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PHASE LOCKED LOOP Cl RCUI T AND REPRODUCI NG APPARATUS BACKGROUNBROBSTi-
| NVENTI ON The present invention relates to a phase | ocke bgﬁp
(PLL) circuit capable of generating an oscillation frequency baség an
| nput signal such as a synchronizing signal, as well as to a reproduci.ng
apparatus incorporating that PLL circuit to produce a regenerative clock

si gnal . There exi st reproduci ng apparatuses that deal with disk
type storage nedia such as optical dISkS nd magneto- optical disks and
those that address tape type storage a such as magnetic tapes. Such

r epr oduci ng mﬂﬁ%ﬁﬁu&&?xﬁae&QQRe%@h§ﬂ§m\Aﬂ%lBEPRQQMGINGMAQPBRATUS
extraction in decoding read data fromthe respective storage nedia. A
cl ock signal synchronized with such read data is extracted generally by
the PLL circuit. Sone PLL circuits are known to be capabl e of

aut omati cal | y BRGRGROUND iOFe THENTINVENTIONuency of a voltage controlled
oscillator (VCO. Fig. 1 is a block diagramof a PLL circuit

having such an aut onwthec padiseniti HgvetBidnoreldtes t6 & pldse doaked that
extracts a regenerative clock signal froman EFM (eight-fourteen

nodul ation) sixgey (PLISY Rdfcwiits Bapablle bPagentsaeing Tde defddilation

nodul at'i on schene adopted iI'llustratively by CD (conpact di sk) pl ayers.
frequency based on an input signal such as a synchronizing
signal, as well as to a reproducing apparatus incorporating
that PLL circuit to produce a;regenerative clock signal.

There exist reproducing apparatuses that deal with
disk type storage media such as optical disks and magﬁeto-
optical disks and those that address tape type storage
media such as magnetic tapes. Such reproducing app;ratuses
need a regenerative clock signal for bit extraction in
decoding read data from the respective storage media. A
clock signal synchronized with such read data is extracted
generally by the PLL circuit. Some PLL circuits are known
to be capable of .automatically. adjusting the center-
frequency of a voltage controlled oscillator (VCO).

Fig. 1 is a block diagram of a PLL circuit having
such an automatic adjusting function. This is a PLL
circuit that extracts a.regenerative clock signal from an
EFM (eight-fourteen modulation) signal in synchronism with
that-signal. The EFM is a modulation scheme adopted

illustratively by CD (compact disk) players.

~4.



In Fi-g. 1, a crystal oscillator-41 has a built-in crystal resonator that
out puts an oscillation frequency serving as a reference frequency. The
reference frequency outputted by the crystal oscillator 41 is divided by a
idi vider 42 having a predetermned dividing ratio. The divided output is
‘inputted as a divided frequency signal S1 to a frequency counter 43.
Meanwhi | e, a voltage controlled oscillator (VCO 44 has its oscillation
frequency controlled by an output of an _adder 53, to be described |later.
The output of the voltage controlled os@1lator 44 is divided by anot her
di vider 45 having aIprPdgtelpi aedrystvallioscikkdtor Aile has pubudflt-ia
divider 45 is branched and inputted as a divided frequency signal S2 both
to the frequedggtaduresond8oanthat euppate ar ogzikiariots frequency The
‘phase conparator 46 receives the divided frequency signal S2 as well as a

binary EFM sisg@®lingodkpatl redebgnes Wének. 46rhd hee fidrdndes dretfacyeyer at es
and outputs the binary EFM signal based on a reproduced RF signal read

froma di sk, Rputtedby the crystht SYeEFlLEBPHBIL ik iEdyyes the two
i nput signals in terns of phase and supplies a detection output

accordi ngly tq3AdePVapahavinkt 8" pfédetofml My P@Seiding Fat B fidHeers the

detection output fromthe phdse Conparator
divided output is inputted as a divided frequency signal S1

to a freqdency counter 43.

Meanwhile, a voltage controlled oscillator (VCO) 44
has its oscillation frequency controlled by an output of an
addei 53, to be described later. The output of the voltage
controlled oscillator 44 is divided by another divider 45
having a predetermined dividing ratio. The output of the
divider 45 is branched and inputted as a divided frequency
signal S2 both to the frequency counter 43 and to a phase
qomparator 46. |

The phase comparator 46 receives the divided
frequency signal S2 as ﬁell as a binary EFM signal
outputted by an EFM block 46. The EFM block 46 generates
and outputs the binary EFM signal based on a reproduced RF
signal read from a disk, not shown.

The phase comparator 47 compares the two input
signals in terms of phase and supplies a detection output
accordingly to a low-pass filter 47. The low-pass filter

48 filters the detection output from the phase comparator



5
-3- 47 and outputs an error signal S err] to the adder -53. The

fr equency counter 43 conpares the divided frequency signal S1 fromthe
crystal oscillator 41 with the divided frequency signal S2 fromthe VCO 44
in terms of phase, and counts the frequency of the divided output of the
VCO 44. A count result signal S[err] of the frequency counter 43 is

i nputted to an adder 50 via a swwtch SWL.. A reference value register 49 is
set in advance with a reference value SR corresponding to a predeterm ned
reference frequency based on an approprié?é center frequency to be

establ i shed f @7 thd UGEpdls Fheerworersizmals Sporoetthe Rddeuf3result of the
frequency counter 43 from the reference value in the reference val ue

regi ster 49. That isThehfreddencylcaumienrds eompariesd dheatdivided t he

di vi ded frequency signal S2 fromthe VCO as counted by the frequency

counter 43 w idydgaeneyt signalesi ef ot walystaiRosaillatpandingith the
center frequency. The cal cul ated out put of the adder 50 is fed to

a digital fildigndel keeqhehtgr bignailhs? ofstiditeef wOTe 4di dint alexmbi bfer 51 is
converted by a D) A converter 52 to an analog signal serving as a frequency

error signal ?h%’s@, bial cbfing8Nthet Prédifemsflit The divided otitputddgr 53

adds up two infputs: the frequency error signal S[err] fromthe DA

converter 52, 3dvidde 427 O count result signal Spo of the frequency
counter 43 is inputted to an adder 50 via a switch SWl. A
reference value register 49 is set in advance with a
reference value SR corresponding to a predetermined
reference frequency based on an appropriate center
frequency to be established for the VCO 44. The adder 50

| subtracts the count result of the frequency counter 43 from

the reference value in the reference value register 49.
That is, the adder 50 provides error information on the
divided frequency signal S2 from the VCO as counted by the
frequency counter 43 with respect to the reference value SR
corresponding to the center frequency.

The calculated output of the adder 50 is fed to a
digital filter 51 for filtering. The output of the digital
filter 51 is converted by a D/A converter 52 to an analog
signal serving as a frequency error signal Sz that is sent
to the adder 53.

The adder 53 adds up two inputs: the frequency

error signal Sy from the D/A converter 52, and the error



-4- signal S[err] acquired by tthe lowpass filter 48 filtering-the
conpared output of the phase conparator 47. The output of the adder 53 is
i nputted as a controlled voltage Sc to the VCO 44. Wth the PLL
circuit constituted as described and incorporated illustratively in a

:'r eproduci ng apparatus, the follow ng may occur: when the reproducing
-apparatus is turned on, scratches or dirt on the disk surface may
typically result in focus servo errors orgiracking servo errors, |eading
to the detection of a tenporarily or perpetually dropped-out EFM signal
that shoul d beignplit Sgdacguired biathecbayepassriilter |48 thiditexing thee pLL
circuit is switched to adjusting node in which a center frequency for the
VCO i s readj usbmpared output |of ache phase mpanateorcAV.si Fhel onbple of

i nputted to the phase conparator 47 for conparison is switched to and

repl aced by aghknadfesi §8ais finmetten tde hightvolled velthge Sbi o the
arrangenent causes the EFM signal input side of the phase conparator 47 to
be consi deredykbe Baye no signal. Wth no EFM signal received, the phase
conparator 47 outputs no signal either. At the sanme tine, the

switch SWM is kept onwiigh €Ké USLL Ndir@idie dohdtiituttdlae deBerfibeguandy
counter 43
incorporated illustratively in a reproducing apparatus, the
following may occur: when the reproducing apparatus is
turned on, scraﬁches or dirt on the disk surface may
typically result in focus servo errors or trackiné servo
- errors, leading to the detection of a temporariiy or
perpetually dropped-out EFM signal that should be inputted
to the phase comparator 47. In that case, the PLL circuit
is switched to adjusting mode in which a center frequency
for the VCO is readjusted.
In adjusting mode, the EFM signal to be inputted to
the phase comparator 47 for comparison is switched to and |
‘replaced by an input signal fixed to the high or low level.
This arrangement causes the EFM signal input side of the
phase comparator 47 to be considered to have no signal.
With no EFM signal received, the phase comparator 47
outputs no signal either.
At the same time, the switch SW1l is kept on in
adjusting mode. 1In this state, the frequency counter 43

supplies the adder 50 via the switch SW1 with the frequency



supplies the adder 50 via the swwtch SWM with the frequency
-5.- count result signal Serr] representing the frequency counted on the
basis of the divided frequency signals S1 and S2 coming fromthe crystal
oscillator 41 and VCO 44 respectively. The adder 50 conpares the input
signal with the reference value fromthe reference value register 49. The
.added result is sent to the adder 53 eventually as the frequency error
'signhal S[err]. In the case abqwe, the adder 53 is not supplied
wi th any output of the phase copparator 47. |t foILom% that the controlled
vol tage” Sc fr S1Aute Lef¥dit 539pal PenF&PEESERtLRE FRBGUERBYCRTY SrOUR il
S[err] alone. The VCO 44 is controlled_only by a feedb%Fk |.oop '% ol vi ng

i

the frequencymerthe basgsapfsthber fivided -Fredusnme signals §d ed

frequency signal S2 outputted by the VCO 44 may approach the reference

val ue SR in t heomigiefaege thel geystadi eseilhatonht and (VRO d&&ki |l ation
frequency of the VCO 44 is controlled to approach the center frequency

pr edet er ni ned mespesriceliyat e Thepaddere50 seempaxesrithe rinpidh igmak e thco 44
is controlled as described, a suitable center frequency is established for
the VCO 44 i n thaljrefidrencendalue from thenrefersncepalie giegisden 4.

foll ows adjusting node, the phase conparator 47 receives a binary EFM

si gnal The added result is sent to the adder 53 eventually as the

frequency error signal Sgg.

