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-1- DESCRI PTI ON
CLOCK GENERATI | Technical Field 5 The pr ntion
relates to a cﬁ%b%w ﬁ%ratlon circuit for generating a gﬁggk'gﬂ%ﬁal
which is used for reproducing a si ghal on a recording nmedi um
Background Art 10 In recent years, a signal processing which is
cal l ed PRML (partial response maxi mum |ikelihood) is increasingly
i ntroduced into data reproduction signal processings in digital
recording and reproducing apparatusx)sQREpkf at a reproducti on signal
processing, signals are processed 15 digitally and cl ock generation
itself is also changing froma conventional anal og PLL (phase | ocked
| oop) to a digital PLL. Whil e the introduction of the PRML is advanced
in HDDs (hard di sk dri verockheeiRiNr tows cnatbeen i ntroduced into
optical disk appar atuses yet. A clock generation circuit has no
proplemas Technical Field

5 The present invention relates to aclock generation circuit

for generating a clock signal which is used for reproducing a

signal on a recording medium.

Backgrcund Art

10 In recent years, a signal processing which is called PRML
(partial response maximum 1ikelih;>od) is 'increasingly
introduced into data reproduction signal processings indigital
recording and reproducing apparatus. In this data.
reproduction signal processing, signals are processzed

15 digitally and clock geneia_tion itself is _also_ changing from a
conventional analog PLL {(phase locked loop) to a digital éLL.
While the introduction of the PRML is advanced in HDDs (hard
disk drives), the PRML has not been introduced into optical disk
apparétuses yet. A clock generation cic_cui..t has no problem as

20 long as it is used in the HDDs, but it has problems when used
in optical disk apparatuées.

Disks like a CD (compact disk) or a DVD (digital versatile

disk) are produced for CLV {(constant linear velocity)
‘reproduction use, but ih reality they aré reproduced- also at

25 CAV.{constant angular velocity) or they require jitter-free



20 long as it is used in the HDDs, but it has problenms when used I-n
optical disk apparatuses. Disks like a CD (conpact disk) or a DVD

(digital versa%é&lsn , disk) are produced for CLV (constant gdripalsess
vel ocity) reprocfuction use, but ih reality they are reproduced al so at

25 CAV(constant angular velocity) or they require jitter-free

-2- reproduction for reading data before a spindle rotating speed
reaches the CLV. Consequently, the CD or DVD requires a per f or mance
for executing the PLL continuously in a w der frequency range than
that of the HDD. 5 For optical disks such as the CD or DVD, a binary
di scri mi nat or rewxaPuRt igRaf oF XeopaeAaie Peipsed FBENGHE Fotating speed

determ nation. 1In addition, the anal ogl PLL .is used for enerating a

timng clock FeAchafe Tt EFfr ndtI"GFIVFREL X4 g P oF YRES®HGS 8r the CD
or V0 = vouel Ly B Rg 10 . aueLeg oh0 Lashian, g §hug gl an

anal og read cf signal ”processi ng net hod
“hVCh IS Callf¥£&ﬁﬂﬂtf %ange than that of the HDD.

5 For optical disks such as the CD or DVD, a binary
discriminator with an analog comparator is used for data
determination. In addition, the analog PLL is used for
generating a timing clock for the determination. The signal
processing for the CD or DVD is usual.y performed in an analog

10 fashion_and thus called an analog read channel. On the other
nand, the signal processing method which is called PRML is
;nfibduced to determine data in recent digital recording
devices sﬁch as the HDD. .In the PRML, data is determined with
fdiéital vaiues and the signal processing is also performed

15 digitally, and thus it i$ called a digital read channel. 1In
the digital read channel', the digital PLL is used for generating

"a timing clock for the discrimination.
The digital PLL which is used in the EDD oxr the like will
be described as a prior art. Fig.15 is & block diagram
20 illustrating a structure of a reproduction apparatus including
a clock generation circuit 1000 according to a conventional
digital PLL syStem.
The clock generation circuit 1000 comprises a master PLL
1100, a phase comparator 4, 2 loop filter 5, a minute control

