA |% in m |nn the d| PLL %%\2
9 RESE B rkfg 5‘8 g4ngy P f”Po S|g
pattesﬁl \Q?m)e ?ﬁet he qﬂﬂ%sq%xpeeﬂgﬁ% qel ayed, 7]218( 4 Lo dNng
nal —cos W
the value of ®n at the time of the input of signal DATA
being started.

The seventh pattern shown in Fig. 19 is a pattern
wherein signal DATA is input in the digital PLL 112 with the
phase being the same as the signal sin{wt}, and the phase
being delayed 3I1/2 from the signal cos{wt). With the
seventh pattern, the value Z{DATA x sin(wt)} becomes 8, and
the value XZ{DATA x cos(wt)} becomes 0. Also, in the event
that signal DATA is input with the timing shown in the
seventh pattern, the value of ®n converges to 0 or 16,
according to the value of ®n at the time of the input of
signal DATA being started.

The eighth pattern shown in Fig. 20 is a pattern
wherein signal DATA is input in the digital PLL 112 with the
prhase being delayed Il/4 from the signal sin({wt), and the

phase being delayed 7[1/4 from the signal cos{wt). With the
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----- --- -- -------- eighth pattern, the val ue
E{ DATA x si n(vvt)} becones 4, and the val ue E{DATA x
cos(wm )} beconmes 4. Also, in the event that signal
DATA is input with the timng shown in the eighth
pattern, the value of On converges to 4 or 20,
according to the value of On at the tine of the input
of signal DATA being started. Another enbodi nent of
the digital PLL 112 will be described bel ow

Normal Iy, with the signal DATA, a preanble of a

eightd edatesri nedhdatdvid i snmata acheich faf)or exddgnaa@ld d and
data. The digital PLL 112 perforns the processing

the wdgses idbEth@aboveouwt)ng ddwemper iod aldde jr egiblesent
and | ocks the virtual control angle (D. After

that |gdigkialg,DATA iiss degiutablietH orhphaseingosttowt dry tie
digital PLL 112, i.e. control of the virtual control

eightdanglat tsrrt,0 e suppressedProcthectrgast tnedessak |,
amount. However, wth the above-descri bed processing,

accozgling thmtlifon wanDef fRgi abdtvhet g phatke conprbl of s
per f or med unnecessarlly in the event that the duty

Slgnarlatqpéfpofbetlﬁézi sitghated DATA i s changed from 50% For

exa upon the val ue of On conveg@ke‘lgL to 28 and
fRet .errt @&bo@&ﬁ@% Andte Gigéitid 15 X

cerclly oAl a2 o e e o
of a ﬁrecF%t?ﬂszn%@E éag‘g%r% e et asP?éT9é§%§e§Pgﬁa|va%m ata.
The C{l?lgeltal lEHﬁ. %{ILZ]' Epeercﬁgﬁr?s Qché rbero\/@éﬁllallc;e§gzc%§ ak;gve
during the period of the preamble, and locks the virtual
control angle ®. After locking, it is desirable for phase
control by the digital PLL 112, i.e. control of the virtual
control angle @, to be suppressed to the least necessary
amount. However, with the above-described processing, a
situation can be imagined wherein phase control is performed
unnecessarily in the event that the duty ratio c¢f the signal
DATA is changed from 5C%.

For example, upon the value of dn converging to 28, and
the virtual control angle ® being locked to ® = 28 x AD, a
situation can be considered wherein the duty ratio varies
greatly from 50% with the n'th bit and the n + 1'th bit of
the signal DATA, as shown in Fig. 21.

In this case, at the n'th bit of the signal DATA, the

value 2ZV11l becomes (O, the value ZV12 bhecomes -16, the
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49 =----------- control direction is set in the -
direction, and the value of On is decrenented from 28
to 27. Also, at the n + 1'th bit of the signal DATA,

t he val ue EV1ll beconmes -4, the value EV12 becones 16,
the control direction is set in the direction, and
the value of On is decremented from27 to 26. That is
to say, once the virtual control angle ' is |ocked,
the control direction is continuously set in the sane
direction with the changes of the duty ratio, the

cont U1 M@l ctGORE Q! RAT1i1@ @ HesS Separaled{ aRd ha.d ogkad:
val ue whereby a situation is created wherein the data

of Opefor@smdatdONtdsm Possd by, nok1Hej ngrabhe Ho+ 1'th
accurately be restored fromthe signal DATA. In order

bit difo thieewdrhatlhimmphenoreneiLud aviaxamql@gean-4, the value
arrangenent may be made wherein the control direction
ZVl12 ibecookisailiied téeeryprane-lhalifreeydlon dfs signaln DAKA,- and

a final control direction is determ ned based on the
direchipnobtaidnédie cedtucoloidi®rects ohscesmeytddcedm 7 to 26.

si gnal DATA. Now, the processing of the digital PLL
That 1LB2B50 wathe caentthef vdgitvg L eins nec ivigire Wi 46 becked,

described with reference to Fi%é121' In the case of
the Cl%litﬁg?lt Rilg SCEC 19 Gife SO PR S 1o @29t idurhilsat3ang y
, adds the _val ues cos para x DATA x sin(wt), and .
direcdigm “ddha Wiy fhIE NEES0S Tpdihe FUSATARL I n(Ehts jvirtual

i ndi cating the value E{cos para x. DATA x sjn(w %
cont Ao Bt % b Vil TR LA par L EATAR L1 T hidhereby 2
situa%%%% %%n%Lﬁggfgg Xw%ﬂ%591?¥§¥ data before modulation is
possibly not being akle to accurately be restored from the
signal DATA.

In order to prevent this phenomenon, for example, an
arrangement may be made wherein the contreol direction is
obtained every one-half cycle of signal DATA, and a final
control direction is determined based on the two obtained
control directions every 1 cycle of signal DATA. Now, the
processing of the digital PLL 112b in the event of using
this technique will be described with reference to Fig. 21.

In the case of using this technigue, the LPF 16&6la-1
cumulatively adds the values cos para x DATA x sin(wt), and
supplies a signal Z{cos para x DATA x sin(wt)} indicating
the value X{cos para x DATA x sin(wt)} wherein the values

cos-para x DATA x sin{(wt) have been cumulatively added over

a period of four clocks worth of the clock sigral £ clk,

- 50 -




a period of four clocks worth of the clock signal

f clk, 50 i.e., over a one-half cycle of signal DATA,
to the adder 162a. Upon supplying the signal E{cos
para x DATA x sin(w)j, the value held by the LPF

| 6la-1 is reset, the LPF 16la-l cunul atively adds the
val ues cos para x DATA x sin(wt) again from 0. That
is to say, the LPF I6la-1 cunulatively adds the

val ues cos_para x DATA x sin(w) of a half-cycle
worth for every one-half cycle of signal DATA and

., SRRk s oh@eh%'lgn%lycﬁéc%% RaAkRAX DATA X & Rt )ddder
‘indicating the value E{cos para x DATA X si n(wt)}

162a. Wh'U%JBnh@% baen ngC el atiigvelly radded paoat ke padder 162a.
Simlarly, the LPF 161a-2 cunul atively adds the val ues
sin (wEhN,paha XaDABAn¢lcosS{Wheof.ra hallfa—dydlse nwordth fdre LPF
every one-half cycle of signal DATA and supplies the
161a-9i ghaikfdivelyacads DAEA v 1oes( wo)st panti catiiig: txhe
val ue E{sin_para x DATA x cos(wt)} which has been
sin (weumalgatiny élrpradded The tt e tadder,162& IAESJ,°tahd LPF
16l b-1 cunul atively adds the values sin para x DATA x
cumulsiti(wtly efice Halef veloles Wostparer X SVWEFy XoRéTHaIH of a
cycl e of signal DATA and supplies the signal {qgll
half —|§:Y|Cdex WOAER EOoF RERY} onfdinedtli fy Hise qﬁam@r@{% T&aradld
x DATA x sin Wté}2 whi ch has been cumyl atively ad
suppligst fde gd@dn 116265°0SERAFRer, é PR PEF- 2 %3188 ing

e SIBASIE T2 W KLIERATE) RIS BBl
coman SHSL2 5F AL N8 sp SumRles che stanal |
Eimliagﬁy, the LPF 16la-2 cumulatively adds the values
sin para x DATA x cos(wt) of a half-cycle worth for every
one-half cycle of signal DATA and supplies the signal
Z{sin para x DATA x cos(wt)}} indicating the wvalue XZ{sin para
x DATA % cos{wt)} which has been cumulatively added to the
adder 162a. Also, the LPF 161lb-1 cumulatively adds the
values sin para X DATA x sin(wt) of a half-cycle worth for
every one-half cycle of signal DATA and supplies the signal
X{sin para x DATA x sin(wt)} indicating the value Z{sin para
x DATA x sin(wt)} which has been cumulatively added, to the
adder 162b. Further, the LPF 161b~2 cumulatively adds the
values cos para x DATA x cos{wt) of a half-cycle worth for
every one-half cycle of signal DATA and supplies the signal
Z{sin cos x DATA x cos(wt)} indicating the value Y{cos para

x DATA x cos(wt)} which has been cumulatively added to the
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x DATA x cos(wt)} which has been cunul atively added to
the 51 adder 162b. The adder 162a adds the val ues
E{cos para x DATA x sin(w)} and the values E{sin
para x DATA x cos(wt)} for every one-half cycle of
t he signal DATA, generates a signal EV11 indicating
an added value Vii (=E{cos _para x DATA x sin(w) +
sin para x DATA x cos(wm)}, and supplies this to the
ACT 136. The adder 162b adds the val ues wherein the
sign of the value E{sin para x DATA x sin(w)} is
adderl M¥epted, and the values E{cos para x DATA x cos(w)}
for every one-half cycle of the signal DATA,

peNeses Bsh 0dds BMIQ vaDheaty ngoanpanddedoaah ue V12
(=Y-{sin para x DATA x sin(w) + cos para x DATA x

sin (weP$(wh} thandasuppl Eesihhpsrtoxt hRTACY 436(wilhe¢ for
control direction setting unit 181 obtains the
everycontrbhldi cgcleonfbabedsdgntheDal§nsgehetrhtevakueiBvdl
and the value EV12 for every one-half cycle of the
IVll $ndhabtDAFAanusildgdt ielvhaVilsliowmicoa_biaga 8 BATA X
_ descri bed above, takes the majority of the obtained
sin(wkbntrelindbpest KkoRBTROX evefyl) cychadofuphélgpghllis Lo