In the case above, the adder 53 is not supplied
with any output of the phase comparator 47. It follows
that the controlled voltage Sc from the adder 53 is
composed of the frequency error signal Sy alone. The VCO
44 is controlled only by a feedback loop. involving the
frequency error signal Sy in such a manner that the
divided frequency signal S2 outputted by the VCO 44 may
approach the reference vaiue SR in the reference value
register 49. That is the oscillation frequency of the vCo
44 is controlled to approach the center frequency
predetermined as appropriate. When the oscillation
frequency of the VCO 44 is controlled as described, a
suitable center frequency is established for the VCO 44 in
adjusfing mode.

In normal operation mode that follows adjusting

mode, the phase comparator 47 receives a binary EFM signal

retrieved from the disk, while the switch S1 is held off.



retrieved from the di sk, while the switch S1 is held off.
-6- The adder 53 receives the error signal S[err] fromthe [ ow pass
filter 48, the signal having been obtained on the basis of the difference
i n phase between the EFM signal and the divided frequency signal S2 from
‘the VCO 44. The frequency error signal S[err] is the final val ue being
'hel d since the previous adjusting node, This frequency error signal
S[err] is sent to the adder 53. The findr value in adj usting node is
retai ned by a register (not shown) furnished in the digital filter 51.
The PLL circUfhe jaddest 98 regedyesohhRoeErerusSignaht $r $TPRethedB¥ncy of
the VCO 44 variably by use of the controlled voltage Sc acquired by
conbi ni ng t hepass diiltemyd@, sher signalhhavingr beerretained endgehe Slerr].
The control operation ensures a zero phase difference between the divided
frequency si grasisSdf rthe diffecence indphaserFbatweenrthie EFM signalyand t he
PLL circuit | ocked in normal operation node, the divided frequency signal
S2 fromthe e 4tlividienl firegmencyt signallo8R frgmathenveégntéhs orffhen wi th t he
EFM signal. This regenerative clock signal is utilized as a processing
cl ock signal fwedwgeneredtote siignali S ais dwlefinal value being pedde
conparator 47 is known to output a detection signal with a slight
devi ation froginde tied prdevious adjusting mode. This frequency error
signal Syg is sent to the adder 53. The final value in
-adjusting mode is retained by a register (not shown)
furnished in the digital filter 51.
The PLL circuit in normal operation mode thus
controls the frequency of the VCO 44 variably by use of the
controlled voltage Sc acquired by combining the error
signal Spo with the freqﬁency error signal Sgg. The control
operation ensures a zero phase difference between the
divided frequency signal S2 from the VCO 44 and the EFM
signal.
- With the PLL circuit locked in normal operation
mode, the divided frequency signal S2 from the VCO 44 is a
regenerative clock signal in synchronism with the EFM
signal. This regenerative clock signal is utilized as a
processing clock signal by regenerative circuits as needed.
The phase comparator 47 is known to output a
‘detection signal with a slight deviation from the actual

phase difference because of characteristic variations



phase difference because of characteristic variations

-Y- intrinsic in the conponents nmaking up the conparator. For exanple,
suppose that when signals actually inputted to the phase conparator 47
have a zero phase difference therebetween, the phase conparator 47 outputs
positive or negative detection pulses with a duty factor of 50%
representing the zero phase difference. In that case, the duty factor of
t he output positive or negative pulses can actually devel op a deviation
attributable to const-ant. errors or othef-characteristic variations :
intrinsic to tHErifsisodantheceampppentagnakingip che gRmRAKAteL. For

As a result, the EFM signal inputted to the PLL <circuit of Fig. 1 in

adj usti ng nodeeXamplegasippose thahewhenesignalsicactudicky dnmetad tics thiet h
no detection signal outputted by the phase conparator 47 that the center’
frequency i s tphdse eximparatioerd47] hasaca zesetpipaderdiffemencd r equency
adjustnent, any errors intrinsic in the phase conparator 47 are obviously
not included. therebetweBmpahe phastheobmpaiasér N4 radsputs Wositivee cxent er
frequency of the VCO 44 was established is then replaced by norma

oper ati on nodenddative icteetibaspuloepawitivora iduty efstams dhesonput EFM

signal for phase conparison. In that case, the error signal Slerr], i.e.,

detection out ptdprfsenting the zero phase difference. In that case, the
duty factor of the output positive or negative pﬁlses can
actually develop a deviation atfributable to constant
errors or other characteristic variations intrinsic to the
componen£s constituting the phase comparator 47.

As a result, the EFM signal inputted to the PLL
‘'circuit of Fig. 1 in adjusting mode is regarded as
nonexistent as described above. It is with no detection
signal outputted by the bhase comparator 47 tﬁat the center
frequency is to be establiéhed. In such a setup for center
frequency adjustment, any errors intrinsic in the phase
comparator 47 are obviously not included.
Suppose now that adjusting mode in which the center

frequency of the VCO 44 was established is then replaced by
normal operation mode in which the phase comparator 47
receives the input EFM signal for phase comparison. In
that case, the error signal Spo, i.e., detection output of
the phase comparator 47, includes an error intrinsic-to the

comparator. It follows that the controlled voltage Sc from



t he bhase conparator 47, includes an error intrinsic to the conparator. It
follows that the controlled voltage Sc from

-8- the adder 53 also includes the error of the phase conparator 47.
In normal operation node, the PILL circuit operates wth the error of the
phase conparator 47 left included. The inplicit error is interpreted by
‘the PLL circuit as a phase difference. The PLL circuit, when operating
under the influence of that error, cagsgventually devel op a capture range
deviation or a |ock -range variation. I n addition, the EFM signa
may drop out thee@dsiesr 5Py adse dpcindaschbe eFref rof &he Rhag®rage nedi um
causi ng normal operation node to be replaced again by adjusting node for
r eadj ust ment .campaniaiera4dase, the center frequency of the VCO 44 may
shift. These difficulties can worsen the error rate in effect
during signal retrieval normalt bpesatiogemode; ubherPLL owirculte epgxaias ty of
recovery fromtenporary EFM signal drop-outs. The problens tend to detract
fromthe relwith |[tHey exfrarhefr ¢heophasaegcapparatos 4h ekt singjudsd. its
conmmer ci al i zat i on. SUMVARY OF THE | NVENTI ON It is therefore an
obj ect of theris epliidity exricanis interpreted by the PLL circuit as a

phase difference. The PLL circuit, when operating under

the influence of that error, can eventually develop a

capture range deviation or-a lock range variation.

In addition, the EFM signal may drop out

temporarily due to scratches or dirt on the storage medium,

causing normal operation mode to be replaced again by

adjusting mode for readjustment. In such a case, the

center frequency of the VCO 44 may shift.

These difficulties can worsen the error rate in

effect during signal retrieval from the storage medium or

lower the capability of recovery from temporary EFM signal

drop-outs. The problems tend to detract from the

reliability of the reproducing apparatus in the stage of

its commercialization.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention
to overcome the above and other deficiencies and

disadvantage of the prior art and to provide a PLL circuit



to overcone the above and ot her -deficiencies and disadvantage of the prior
art and to provide a PLL circuit -9-

and a reproduci ng apparatus for elimnating adverse effects of errors
stenm ng fromcharacteristic discrepancies in the circuit constitution of
:a phase conparator between two nodes, one for adjusting a center frequency
tof a VCO and the other for carrying out normal PLL circuit operation,
whereby the reliability of the PLL circtft and reproducing apparatus is
enhanced upon commerei alization. - In carrying out the invention and
according to and aaseprodutingodpparatus foredimiagtinghad¥erse efrectp
circuit conprising: a phase conparator for conparing in phase an_ input
signal with aefoerrbkatsbemhingufrey chansahardstiy 166F?E§E°é8ﬁt%8l€h%
oscillator; a first switcher for selecting as the input signal either a
synchroni zi ng cirgadk obnatptetiorrof nedplidsel compardtordbetweeni twat i on
frequency acquired and outputted by a divider dividing the oscillation
frequency fromcdae,vehbager adfuseingdh axmitdmtfrequeneydiofi deVNCRaandg a
predetermned dividing ratio; a frequency counter for counting the

oscillation frpguertsr’ Fom thAerydhdgaget auntmal IFId: ciseditabperakibnequency

error detector for detecting any error in counts nade by the frequency

counter with rg3Re%ly the reliability of the PLL circuit and reproducing
apparatus.is enhanced upon commercialization.