25 D/A converter &, and a slave VCO 1106, The master PLL 1100



I ntroduced to determne data in recent digital recording devi ces such

as the HDD. In the PRM., data is determned with digital values and
the signal prowesesng is also perforned 15 digitally, and pcwEroo/60981s
called a digital read channel. In the digital read channel, the
digital PLL is used for generating -3a timng clock for the

di scrim nation. The digital PLL which is used in the HDD or the
like will be described as a prior art. Fig.15 is a block diagram 20
illustrating a structure of a reproduction apparatus incl udi ng a cl ock
generation circuit 100 ord| ng.tQ.a.co tional |

system compIifes @ c@k uEheEr g?’ld&ﬁlgefg S? oﬁ%’?‘f%ﬁ% l\’rﬁ(g%er PLL
1100, a phase t ' . A
converter ‘&88 %e?\%rel@eo ibgg&{rﬁéé %g?era ﬁﬁﬁf}ﬁoog‘?@é‘w dlgld?/g

00/ 51122 - 3- conprises al/N
frequency di VI dser 1101, aphase conparator 1102, " aloop filter 1103,

anmast er VCO 1104, 5 apslag I Mnleaadpenciasdhni fefiog sighdDSrom a recordidgadi ng
head 2 reads an anal og signal froma recording

5 medium 1.

An A/D converter 3 converts the read analog signal into
adigital signal in synchronizationwith a clock signal supplied
b.y the clock generation circuit 1000, and outputs the digital
signal to a re-production circuit (not shown) which outputs

10 digital data as a reproduction signal, and to the phase
comparator 4 in the clock generation circuit 1000.

The phase comparator 4 extracts a phase error of the digital
signal in synchronization with & sampling clock sign;l
generated by the cloék generation circuit 1000, and outputs the

15 phase error to the loop filter 5.

The locp filter 5 filters the phase error to convert the
same into a digital oscillation instruction signal, and outputs
the signal to the minute control B/A converter 6.

The minute control D/A converter 6 converts the digital

20 oscillation instruction signal into an analog oscillation
instruction signal of an analog voltage proportional to the
digital oscillation instruction signal, and outputs the analog
signal to the slave VCO 1106.

The slave VCO 1106 has a wide oscillation range and its

w
ot

setting of an oscillation frequency is controlled in two steps,



5 medi um 1. An A/ D converter 3 converts the read anal og signal
into a digital signal in synchronization with a clock signal supplied
by the clock ggpeeadiken circuit 1000, and outputs the digitabcraroonmsgnal
to a reproduction circuit (not shown) which outputs 10 digital data as a
reproduction signal, and to the phase -4- conparator 4 in the clock
generation circuit 1000. The phase conparator 4 extracts a phase
error of the digital signal in synchronization with a sanpling cl ock
si gnal generated by the clock generation circuit 1000 and outputs the
15 phase error tothelotp% f||te fllters

the phase er6r2i & cBAvET? c1dtk w’%’a%mncfod“p&e& C §&ci | | ik
| nstructi On Stl %nmaéter %LQUERHB sets a afg %@gonv ttﬁ.‘etgé rgétce.z.l(i%l%&'éae D A'

COI’IVEI"[EI’ nut e COI’lt ro ter converts t

di gi tal %ﬁﬁg'éﬁ%h%l‘dw VEShh OB AHANA mi AL 8BneRal QQA%'JeEQBerH

I nstructi on Si g an anal og voltage proportional to digital

oscillation 'GniurerrlfSEh\QnaSfﬂﬂ@bdﬁ@@m@b}% Pitend e eq08hey. signal to the
sl ave VCO 11 he sl ave VCO 1106 has a wi de oscillation range

and its 25 set tripfeg 10% a@e@ssm&y alilvagekr BEOOENDYe duenegniiielded 4 rREFWO
steps. clock by N and the phase comparator 1202 matches phases of the
1/N-frequency REF clock and a signal which is frequency-divided
Sy'M wifh the 1/M frequency divider 1105 with each cther, thereby
constituting a PLL synthesizer_. The 1/M frequency divider 1105
10 frequency-divides a signal output from the master VCO 1104, by
M. .
-The loop filter 1103 filters a signal output from the phase
comparator 1102, and outputs the signal to the master VCO 1104
and to the slave VCO 1106.
15 In the HDD, the disk rotatlng speed is f.:.xed and the closer
to the perimeter, the higher the linear velocity is. In crder
to increase the liner recording density in this situation, a
method which is called “zone bit récording" is used for the HDD.
The zone bit recording is a method for dividing a disk into
20 several zones and recording data with varying recording rates.
That is, since the recording rate is higher at an outer zone
and lower at an inner zone, the center frequency of the clock
signal which is output from the clock generation circuit should

be changed according to zones. Accordingly, themaster PLL 1100

25 'éﬁanges the parameters of ‘N and M, controls the oscillation



-4- 50 as to generate a clrock which is conpletely |ocked. That is,
the master PLL 1100 sets a rough frequency of the oscillation range of
the slave VCO 1106 and the minute control D/ A converter a
fi ne adj ust nent &ooisﬂézfrequency 5 The 1/ N frequency d?ﬁgfeﬁﬂﬁgl
frequency-divides a REF clock by N agd the phase conparator 1102