DATA, and determ nes the control direction based on
the A€Relpésults of the majority decision. Mre

specificallg the control direction setting unit 181

Bt AHCE hEOCOMIGE HRT bR o7F i WhehRpet Pod WpRref nthe

tg _cl ock couné r is at 0O Prough 3 %Fereaft r, also
valuecal paGPRE™ Fi PALERAIT5™ AR { nEo CORTT br-<i r 8861 BACi n
valueghg{ggglggrghgrSAgA x cos(wt)} for every one-half cycle
of the signal DATA, generates a signal XZVi2 indicating an
added value V12 (=X{sin para x DATA x sin(wt) + cos_para x
DATA x cos(wt)}, and supplies this fo the ACT 136.

The contrel direction setting unit 181 obtains the
control direction based on the signs of the value XV11 and
the value 2V12 for every one-half cycle of the signal DATA
using the chart shown in fig. 8 as described ébove, takes
the majority of the obtained control directions for every
cycle of the signal DATA, and determines the control
direction based on the results of the majority decision.
More specifically, the control direction setting unit 181
obtains the control direction in the period wherein the
clock counter is at 0 through 3 (hereafter, also called the

first half) and the control direction in the period wherein

the clock counter is at 4 through 7 (hereafter, also called
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the clock counter is at 4 through 7 (hereafter, also
called - 52 the latter half), and with the two
obt ai ned control directions, determ nes the contro
direction to be the + direction in the event there is
a mpjority of the + direction, and determ nes the
control direction to be the - direction in the event
there is a majority of the - direction, and determ nes
the control direction to be O in the event there are
t he same nunber of + directions and - directions. The

the 16@MvOdifmectden wsett itk unid o3k ineld fdesrdihe
det ermined control direction to the virtual contro

direc@N@ne ,CoRdaimiwdis thd2 cobtedat hErreparitldrons ofe the: +
digital PLL 112b performthe sane processing as the
direcalieve-idestrd kedntprdeassiing.a kerjcexanplaef, tase shown in
Fig. 22, in the event that the signal DATA is input
direaotiitcm,t eids aleE egoridicds e antrdli glirtict tdeéd ittst -
hal f of the n'th bit of signal DATA, the value EV11
diredigcongs the avnthehealeud sEVAL hayevores . tAscor di ngly,
based on the chart shown in Fig. 8 the contro
direcgiiceot ifonl dedemHass tde et rsrl Heaptipmito dfe then
si gnal DATA becones 0. Also, for the latter half of
the etvﬁféltn tels @igF the grale PATRE. K valdid SHiP v Gottes

and the val ue becones -16. Accordi
i recEdsud -on e CERAT s Ko o Gotiang Hléuéor?trh%omotlfles

the Hhteehian (90,109 LALST NGl Lo L0e A P don s
ang}_eg%i;%cct tohn unlcccq (y nng¥xe Vgthrér E) J_Ikiol'lllsblotf %fheSICQLQ;ailtal
PLL 112b perform the same processing as the above-described
processing.

For example, as shown in Fig. 22, in the event that the
signal DATA is input with the same conditions as in Fig. 21,
at the first half of the n'th bit of signail DATA, the wvalue
2V11l becomes -16 and the value 2Vi2 becomes 0. Accordingly,
based on the chart shown in Fig. 8, the control direction
for the first half of the n'th bit of the signal DATA
becomes 0. Also, for the latter half of the n'th bit of
signal DATA, the value XV11l becomes 16, and the value XV12
becomes -16. Accordingly, based on the chart shown in Fig.
8, the control direction for the latter half of the n'th bit
of signal DATA has a contrcl direction in the - direction.

Accordingly, with the n'th bit of signal DATA, the

control direction of the first half becomes 0 and the
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control direction of the first half becones 0 and the

- 53 control direction of the latter half is in the -

direction, so since there are nore of the - direction

than the + direction, the control direction is

finally determned to be in the - direction. Thus,

the value of On is decrenented from?28 to 27, and the

val ue of cos para is controlled to be 3, and the

value of sin para is controlled to be -5. Also, the

val ue EV11 becones 16 and the value EV12 becones 4 at
conttdie dirstt hal foofthdelat et "Hdl biis afn ttee nexdirsdighah,

DATA. Accordingly, the control direction of the first
so sihatd Wietdere wdre¢ obithof- siignatt DATA han itthe he +

di rection, based on the chart shown in Fig. 8. Also,
direqthieon vaihfe EVINrdlecdresct DO gl e Vi ude Bl hed one she

12 in the [|atter half of the n + |'th bit of signa
in thEaTA, dwﬂd?fhgl yThUPthet%n‘fqﬂdn‘e dv ¥ ¢Brj bp @ecrpeented

| atter half of the n + 11th bit of sjgnal DATA has a
from c?o%tfm o rEd i i i Rt of df9edtdoh, 1S b%%%fdf%l%eto be

h Fig. 8. A di
3, argithg S‘géfom Sk il ot %H%C&F%Eb%f e |
f t d t the .l att hal f
A%, IR e é‘ﬂﬁn%“éﬁee%e'r@n&?@a W a1 B8h
t t -
becor&cehnt ro afdé dtﬁ?elc llr}o%{]ﬂé]fhfenafl déy}{edcr% Ief% neelzg]detg:g@%%f {hel'hnes}ft

Signélhq}AVl@i ue c,oéorghn ol Hﬁ{@ Cﬁﬂ%cﬂ rBJ[pJ_aé@tﬁgr? cpf')t

anged. con e virtual control ang TV
firsﬁgghelglgaor€rt9¥@rﬁ ed frambel ngr perfiof Mash FOr & thanpe +

direction, based on the chart shown in Fig. 8. Also, the
value 2V11 becomes -20 and the value 2V12 becomes 12 in the
latter half of the n + 1'th bit of signal DATA. Accordingly,
the control direction of the latter half of the n + 1'th bit
of signal DATA has a control direction in the - direction,
based on the chart shown in Fig. 8.

Accordinglty, for the n + 1'th bit of signal DATA, the
contrel direction of the front half is in the + direction,
and the latter half is in the - direction, so there are
equal counts of the + direction and the - direction, whereby
the control direction is finally determined to be 0. Thus,
the values of ®n, cos para, and sin para are not changed.

Thus, control of the virtual control angle @ can be
prevented from being performed more than necessary.

However, in the event that an arrangement is made
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However, in the event that an arrangenent is nade - 54
whereby the control direction is determ ned by
majority rule of the control direction for every
one-half cycle, for exanple, a situation nmay occur
wherein the phases of the signal DATA and the virtual
signal sin(ww + (D) are not identical in the preanble
portion of the signal DATA, and vyet, control of On,
i.e. control of the virtual control angle (D is not
performed. For exanple, in the case of On =5, in the

wherewenthd hatntddie di #drthidn of s signatn DATA ishownj onitHy grule
23 is input in the digital PLL 112b, the val ue of

of theVikbrhecomesi Zeanibn h@bmawy ofndENhARE begobes 16r at
the first half of the n"th bit of signal DATA, and

examplifo \Aal i Ft VL e coTRIET -TR Baih tHee viallages ob f EMIQ
becones -20 at the latter half of the n'th bit of

signag gHelA pATA Lhs bl Flegl tsigiat metmith bi®) orTsi gakl
DATA, the control direction of the first half is in
identiq ly inyihe tRiATEE tFl‘féffcld?ﬁ rof s ett9eml ofAThe and

Iatter a s in the - i o thus there are

yet, &l tht{ d’%f the- C‘&?Pé% |‘61L1 Eﬁﬁ YigFratt FBRtrES

s_not perfornmed, regardless of the

angleg %gs%% %?tt%%ré?ﬂ%%? DATA and the virtual signa
El( ‘é&a”’ (R not heing ldentigal. 4n o dﬁﬁeto é’r{ e"el{“

endnenon an arrangenent na be er eln

the nt ha% %q rooﬂ AR 100 S AP Ve s gl rwegrlp{]%& " 1 the
+ directio t direction,” for
dlglﬂarle ﬁ%emlﬁﬂj,attﬁé‘eifm rof Ei}'lrle%é%Qu th&s the value
of XV 12 becomes 16 at the first half of the n'th bit of
signal DATA, and the value of XV11l becomes -12 and the value
of XV12 becomes -20 at the latter half of the n'th bit of
signal DATA. As a result, at the n'th bit of signal DATA,
“the contrcl direction cof the first half is in the +
direction and the control direction of the latter half is in
the - direction, thus there are equal counts of the -
direction and + direction, so control of ®n is not performed,
regardless of the phases of the signal DATA and the virtual
signal sin(wt + @) notrbeing identical. .