In carrying out the invention and according to one
aspect thereof, there is provided a phase locked loop
circuit comprising: a phase comparator for comparing in
phasé an input signal with an oscillation frequency
outputted by a voltage controlled oscillator; a fi:st
switcher for selecting as the input signal either a
synchronizing signal of a predetermined kind or a divided
oscillation frequency acquired and outputted by a divider
dividing the oscillation frequency from the voltage
controlled oscillatdr, the divider having a predetermined
dividing ratio; a frequency counter for counting the
osciilation frequency from the voltage controlled
oscillator; a frequency error detector for detecting any
error in counts made by the frequency counter with respect
to a predetermined reference value so as to output error
information reflecting any detected error; a second

switcher for switching between connection and disconnection



<

to a predeterm ned reference value so as to output error

i nformati on

refl ecting any detected error; a second swtcher for sw tching between

connection and di sconnecti on

-10- of

the frequency counter to and fromthe frequency error detector; a variable

control signal supplying device for conbining conparison

result

I nformation fromthe phase conparator with the error information fromthe
frequency error detector in order to fgyma conposite signal, the

vari abl e control signal supplying device further inputting

t he conposite

signal to thefsdheadareguencyl feunteri toard Lrem Hhe) IHeqUANHH er&Fuency

vari able control signal; and a controller for causing the

first swtcher

to sel ect thealetticticded aowagdableogontrolli sigral ssuppkyingdewiagfiorto t he
phase conparator, the controller further causing the second swtcher to
switch to t heonyindtig eomnphrtibenf reguttcinfonmeat son tfrdmeHa qhasecy error
detector, at least in adjusting node in which a center frequency for the -
vol tage contdengatht@aciWiltat @hei @reoraithfoimation from thie dredjusndyo

anot her aspect of the invention, there 1is provided a reproducing apparatus
for retrievi ngrrgy deredudnngrdaratbecorted eompoisledRymaecint or age
medi um the reproduci ng apparatus having a phase |locked |oop circuit

conpri sing: LR & YetTIOEibAR1C8aPPLY IS dévibeStutthé N Mpwitgiigf Wi th

an oscillation frequency
the composite signal to the voltage controlled

oscillator

as an oscillation frequency variable control signal; and a

controller for causing the first switcher to select the

divided output from the divider as the input signal to the '

phase comparator, the controller further causing the second

switcher to switch to the connection of the frequency

counter to the frequency error detector, at least ‘in

adjusting mode in which a center frequency for

controlled oscillatof is established.

the voltage

According to another aspect of the invention, there

is provided a reproducing apparatus for retrieving and

reproducing data recorded on a predetermined storage

medium, the reproducing apparatus having a phase locked

loop circuit comprising: a phase comparator for comparing

in phase an input signal with an Qscillation frequency

outputted by a voltage controlled oscillator; a first

switcher for selecting as the input signal either a

synchronizing signal extracted on the basis of

data



outputted by a voltage controlled oscillator; a first &swtcher for
selecting as the input signal either a synchronizing signal extracted on
the basis of data - retrieved fromthe storage nmedium or a

di vided oscillation frequency acquired and outputted by a divider dividing
the oscillation frequency fromthe voltage controlled oscillator, the

di vider having a predetermned dividing ratio; a frequency counter for
counting the oscillation frequency framit-he voltage controlled oscillator;
a frequency error detector for detecting-any error in counts nade by the
frequency coupterieved frepetie tstorage ewediamyi psdar dividedcosailbations to
output error information reflecting any detected error; a second swtcher
for sw tchi ngrheguencycacgeitéedamhbutipntedeby endividenedividingcyhe
counter to and fromthe frequency error detector; a variable control

si gnal suppl ypgaidexteenl ereqeemndy nirgn ahiypatdltager esnktrolhédr mati on from
the phase conparator with t%e error information fromthe frequency error

detector in opdes1iathe! MBe CAIPIGY haftidithla priedeterminbiedtohting si gnal
suppl ying device further inputting the conposite signal to the voltage

control | ed 05%&;&@05 £28qA8nEY CEoumtd P Edy FBHRRGNgY &hbabbeitdatioh signal;

and a controller for cauglng he first swtcher to select the
frequency from the voltage controlled oscillator; a
frequency error detector for detecting any error in counts
made by the frequency counter with respect to a |
predetermined reference value so as to output error
informatiqn reflecting any detected error; a second
switcher for switching between connection and disconnection
of the frequency counter to and from the frequency error
detector; a variable conttol signal-supplying device for
combining comparison result information from the phase
comparator with the error information from the frequency
error detector in order to form a composite signal, the
variable control signal supplying device further inputting
the composite signal to the voltage controlled oscillator
as an oscillation frequency variable control signal; and a
controller for causing the first switcher tplselect the
divided output from the divider as the input signal to the
phase comparator, the controller further causing the second
switcher to switch to the connection of the frequency

counter to the frequency error detector, at least in



di vided output fromthe divider - -as the input signal to the phase
conparator, the controller further causing the second swtcher to switch
to the connection of the frequency counter to the frequency error
detector, at least in -12- adjusting
node in which a center frequency for the voltage controlled oscillator is
establ i shed; wherein the oscillation frequency fromthe voltage controlled
oscillator is outputted as a regenerative clock signal. When any
of the above enbodi ments of ‘the inventid#T is in adjusting node in which

the center fraijustcing mode ia whithbhi septier t freqencey clomarhe oroltags ves

for phase conparison both the oscillation frequency of the voltage
control | ed osgontdsIleddcding atori dsdestablishedn wherpimcthe deri ved
therefrom The arrangenent mekes it possible for the center frequency to

be automati caldas Al eidE Ereuene ?Stdﬁmathénvéitsgéaﬁéntﬂbllml c to the
internal circuit constitution of the phase conparator O her -

obj ects, featyy en BibrAdRHurgtttell hica royeRé+Pivé | &1bEKk aigial £

apparent upon a readln of the follow ng description and appended

draw ngs. BRI EF fO'E héHEpBREVERESdiments of Rite invén®idi ock

diagramof a related art 6% se locked loop circuit;
is in adjusting mode in which the center frequency is to be

established, the phase comparator receives for phase
comparison both the oscillation frequency of the voltage
controlled oécil;ator and the divided oscillation frequency
derived therefrom. The arrangement makes it possible for
the center frequency to be automatically adjusted in
consideration of errors intrinsic to the internal circuit
constitution of the phase comparator.

Other objects, features and advantages of the
invention will become more apparent upon'a ;éading of the

following description and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a related art phase
locked loop circuit;

Fig. 2 is a block diagram of a reproducing
apparatus embodying the invention for use with a phase
locked loop circuit;

Fig. 3 is a block diagram of a phase locked loop



Fig. 2 is a block.diagramof a reproducing apparatus enbodying the

i‘nvention for use with a phase |ocked loop circuit; Fig. 3is a

bl ock di agram of a phase | ocked | oop

-13- circuit enbodying the invention; and Fig. 4 is a transition
tabl e showi ng settings of switches SW. and SW2 included in Fig. 3.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 2 is a block diagram

of a reproducing apparatus practiced as a preferred enbodi mrent of the
invention. This enbodiment will now beldescribed. This is an audio

repr oduci ng appacaitsenbpdping cthe cnventdiony @éada at |least froma CD
(compact di sk). Fig. 2 shows key bl ocks of the reproducing
appar at us enbodyi ng t Rggi n#eis i @ntranglitsionD tahder showiing seetingsodfici ng
apparatus of Fig. 1 is loaded into a disk driver 1 that drives the disk

for data reprgg4eches. swl and swhinsliwdedirinverigl 3n Fig. 1 conprises a
| oading nechanismthat | oads and ejects a disk, a spindle notor 2 that

acts as a disk rotating and driving nechanism and an optical pickup
mechani sm 3. In operation, the |oaded disk is rotated by the spindle notor

2 according t EbRIPAYON OF THE PREFERRED EMBODIMENTS

Fig. 2 is a block diagram of a reproducing
apparatus practiced as a preferred embodiment of the
invention. - This embodiment will now be described. This is

. an audio reproducing apparafus capable of reproducing data
at least from a CD (compact disk).

Fig. 2 shows key blocks of the reproducing
apparatus embodying the invention. A disk D inserted in
the reproducing apparatus of Fig. 1 is loaded into a disk
driver 1 that drives the disk for data reproduction..

| The disk driver 1 in Fig. 1 comprises a loading
mechanism that loads and ejecis a disk, a spindle motor 2
that acts as a disk rotating and driving mechanism, ‘and an
optical pickup mechanism 3. 1In operation; the loaded disk
is rotated by the spindle motor 2 according to the CAV
(constant angular velocity) or CLV (constant linear
velocity) method. 1In that stafe, the optical pickup
mechanism 3 applies a laser beam to the disk surface and
acquires a detection signal representing the reflecttion

light reflected from the disk. This causes data to be read



$

(constant angul ar velocity) or CLV (constant linear velocity) nmethod. In
that state, the optical pickup nechanism 3 .applies a |aser beamto the

di sk surface and acquires-a detection signal representing the reflecttion
light reflected fromthe disk. This causes data to be read

-14- fromthe disk D. An electric current signal denoting detected
information fromthe reflected light is sent fromthe optical pickup
mechanism3 to an RF matrix anmplifier 4., The RF matrix amplifier-3

subj ects the received signal to currehTL%bltage conversion, anplification
and arit hnet ifromprtdeesddisfgP-wher eby vari ous signals are. generat ed.

The RF matrix anplifier 4 generates a reproduced RF signal, a focus error
signal and a tracki ndneelectgiigngurrentesignal pderobing Hiet@etad ri x
anplifier 4 are fed to a binary circuit 5 and a servo circuit 8.

The binary ciimfioxmak ilom fixome theheefdépcobddcRilghE isispnt framnthee RF matri x
anplifier 4 and forwards the binarized output to an EFM decodi ng and

si gnal procesgptigalcipickup MmechaindsiFB docadi RP matir ix camapl jaf ismedsd ng
circuit 6 subjects the received binary EFM signal to EFM denodul ati on,
error correctyprs NGa@riat anpddsiary 3ssgbjectpr ehessecyivediesisinallasndi ng

the retrieved signal fromthe disk into digital audio data. Furthernore,
the EFM current-voltage conversion, amplification and arithmetic
processing, whereby various signals are 'generated.

The RF matrix amplifier 4 generates a reproduced RF
signal, a focus error signal and a tracking error signal.
These outputs of the RF matrix amplifier 4 are fed to a
binary circuit 5 and a servo circuit 8.