mat ches phases of the | / N-frequency REF clock and a signal which is
frequency-di vi ded byMw th the I /M frequencydivider 1105 with each

ot her, thereby constituting a PLL synthesizer. The |/M frequency

di vider 1105 10 frequency-divides a signal output fromthe master VCO
1104, by fMequency of tFRaudsoep YGQ 1&P41R0Y 4t the cgndpgriaie BAROSYt from
t he phase conparator 1102, and outputs the signal to the naster VCO
1104 and ¢ tihee s3pNeeVE@C W06, 15 I n the HDD the di sk rotating
speed is fixed and the closer to_the (g%er the |inear

velocity is. In or'%‘l!ﬁrt is. therpgtpeddd AR Iﬁ%g‘f‘ Ve%eotrsd % this
e s s e esie b g B e |
20 several_ zofes and. r e¢oLding, 843 MWkl WAH 19+ 8e0r i MhuRU - ough
control), and generates a clock which is campletely locked to
the reproduction signal with the minute control D/A converter
6 (minute control).
In addition, Japanese Published Patent Application
10 .No‘Hei.7-78422 discloses a clock extraction c«ircuit which
creates a phase error signal fromdigital data after performing
fﬁérAD conversion, by using a delay line.
However, the conﬁentionﬁl digital PLL system cannot.
exécutes the PLi,cohtinupusly ata Switching point of the rough
15 cdntrol.
o The conventional digital PLL system has no problem when
reading data which is zone-bit-recorded at CAV (constant
anguzar velocity), at CAV, like the HDD. However, in the CAV
reproduction of reading data 'which is recorded at CLV (constant
20 liﬁear velocity), at CAV or the jitter-free reproduction of
-"rééding data before the spindle has the speed of CLV, like
optical disks such as the DVD, the center freguency of the
.rééroductlon signal is continuously changed. Therefore, the

“PLL is requlred to continuously follow the frequency within a

25 center frequency changing range. However, the conventional



That is, since the recording rate is higher at an outer zone and | ower
at an inner zone, the center frequency of the clock signal which is

out put fromthe_cl génqenerat ion circuit should be changgepe6sensi N9
to zones. A@cofﬂpﬁg . the master PLL 1100 25 changes the paranmeters of N

and M controls the oscillation -6~

-5- frequency of the nmaster VCO 1104, and sets the center frequency
of the slave VCO 1106. That is, the master PLL 1101 roughly sets
the oscillation frequency of the slave VCO 1106 to a frequency which
Is near 5 the center frequency of a signal which is tobe reproduced

(r ough cOhgi ba) PLAMBIIOTFAIey thecfERIUERSYFPT TS nRaHBL &t el WP AtotTed to
the reproduction signal with the mnute control D/ A converter

1\ . 6
(m nute contrdh)the conventieraldiiattdh PLE 568 BithrFiRER-PAPEART OF

lication 10 No.Hei.7-78422 dis¢loses. | ock extracti cigguit which
?Pgét es a pha§§eeF?‘6$§s?°dht§1° FSnt |‘bﬁ°§’l%l§§§%§)a¢(cfleﬁr% Eggﬂf g?%sngﬂg the AD

conversi on, bxog§ggghéy(%¥i¥%el%ﬂﬁ'cannot be maintained.

5 In the conventional digital PLL system, the division ratios
N and M of the synthesizer should be changed at the rough
a_djhstment of the frequéncy. When N and M are changed, it is
difficult to switch the parameters of N and M at the same timing.
Besides, even when the parameters of N and M can be switched

10 simultaneously, the center frequency is largely shifted at the
éwitching as well as the continuity of the oscillation phase
.is'ibst. As a result of the shifting of the center frequency
at‘?he rough adjustmeht switching, the control cannot be,
ﬁéxécuted by the PLL for performing the minute adjustment,

15 whereby the phase lock is taken off. When the phase lock is
taken off, a clock cannot be generated and thereby data cannot
be reproduced either.

As described above, even when the conventional digital PLL
used for the HDD is applied tb optical disks such as the DVD,

20 it cannot execute the PLL continuously to the wide frequency
rénée which is required for the CAV reproduction or the CLV
jitter-free reproduction.