In order to prevent such a phenomenon, an arrangement
may be made wherein the control direction is forcibly
determined to be in the + direction or the -~ directioen, for
example, in the event that the control directicns of the

first half and the latter half are in the opposite direction.
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first half and the latter half are in the opposite
direction. 55 Now, in the event that the LPF 161la-
through LPF |6l b- 2 are configured enpl oyi ng
flip-flopping, when the internal register holding the
cumul atively added value is reset, the value of the
internal register becones 0 at the next clock counter
whi ch has been reset, and a situation may occur
wherein an accurate cunul atively added val ue i s not
obt ai ned. For exanple, in the event that the LPF
fGhva- In euweulatnveltyzaddsict NeFvalales 1cahfeargh XLHDATA MXo-
sin(w) for every one-half cycle of signal DATA, when
2 ard heonfalqie-cobsemgaray ing DATA XE Sipf i, ohlamgeshasid;efnal
-1, -1, 1, 1, -1, -1 during O through 7 of the clock
regigmmther] diagy siewcunm BEigiveldy addaed viad Liee E{sosepara khe
DATA x sin(wt)} of the internal register of the LPF
valuel glfa-thanistt yerdmese O sitren herered vk atcoum erexs atogk
and 0 when the clock counter is at 7, as shown within
countigfe Wilfife 'AS iBParher Hiddgr a9 Hoviehieda b 5 SRBWCCEHRE t he
frame F2 in the diagram in the event that the ]
Wherﬁ%ﬂeﬁQmﬁC?%ﬁﬁ%ﬁe?u%ﬁl%%%vﬁki 187ac| VRdUpedst NitePtRelned .

| ock counter, is . at 3, the_ value E S ra_x DATA x
o8 SEFTOUR: hRe thE GrRal FEOTs g SER B IRE 16) a)
becones 0 en.the clock counter i 4, and the
cumu I AL Sl SO 3 Ttk S e o
cl.o C ter ds.. 7, e [
every MhEri SRHNSEToR lind WO Chhort € 181 & coz para

x patfl 30LAM 1 USkEaldng an emjodiment; ofy the digital PLL

12 configured to prevent such a
during 0 through 7 of the clock counter, as shown in Fig. 24,
the value X{ccs para x DATA x sin(wt)} of the internal
register of the LPF 16la-1 must becomes 0 when the clock
counter is at 3, and 0 when the clock counter is at 7, as
shown within the frame ¥l in the diagram. However, as shown
in the frame FZ in the diagram, in the event that the
intefnal register of the LPF 16la-1 is reset when the clock
counter is at 3, the value X{cos para x DATA x sin(wt)} of
the internal register of the LPF 1l6la-1 becomes 0 when the
clock counter is at 4, and the wvalue Z{COS_para x DATA x
sin(wt)} becomes -1 when the clock counter is at 7, whereby
there is a situation of inaccurate values.

Fig. 25 is a circuit diagram illustrating an embodiment

of the digital PLT. 112 configured to prevent such a

phenomenon. Note that in order to distinguish between the
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phenonmenon. Note that in order to distinguish between
the 56 above-described digital PLL 112a and digital
PLL 112b, the digital PLL 112 in Fig. 25 will be
called the digital PLL 112c. The digital PLL 112c in
Fig. 25 is made up of a frequency divider 131, Exor
circuits 132a and 132b, nultipliers 133a-1 through
133b-2, ACT 136, adders 162a and 162b, LPFs 31lla-1
t hrough 311b-4, and switches 312a-1 through 312b-4.
Note that the portions corresponding to Fig. 6 have
abovet-ie ssatpecet@nanee muaenalss, andl tieyidmawimg. have been:
denoted with the same reference nunerals, and
digitmed@ndantl 2 desaiigpt i26nwafl it he parltliecons ha tdi gitmll @11
processing will be omtted. LPF 311la-1 cunul atively
iiZ2c.adds the values cos para x DATA x sin(wt) when the
val ue of the clock counter is at 0 through 3, and
ShpptligstalsPghal 1Efcods papa 25DA$AM%d§iﬁpwpﬁ}a
i ndicating the cumul atively added val ue COoS para X
frequlﬂ?ﬁ Rigiiget Y Ptlo ﬁﬁ@raéééﬂu£62a13@@aaﬁﬁb St ch
a-1. The LPF 31la-1 resets the cunulatlvely added
mﬂtl‘?éll@éshél?@arrlr télﬁ%ﬁ%lhémkﬁ—@treﬁ% IP&gi stkerst Y@ and
poi t he cl ock havi ng turned tqo .4, _and
162b n&@ﬁ?a%ﬁ§atﬁe Pﬁpgﬂﬁa%%q eélsﬁgp ALGENSE ¢ hdfert t he

ehronfd S8 0 e TR U b drv fnd LOERE S ndasdpake o

6 haveo%h%asBR).rl(eAreEAe‘r)énce Mr%er%\i%r tgl t%%gldll}glls lt C}fw%lv% %cﬁen

ot'he

denot%{dC%t%a&%e sQﬁ%EAréf%'r%\@te) hukadigat i ng, 4 I}%dundant

description of the portions with similar processing will be
cmitted. LPF 31la-l1 cumulatively adds the values cos para x
DATA x sin(wt) when the walue of the cleock counter is at 0
through 3, and supplies a signal X{cos para x DATA x
sin{wt)} indicating the cumulatively added value X{cos para
x DATA x sin{wt}}to the adder 162Z2a, wvia the switch 312a-1.
The LPF 31la-1 resets the cuﬁulatively added value held in
an unshown internal register at the point of the clock
counter having turned to 4, and maintains the internal
register value of 0 when the value of the clock counter is
at 4 through 7. That is to say, the LPF 31la-1 cumulatively
adds the values cos para x DATA x sin(wt) over the cne-half
cycle of signal DATA every other time, and supplies the
signal X{cos _para x DATA x sin(wt)} indicating the

cumulatively added value X{cos para x DATA x sin(wt)} to
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cumul ativel y added val ue E{cos para x DATA x sin(wt)}
to 57 the adder 162a. Simlarly, the LPF 31l a-2
curmul atively adds the values sin para x DATA X
cos(w) when the value of the clock counter is at O
through 3, supplies the signal E{sin para x DATA x
cos(wt)} indicating the cunul atively added val ue
E{sin para x DATA x cos(wt)} to the adder 162a via the
switch 312a-2, and maintains the internal register
value of 0O when the clock counter value is at 4
the ddd«@ug6Z&a. On the other hand, the LPF 31l a-3
curmul atively adds the values cos para x DATA X
simiwe)x lwhenheheé PFal3léaet cheudladdke lgowntder tihe ataldies
t hrough 7, and supplies the signal E{cos para x DATA X
sin_ s wt DATANGI catsi ing )t decurilieatvialaley o fadded adaldle
E{ cos para x DATA x sin(mﬁ)f.to t he adder 162a, via
countide iswiatc W Figa@mh The 1P BiH%-Ae esictrsa k Rel sidtghra x
val ue held in an unshown internal register at the
DATA poicts Gt ) )t HBICRH b (e A G HUnh Gides! 072 lgiy

mai ntai ns_the internal regi 0 .when the

Z(s iR CoRY % A5 | 40 6 A SR .6bmaiid S h

sose QR P L Sl cml ot el e e vl b .
o LTSS 0 e g9 s alpoae v

DR S5% ERRGt bl AR RS Sl s iR A0S0 e) phe

valuddl écﬁeipsqafgs My A he SI':LI?]':(W??:le LW ARl ¥ RddR the ek

counter is at 4 through 7, and supplies the signal

2{cos para x DATA x sin(wt}} indicating the cumulatively
added value X{cos para x DATA x sin(wt)} to the adder l6Za,
via the switch 312a-3. The LPF 311a-3 resets the added
value held in an unshown internal register at the point of
the clock counter having turned tc 0, and maintains the
internal register value at 0 when the clock counter value is
at 0 through 3. That is to say, the LPF 31la-3 cumulatively
adds the values cos_para x DATA x sin(wt) over the one-half
cycle of signal DATA every other time, so as to alternate
with the LPF 31la-1, and supplies the signal X{cos para x
DATA x sini{wt)} indicating the cumulatively added wvalue
Z{cos para x DATA x sin(wt)} to the adder 1l62a.