The binary circuit 5 binarizes the reproduced RF
signal from the RF matrix amplifier 4 and forwards fhe
binarized output to an EFM decoding and signa; processing
circuit 6. The EFM decoding and signal processing circuit
6 subjects the received binary EFM signal to EFM
demodulation, error correction and other necessary signal
processing, thereby decoding the retrieved signal from the
disk into digital audio data. Furthermore, the EFM
decoding and signal processing circuit 6 extracts sub-code
and address data as well as revolution velocity data from
the received EFM signal. The extracted data are sent to a

controller 7 and the servo circuit 8.

The embodiment has a PLL circuit included in the



decodi ng and signal'processihg circuit 6 extracts sub-code and address

data as wel |

as revolution velocity data from the received EFM si gnal

extracted data are sent to a controller 7 and the servo circuit 8.
The enbodi nent has a PLL circuit included in the

-15- EFM decodi ng and signal processing circuit 6. The PLL circuit
extracts a regenerative clock signal fromthe input EFMsignal and outputs
the extracted signal to appropriate furictAonal circuits. These functiona
circuits, not shown, - performread-rel ated operations using the timng
based on the BRMgdeepdiingeanfioskgnarprocessing cirmwdito 6si gfAle &hla
outputted by the EFM decodi ng and signal processing circuit 6 is converted
by a D A converiremnit9 extragtanal vggenerative elocklisdgnedl dyosudhe $ngusl
thus acquired is fed to an audi o signal output termnal 10. The
servo circuit grMeignaleandaciubpatsethe extnacted gignals koh approprigte
tracking, sled and spindle signals based on the focus error signal and
tracki ng err orfuficdianalfl cdrculies RF Théseé xfumptidnad oiremiwsl,| nat showng
basis of spindle error signals fromthe EFM decodi ng and si gnal
processing Ci Igdtiforta réad-gelagkd bpopagions aisihg ailke tildnglibaisedr oner
to carry out Servo actions related to disk data reproduction.

the regenerative clock signal.

Audio signal data outputted by the EFM decoding and
signal processing ‘circuit 6 is converted by a D/A converter
9 to an analog audio signal. The analog audio signal thus
acquired is fed to an audio signal output terminal 10.

The servo circuit 8 generates various servo drive
signals such as focus, tracking, sled and spindle signals
based on the focus error signal and tracking error signal
from the RF matrix amplifier 4 as well as on the basis of
spindle error signals from the EFM decbding and signal
processihglcircuit 6. The signals thus generated cause the
disk driver 1 to carry out servo actions related to-disk
data reproduction.

The controller 7 comprises a microcomputer and a
RAM (random access memory). It controls diverse data read
péerations of the reproducing apparatus.

The block diagram of Fig. 3 shows a typicai
constitution of the PLL circuit included in the EFM

decoding and signal processing circuit 6. The PLL circuit

The

1



The controller 7 conprises a mcroconputer and a RAM (random access
menory). It controls diverse data read operations of the reproducing
appar at us. The bl ock diagramof Fig. 3 shows a typica
constitution of the PLL circuit included in the EFM decodi ng and si gnal
processing circuit 6. The PLL circuit

-16- in Fig. 3 is furnished so as to extract the regeneratlve cl ock signal
fromthe binary EFM signal based on the _reproduced RF signal. In
Fig. 3, a crystal oscillator 21 outputs” ¥-reference oscillation frequency
determ ned byim Big! t3iis funnistied esomst ¢o. eKtt@Gtrthv§¢9en@ﬁ%tl%¢erence
oscillation frequency of the crystal oscillator 21 is 16.9344 MHz. The
reference fregleekysbyralitfmssn bhe heinamyy 8FM sagoall based2¢ni theli vi ded by a
di vider 22 having a dividing ratio of, say, 1/1536. The result is a
divided freqpepeydscedaRrF Signdlh a frequency of 11.025 kHz that is
inputted to a frequency counter 23. A voltage controlled

oscillator (VCO 24 hps Fig. D5 |dmistal bsedaaaeprcant oatpadsby the out put
of an adder 37, to be described later. Wth this enbodlnent the VCO 24

has its 0sci| atépands CoREITYatRs e&e d dcsehined by a bagltagge of 2%
with respect to a center frequency err]) of 8.6436

crystal resonator. Illustratlvely, the reference
oscillation frequency of the crystal oscillator 21 is
16.9344 MHz. The reference frequency outputted by the
crystal oscillator 21 is divided by a divider 22 having a
dividing ratio of, say, 1/1536. The result is a divided
frequency signal S1 with a frequency of 11.025 kHz that is
inputted to a frequency counter 23.

A voltage controlled oscillator (VCO) 24 has its
oscillation frequency controlled by the output of an adder
37, to be described later. With this embodiment, the VCO
24 has its oscillation frequency varied illustratively
within the range of +2% with respect to a center frequency
(fo) of 8.6436 MHz. .

The oscillation output of the VCO 24 is divided by
a divider 25 having a dividing ratio of, say, 1/2. The
resule of the division is a divided ffequency signal S2
with a frequency of 4.3218 MHz. The divided frequency
signal S2 is branched and supplied to the frequency counter

23, to a delay circuit 29 and to a divider 28.



The oscillation output of the VCO 24 is divided by a divider 25 having a
dividing ratio of, say, 1/2. The result of the division is a divided

frequency signal

S2 with a frequency of 4.3218 MHz. The divided frequency

signal S2 is branched and supplied to the frequency counter 23, to a delay
circuit 29 and to a divider 28. -17-
The divided frequency signal S2 is a bit clock signal synchronized
consequently with the EFM signal. As such, the divided frequency signal
regener-ative clock signal by applicable functional circuits

is used as a

for processing insi de Thee dizpdeduéreguenpy siqnal S2 is a bjfe cdor
Is a delay elenent that has a delay tinme coincidin

for the signalsignglutsynchrionidedi denseguently with M adgpad. TAS
di vided frequency signal S2 that has passed through the delay circuit 29
is inputted tasuwhhate dividedt dreGency signal B i wisest @8 ahas a
dividing ratio of 1/3. As a result, the divided frequency signal S3 past
the divider 28eddiicratdvie clobk sighgbaby happhirablenewmicttiona]l dircuits
oscillation frequency of the VCO 24. Thus the divided frequency signal
varies in ref egg@Girdcedding ingtidaecyhel rePrédhdding zdgparatubA06 MHz. The
signal S3 is fed to a termnal T2 of a swwtch SW2, to be described |l ater

The delay circuit is a delay element that has a
delay time coinciding with the time it takes for the signal

input to the divider 28 to be divided and output. The

" divided frequency signal S2 that has passed through the

delay circuit 29 is inputted to a phase comparator 30.

The divider 28 has a dividing_ratio of 1/3. As a
result, the divided frequency signal S3.past the divider 28
turns out to be a signal having a one-sixth of the
oscillation frequency of the VCO 24. Thus the divided
frequency signal S3 varies in reference to the frequency of
8.6436 MHz/6 = 1.4406 MHz. The signal S3 is fed to a
terminal T2 of a switch SW2, to be described later.:

An EFM block 26 is equivalent to a group of
components 1 through 5, i.e., up to the binary circuit 5
shown in Fig. 2. The EFM block 26 outputs a binarized EFM
signal based on the reproduced RF signal read from the disk
D. The binary EFM signal is sent to a terminal T3 of the
switch SW2 by way of a delay circuit 27. Like the delay

circuit 29 mentioned above, the delay circuit 27 is a delay

S2

circuit
with the tinme it takes

S3



An EFM bl ock 26 is equivalent to a group of conmponents 1 through 5, i.e.,

up to the binary circuit 5 shown in Fig. 2. The EFM bl ock 26 outputs a

bi nari zed EFM signal based on the reproduced RF signal read fromthe disk

D. The binary EFM signal is sent to a termnal T3 of the switch SW2 by way
'of a delay circuit 27. Like the delay circuit 29 nentioned above, the

delay circuit 27 is a delay el enrent that-has a delay tine
coinciding with the time required by_fgya divider 28 to performits signal
processi ng. . The switch SW2 functioning illustratively under

control of thdenmntr aha¢r hashasdelayt time nedindidimperitdd theeltdme vely to
either the termnal T2 or the termnal T3 inside depending on the -
operation of pdiuiRiedd Gy chet digidewi BB be pesformeiks aibgnallhe ternminal T1
of the switch SWL is connected to the input of the phase conparator 30. In
this setup, igrddesdigigyi nal T1 is connected to the termnal T2 in the
switch SW2, then the phase conparator 30 receives the divided frequency

signal S3 (1.4406 MimphaagRuitchdshe fhhetdoningr $1 Pbserue Reld irntidyg the
oscillation frequency of the VCO 24 using the dividing ratio of 1/6. If

the term nalgdhlicy R %n%%oﬁ.ﬁ‘;@rt?rﬁii7ait§-3tefﬂﬂihihﬂ dodideddM

signal is inputted via the delay.circuit 27. One input of the
phase conpar 3 He A4 JAP FELilther the terminal T2 or the terminal T3

inside depénding on the operation of the PLL circuit, as
will be described later. The terminal T1 of the switch SW1
is connected to the input of the phase comparator 30. In
this setup, if the termigal T1 is connected to the terminal
T2 in the switch SW2, then the phase comparator 30 receives
the divided frequency_signal S3 (1.4406 MHz) acquired by
the dividers 25 and 28 dividing the oscillation frequency
of the VCO 24 using the dividing ratio of 1/6. If the
terminal T1 is connected to the terminal T3, then the
binary EFM signal is inputted via the delay circuit 27.