: The present invention is made to solve the above problems

. ;;ﬁa‘it is an object of the present invention to provide a clock

generation circuit which can lock a wide frequency range

I ]
ot



However, the conventional digital -PLL system cannot.

continuously at a switching point of the rough 15 control.

conventi onal

digital PLL system has no probl em when read%gﬁ”%%@%&rrke

i s zone-bit-recHPME %t CAV (constant angul ar vel ocity),
the HDD. However, in the CAV reproducti on of readi ng data which
recorded at CLV (constant 20 linear velocity), at CAV or the jitter-free

reproducti on of

i ke optical disks such as the DVD, the center frequency of the
reproduction signal is continuously changed. Therefore, the PLL
required to cebhchooassyyfoll ow the frequency within a 25 center frequency
changi ng range. However, the conventi onal digital PL
cannot follow the frequency continuously. That is, in the conventi onal
digital PLL system the sw tching ngnt of t he rough control is a

di scont i nuous DpsFAPSARE Phudha Have

mai nt ai.ned.

10

20

1&ntinuity of the PLL cannot be

In order to attain the above object, a clock generation
circuit according to the present invention comprises a
following construction:

A clock generation circuit for generating a clock signal
which is used for reproducing a signal from a recording medium,
comprises a phase comparator for extracting a phase error signal
from a digital signal which is obtained by converting an analog
signal which is read from the recording medium; a loop filter
for filtering the phase error signal; a minute control D/A
converter for converting the signal filtered by the loop filter,
into an analog signal; a range detector for detecting whether
the signal filtered by the loop filter is above, below, or within
a preset range; a modula_tion reference signal generator for
generating a modulation reference signal when the signal
filtered by the loop filter is above or below the range; a pulse
width modulator for convertiné the modulation reference signal

into a pulse train; an adder for adding a predetermined

'frequenéy set value and the signal converted by the pulse width

modulator; a rough control D/A converter for converting a signal
obtained by the adder, into an analog signal; a low~-pass filter
for cutting high-band components of the analog signal which is

converted by the rough control D/A converter; an analog adder

The

S

i's

L

executes the PLL

i ch

readi ng data before the spindle has the speed of CLV,



5 In the conventional digital PLL system the division ratios. N
and M of the synthesizer should be changed at the rough adj ust nent of

the frequency. Wien N and M are changed, it is difficult ] t he
paraneters of NYEA8H %t the sane tining. Besi des, even vvh%ﬁ%se(ﬁ&l

paranmeters of N and M can be sw tched 1Q8_si mul t aneousl y, the center
frequency is largely shifted at the swtching as well as the
continuity of the oscillation phase is lost. As a result of the
shifting of the center frequency at the rough adjustnment sw tching,
the control cannot be executed by the PLL for performng the mnute
adj ust mrent,  15or Wetialy thleeaphhse sligokl iwhickés ofifput \Bem the phaste | ock
S taken off, a clock cannot be generated and thereby data cannot

be reproduced ebbtesl D/A convertis,deserihisednabey &igave vk peseed the
conventional digital PLL used for the HDD is_applied_ to optical disks
such as the DVDpw-p&ss iﬁiléefrlfrao?néx%c‘lﬁléalgﬁecpﬁgwfﬁqorﬂf&&éllﬁtf’ﬁ £9% wi de

freq'.uency range which is required for the CAV re rodt{i:ition or the CLV
jittor-free repPPefREiHh 3 clock signpleah 3 SIREAVRRGERT RPT L Radet? 078 ve

the above probl ens 1 cand it Ls, an %BJ %ﬁte OL ihe 2 esi_er‘luei ngggtriacg\ do
provi de a cfockR*9%% aci SR FcA"2aR 10cK "a "Wrde T F eqliehcy
range detector detects that the signal filtered by the loop filter
is above or below the range, and generating a clock signal at
a frequency proportional to the signal which is obtained by the
ninute control D/A converter when the range detector detects
10 that the signal filtered by the loop filter is within the range.
| ~ The pulse width modulator is comstituted by delta sigma
mééi:lation. |
According to the clock generation circuit of the present
; invention, the input overrange of the minute control D/A
15 converter is.d.etected by the range detector, the modu-lation
reference signal is generated, and the pulse width modulation
processing is performed, whereby the input voltage of the
voltage controlled oscillator can be controlled more than the
£esolution of the rough c¢ontrol D/A converter. Even when the
20 input range of the minute control D/A converter almost exceeds
the preset range and the rough control D/A converter is changed,
the present invention provides a clock generation circuit which
can continuousiy perform good clock generation without PLL
: being taken off and continuously lock a wide frequency range,