In the same way, the LPF 31la-~-4 cumulatively adds the

values sin para x DATA x cocs(wt) when the clock counter
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val ues sin para x DATA x cos(w) when the cl ock
counter - 58 wvalue is at 4 through 7, supplies the
signal E{sin para x DATA x cos(wt)} indicating the
cumul atively added value E{sin para x DATA x cos(w)}
to the adder 162a via the swtch 312a-4 and mai ntains
the internal register value at 0 when the cl ock
counter value is at 0 through 3. Also, the LPF 311b-1
cumul atively adds the values sin para x DATA x sin(wt)
when the clock counter value is at O through 3,
valuesuppldtes: tha-signal, Egiplipar abe DAAXAK Bisiwpdra x
i ndicating the cumul atively added val ue E{sin para X
DATA DBATA sx(wsi)r( witn)di ctad itrfve téckd erumlG2{y ivied yt Reldsadd twwdiue
312b-1 and maintains the internal register value at 0O
Z{sinMparra he DAGIPoek cosumttert &l tréei sdaterd td¥eowgha Thel n
the same way, the LPF 311b-2 cunulatively adds the
switahaldjies tosnshme Lo tATA X heosimernerr atestoctkalue at 0
counter value is at O through 3, supplies the signal
when gihepslpgika SoUBATA veldss (3t 1At ithdifidy T he

curmul ati vel y added val ue _E{cos _para X DATA cos(w) }
%Fléégbv. aCPﬁ‘élla WiESH $8%5 fhsnar%aeﬁt ai NS

£'65Cme t88dé&
the i nterna relst en the clo
sin p@d&ﬁqt@ﬁ\? G TaPRrogsr #losh crantema e s at
currul t| veI adds t aI JJes sin ra x DATA x
0 thr %) ockSlcc-Jon tlter Valei% "at Tj'\’ﬁw ough

sin (th)dl catl ngqilhngecunulrlgitn}d\fl Sé}_n\regg)é% %I’%é{ Sei ‘;2'; al\r%&)ﬁara

x Dmgﬁ sgns('w%(wﬂ)t}o L9t %%d%qdqrez£6%qav't%et he 13 G op—1

and maintains the internal register value at 0 when the
clock counter value is at 4 through 7.

In the same way, the LPF 311b-2 cumulatively adds the
values cos para x DATA x cos(wt) when the clock counter
value is at 0 through 3, supplies the signal X{cos para x
DATA x cos(wt)} indicating the cumulatively added value
Z{cos para x DATA x cos{(wt)} to the adder 162b via the
switch 312b-2 and maintains the internal register wvalue at 0
when the clock counter value is at 4 through 7.

Further, the LPF 311b-3 cumulatively adds the values
sin para x DATA x sin(wt} when the clock counter value is at
4 through 7, supplies the signal X{sin para x DATA X
sin(wt)} indicating the cumulatively added value Z{sin para
x DATA x sini{wt)} to the adder 162b via the switch 312b-3

and maintains the internal register value at 0 when the
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and mai ntains the internal register value at 0 when
the - 59 clock counter value is at 0 through 3. In
the sane way, the LPF 311b-4 cunul atively adds the
val ues cos para x DATA x cos(w) when the cl ock
counter value is at 4 through 7, supplies the signal
E{cos para x DATA x cos(w)} indicating the
curmul atively added value E{cos para x DATA x cos(w)}
to the adder 162b via the switch 312b-4 and maintains
the internal register value at 0 when the clock
cloclkcaunirgre v atdleid sisatat0 @ rrougiyt3.3 That is to say, the
LPFs 31l1a-1, 31la-2, 311b-1, and 31l b-2 conpute a
donmithat isweec oryer $hen Lval vd 1bvdr yuomad-ahalvie 1 veyelds witteh
the sane timng, and the LPFs 31l a-3, 3lla-4, 311b-3,
valuend @l Hamh coffiitfe xa cownwitat ivwerc dleerdslicork valurger
every one-half cycle with the same timn so as to
Valu%lltseraﬁat‘]e Sinaathe L PRBY Rs) Uil 1slaia BB Ras_rid %
b-2. The switches 312a-1, 312a-2, 312b-1, and
DATA 3<123@52(Watre} ingad oW Wien dumeLiatdoie lcowddad iglge 3

E{coé%dq%%t@%%g%%fo%&fﬁﬁ' W Shes iy 3P e
| L ' t 7. d
swie e o AR NG T oirer BT ar%ﬂ?%fu@%ﬁﬁ pt 0
when acqqde?\lé];]e Val uentoefd: tvl'%eiu | g&al { J(f/h 3. DATA X
e

su [ fromt he L the switch

BN ot R
31Uo%ﬂ%§m%mte a cumulative conversion value every one-half
cycle with the same timing, and the LPFs 311a~3, 31la-4,
311b~3, and 311lb-4 compute a cumulative conversion value
every one-half cycle with the same timing, so as to
alternate with the LPF 311a-1, 31la-2, 31lb-1, and 311lb~2.

The switches 312a-1, . 312a-2, 312b-1, and 312b-2 are
turned on when the clock counter is at 3, and are turned off
during all other periods.

The switches 312a-3, 312a-4, 312b-3, and 312b-4 are
turned on when the clock counter is at 7, and are turned off
during all other periods.

The adder 162a adds the value of the signal X{cos para x
DATA x sin(wt)} suppiied from the LPF 311la-1 via the switch
312a-1 and the value of the signal X{sin para x DATA x
cos(wt)} supplied from the LPF 311a-2 via the switch 312a-2,

when the clock counter is at 3, and supplies the signal XV11

_60_




TN TSR PUtTL o el e o e e e R ASTR NSRRI e G AR A i AR R ITA

when the clock counter is at 3, and supplies the
signal EV1l - 60 indicating the added value EV1l to
the control direction setting unit 181. Al so, the
adder 162a adds the value of the signal E{cos para x
DATA x sin(w)} supplied fromthe LPF 31la-3 via the
swtch 312a-3 and the value of the signhal E{sin para
x DATA x cos(wt)} supplied fromthe LPF 311la-4 via
the switch 312a-4, when the clock counter is at 7, and
supplies the signal EV11l indicating the added val ue
indidaV¥lihd @het heidzentyaglucdiznagct iton et tdarg: til td i84ct Tidre
adder 162b adds the val ue wherein the sign of the
settival weiaf U8He sizgral, Elsi mduama MDABAIGS sil wiglue of
supplied fromthe LPF 311b-1 via the switch 312b-1 is
the siimverlt éd carsd parse xv dATE of stilvd wsi)gnalurE{ldes! gai xhe
DATA x cos(wt)} supplied fromthe LPF 311 b-2 via the
LPF 3dvliatch V3 sahdirit id 2aci bt dirt efa s af 3 haandignal
~supplies the signal EV12 indicating the added val ue
Z{sirpyera ¢ OREEconErs! (Wil feStiper L esetftiony Whe LFPE8 B 1A,

) t he adder 162b adds .t he val u erein the sign of th
vie W GEISE Ne S dnal ErS I AT RIS Shniy 398
soro L2 G0 LR BRI A M 3 e gt o, B3 i
e PG SO EIR s g g LT 51105 s the

B8 8o BUR <2 AN oA e i vl e
valud RE RiQCessiNg of( dhe g talpaled 1126, (Wi )hheupplied
from the LPF 311lb-1 wvia the switch 312b-1 is inverted and
the value of the signal X{cos para x DATA x cos(wt)}
supplied from the LPF 311bk-2 wvia the switch 312b-2, when the
clock counter is at 3, and supplies the signal ZV12
indicating the added value XV12 to the control direction
setting unit 181. Also, the adder 162b adds the value
wherein the sign of the value of the signal X{sin para X
DATA x sin{wt)} supplied from the LPF 311b-3 via the switch
312b-3 is inverted and the value of the signal Z{cos para X
DATA x cos{wt)} supplied from the LPF 311lb-4 wvia the switch
312b-4, when the clock counter is at 7, and supplies the
signal ZV12 indicating the added value XV1Z2 to the control
direction setting unit 181.

Now, the processing of the digital PLL 11Zc in the

event that signal DATA is input with the same conditions as
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event that signal DATA is input with the sane

conditions as 61 in Fig. 24 wll be described wth
reference to Fig. 26. Note that the portions encl osed
with the frame FIl in the diagramare the sane

portions enclosed with the franme FI in Fig. 24, and
i ndi cates the correct values of the value cos para x
DATA x sin(wt) and the val ue E{cos. para x DATA X
sin(wt)}. As shown in the portions surrounded by the
frame F12 in the diagram the LPF 31la-1 cunul atively
in Fi?ddg 4t helvabuegese@spbpar aixhDAEAcX esic( Wo) FSuppliced
romthe multiplier 133a- 1 during the period that the
Note €heektheupbteribasatn@lbbedughtB, thandrahen Ftihe icl atle
counter is at 3, the internal register value E{cos
diagrpar arg DAfAszmsi pput)pnbeconess@d Wieh tthe dlrecke F1 in
counter is at 3, the switch 312a-1 is turned on, and
Fig. £He BRE 3tBacatsapphieesorhecti yraheE{ sifn thar aax UBATA X
cos(w)} |nd|cat|ng the internal register value to the
cos_pagder DABRax gsial(tvhe st Ehe312aue, 2ALper PRKERSX PREA
. LPF 31la-1 resets the internal register value, and
sin(whaintains the internal register value at 0 during the

eriod of the cl ock . counter belng at 4 throug and
n%P%‘t”ileen LRGROF HECN S of HEEC S Dard khpaFadRe F12° in

cne <3hBFE), PEEPL 0t 5or LES@P%""&E"’ e i, 5
cos_ppbP KRR AL BHRGh By ATy ARETE %gnmh?ﬁépg.lsarwa-
1 durSHS kEF %% %oé Q%%%t%%%Sclock counter is at 0 through 3,
and when the clock counter is at 3, the internal register
value X{cos para x DATA x sin(wt)]} becomes 0. When the
clock counter is at 3, the switch 312a-1 is turned on, and
the LPF 31la-1 supplies the signal Z{sin para x DATA x
cos(wt)} indicating the internal register value to the adder
162a, wvia the switch 312a-i. After this, the LPF 31ia-1
resets the internal register value, and maintains the
internal register value at 0 during the period of the clock
counter being at 4 through 7, and cumulatively adds the
values cos para x DATA x sin(wt) supplied from the
multiplier 133a-1 again during the period ¢f the clock
counter being at 0 through 3.