One input of the phase comparator 30 receives the
divided frequency signal S2 coming from the delay circuit
29, and the other input accepts via the switch SW2 either
the divided frequency signal S3 (1.4406 MHz) from the VCO
24 or the EFM signal.

The phase comparator. 30 compares the received
signals in terms of phase and feeds its detection output to

a low-pass filter 31. The low-pass filter 31 filters the



di vided frequency signal S2 comhg fromthe delay circuit 29, and the

ot her input accepts via the switch SW2 either the divided frequency signal
S3 (1.4406 MHz) fromthe VCO 24 or the EFM signal. The phase
conpar at or. 30 conpares the received signals in terns of phase and feeds
Its detection output to a lowpass filter 31. The |low pass filter 31
filters the , - -19- detection output from
t he phase conparator 30 and sends an error signal S[err] to an adder 37
accordingly. - The frequency court®r 23 counts the frequency of the
di vi ded i nput detestine guetped. fiom thaphase comparatey 30oApdrseardsmn .

di vided frequency signal S1 fromthe crystal oscillator 21 with the

di vi ded frequerrprssggnal SSpd tomanhaddetB 24aceerdinglynbodi nent, the
frequency counter 23 is a known counter that illustratively counts how
many times the cycl eThé fhequdencylezbumtagn @i cosingisalkh€2fovequency nofach
cycle of the divided frequency signal S1 (11.025 kHz). The divided
frequency sigrak 82vidbdchnpati £somnthefvgoedde t Thet keuntihgr isrégnenky of
4.3218 MHz, has its count result output as "392" by the frequency counter

23 ‘when the wgm'gdﬁnt;r eHUeatyide@nBtediericy eiapidly s4. 2o Whie. cifpatalis,
4321. 8/ 11. 015 = 392. Wth the above enbodi nent, the count result
si gnal . oscillator 21 with the divided frequency signal S2 from the
VCO 24. In this embodiment, the frequency counter 23 is a
known counter that illustratively counts how many times the
'cycle of the divided frequency signal S2 occurs in each
cycle of the divided frequency signal S1 (11.025 kHz). The
divided frequency signal S2, which varies in reference to
the center frequency of 4.3218 MHz, has its count result
output as "392" by the frequency c6un£er'23 when the
divided frequency signal S2 is exactly 4.3218 MHz. That
is, 4321.8/11.015 = 392. |
With the above embodiment, the count result signal
Spo resulting from the frequency counter 23 is supplied to
a register 32 via the switch SWl. The switch SWl1 has its
on/off status controlled illustratively by the controller 7
depending on conditions that will be described later.
when receiving the count result signal Spo from.the
frequency counter 23 with the switch SWl.turned on, the

register 32 has its content continuously updated every time

the signal Spo is admitted. The content of the register 32



S[err] resulting fromthe frequency counter 23 is supplied to a register
32 via the swwtch SWM.. The switch SW has its on/off status controlled
illustratively by the controller 7 depending on conditions that will be
described | ater. When receiving the count result signal S[err]
fromthe frequency counter 23 with the switch SW turned on, the register
32 has its content continuously updated every tine the signal S[err] is
admtted. The content of the register 32

-20- is sent to an adder 34. \Wen not rggeiving the count result signa
S[err] from tjlke sbhequenay addered4 23 whém ndte rexeivimgSwhet mouad of f, t he
regi ster 32 holds the last input value in effect before the swtch SW was

turned of f. Teauleakignhlusy @irdn thel Feequpntiedotntéhe2 adwith ¢he
I'n the arrangement above, a reference value register 33 is set

i |1 ustrati velgy,widhh siWie ugh8acaee, Vehe cregheir 32 holds tHdhd asamdnpat he
above- descrlbed'count val ue. Thaf I's, when the divided frequency signal

fromthe VOQaihd'ah Eiecktendgnry Phe 4s32dén W1 v RiREETE Valme

register 33 is'set wth the value obtained as the count result signal

S[err] from thg fd QHUENH%18048! 8 s33suppiifed & SEREGudey U SR pl aced in

u
the reference value register 33 thus g%rresponds to the appropriate center

frequency (43218 Mg, el B afS@RBhE) aBStED 4 SHEFb dtcd Wl 24

register 33 is set illusﬁratively with the reference value
'SR of 392, i.e., the same as the above-described count
value. That is, when the di&ided frequency signal from the
VCO 24 has the frequency of 4.3218 MHz,.the reference value
register 33 is set with the value obtained as the count
result signal Spo from the frequency counter 23. The
reference value SR placed in the reference value register
33 thus corresponds to the appropriate center frequency
(4.3218 MHz in this example) established for the VCO 24.
The adder 34 subtracts from the reference value SR
the count result signal Sy, coming from the frequency
counter 23. The result of the subtraction represents an .
error of the count reéult signal Spo with respect to the
reference value SR. The error information indicates how
much the oscillation frequency of the VCO 24 deviates from
the center frequency.
The calculated result from the adder 34 is filtered

by a digital filter 35 before being converted by a D/A



The adder 34 subtracts fromthe reference value SR the count result signal
S[err] comng fromthe frequency counter 23. The result of the subtraction
represents an error of the count result signal S[err] with respect to the
reference value SR. The error information indicates how nuch the
oscillation frequency of the VCO 24 deviates from the center frequency.
The calculated result fromthe adder 34 is filtered by a digital filter 35
bef ore being converted by a DA -21- -21-
converter 36 into an-anal og voltage value. The converted voltage value is
sent to the addaved¥eas3shintoecameamalog vaitagegvalugl.er Phe convertedThe
adder 37 adds up two signals: the frequency error signhal Slerr], and the
error signal $patabet aluésis sent age theladdero3iessottiengrequeheyconpar ed
result fromthe phase conparator 30. The result of the addition is
inputted as aqa, gept gg_bhgg! gpl.tage Sc to the VCO 24. VWhat foll ows
Is a description that “is how the inventive PLL circuit of the above

constitution works. hGhd a4deho¥s Qs e R idikealef: he FwehabaeySW and
SW2 correspond to the nnges I n which fﬁi PLL circuit of the qenbodinent

operates. As Id i8n519s. agﬂae hBY8PEbYCsifhl CSL.C ehhtORST at ¢61tagene
of at | east tﬁFgéEgglggggoﬁm“nn ethadjustinalggde, %brnal operatioﬁa%nde,

and value cbrresponding to the compared result from the phase

comparator 30. The result of the addition is inputted as a
controlled voltage Sc to the VCO 24.

What follows is a desqription that is how the
inventive PLL circuit of the above constitution works.
Fig. 4 shows how the settings of the switches SW1 and Sw2
correspond to the modes in which the PLL circuit of the
embodiment operates. As listed in Fig. 4, the inventive
PLL circuit operates in one of at least three operation
modes: adjusting mode, normal operation mode, and
sustaining mode. |

Adjusting mode is a mode reached when it becomes
necessary to adjust the center frequency of the VCO 24.
The need arises.in such cases as power-up and starting of
the épindle motor following power application, or when the
EFM signal is not available over an extended period of time
because of various. servo errors.

Normal operation mode is a mode in which the EFM

signal is continuously available illustratively when read



sust ai ni ng node. Adj usting node is a node reached when it becones
necessary to adjust the center frequency of the VCO 24. The need arises in
such cases as power-up and starting of the spindle nmotor follow ng power
application, or when the EFMsignal is not available over an extended

period of time because of various servo errors. _ Nor mal operation
node is a mode in which the EFM signal is continuously available
i1lustratively when read -22-

operations are nornally carried out o 4%ie di sk D. Sust ai ni ng node is
reached when d[pbfracﬂimb aegenoermally cactiedh owedn tthebadiskstai ned even if
the EFM signal is not available during tenporary EFM signal drop-outs

attribut abl e gyataGhdnghmeder idi réached heheh sthes wianle regeneratings shown in
Fig. 4, the PLL circuit in adjusting node has the switch SW turned on and

has the ternmgpaliohl nceddnest Be s@stiené@r&vérnl if Alig" HFIE siyniaah iSVhot! N
that state, connecting the termnals T1 with T2 in the switch SW2 allows

the phase co ielta%rléﬁugﬁngeﬁéﬁ@SrQE%'hEmesi iy desbgrieency signal S2
el ay

fromthe VCO via the crrcuit 29 and the divided frequency signa

acaui 1ot by MEHEAEE 3B SR5RbERC 0r SERINMR, dft Wiimbans

As shown in Fig. 4, the PLL circuit in adjusting
mode has the switch SW1l turned on and has the terminal T1

" connected to the terminal T2 in tne switch SW2. 1In that
state, connecting the terminals T1 with T2 in the switch
SW2 allows the phase comparator 30 no receive both the
divided frequency signal S2 from the VCO 24 via the delay
circuit 29 and the divided frequency signal S3, i.e, one-

" sixth of the oscillation frequency of the VCO 24 as
acquired by the dividers 25 and 28. The signals S2 and S3
are compared for a phase difference. It snould bé noted
than the divided frequency signals S2 and S3 inputted to
the phase comparator 30 originaté-from the same oscillation
frequency of the VCO 24. The divided frequency signal S2
is inputted to the phase comparator 30 afner being delayed
by the delay circuit 29 whose delay time is established so
as to coincide with the signal processing time of the
divider 28, the divider being furnished to generate the
divided frequency signal S3. As a result, the divided

frequency signals S2 and S3 have a zero phase difference in



are conpared for a phase difference. It should be noted that the divided
frequency signals S2 and S3 inputted to the phase conparator- 30 originate
fromthe sanme oscillation frequency of the VCO 24. The divided frequency
signal S2 is inputted to the phase conparator 30 after being del ayed by
the delay circuit 29 whose delay tine is established so as to coincide
with the signal processing tinme of the divider 28, the divider being
furnished to generate the divided frequegcy signal S3. As a result, the
di vided frequency signals S2 and S3 have a zero phase difference in
practical terrmmractical terTise phase conparator 30 shoul d detect no phase
di fference between the divided frequency signals S2 and S3 received. At
this point, characteriThed phase abmpasatont 30 nshould ddtedt arepimse
constituting the phase conparator 30 result in.an error that remains in a

detection si gn@ifrdrietitd etwe@patibodivided frequidy ididhaaey G20kaee s3
difference signal is actually inputted in adjusting node, the detection

signal from t hecdiiRsr, CAUMAhIEOpodAt)CEREEAGELYIdtHd UWHAS A fltRse
difference representing the error attributed to the internal circuit

constitution Ofpdihd3QTRY ¢he elements c&ﬁé@i@@@ﬂié 19 | phasd! RiAPardtdr the
phase conparator 30 of the above enbodi nent outputs as the

30 result in an error that remains in a detection signal

from the comparator.