26 and provides a clock generation circuit which can continuously



cont i nuousl y. Di scl osure of the Invention In order to
attain the above object, a clock generation 5 circuit according to the

present invention conprises a foll owi ng construction: cl ock
generation circWPB¢2 generating a cl ock signal whi ch i%cﬁ‘gg%"f%lr
reproducing a signal froma recordi ng nmeddum conprises a phase
conparator for extracting a phase error signal 10 froma digital signa
whi ch i s obtained by converting an anal og signal which is read from
the recording nmedium a loop filter for filtering the phase error
signal; a mnute control DA converter forconvertingthe signa

filteredbyt helpzaFckiml tEbck reprddursian evext @g lsignakolabrlandeedaescyor for
detecting whether 15 the signal filtered by the loop filter is above,

bel ow, or withdegion. a preset range; a nodul ation reference signal
generator for generating a nodul ation reference signal when the signa
filtered by the | dopafpitaens & shBGE BREFBLORP tHF TUrgaSCA PGSO the width

nodul at or for converthg t he nodul ati on referencge S|gnal )
. present invVention comprises a following construction:

5 A clock generation circuit for generating a clock signal
which is used for reproducing a signal from a re;:ording medium,
comprises a phase comparator for extracting a phase error signal
from a digital siénal which is obtained by converting an aralog
signal which is read from the recording medium; a loop filter

10 for filtering the phase error signal; an oversampler for
zero-pad oversampling the signal filtered by the loop filter;
an interpolator for interpolating data which is zero-pad

-o;érsampled by the oversémpler; a hulti&aiued delta sigma
modulator for converting the signal interpolated by the

15 inferpolafor,intoanmltivalueddeltasigmamodulafionsignal;
a rough control D/A converter for converting the multivalued
delta sigmamodulation signal, into an analog signal; a low-pass
filter for cutting high-band components of the analog signal
which is output from the :oﬁgh control D/A converter; and a

20 voltage controlled oscillator for outputting a clock signal at
afrequencyproportionaltothesignalwhiéhpassedthelow~pass
filter.

-Therefore, according to the present invention, the loop
‘filter signal is zero-pad oversampled, interpolated, and

25 further multivalued delta sigma modulated, whereby the input



20 into a pulse train; an adder for adding a predeterm ned frequency

set value and the signal converted by the pulse width nodul at or,
rough control D/ A converter for converting a signal obt ai ;}ﬁ% 58
adder, into an aX2P¥Y¥ignal; a | owpass filter f or cuttlx%g' Aband

corrponents of the anal og si gnal which is_,@25 converted by the rough control
D) A converter; an anal og adder .

- 8- for adding the anal og signal which is output fromthe mnute
control D/A converter, and the anal og signal which passed the | ow pass
filter; and a voltage controlled oscillator for generating a cl ock
signal at a freogueagy o¥ operblenage dobtkbeled oscghabtabicah bhe cohtaoDeed by

t he anal og adder when the range detector detects that the signal
filtered by theokeophdn Ither resolutiorabdveherrdgihowonheol dnge coamerter .
generating a clock signal at a frequency proportional to the signal

which is obtai Aedspyuemiely, a chpfltgewomtion BiAcEbhvEriclr cCRREANEARSANge

det ect or detects 10 t hat the signal filtered by the |oop filter is within
the range. locks TheWiRR S eFHEDRY nEARAEP P. BB?%’t‘?etht el el t25si gna

minute control D/A converter is not required and only the rough

©

control D/A converter is provided, whereby tfxe structure is
-simplified.
Further according to the present invention, the medulation
signal. which changes smoothly and stably can be output from the
10  pulse widthmodulator or the multivalued delta sigma modulator.
B%éef Description of the Drawings
Fig.1l is a plock diagram illustrating a structure of an
apﬁaratus for reproducing-a recording medium 1, which includes
15 a clock generation circuit 100 according to a first embodiment.
Fig.2 is a block diagram illustrating a structure of a p.base
comparator 4.
Fig.3 is a diagram showing a sampling waveform and a
sampling clock waveform when they are in phase.
20 Fig.4 is a diagram showing a sampling waveform and =z
s-ampling clock waveform when they are out of phase.
Fig.5 is a block diagram illustrating a structure of a loop
.filter 5.
Fig.6is a plock diagrarﬁ illustrating a structure of a range ‘

25 detector 9.