On the other hands, as shown in the pertions surrounded
by the frame F13 in the diagram, the LPF 311a-3 maintains

the internal register value at 0 during the period that the
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the internal register value at 0 during the period

that the - 62 clock counter is at 0 through 3, and

when the clock counter is at 4 through 7, the LPF

31l a-3 cumul atively adds the value cos Para x DATA x

sin(w) supplied fromthe nmultiplier 133a-1, and when

the clock counter is at 7, the internal register

val ue E{cos para x DATA x sin(wt)} becones 0. Wen

the clock counter is at 7, the switch 312a-2 is turned

on, and the LPF 31la-3 supplies the signal E{sin para
clockk doAA e c0S(twm0) Huwdiggatd ,ngirichevtant erhal c reedhk st@inter

value to the adder 162a, via the switch 312a-3. After
is att Hi $hrtdegl PR 3tka-I3F rdslet-s3 tchend Itteinreal y reetjistidre

val ue, and maintains the internal register value at 0O
valuedurdsgpatse pé¥Tad xofsitnHertd| eekpldeuntfeonbdibeg mtltdplier

through 3, and cunul atively adds the values cos para
133a~%,DATAl whsim(ite) shippt istirftregmitshet myl thilpt idgrtergssl 1 .

again during the period of the clock counter being at
reglxqmrva}gw A cruathe PaiTde XEFélnrfwﬁa\r}a beareg ¥ -  When

os(wt)} supplied tao the adder beconmes equa

the QIREIESIEE vl r sﬂwom% r?mttﬁ%l f Jg’@eo@ ared FIE I\‘Eﬁ'e

that. s I t d f th
R R e R
cos ( %Hueﬁﬁg{ épg!ed t the addegﬂﬁ%§2a %t %qu: §ﬁﬁer

serl e&fprocégglng, e et
1520, Y, IAR,E1 90 12 TGRS 1A Q.40 pesolna. £ o
reseﬁ?qgﬁigmﬂ%%nal register value, and maintains the
internal register value at 0 during the period of the clock
counter being at 0 through 3, and cumulatively adds the
values cos_para x DATA x sin(wt) supplied from the
multiplier 133a-1 again during the period of the clock
counter being at 4 through 7.

Thus, the value X{sin para x DATA x cos(wt)} supplied to
the adder 162a becomes equal to thé accurate value shown in
the framed area F11.

Note that similar operations are performed for the
other LPFs and switches, so accurate cumulatively added
values are supplied to the adders 162a and 162b.

Also, with the above-described processing, in the event
that the value cof ®n is changed from 0 to 1 going from the
n'th bit to the n + 1'th bit of signal DATA, for example, as

shown in Fig. 27, upon the data from the signal DATA being
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shown in Fig. 27, upon the data fromthe signal DATA
being - 63 read when the clock counter at the n'th
bit is at 7, the data is continuously read fromthe
si gnal DATA when the «clock counter at the n + 1'th
bit is at 0, and consequently the sane data is read
at the n'th bit and the n + 1'th bit of the signa
DATA, thereby causing a situation wherein the
original bit row cannot be correctly extracted. Fig.
28 is a circuit diagram showi ng a configuration

read @XaApkecotibhe doghtal BilLthi2nathapged i$0a&s 1,0the
prevent such a phenonmenon. Note that in order to

data disstoAaginsbushet ween themahavesdeseni hed2dwdictalt hel L
112a through digital PLL 112c, the digital PLL 112 in

clockFicgun28&rwiltl the cakl édth bditgitaktPOL Hb2dcohsegquently
digital PLL 112d in Fig. 28 is nade up of a frequency

the sdingi detal3s, rBadr ati tbei 1S th32a tanadd132s n rullt'ithl berts
133a-1 through 133b-2, adders 162a and 162b, LPFs

of thglsdgnatlhPddgh Zhepeby S@ledRes a3 FLE1RtHRroydie Biobthe

~and an ACT 351. Note that the _portions corresponding

origipglppgt roy CANIRE BFafPAGeRive Bedhadditt-ed with the

sanme reference, nunerals, and redundant description of

Fhe: péft8nd W-FRILE| fi FAF*Pr BRBEL P A WFPP L bEUOAT L PEd.

h CT. 351, trols_t I f d
cxamnar 8 bhEed 6 Ple tandr. BUET SaEhEred FomiiiTe dder
such 1628208 Lhe si gnal. B2 supplied Lromithe addes, 162b.

pplies si'gnal i'ndi cating "t he vglue of
betwe%gethe above-described digital PLL 112a through digital

PLL 112c¢c, the digital PLL 112 in Fig. 28 will be called a
digital PLL 112d.

The digital PLL 112d in Fig. 28 is made up of a
frequency divider 131, Exor circuits 132a and 132b,
multipliers 133a-1 through 133b-2, adders 162a and 162b,
LPFs 31la-1 through 311b-4, switches 312a-1 through 312b-4,
and an ACT 351. Note that the portions corresponding to Fig.
25 in the drawing have been denocted with the same reference
numerals, and redundant description of the pertions with
similar processing will be omitted.

The ACT 351 controls the values of cos_para and
sin para, based on the signal XV11 supplied from the adder
162a and the signal XV12 supplied from the adder 16Zb. The
ACT 351 supplies a signal indicating the value of the

controlled cos para to the multipliers 133a-1 and 133b-2,
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controlled cos para to the nultipliers 133a-1 and
133b-2, - 64 and supplies a signal indicating the
val ue of the controlled sin para to the nultipliers
133a-2 and 133b-1. Also, the ACT 351 generates two
lines of timng signals indicating the timng for
readi ng data fromthe signal DATA, based on the
signal EV1l1l and the signal EV12, and supplies these to
the CPU 113. Fig. 29 is a block diagramillustrating
the functional configuration of the ACT 351 in Fig.

and 28epes ACTs B5dal singiid t i echsovabud cof Netheld€odtrolled
control direction setting unit 181, virtual contro

sin B et €ortid ahulini pl 1825 patanktard THI+Dl uklso,188he

~and reading timng control unit 371. Note that the

ACT 30l tganscors espondimgs tof Rigning i sighel di bgiaoat hayethe
the sane reference nunerals, in the drawi ng have been

timinenbed edding hatsanereefidrencedmuhe?dls, lamged on the
redundant description of the portions with simlar

signapk oeekkiand viite pEonohidVed. and skl s tieeg to the

control unit 371 uses a chart shown in Fig. 30, in
CPU hH#li tion to the chart shown in Fig. 10 as described
BG4 T Gt R STt AR A GG G (T VAR orm
S cont Rt TS he T bad ho t | g cont rBRe UM T T8 1S
o cont R R P BRI Gt D kB R e h oy o
1or, SEEB LR SIEPLIR L S0 AU ook gl ock
control unit 183, and reading timing control unit 371. Note
that the portions corresponding to Fig. 7 in the diagram
have the same reference numerals, in the drawing have been
denoted with the same reference numerals, and redundant
description of the portions with similar processing will be
omitted. The reading timing control unit 371 uses a chart
shown in Fig. 30, in addition to the chart shown in Fig. 10
as described aboeve, to control the timing for the CPU 113 to
read the data from the signal DATA, based on the wvalue of ®n,
i.e. based on the virtual control angle ®. Specifically,
the reading timing control unit 184 reads the data from the
signal DATA based on the charts shown in Figs. 10 and 30,
such that, in the case that the wvalue of ®©n is 1 through £,

the clock counter is set to the timing of C and 4, in the

case that the value of ®n is 5 through 8, the clock counter




case that the value of On is 5 through 8, the clock
counter 65 is set tothe timng of 1 and 5, in the
case that the value of cbn is 9 through 12, the clock
counter is set tothe timng of 2 and 6, in the case
that the value of On is 13 through 16, the clock
counter is set tothe timng of 3 and 7, in the case
that the value of On is 17 through 20, the clock
counter is set to the timng of 0 and 4, in the case
that the value of On is 21 through 24, the clock

is s<QOWY arhd S idiglg teor theadd nd ngioftHe ands S, thdr tee caskae
that the value of On is 25 through 28, the cl ock
of ®OEoLnterthsosgh 10, thkettdaR cofinleants6bscantdoi ohéhe
case that the value of On is 29, 30, 31, or O, the
timirg} ack Tount &, i sete taaddhecHdamm tige ofa Buandt 2bn Thal 3
is to say, the reading timng control unit 371
throwdntr@al she helddhriomudfiorr tie CRU U4 3 he tioeiohg hef datand
fromthe signal DATA so as to read the data fromthe
7, irsitgrealcBATA tal céd waloie ey Pe 88 &7 ghFoBATAZOwi the
timng where the phases differ by Il for one cycle of
clock wewitgall DATA. Trhethedditg ¢ it fy Eshttollunfle FAse
enerates two lines _of timng signals indicating t he,
that ﬁny%kU%rﬂié?%cksc%hn?%F%Uggm?%h hagecheeh setiitepris

set S5l I R, T o S AN 10
on 181300y 0081 o DT, bosed sn b o Liperlorct i,
of 2 f/ag}edugé‘,g][@{ﬁ JI.SA; ! ah%es }%Oan%zgthé. N ANG &YEbLt hatrhhes,,
31, or 0, the clock counter is set to the timing of 3 and 7.
That is to say, the reading timing contrel unit 371 controls
the timing for the CPU 113 to read the data from the signal
DATA, 50 as to read the data from the signal DATA twice in
one cycle of signal DATA, with timing where the phases
differ by Il for one cycle of the signal DATA.