Even if a zero phase difference signal is actually
inputted in adjusting mode, the detection signal from the
phase comparator 30 necessarily includes a phase difference
representing the error attributed to the internal circuit
constitution of the comparator.

More specifically, suppose that the phase
comparator 30 of the above embodiment outputs as the
detection signal a positive/negative detection pulse signal
with a duty factor of 50% when the two input signals match
in phase. In that case, when the divided frequency signals
S2 and S3 are compared for a phase difference, the duty
factor of the positive/negative detection pulse signal
comprises a deviation corresponding to the above-mentioned
error.

' The switch SW1 is turned on in adjusting mode.
This causes the adder 37 to be fed with the frequency error

signal Syg that corresponds to the error between the



detection signal a positive/negative detection pulse signal wth a duty
ffactor of 50% when the two input signals match in phase. In that case,
when the divided frequency signals S2 and S3 are conpared for a phase
difference, the duty factor of the positive/negative detection pulse
.signal conprises a deviation corresponding to the above-nentioned error.
The switch SW is turned on in adjusting node. This causes the adder 37 to
be fed with the frequency error signaIZS[err] that corresponds to the

error between the - -24- reference
val ue VR andrefferengededlue cVReard theydivided fyequensyvedinalag2cEuemed
presently by the frequency counter 43. At this point, the adder

37 gener at esthkeVCO0R4r a$ | edunted presmtidy dyntthei freguensyr eounktgnal
S[err] based on the detection signal fromthe phase conparator 47 wth

t he frequency3error signal S[err]. The basic operation of the PLL circuit
here consists in varying the oscillation frequency of the VCO 24 by use of

the controlled volt ape Shisapaimtpdtlky axdddat 37t igemeafatielse ther or si gnal
S[err] with the frequency error signal S[err] so that the divided

frequency sicongrod2edf vblllﬁa?’ @4ppscambiiiiady bhe erroregignal sgaint er
w || approach 4.3218 kHz (refterence value). That is, the
based on the detection signal from the phase comparator 47
with the frequency error signal Sypg. The basic operation
of the PLL circuit here consists in varying the oscillation
frequency of the VCO 24 by use of the controlled wvoltage Sc
acquired by combination of the error signal Spo with the
frequency error signal Spz so that the divided frequency
signal S2 of the VCO 24 as counted by the freqﬁency counter
will approach' 4.3218 kHz (referencé value). That is, the
center frequency f0 is set to 8.6436 MHz for the VCO 24.
The error.signal Spo, a component of the controlled
voltage Sc, includes the error of the'phase compafator 30.
For that reason, thé center frequency established for the
VCO 24 in adjusting mode of the embodiment is considered to
have absorbed that intrinsic circuit error of the phase
comparator 30 which is contained in the error signal Spo.
When adjusting mode is finished in which the center
frequency was set approximately to 4.3218 kHz fo; the VCO
24, subsequent operations such as data read operations take

place in normal operation mode as long as data is read



[

center frequency fOis set to 8.6436 MHz for the VCO 24. The error
signal S err], a conponent of the controlled voltage Sc, includes the
error of the phase conparator 30. For that reason, the center frequency
established for the VCO 24 in adjusting node of the enbodinent is
considered to have absorbed that intrinsic circuit error of the phase
conparator 30 which is contained in the error signal S[err]. When
adjusting node is finished in which the ter frequency was set
approximately to 4.3218 kHz for the VCO™ 24, subsequent operations such as
data read opeﬂHFW@H%YPake place in nornmal operation node as |ong as data
Is read ' ) -25- normal ly. | In
normal operation modeXn ROTEAL: PRETHRiOR Mmefdere Fheyswitgh ﬁ\{‘tlhé-st EnEnedl s T1
and T3 connected in the switch SW2, as indicated in Fig. 4. ) Wher e
the switch SWwefify Mitheghef termpnalegThiand £8 qaangstede ipatthe sWitgh count

result signal Slerr] |ast counted by the frequency counter 23 in the
previ ous adj uSW2hg asodadicaned in Fige 4alue in the register 32 represents
the count result signal S err] acquired by having the oscillation
frequency of the VCO Wherentbegswitch $Wk iwrtwmed efifanthe frégisted) d2ti ng
node. The count result signal S[err] here is considered to include that
intrinsic cirdoldsether vafluehef phaseoumtpeesatly s3@nali Sho Vibsstc ardwiteal]l i n
the error signa

by the frequency counter 23 in the previous adjusting mode.

That is, the value in the register 32 represents the count

result signal Spo acquired by having the oscillation

frequency of the VCO 24 converging on the center frequency

£f0 in adjusting mode. The count result signal Syg here is

considered to include that intrinsic circuit error of the

phase comparator 30 which was contained in the ertor signal

spo.

In normal operation mode, the error signal Spo
generated on the basis of the value held in the register 32
is outputted continuously to the adder 37.
With the terminals T1 and T3 connected in the

switch SW2, the phase comparator 30 is supplied with both

the divided frequency signal S2 sent from the VCO 20 via

the delay circuit 29 and the binary EFM signal past the

delay circuit 27. The result of the phase comparison is

inputted as the error signal Sy, to the adder 37 by way of

the low-pass filter 31. The delay circuit 27 has the same



Slerr]. In normal. operation node, the error signal Serr]
generated on the basis of the value held in the register 32 is outputted
continuously to the adder 37. Wth the termnals Tl and T3
~connected in the switch SW, the phase conparator 30 is supplied with both
t he di vided frequency signal S2 sent fromthe VCO 20 via the delay circuit
29 and the binary EFM signal past the delay circuit 27. The result of the
phase conparison is inputted as the ermgr. signal S[err] to the adder 37 by
way of the low pass filter 31. The delay circuit 27 has the sange

-26- del ay tdelmyatimiee agelthe deleyi cirouitth?®. sdPhis prefmpi@rovdgasst nent s
such that the divided frequency signal S2 from the VCO 24 as del ayed by
the del ay ciradjustiferssd suich ERat thgndividedi fxequentytsignalo$a firem i nes.
Conventionally, as shown in Fig. 1, the intrinsic error of the phase
conpar at or 3Ghe VT |24dad dellayed byj thei dglapdeibeuit 2% wrskdihenERMOr nal
operation node. That error appears as a phase difference. Wth the above

enbodi ment,  hyj Gt ras inputtednatr appegpeiayeotine®. VCO 24 is established
so that the error of the phase conparator 30 is co-opted in adjusting

node. The arrangenmentcgiviitiiichallys @sr 8howh iheFigase, cepaimininsie f rom

energing as a
error of the phase comparator 30 is included not in
adjusting mode but in subsequent normal operation mode.
That error appears as a phase difference. With the above
embodiment, by contrast, the center frequency of the VCO 24
is established so that the error of the phase comparator 30
is co-opted in adjusting mode. The arrangementlprevents
the error of the phase comparator 30 from emerging as a
phase difference when adjusting mode is replaced by normal
operation mode. This in turn foresta}ls irregularities
such as capture range deviations and lock range variations
appearing in normal operation mode of the embodiment,
allowing the PLL circuit to perform tiackinqﬁopérations at
higher levels of precision than ever before.

The controller 7 sets up sustaining mode when
detecting any temporary drop-out of the EfM signal read
from the disk, typically attributable to scratches or dirt
on the disk surface. In that case, as shown in Fig. 4, the
switch SW1 is turned off and the terminals T1 and T2 are

connected in the switch SW2 under control of the controller



phase difference when adjusting node is replaced by normal operation node.
This in turn forestalls irregularities such as capture range devi ations
and | ock range variations appearing in nornmal operation node of the

enbodi ment, allowing the PLL circuit to performtracking operations at

hi gher | evels of precision than ever before. The controller 7 sets
up sustaining node when detecting any tenporary drop-out of the EFM signal
read fromthe disk, typically attributable to scratches or dirt on the

di sk surface. In that- case, as showni??%ﬁgy 4, the switch SW is turned
off and the tekdarinals Tl and T2 are connected in the switch SW2 under
control of the controller -27- 7.