nmodul ati on. - Accordi ng'to the clock generation circuit of the
pr esent i nvention, the input overrange of the mnute control DDA 15
converter is detec y the range detector, the nodul ation glsgence
signal is gener‘é’f’é’h’?ﬂéﬁd the pul se wi dth nodul ati on pr ocPe(':srs"F&g l)lgs
performed, whereby the input voltage of-ihe vol tage controll ed
oscillator can be controlled nore than the resol ution of the rough
control D/A converter. Even when the 20 input range of the mnute control
DY A converter al nost exceeds the preset range and the rough control
D/ A converter is changed, ~ the present invention provides a clock
generation circui Fighf cks a8 diaggan cHRNAlddYing pefINFaRtgIddacFr%e ©f
generation w thout PLL bei gg taken off and continuously | ock a w de
frequency rangBe range APYS§CEE9Fdds a cl ock generation circuit which can
conti nuously . . . : . -9- perform
cl ock reproducti oﬁl%veerlsa!al bégﬁ#r%ﬁ%rbafme lfl}élaﬁg?]%/ng @ S%rrélﬁitgﬁ.el 0f P& I n
addition. a chogk SENGI AlAABeRLE U dnACHRAUERG0L 01 e present

i nvention conprises OW ng construction:
5 Fig.9is a blockdiagramillustrating a structure of a pulse

width modulator 11,

Fig.10 is a diagram showing waveforms of respective outputs
of the range detector 9, the modulation reference signal
generator 10, the pulse width modulator 11, and a low-pass

10 filter 14.

Fig.1ll is a block &iagram illustrating a structure of an
apparatus for reproducing a recording medium 1, which includes
aclockgenerationcircuit200accordingtoeaseéoﬂdembodiment.

Fig.12 is a block diggram iliustrating a structure of an

15 oversampler 15.

Fig.13 is a block diagram illustrating a structure of an
interpolator 16.

Fig.14 is a block diagram illustrating a strﬁcture of a
multivalued delta sigma moduiator 17.

20 "Fig.ls is a block diagram illustrating.a structure of a
"fébioduction apparatus including a clock generation circuit
.lobO according to a conventional digital PLL system.
Best Mode for Carrying out the Invention

26 Embodiment 1.



5 A clock generation circuit for generating a clock signal whi ch

I's used for reproducing a signal froma recordi ng nmedi um conprises a
phase conparator for extracting a phase error signal froma_ di iga

si gnal which i sW§bw&ii3dd by converting an anal og si gnal WEVEWWﬂQ‘read
fromthe recording nmedium a loop filter;2,10 .for filtering the phase error
signal; an oversanpler for zero-pad oversanpling the signal filtered
by the loop filter; an interpolator for interpolating data which is
zer o- pad oversanpl ed by the oversanpler; a nultivalued delta sigma

modul ator for converting the signal interpolated by the 15 interpolator

i nt oanmul tival ued deirtednsifges, noclioski ganerypldn circull pew@FridhttlR D A
converter for converting the nultivalued del ta si gmanodul ation, signal,
into an analo@iﬂqyﬁNWOQ§mﬁﬂﬁ%ﬁﬁﬁﬁPreseﬁﬁ+?¥ﬁn?%ﬂ“Y&&%gﬁ&eﬁFéhbbﬁﬁath
conponents of the anal og %bgnal ] whi ch i% output fromthe rough1control
D/ A.convert er :EefFeacetr Wil fayEindsnt r 8T %d tBECT IR EEFEFBPC O RPN g a

¢l ock signal a;[s these ?gf{i%%l%% nlcéldg sr ngfo %xéoﬁrttgic 1%{]ea|s at%g otr hcgarsriegggkfiﬁg& Q Rass ed

t he ‘| ow pass re;, according resent

nt or pol ai i, - and P Y Fr e P e B e O R RS 2k ey
the input for reproducing a recording medium 1, which includes a clock
generation circuit 100 according to the first embodimert.

The clock generation circuit 100 comprises a phase
comparator 4, a locp filter 5, a minute control D/A converter

10 6, ar analog adder 7, a voltage controlled oscillator 8, a range
'aétector 9, amodulation reference signal.generator 10, a pulse
wldth ‘modulatoi’ 11, an adder 12, a _rough control D/A converter
13" and a low-pass filter 14.

<0 a reac;iihg head 2 detects an analog reproduction signal from

15 the recording medium 1, and outputs the signal to an A/.D
converter 3.

In synchronizationwith a clock signal suppliedby the clpck
generation circuit 100, the A/D converter 3 samples the analog
reproduction signal to convert the same into a digital

%0 re;ﬁroduction signal, and outputs the digital reproduction
signal to a reproduction circuit (not shown) which generates
a reproduction éignal on the basis of the digital reproduction

signal and outputs the reproduction signazl, and to the phase

‘comparator 4 in the clock generation circuit 100.