The reading timing control unit 371 generates two lines
of timing signals indicating the value of the clock counters
which have been set, for one cycle of the signal DATA, and
supplies these to the CPU 113.

The CPU 113 reads the data twice for each bit of signal
DATA, based on the two lines for timing signals. For
example, as shown in Fig. 31, as with the example shown in

Fig. 27, in the event that the value of ®n is changed from 0

te 1 going from the n'th bit to the n + 1'th bit of signal
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to 1 going fromthe n"th bit tothe n + 1'th bit of
signal - 66 DATA, the CPU 113 reads the data fromthe
signal DATA at the n'th bit of signal DATA when the
clock counter is at 3 and 7, and reads the data from
the signal DATA at the n + 1'th bit of signal DATA -
when the clock counter is at 0 and 4. The CPU 113 uses
the data wherein a value, for exanple, such as a sync
code or the like, is established beforehand to
determine the polarity of the data in the signal DATA,
DATA,aRte @m0 196 actRid hthec afatectt dat acHa am drirel twrd i ate the
of data which have been read, based on a CRC (Cyclic
n'th RedunrdancyynChewk)A coden orth¢ helbrkecathaehedst att Beand 7,
si gnal DATA. Thus, the original bit row can be
and raecw dthel yladha rfacired-hef raomgrtahle BAThalt DATA, D reghiitdl dsst
of the changes to the value of On. Note that with the
of sigtyove DdGEcrihsn die exdam exwrler givent tO Aot | i ndag
changes of the values sin_para and cos para as to the
CPU ldontyssis &g dladp "Hpradva e doserol eI afirh as

2 SyngnaeBleantl A1 oo iuiret it LS e o A e of
O i th h 31, th f I On
deterRr P den g (% el it P B dOAhS fir

[ t S - P o i ng. t t .th
2150 AT ol ot wig) S5 g Qea i caitg, S HE Bhase
anicr SO, dfodde dlifld Ao RHeRd 2 e S sley

Check) code or the like attached to the signal DATA.

Thus, the original bit row can be accurately extracted
from the signal DATA, regardless of the changes to the value
of ®n.

Note that with the above description, examples are
given to show linear changes of the values sin para and
cos para as to the control angle ®, but a value closer to
sin® and cos® may be used.

Alsc, with the above description, and example 1s shown
wherein the range of values of ®n is 0 through 31, but the
range of values of ®n may be further broadened to set the
sin para and cos para corresponding to ®n, i.e., by
arranging to set the virtual control angle @ more
specifically, the phase resolution of the digital PLL 112
can be further improved.

Further, the bit rate of signal DATA employed with the
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Further, the bit rate of signal DATA enployed with the
67 above description, as well as the clock frequency
of the clock signal f clk are an exanple thereof, and
with the enbodinments according to the present
invention, the bit rate of the signal DATA and the
cl ock frequency of the clock signal f clk can be set
to a value differing fromthe above- described val ues.
Al so, with the above description, an exanple is shown
to applying the present invention to a non-contact IC
aboveClicpcribtit chhe apr @sant aisntert icoctart feenapplyi ed tuhe
devi ces having the functionality of denodul ating a
clockdisgighall i gnal asebpeceedmpiie P8 modul atidomwitdt hdre
than a non-contact IC chip. For exanple, by providing
embodtimendisgiatalorllibg te whieclyrelsenyr egemntionverthicopifasrate
been applied, to an IC chip including a reader/witer
of thieusduingd D&TReadmthee cdarck direavgavvc® thdlieng lagk
non-contact |1C card function, or a reading function
signaghifclsllr eads bensedatts 6f valgsviddd fiedvingg Tem it &&ove-
IC card functionality, the sane advantages can be
descrifpesl ¥édv&$-in the case of providing on the

bove- ti d - tact | C chip. That .is.t
Baa: r BEBPVHG BPECFSHORCf BT dedNcE*RRb g 1d STow™

o sefRERINAS PR -SRS HISO  ASHEIAGE  e h,

quency.

oot FHIRSLIRINS OB 3T d BN ) SOl 9P
the £ ?1%!%‘1;621 eariqqyyf G QR3nGaR 1b1% npdg gyithout; depard i cred
to PSK modulation, other than a non-contact IC chip. For
example, by providing the digital PLL, to which the present
invention has been applied, to an IC chip including a
reader/writer function to read/write data of a device having
a non-contact IC card function, cor a- reading function which
reads the data of a device having non-contact IC card
functionality, thé same advantages can be obtained as in the
case of providing on the above-mentioned non-contact IC chip.
That is to say, data receiving precisicn from a device
having a non-contact IC card function can be improved
without increasing the clock fregquency.

Further, the embodiments cf the present invention are
not to be limited to the above-described embodiments, and

variocus modifications can be made without departing from the

spirit and scope of the present invention.
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spirit and scope of the present invention. - 68 WHAT
IS CLCAIMED IS: 1. A PLL (Phase Locked Loop) circuit
conprising: clock signal generating nmeans confi gured
to generate a first clock signal with a frequency
approximately equal to that of a PSK (Phase Shift
Keyi ng) nodul ation signal which is a digital signa
subj ected to PSK nodul ation, and a second cl ock
signal of which the phase differs fromsaid first
clock signal by I1/2; conmputing neans configured to
WHAT gonuutreMeorreach tinme period of a predeterm ned
| ength, first phase conparison results show ng the
results of conparing the phases of a signal wherein
said first clock signal is subjected to phase
3hi f &i BgLOf( Parsanborkedqlicea) entireois comprdlsiaggl e
which is an angle to virtually control the phases of
sabdkf pignadl gekersitgnal ngaassarafdevsrd Ehodknsirghal a
with said PSK nodul ation signal during said tine
firstparliask sdedadecdid ph W.WO&W%@ seffﬁwlngto

the results of conparin the phases of, a

that \gderfeibvKs difd assc ot 1d néﬂoqhglastdﬁifbc%&m which

phase Shlftl of _.an ano nt | t to sald ontro
is 69k & B TR (o ST g
rlod bas d.an 12 f|rst Jpara r.c respond ng
Secortdo%%&ﬂelofo P I S BT e Fseadndt et

flrstparaneger orr §p ng to the sine of said contro
t

o .
ang €, cl'otk signal, said second clock

%Bﬂkin%n%egﬂ%dcgﬁ%lgﬁqghak'o%oﬁb@%@t;for gach time
period of a predetermined length, first phase comparison
results showing the results of comparing the phases of a
signal wherein said first clock signal is subjected to phase
shifting of an amount eguivalent to a control angle which is
an angle to virtually control the phases of said first clock
signal and said second clock signal with said PSK modulation
signal during said time period, and second phase comparison
results showing the results of comparing the phases of a
signal wherein said second clock signal is subjected to
phase shifting of an amount equivalent to said control angle
with said PSK modulation signal during said time period,
based on a first parameter corresponding to the cosine of
said control angle, a second parameter corresponding to the
sine of said control angle, said first clock signal, said

second clock signal, and said PSK modulation signal;




- 69 control direction setting neans configured to
set the control direction for virtually controlling
said control angle based on said first phase
conmparison results and said second phase conpari son
results; paranmeter control mnmeans configured to contro
said first paraneter and said second paraneter based
on said control angle virtually controlled in said
control direction; and reading control neans
configured to control the timng of reading data from
gaind rBIK dMedutatino R csitdnal rdeased comfisSpirdCaRt rRJt the
angle virtually controlled in said control direction.
contbl TherRidi @i ricat tviacaor di yngedroc €3 1l imdl, sah®redbmt: sa@l d
conmputing neans conpute said first phase conparison
anglg estddd orarkh isai il sec grith ghaseneonixarn soasulkss | 4rsd fexid
each cycle of said PSK nodul ation signal. 3. The PLL
secorpl o ge aoooral impnt oo<Ghaitm A, wherein said conputing
means conpute said first phase conparison results and
PargedeInGopitasd SeEpEr ICOor LeEt & of Grondyierly spizl
cycle of said PSK nodul ation signal, and wherein said
flfocd?ﬁl’r%‘I‘efcﬁl’r etd o‘%ﬁlscétﬁtef‘?@%ééﬁﬁamﬁ*frﬁj% bazgd Pontdiol

dlrectlon for ever 1/2 | e. of said, PSK nDduIatlon
contiGly 19t and deta ]dleccbn]tr} ot i redt o for -

d1re§%§§%&dﬁﬁle of said PSK nodul ati on signal, based on

reading control means configured to control the timing
of reading data from said PSK modulation signal based on
said control angle virtually controlled in said contrel

direction.