The adder 37 is suppl ithe wddert B fisecgupptiedrwikh theyfigeqyenay] eFaesr at ed
on the basis of the value which was in effect in the previous adjusting
node and whi chsignal Sy;:egeneratdd am tiiee basdisso€r tBe. valuehwhichewas i) t he
phase conparator 30 is fed with both the frequency controlled signal S2
com ng from t heef&eR 3h whe prevdeusyadjusting mSderahd hhidilviided frequency
signal S3 obtained by the divider 28 dividing the signal S2. Thus

the error signairfm¥ly HelldPUn thet heghseer $7. ms the evamephaism dithier ence

I ncluding the intrinsic circuit '
phase comparator 30 is fed with both the frequency
controlled signal S2 coming from the VCO 24 via the delay
circuit 29 and the-divided frequency signal S3 obtained by
the divider 28 dividing the signal S2. |

Thus the error signal Spo output to the adder 37
has a zero phase difference including the intrinsic circuit
error of the phase.comparator 30 as in adjusting mode. In
turn, the VCO 24 has its oscillation frequency'cdntrolled
to approach the center frequency by the controlled voltage
Sc coﬁtaining the error component. It follows that unlike
the PLL circuit of Fié. 1, the inventive PLL circuit does
not develop a center frequency deviation during EFM signal
drop-outs. |
As described, the embodiment has its PLL circuit

operating so as to absorb any error component of the
detection signal from the phase comparator in any of .
adjusting mode, normal operation mode and sustaining mode,
the error component being attributable to the intrinsic

circuit error of the comparator. It will be appreciated



error of the phase conparator 30 as in adjusting nobde. In turn, the VCO 24
has its oscillation frequency controlled to approach the center frequency
by the controlled voltage Sc containing the error conponent. It follows
that unlike the PLL circuit of Fig. 1, the inventive PLL circuit does not
devel op a center frequency devi ation dwZ8rg EFM si gnal drop-outs.

As descri bed, the enbodinent has its PLL circuit operating so as to absorb
any error conponent of the .detection signal fromthe phase conparator in
any of adjusting node, .noy.nal .operation node.and, sustaining node, the -
error conponeitathdihfy It © ?i?et PrBV?ﬁg?‘?ﬂsT'ﬁus PR D2 of the
conparator. It wi|l be appreciated ’ - 28-
that the enboeRhisiRugiskhStahle,magRer,regspalesesof nithe RERISNRR AT y
stabl e manner regardl ess of the presence or absence of EFM signal inputs.
The pref err ecakesenes hERESHINAdd 13PYES-is not linitative of the

i nvention and is conducive to many changes and variations dependi ng on
actual use conditi onsThe myefisxned embodinentt Heacribedcalopye| 1§ a0k t ed
above as the typical reproducing apparatus, the invention nay be applied
to other di sklimpeatsive ayfe theliinvengiondandngs eppduaive cto smany

magnet o-opti cal disk players. The 1invention nay also be applied

advant ageous| ghamges pmdlweaniations depending on actual use conditions.

For example, in addition to the CD pléyer cited above as
the typical repfoducing apparatus, the invention may be
applied to other disk type storage medium reproducing
apparatuses such magneto-optical disk players. The
invention may also be applied advantageously to reproducing
apparatuses dealing with storage media different from disks
such as tapes.

Furthermore, the PLL circuit of the invention is
not limited to the specific circuit constitution described
above. Various changes and modifications may alsé be made.
Illustratively, the freqﬁencies of. output signals from
diverse components making up the PLL circuit may vary
depending on the type of reproducing appar;tus to which the
invention is applied. The synchronizing signal inputted to
the phase comparator is not limited to the EFM signal. 1In
addition, the invention is not limited to the PLL circuit
that carries out clock regeneration in the reproducing

apparatus; the invention may be applied as well to any PLL



appar at uses dealing with storage nedia different fromdisks such as tapes.
Furthernore, the PLL circuit of the inventionis not limted to the
specific circuit constitution described above. Various changes and

nodi fications may al so be nade. |Illustratively, the frequencies of output
signals from diverse conponents maeking up the PLL circuit may vary
dependi ng on the type of reproducing apparatus to which the invention is
appl i ed. The synchroni zi ng si.gnal inputpgd to the phase conparator is not

[ ted (ot he SEM:SEORaka 4 aBffibhOlond NihddY SN BAELLEE0EO

the PLL circui at carries o regeneration in eproduci ng

appar at us; thqﬂggégﬂﬁkgnfggégpﬁggpgéié@% éj to any PLL

-29- circuits ' app sTwhere autonati c-adjustnment of the
center frequency is desi descr.i bed, t cuit

si rabl e. PLL ci
according to the i nvgﬁt A§RCFdbed pabhe %ﬁa‘iﬁ%ﬁ*ﬁﬁ Agaar gu%‘f’l %8St he
center frequency of, the VCO a t her eby absor hi_n error in the
det ecti on out p‘d’c‘yed’ftlﬂ?e 1§h§§83ggﬁp9fa?% O%tglaﬁﬁlgg\él%ﬁ%g ﬁb@sSHBEeBr
absence of the input signal, the error being attributed to charagterjstic
variations i ntf5eauenY, Ofhthe ¥apoand thekpky jahsqnhing, @nyoRFEPE: 4R, thEch

capabilities of the inventive PLL circuit significantly reduce the
possi bi lity ordeiectdam eutppt| gfthenBhkase Fompanator: Fgogrdless of the

presence or absence of thelinput signal, the error being |
attributed to characteristic variations intrinsic to the
components constituting the comparator. Such capabilities
of the invehtive PLL circuit significantly reduce the
possibility or the degree of lock range deviations, capture
range variations or center frequency.shifts during normal
operation of the PLL circuit or upon center frequency
readjustments necessitated by temporary drop-outs of the
synchronizing signal. Thus the PLL circuit continues to
operate in a stable manner.

When a reproducing apparatus incorporétes the
inventive PLL circuit fpr clock regeneration, the
reproducing apparatus has aﬁ enhanced ability to ldwer read
data error rates and to recover from temporary signal drop-
outs. This means that the reprodﬁcing apparatus taking
advantage of this PLL circuit is more reliable in
performance, i.e., better equipped to reproduce data

consistently from the storage medium.



range variations or center frequency shifts during normal operation of the
PLL circuit or upon center frequency readjustnents necessitated by
tenporary drop-outs of the synchronizing signal. Thus the PLL circuit
continues to operate in a stable nmanner. When a reproduci ng
apparatus incorporates the inventive PLL circuit for clock regeneration,
the reproducing apparatus has an enhanced ability to |ower read data
error rates and to recover fromtenporagy_signal drop- outs. This neans
that the reproduci ng apparatus takin advantage of this PLL circyit is
nore reliable in peAsoRanyicepparentlyddifde epbedigents, efuEB1gat a
consistently fromthe storage nmedi um ..

- 30- Anventionppay che | pade fwithout dapanting from thes spimi&nandn nay
be made without departing fromthe spirit and scope thereof, it is to be
under st ood t lsalopehe¢hereofi}i bt is todve lumdemstaas tthats tbe finyeswioni Asnt s

t hereof . except as defined in the appended cl ai ns.

-31- not limited to the specific embodiments thereof except as

defined in the appended claims.



VHAT |S CLAIMED TS: T~ A phase | ocked loop circuit conprising:

phase conpar aring in phase an input signal with an
oscillation ’fll‘mmﬁmnHMﬁBm‘Ed by voltage controlled oscillating nmeans; -
first switchiag ateanss ecting as said input signal either a
synchroni zing signal of a predetermned kind or a divided oscillation
frequency acquired and outputted by dividing neans dividing said
oscillation frequency fromsaid voltagegXontrolled oscillating neans,

sai d dividing neans having a predeterm ned dividing ratio; :

frequency couWHAMgISeE€hAIMER ®unting said oscillation frequency from said
vol tage controlled oscillating neans; . frequency error detecting
means for detecting ahy Brpbhasenieghked doepdeifpgudsdi GORPEAEAREY counting
means wWith respect to a predeternmined reference value so as to output
error information refphasencomparires awgags éiorocomparing inspbaa€ &M t chi ng
means for sw tching between connection and di sconnection of said frequency

counting ”EaﬁﬁPhQ 8ignalowichi an fosmildratyicnr freqieneyt bngpabted; by
vari abl e control signal supplying nmeans for conbi ning conparison result

}nfornatgon f KeDeaged cBABLE6116€ PS¢ i TatiER Masns} sai d error information
A first switching means for selecting as said input
signal either a synchronizing signal of a predetermined
kind or a divided oscillation frequency acquired and
outputted by dividing means dividing said oscillation
' fréquency from said voltage controlled oscillating means,
said dividing means ha#ing a predeterminéd dividing ratio;
frequency counting means for counting said
oscillation frequency from said voltage controlled
oscillating means;
frequency error detecting means for detecting any
error in counts made by said frequency counting means with
respect to a predetermined reference value so as to-output
error information reflecting any detected error;
second switching means for switching between
connection and disconnection of said frequency counting
" means to and from said frequency error detecting means;
variable control signal supplying means for
combining comparison result information from said phase

comparing means with said error information from said



-32- f r detecting neans in order to forma conposite signal,
sai d va[,mgﬂgli“m l&gnal supplying neans further inputting said
conposite s nt O'g voltage controlled oscillating nmeans as an