)
(<]

The phase comparator 4 extracts a phase errxor signal from



vol tage of the voltage controlled oscillator can be controll ed nor e
than the resolution of the rough control DY A converter. Consequent |y,

a cl ock generag&gn Lf.cuit which continuously | ocks a w J%5ﬁﬁﬁﬁncy
e °
| : rver

range can be pr Further, the 5 mnute control DA coﬁ@gv 'S not

required and only the rough control;4Y A converter is provided, whereby
the structure is sinplified. ~ Further according to the present

i nvention, the nodul ation si gnal which changes snoothly and stably can
be output fromthe 10 pulse width nodulator or the nultival ued delta

si gma nodul at or . Brief Description of the Draw ngs Fig.11is
a bl ock di agree idilgigelarppagoduciiaacsiigeabiwhgigh is sappadattisa fokming
reproduci ng a recording nmedium11, which includes 15 a clock _generation
circuit 100 aetdhgi aleEh sdompdstanchpBbPwehithe phase errer signad SO Hitsck
diagramillustrating a structure of a phase conpar at or 4.

Fig.3 is a ditRpRn 1 g a sanpling waveform and a sanpling cl ock

wavef orm when t he%{hearl%olpnf @35 is constituted by addition of a complete

b integral component and a proportional compcnent, and it filters
the phase error signal and outputs the filteréd phase error
signal to the minute control D/A converter 6 and to the range
detector 9.
| The minute control D/A converter 6 is a D/A converter for

10 c¢coontrolling an .oscillation frequency minutely on the basis of
the phase error, and it converts the input signal into an analog
sigrial and outputs the analog signal to the analog adder 7.

The range detector 9 has a function of deteci:ing whether
the signal filtered by the ioop filter 5 is within an input.range

15 of the minute control D/A converter 6, and it outputs a detection
result to the modulation reference signal generator 10.

The modulation reference signal generator 10 and thé pulse
width modulator 11 control changes in a LSB (Least Significant
Bit) of the rough control D/A. cénverter 13, and pexform a signal

20 processing for smoothing changes in an input voltage which is
‘finally input to thé_voltage controlled oscillator 8. The
modulation reference signal generator 10 generates amodulation
‘reférence signal by an up down cot;nter {described later), and

the pulse width modulator 11 subjects the modulation reference

L4
23

signal to delta sicma modulation, thereby obtaining a pulse



20 Fig.4 is a diagramshow ng a sanpling waveform and a sanpl i ng

cl ock wavef orm when they are out of phase. Fig. 5 is a block
diagramillustrating a structure of a |oop .filter 5. lg. 6
is a block di ad‘?’%ﬂ‘?’gﬂzustrati ng a structure of a range 25 JEF@E"["QPJ:SB.

-11- Fig.7 is a diagram exe_nipql_i fying a concept of a range of
the range detector 9. Fig.8 is a block diagramillustrating a
structure of a nodul ati on reference signal generator 10. 5 Fig.9
is a block diagramillustrating a structure ofapul se wi dt h nodul at or
11. Fig.10 is a diagram show ng waveforns of respective outputs

of the range ggtectnydulQateespgpdad ati on reference signal generator 10
the pul se width nodulator 11, and a lowpass 10 filter 14.

Fig.11 is a bl ockruk agrtpmti Frosttulet pnyse witdthcrodelafomil is impparat us for

reproduci ng a recordi ng nmedium 1, which includes _
. the adder 12, and the adder 12 generates an input signal to the

rough control D/A converter 13 by adding the pulse width

[o4]

modulated output and a frequency set value which is previously

set.

The rough control D/A converter 13 is a D/A converter for
performing a rough frequency contreol, and the rough control D/A
converter 13 converts the output'of the digital ad&er 12 into
10 an analog signal and outputs the anaiog signal to the low-pass

eilter 14.
f The low-pass filtei i@ removes high-band components of the
input analog signal, and outputs the signal to the analog adder
) 7.

15 | The analog adder 7 adds the output of the low-pass filter
14 and the output of the minute control D/A converter 6, and
outputs the result to the voltage controlled oscillator 8.

The voltage contiolled oscillator 8 oscillates a frequency
proportional to the input voltage. The output of the voltage

20 controlled oscillator 8 is supplied as a c;ock signal to the

A/D converter‘B as well'aé to other 2/D converters and D/A

_converters, and all digitéi'circuits requiring a clock signal.