2. The PLL circuit according to Claim 1, wherein said
computing means compute said first phase comparison results
and said second phase comparison results for each cycle of

said PSK modulation signal.

3. The PLL circuit according to Claim 1, wherein said
computing means compute said first phase comparison results
and said second phase comparison results for every 1/2 cycle
of said PSK modulation signal,

and wherein said control directiocon setting means finds
said control direction for every 1/2 cycle of said PSK

modulation signal, and determines said control direction for
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control directions obtained. 4. The PLL circuit
according to Claiml, wherein said conputing neans
conmpute a val ue wherein the sumof a first nultiplied
val ue having multiplied said first paranmeter, said
PSK nodul ation signal, and said first clock signal,
and a second nultiplied value having nultiplied said
second paraneter, said PSK nodul ati on signal, and
said second clock signal, is cumulatively added over
said tinme period as said first phase conparison
everyl eguls ofard iG0MBEt ewautakuenwier@an, bheesumroftha two
third nultiplied value having inverted the sign of
cont rbhe dvalede iwher eion asaied .second paraneter, said PSK
nodul ation signal, and said first clock signal are
multiplied, and a fourth nmultiplied val ue having
multiplied said first paraneter, said PSK nodul ati on
4i gndhe BhH sarduitesondrdingktsi Ghaln its wheaukani sali¢
added over said tinme period as said second phase
compuggngaricens cesplts, asvathe phereine e seword ig filgst
Claim4, said conputing neans further conprising:

multipdiedpMpilng ReXASIcBNTtgirledtt §3dEnPute ts &g oFats
3210 EORMAEING 48 AgMeans “CanFrEl cd7cs Ul atcperly and
o secio S Eh gk, PP oS us Svary pLheE e Thy
param%%%gﬁp%%ggi%§%ﬁ%o§@é@%Q§U|%&5%%&¥ %%% %@f%.gé%%hd clock
signal, is cumulatively added over said time period as said
first phase compariscon results, and compute a value wherein
the sum of a third multiplied value having inverted the sign
of the value wherein said second parameter, said PSK
modulation signal, and said first clock signal are
multiplied, and a fourth multiplied value having multiplied
said first parameter, said PSK modulaticn signal, and said

second clock signal, is cumulatively added over said time

period as said second phase comparison results.

5. The PLL circuit according to Claim 4, said
computing means further comprising:

multiplying means configured to compute said first
through said fourth multiplied values;

first cumulative adding means configured to

cumulatively add said first multiplied value every other
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time, so as to alternate with said first addi ng neans,
over said tine period; third cunmul ati ve addi ng neans
configured to curnulatively add said second nultiplied
val ue every other tinme, over said tinme period; fourth
cunul ative addi ng neans configured to cumulatively
add said second nultiplied value every other tinme, so
as to alternate with said third addi ng neans, over
said time period; fifth cunul ati ve addi ng neans
configured to cunulatively add said third nultiplied
time,Vahis eVvEIY tAtRemherdild®®, over said time period; sixth
curmul ati ve addi ng neans configured to cumnulatively
addosai duthin ke vyl tidphhedmeahde cevenyueihiero time, so
as to alternate with said fifth addi ng neans, over
cumuls@iidrelliymadeerdaddt fSevsentrulciimiliatd wenladdinge reanser
configured to curnulatively add said fourth nultiplied
time,valcueasewer yloteherate iwih ewerd sainkt iatel per inodhnsei ghtdr
cumul ati ve addi ng neans configured to cunulatively
saild dddhesgied ifogyrth nul tiplied value every other tine, so
as to alternate with said seventh addi ng neans, - 72
ohérdsahaul pive Ve pPEdNIf MESh Sad@ntd SRe&Rs T€onf i gur ed
to conmpute the sumof said first cunulative“y added
cumulpgiiye loomsdt e t9FaY T tdplied value every other

time, over said time period;

fourth cumulative adding means configured to
cumulatively add said second multiplied value every other
time, so as to alternate with said third adding means, over
said time period;

fifth cumulative adding means configured to
cumulatively add said third multiplied value every cther
time, over said time period;

sixth cumulative adding means configured to
cumulatively add said third multiplied value every other
time, so as to alternate with said fifth adding means, over
said time pericd;

seventh cumulative adding means configured to
cumulatively add said fourth multiplied value every other
Vtime, over salid time period;

eighth cumulative adding means configured to
cumulatively add said fourth multiplied value every other

time, so as to alternate with said seventh adding means,




cunul ati ve addi ng neans and said second cunul atively
added value conputed with said third cunul ative
addi ng neans, or the sumof said first cunul atively
added val ue conputed with said second cunul ative
addi ng neans and said second cunulatively added val ue
conputed with said fourth cunulative addi ng neans;
and second addi ng neans configured to conpute the sum
of said third cunul atively added val ue conputed wth
said fifth cunulative adding neans and said fourth

over SHMYI atkhveb¥radded value conputed with said seventh
curmul ati ve addi ng neans, or the sumof said third

curet addaehy addes valkfiegecosput edcwnphtesahd simt bf
cunul ati ve addi ng neans and said fourth cunulatively
said ddded wahutacompliyedduietihvedind epgbulhedcurnthatsioved first
addi ng means. 6. The PLL circuit according to Caiml,
cunmulahévei addand meendi agdceaidoberpans ceartlesl veRy Bidfiesy
for reading data fromsaid PSK nodul ation signal so
valuegsomputeddwdabasewdcehard gunpdprid veherdsindt RepRase™
differs by fl for a cicle of said PSK_ nodul ation X
the sypgpal sa7d AlpRasEUBREFON Shidt REGSCoMpiusi MGTERE st &gdh
o of: - 73 generatin%,a first clock Shggal wWth a
said gpegUEncY UApHLYRi RECENY BGEAF £8% RAr YofS59PSK (Phase
Shi. ft Keyi dul ati on_si.gnal .servi,ng as di gi tal
CumUIgFéﬁﬁﬂységﬁgthgRPS CB@R“&S&UVéFPoﬁ?lgn%°§r§§Cond
lcltock signal %ga%thgn he phase differs fromsaid
cumulafrye BAGARISTGAEP  bd i/ 2; .
second adding means configured to compute the sum of
said third cumulatively added value computed with said fifth
cumuilative adding means and said fourth cumulatively added
value computed with said seventh cumulative adding means, or
the sum of said third cumulatively added value computed with
said sixth cumulative adding means and said fourth
cumulatively added value computed with said eighth

cunulative adding means.

6. The PLL circuit according to Claim 1, wherein said
reading control means contreol the timing for reading data
from said PSK modulation signal so as to read data twice at
a timing wherein the phase differs by Il for a cycle of said

PSK modulation signal.

7. A phase control method comprising the steps of:

- 73 -




computing, for each tinme period of a predeterm ned
| ength, first phase conparison results show ng the
results of conparing the phases of a signal wherein
said first clock signal is subjected to phase
shifting of an ambunt equivalent to a control angle
which is an angle to virtually control the phases of
said first clock signal and said second clock signha
with said PSK nodul ati on signal during said tine
period, and second phase conparison results show ng
LhgergsuhlSa0kicorpanbng thegnphasesnob arsqgealky
wherei n said second clock signal is subjected to phase
approXiinftialy efqan ampumateqid waleent (Fhasad dsicditt riodyiangl e
with said PSK nodul ation signal during said tine
moduipatiiced,s ibasad sarviad iassta pHranetlers igorarlespdrdiaiged o-o
the cosine of said control angle, a second paraneter
PSK meeiulespandi ngd @ tdeecsidhelafk sdighadomtf othighylidie sdiage
first clock signal, said second clock signal, and
diffesai fRBK swodllfatrisdn ssliqgrkalsicetlt iy HAé contro
direction for virtually controlling said control
engbatbaged fon sach fimst PeHaSE ESnPaPirssietcradaets
and sai d second phase conparison results; controllin
lengtdni d %t PhRRQRERRTERPTS disF Wedconmd o ity they i ers

based on said control_angle virtyally controlled i
o CBRA BTG RIATR (s SHER T BITEHy THE th iy Brock
. reading data fromsaid PSK. nmodul ation signal, based on
signadyiif jretﬂteé:{]dﬁoe ﬁarsteijaﬁ}ﬁfacno%t? olé}neoangon@nstai d

equiéggggéﬂtéhg(%gﬁé¥kl angle which is an angle to virtually

control the phases of said first clock signal and said
second clock signal with said PSK modulation signal during
said time period, and second phase comparison results
showing the results of comparing the phases of a signal
wherein said second clock signal is subjected to phase
shifting of an amount equivalent to said control angle with
said PSK modulation signél during said time period, based on
a first parameter corresponding to the cosine of said
contrcl angle, a second parameter corresponding to the sine
of said control angle, said first clock signal, said second
clock signal, and said PSK modulation signal;

setting the control direction for virtually controlling
said contrcocl angle based on said first phase comparison
results and said second phase comparison results;

controlling said first parameter and said second
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8. An IC (Integrated Crcuit) chip with the
functionality to denodul ate a PSK (Phase Shift Keyi ng)
nodul ati on signal serving as a digital signa
subjected to PSK nodul ation, having a PLL (Phase
Locked Loop) circuit, conprising: clock signa
generating neans configured to generate a first clock
signal with a frequency approxi mately equal that of
said PSK nodul ation signal and a second clock signa
of which the phase differs fromsaid first clock
param®it@Rabalydl bh2sagemeuhicrg 1neans ecenfricguney tontorpules)
for each tinme period of a predeterm ned |ength, first
in saphlasencempadisertib@sukhgl showi ng the results of
conparing the phases of a signal wherein said first
cbotkosignal ths sibjiegted reaphagedathi frbmgsefidaRSK
anount equivalent to a control angle which is an
modulangbe sdgonalt balslkey contsedld Chatpgivdsesnadfe Faird Jaildst
clock signal and said second clock signal with said
Contrpgkedodﬁléﬁﬂdnco§¢g@éldd@ﬁﬁﬁgo§ald time period, and
second phase conparison results showing the results
of conparing the phases of a signal wherei n said
second cl ock signal IS subbected hase