~oscillation frequency variable control signal; and control ling
means for causing said first swtching neans to select the divided output
fromsaid dividing means as said input signal to said phase conparing
nmeans, said controlling means further G8using said second switching neans
to switch to the connection of said frequency counting neans to said
frequency er fmeqdeneyt engonedetecting reans in anden itey £8Mead n which a
center frequency for said voltage controlled oscillating neans is
establ i shed. composite 2igsaphasaid cokeiablewarituali tsignedr supplyangl aim 1,
further conprising information storing nmeans for storing count result

i nformati on feQmss Fusttheeqiapaytingnsaid) conpositien ssiagmladjcusaiidg node;
wherein said controlling neans, in normal operation node, causes said
first switchiygymR@enecherotiedat oseillatims mextiziang @i gsdildation the
selected signal is supplied as said input signal to said phase conparing

means, said WnldyYaFtaBsel BohBESL CELGHAD; @idl second switching nmeans
to swtch to the disConnection of said frequency counting neans fromsaid
frequency error controlling means for causing said first switching

means to select the divided output from said dividing means
as said input signal to said phase comparing means, said
controlling means further causing said.second switching
means to switch to the connection of said frequency
counting means to said frequency error detecting means, at
least in adjusting mode in which a center frequency for
said voltage controlled oscillating means is, established.
2. A phase locked loop circuit according to claim
1, further comprising information storing means for storing
céunt result information from said frequency counting means
in said adjusting mode;
wherein said controlling means, in normal ope:ation
mode, causes said first switching means to select said
synchronizing signal so that the selected signal is
supplied as said input signal to said phase comparing
| meané; said controlling means further causing said second
| switching means to switch to the disconnection of said

frequency counting means from said frequency error



-33- detecting neans so that said count fesult information stored in said
f'requencglmmtl“mmlmmi ng neans is supplied to said frequency error
detectin 3. A phase locked loop circuit according to claim
1, further® cdnpttisfng®intormation storing nmeans for storing count result

i nformation fromsaid frequency counting nmeans in said adjusting node;
wherein said controlling neans, if said synchronizing signal is not °

avail abl e, causes said first . switchingqJgans to select the divided output
fromsaid dividinq%nbans as said input signal to said phase cqnparing

means, said coRtTRINgG NPERFs SPULRRE SREQ TR FHPF Wide FFOIBRTAOR ng means

to switch to the disconnection of said, frequency counting neans fromsaid
frequency err gytongst day iseddnExeguency hinfernat o toring meamSodsat i on
stored in said frequency information storing neans is supplied to said

f requency err csuppdtiest iteg saddnfrequency errior Algtessinggieahs.oop circuit
according to claim 1, wherein said synchronizing signal is extracted on
the basis of data retd. ewegphasenlackedr hoep neidrain tofaccondiede tter ciladoh

ki nd. 5. A phase |l ocked loop circuit according to claim 1

further conprils] Murther compriisiag defaymatbms dtworide) amdans fprastoring
pr edet er m ned

count result information from said frequency counting means
in said adjusting mode; |

wherein said controlling means, if said
synchronizing signal is. not available, causes said first
switching means to select the divided output from said
dividing means as said input signal to said phase comparing
means, said controlling means further causing said second
switching means to switch to the disconnection of said
frequency céunting means from said frequency error
detecting means so that said count result information
stored in said frequency information storing means is
supplied to said frequency error detectirig means.

4. A phase locked_loop circuit according to claim
1, wherein said synchronizing signal is extracted on the
basis of data retrieved from a storage medium of a
predetermined kind.

5. A phasé locked loop circuit according to claim
1, further comprising:

first delay means for delaying by a predetermined



3

- 34- peri ' oscill ation frequency of said voltage controlled
osci || atmmMM’MUS to be inputted to said phase conparing neans;
and * C means for delaying said synchronizing signal by
a predeterm ned period of tine. 6. A phase | ocked |oop circuit
‘according to claim 5, wherein said first and said second del ay neans have
a delay tinme substantially equal to a signal processing tine of said

di vi di ng nmeans. 7. A reproducing apparatus for retrieving and

reproduci ng dat g recorded on_a, predet erdi*ned st orage di u sai d
Fopr oduci ng EROd G EIPENGhAt ASCLLIBER CRRTALY F STOISAE

phase conparing neans for conparing in phase an, input sjgnal with an
osci |l ation feHeeh @ssdddasipg moans agaichnis Ji9 e cwBUYERd @ neans;

first swtching nmeans for selecting as said input signal either a
synchr oni zi ne&idyphassqonpaEdngnmepBsSpad8nd of data retrieved from said
storage nedium or a divided oscillation frequency acquired and outputted
by dividing nmeans disgagindgdediay weans| fiorodelaying reaid reynchionizdingge
controlled oscillating neans, said dividing nmeans having a predeterm ned
di vi di ng ratisignal by a prnedetemmineduperigdnefinsii®s counting said
6. A phase locked loop circuit according to claim
5, wherein said first and said second delay means have a
delay time substantially equal to a signal processing time
of said dividing means.
7. A reproducing apparatus for retrieving and
reproducing data recorded on a predetermined storage
medium, said reproducing apparatus having a phase locked
loop circuit comprising:
phase comparing means for comparing in phase an
input signal with an oscillation frequency outputted by
voltage controlled oscillating means;
first switching means for selecting as said. input
signal either a synchronizing signal extr&cted on the basis
of data retrieved from said storage medium, or a divided
oscillation frequency acquired and outputted by dividing
means dividing said oscillation frequency from said voltage
controlled oscillating means, said dividing means having a

predetermined dividing ratio;

frequency counting means for counting said



- 35- ose%%#a%%eﬁ—frequeﬁcy—froﬁ1said voltage controlled oscillating

means; rror detecting neans for detecting any error in
caunts madﬁmmﬂ ﬂﬂﬁg@gmcy counting nmeans with respect to a
pr edet er m 1 ue so as to output error information reflecting
any detected error; second switching neans for sw tching between
connection and di sconnection of said fg uency counting neans to and from
sai d frequency error detecting neans; ~~7° vari abl e control signal
suppl yi ng neans for -conbining conparison result information from said
phase conparosgikbanioni frequenrye from saidr waltager eentsalieds r equency
error detecting neans in order to forma conposite signal, said variable
control signabseippaying mearshs further inputting said conposite signal to
said voltage controlled oscillating means as an oscillation frequency
vari abl e control signfitequemcy error detectingl mggnsefios detechimgngn¥aid
first switching nmeans to select the divided output fromsaid dividing
means as sai dridpuinscounts tmadaiby Hadske freqpencygcoentingsmeans with
controlling nmeans further causing said second switching neans to switch to
t he connecti ope8pe&ti €of & cpredetermined ivefereace valaei dof asquenoytput or
detecting neans, at least in adjusting node in which a center frequency
for error information reflecting any detected error;
second switching means for switching between
connection and disconnection of said frequency counting
means to and from said frequency error detecting means;
variable control signal supplying means for
combining comparison result information from said phase
comparing means with said error information from said
.frequency error detecting means in order to form a
composite signal, said variable control signal supplying
means further inputting said composite signal to said
voltage controlled oscillating means as an oscillation
frequency variable control signal; and
controlling means for causing said first switching
means to select the divided output from said dividing means
as said input signal to said phase comparing means, said
controlling means further causing said second switching
means to switch to the connection of said frequency

counting means to said frequency error detecting means, at

least in adjusting mode in which a center frequency for



- 36- said voltage controlled oscillating neans is established;

wher ei n sgj ' ' requency fromsaid voltage controlled
oscillatiﬁ Ilg""ﬂﬂ tt as a regenerative clock signal. 8. A

reproduci ng appar amussaceording to claim7, further conprising information
storing neans for storing count result information fromsaid frequency
counting neans in said adjusting node36- wherein said controlling
means, in nornmal operation .node, causes said first switching neans to
select said synchronizing Si nii 30 thai the sel ected, signal is. supplied
as sai d i nputSa&idyyaltages Pﬁtgﬂ 8dcBRPAHIALNGHIgANS JF FARYIGhedig neans
further causing said second sw_tching neans to switch to the disconnection
of said frequency coheTedy ﬁé&ﬁs°ﬁ¢bgi%%}QPff@ﬁﬂﬂﬁﬂgﬁ(ﬁﬂQﬂ s&jidt ecti ng

means so that said count result information stored in said frequency
i nformati on stadriage oeatgoldeds ogpgiliating seans rigjaukputeraspra det ect i ng
nmeans. 9. A reproducing apparatus according to claim7, further
conpri si ng i Megyermradivet odiocds sdgnalfor storing count result infornation
fromsaid frequency counting nmeans in said adjusting node;
wher ei n sai d control [8.ng Areepsodutisgi dppayachs carcording gralclisimdt,
avai |l abl e, causes said first

further comprising information storing means for storing

count result information from said frequency counting means

in said adjusting mode;

wherein said controlling means, in normal operation
mode, causes said first switching means to select said
synchronizing signal so that the selected signal is
supplied as said input signal to said phase comparing

. ~
means, said controlling means further causing said second
switching means to switch to the disconnection of said
frequency counting means from said fréquency error
detecting means so that said count result information
stored in .said frequency information storing meéns is
supplied to said frequency error detecting means.

9. A reproducing apparatus according to claim 7,
further comprising information storing means for storing
count result information from said frequency counting means
in said adjusting mode;

wherein said controlling means, if said

synchronizing signal is not available, causes said first



-37- switching-rneans to select the divi-ded output fromsaid dividing neans

as said input signal to said phase conparing neans, said controlling neans
further caus Ilﬂntﬂm "Lsavm tching means to switch to the disconnection
of said fre i ans fromsaid frequency error detecting

M S * . . 7 .
means so that sard count result information stored in said frequency

I nformation storing neans is supplied to said frequency error detecting
nmeans. 10. A reproducing- apparatus according to claim?7, further

conpri si ng: . . first dela ans—8é4r del.ayin r edet et i ned

bor o of 1 mviEhiBIRERaT bR SPTRRR AR shvaded Butbuf. BOBnra) o
illating which is to be | tted t, id ph i ;

and 0 " ddwdAdngcmasnnancsatd R Signal #0sFAdh, BRRZPGOMBRERAS by

a predeterm ned period_ of tine. 11. A_reproduci ng apparatus

according to &eanfv18aidyferkralling meang farkhex gaysdpgosadfia§edends have

a delay tine substantially equal to a signal processing tine of said
di vi di ng meanswitching means to switch to the disconnection of said

frequency counting means from said frequency error
detecting means so that said count result information
stored in said frequency information storing means is
supplied to said frequency error detecting means.

10. A reproducing apparatus according to claim 7,
furthef comprising:

first delay means for delaying by a predetermined
period of time that oscillation frequency of said voltage
controlled qscillating meéns which is to be_inputtéd to
said phase comparing means; and

second delay means for delaying said synchronizing
signal by a predetermined_period of time.

11. A reproducing apparatus according to claim 10,
wherein said first and said second delay means have a delay
time substantially equal to a signal processing time of

said dividing means.