§hif%Pn§c {1BRegrBERE BYbF éFéth%B géFg Egﬁtrol angl e
d PS dul d said ti.
N e
i.d | |
o SR, A O AR

PSK m%ﬁhg 5% ack %&a %gﬁ %ﬁid P%%%%”%déﬁ@&‘ﬁ%éﬂﬁ“clfﬁHlt
comprising:

clock signal generating means configured to generate a
first clock signal with a frequency approximately equal that
of said PSK modulation signal and a second clock signal of
which the phase differs from said first clock signal by I1/2;

computing means configured to compute, for each time
period of a predetermined length, first phase cémparison
results showing the results of comparing the phases of a
signal wherein said first clock signal is subjected to phase
shifting of an amount equivalent to a control angle which is
an angle to virtually controi the phases of said first clock
signal and said second clock signal with said PSK modulation
signal during said time period, and second phase comparison

results showing the results of comparing the phases of a

signal wherein said second clock signal is subjected to
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control direction setting nmeans configured to set the
control direction for virtually controlling said
control angle based on said first phase conparison
results and said second phase conparison results;
parameter control neans configured to control said
first paranmeter and said second paraneter based on
said control angle virtually controlled in said
control direction; and reading control neans
configured to control the timng of reading data from

phaseSahd fRIKgMmdulLat e usirgeah ikases oo sl eIl angle
angle virtually controlled in said control direction.

with $aiBheskCreliup sadeer diiagatio dGhrdinmg Sailawing peiod,
contact IC card functionality, read/wite
based WACKk @lalsitt yarame tkeead ofruecpioandnidt o 10e Adilne of
(Phase Locked Loop) circuit conprising: a clock signha
said generatli agglmi,t acerftogdr @d rtgcfene catre egpondigg fhio dthe
clock signal with a frequency approxi mately equal that
sine off saRSKcEPhasd Shidfle,Keyilng )t imsdulcdcicdn i , said
serving as a digital signal subjected to PSK
secongpddloati 6rignadd arseseid FSFosl&ilghdiorofs Igkiadh t he
phase differs fromsaid first clock, signal by ||/2£ a
eBRPEPLngLuAFELEBNFRGLIBE FBRREnBORELIF6FehEh SELMEDS
periqod of a predeternin | engt h, first phase
cont bR FEdA O G0 9 B o oG HPaduis Bt Gifp ity
anglet%%s%%a%%ssggdafirst phase comparison results and said
second phase comparison results;
parameter control means configured to contrel said
first parameter and said second parameter based on said
control angle virtually controlled in said control
direction; and
reading control means configured to control the timing
of reading data from said PSK modulation signal based on

said control angle virtually controlled in said control

direction.
9, The IC chip according to Claim 8, having non-
contact IC card functionality, read/write functionality, or

read functionality.

10. A PLL (Phase Locked Loop! circuit comprising:

a clock signal generating unit configured to generate a
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signal wherein said first clock signal is subjected to
phase shifting of an anount equivalent to a contro
angle which is an angle to virtually control the
phases of said first clock signal and said second
clock signal with said PSK nodul ation signal during
said time period, and second phase conparison results
showi ng the results of conparing the phases of a
signal wherein said second clock signal is subjected
to phase shifting of an anount equivalent to said

firstCOtdal angle witth 5ai ek RRG AP digatd o s gnal e gl nghat
said time period, based on a first paraneter

of a OOIH egpeiH Mh i tiheyienpi nedfl atsadrd comaolsangliey @ a
second paraneter corresponding to the sine of said
digiteantgiain=angleyjsaiat fia stSKInekilsa ginad, sal i second
clock signal, and said PSK nodul ation signal; a
clockantgrell diff edticn et tihwgpaind tf oord | Hurredsaiod sktrdthe
control direction for virtually controlling said
cloclcontgroll andléZbased on said first phase conparison
results and said second phase conparison results; -
A7 CoRppEiaTe e tc GRNESITUERIE tooRIGTed tioTc StGholtime
~said  first paraneter and said second paraneter bpased
periqsh &fial PR rDIMEHY e ¥ tral 13 ToRtMott P TR SH Y
cont r ol direction;}gﬂg %%{eadin control %git £
resuldghfIhfi et t0 corft 3ot HeE T MRy Yo TEAd Y WAty 15 om
. said PSK nodu] ation signal. based on. _sai.d. cont ol
Slgnaa]nd’fq‘éer\ﬁlrfi u%ﬁ‘%@ %olﬁ?tro S i LR %Son??%qegtl?e% iopase
shifting of an amount equivalent to a contreol angle which is
an angle to virtually control the phases of said first clock
signal and said second clock signal with said PSK modulation
signal during said time period, and second phase comparison
results showing the results of comparing the phases of a
signal wherein said second clock signal is subjected to
phase shifting of an amount equivalent to said control angle
with said PSK mcdulation signal during said time period,
based on a first parameter corresponding to the cosine of
said control angle, a second parameter corresponding tc the
sine of said control angle, said first clock signal, said
second clock signal, and said PSK modulation signal;
a control direction setting unit configured to set the
control direction for virtually controlling said control

angle based on said first phase comparison results and said

second phase comparison resulis;
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11. An IC (Integrated Crcuit) chip wth the
functionality to denodul ate a PSK (Phase Shift Keyi ng)
nodul ati on signal serving as a digital signa
subjected to PSK nodul ation, having a PLL (Phase
Locked Loop) circuit, conprising: a clock signa
generating unit configured to generate a first clock
signal with a frequency as with that of said PSK
nodul ati on signal and a second cl ock signal of which
the phase differs fromsaid first clock signal by
& 1b 2 arde €OAPUEH BP0 UNit 1 €00bR gUgedetiot coaput eplf saidach
time period of a predeterm ned |ength, first phase
firstCpapamnesen anessktis skowndgphlemeesul bssedd conmpariidng
t he phases of a signal wherein said first clock
contrsignabliesvsubjpedtied ctotphdded dhi feilhg coftawlamount
equi valent to a control angle which is an angle to
directiptimabby control the phases of said first clock
signal and said second clock signal with said PSK
ot at tencongol spghhl CENFEiagredi 8ot FRBLpRL S8 HABLNY
second phase conparison results showi.ng the results
of regflipgnflatngTPRe SpHEs ESFofMOLULE A S\kl‘ﬂg‘raéi aggdy on
.. second_cl ock signal is subject to. phase, shifti of
said gANERBENENESG arEHe Ly §8Ji“§r8gﬂﬁdo|mar?§|lg SR odai g
PSK nodul ation signal during said time period, based
&6A°R-first parameter corresponding to the cosine of

said control angle, a second paraneter corresponding
to the sine of said control angle, said first clock

pignak, $ai dr, 5860008l LeKcaiOPabn 18N 8l €hBSK
on signaf;

direc

nodul at'i
functionality to demodulate a PSK (Phase Shift Keying)

modulation signal serving as a digital signal subjected to
PSK modulation, having a PLL {Phase Locked Loop) circuit,
comprising:

a clock signal generating unit configured to generate a
first clock signal with a frequency as with that of said PSK
modulation signal and a second clock signal of which the
phase differs from said first clock signal by I1/2;

a computing unit configured to compute, for each time
period of a predetermined length, first phase comparison
results showing the results of comparing the phases of a
signal wherein said first clock signal is subjected to phase
shifting of an amount equivalent to a control angle which is
an angle to virtually control the phases of said first clock

signal and said second clock signal with said PSK modulation
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a control direction setting unit configured to set the
control direction for virtually controlling said
control angle based on said first phase conparison
results and said second phase conparison results; a
parameter control unit configured to control said

first paranmeter and said second paraneter based on

said control angle virtually controlled in said

control direction; and a reading control unit

configured to control the timng of reading data from
signaslaicliASK; naxdid atiinen rsimginal, basederondaplthsonteomparison

angle virtually controlled in said control direction.
resulty®howing the results of comparing the phases of a
signal wherein said second clock signal is subjected to
phase shifting of an amount equivalent to said control angle
with said PSK modulation signal during said time period,
based on a first parameter corresponding to the cosine of
sald control angle, a second parameter corresponding to the
sine of said control angle, said first clock signal, said
second clock signal, and said PSK modulation signal;

a control direction setting unit configured toc set the
control direction for virtually controlling said control
angle based on said first phase comparison results and said
second phase comparison results;

a parameter control unit configured to contrel said
first parameter and said second parameter based on said
control angle virtually controiled in said control
direction; and

a reading control unit configured to control the timing
of reading data from said PSK modulation signal based on

sald contrel angle virtually controlled in said control

directiocn.