. Next, the pﬁase comparator 4 will be described with

:Feference to figs.2 to 4.

25 Fig.2 is a block diagram illustrating a structure of the



a clock generation circuit 200 according to a second enbodi nent.
Fig.12 is a block diagramillustrating a structure of an 15 oversanpler
15. Fig.13 is a block diagramillustrating a struct

i nterpol ator 16WO0WSN22 g 14 s a block diagramill ust ratiircﬁréﬁgwﬁgﬂ
structure of a nul tival ued delta si_ggm nodulator 17. 20 Fig.15
Is a block diagramillustrating a structure of a repr oducti on
apparatus including a clock generation circuit . 1000 according to a
conventional digital PLL system Best Mbde for Carrying out the

I nvention 25 Enbodi nent 1. -12-
Herei nafter, @halseckogpassiadr on circuit according to a first

enbodi nent of the present invention will be described with ref erence
to the draw ngs. Héeephahe sompsnagpar éncemprimesabslevel defermdasri dlfigure

15 designate thé same or correspondi ng parts. ) . o
a First 1T delayer 22, a second 1T delayer 23, a first multiplierx

24, a second multiplier 25, and a subtracter 26.

5 The digital reproduction signal input to the phase
comparator 4 is input to the first 1T delayer 122, the second
multiplier 25, and the level determiner 21.

The first and second 1T delayers 22 and 23 perform deleying
by 1 sampling clock time (hereinafter referred to as 1T}.

10 The level determiner 21 performs level determination
according to types of partial response, and outputs a level
deétermination signal QV[k) to the second 1T delayer 23 and the
first multiplier 24.

The first multiplier 24 performs multiplica-tion .of a

15 1T-delayed digital reproduction signal V[k-1] and the level
determination signal QV[(k], 'and outputs the result
QV{k}*V{k-1].

The second m{zltiplier 25 .performs multiplication of a
1T-delayed level determinatic;n signal QV([k-1}] and the digital

20 "reproduction signal V[k]}, and outputs the result QV{k-1]*V[k].
-~ The ‘outputs from the first and the second multipliers 24
and 25 are input to the subtracter 26, and the subtracter 2§

"85€ains a phase error signal QV{k-11*V[k)-QUV[K]*V[%-1) and
" outputs the phase error signal.

25 Figs.3 and 4 are diagrams showing signal waveforms for



5 Fig.1l is ablock diagramillustrating apart of an apparatus . for

reproduci ng a recordi ng nedium 1, which includes a clock generation
circuit 100 according to the first enbodi nent. The cl ock
generation circWQBH32conpri ses a phase conparator 4, aPfBHIAPRL er
5, a mnute control DA converter 10 6, ar analog adder 7, a voltage
controlled oscillator 8, a range det'eéctor 9, a nodul ation reference
signal” generator 10, a pul se wi dt h modul ator 11, an adder 12, a rough
control D/ A converter 13, and a lowpass filter 14. A reading

head 2 detects an anal og reproduction signal from 15 the recording nmedium

1, and out put S\ 16 isiidgaphife A ADdetectLOMAGRE LA in the phase
synchroni zationwith a cl ock signal supplied by the clock generation

circuit 100, tdwmpdrBteenverter 3 sanples the anal og r epr oduct i on
signal to convert the sane into a digital 20 reproduction signal, and
out puts the digitatig.8pisdacdiagram shoyingaad tarpdingpradetermmnd @cuit (not
shown) which generates a reproduction signal on the basis of the
di gictal reprodirHléng clock|viRatoANdWBERpRYY (A& ABpPBYERt i on signal, and
to the phase cong?rat or 4 ih3t he c| oct genera i on, Ci rcu'it 1Q0. 125
The phase onpar at®¥® &/RFOPYEFEeE pRaMRL S5 FRY T6PR Pt Yhpnatog signa
at a timing of the clock signal. Therefore, when the
reproduction analog signal is in phase, a point where a value
supplied by the A/D converter 3 is changed from positive to
negative oxr fromnegative to positive (zero cross point) matches
10 a sampling point. The fundamental principle of the phase errorx
is zo detect the amount of & shift between the sampling point
which is normally'ét' the zero cross point and the zero cross
. %
point. When they are in phase as shown in fig.3, the phase exror
" is zero.
15 Fig.4 is a diagram showing a sampling waveform and a
sampling clock waveform when they are out of phase.

When they are out of phase, the sampling point is shifted
from the zero cross point. The phase error is a shift between
the sampling po'im: and the zero cross point, which is obtained

20 by using the above-described level determination value.
Fig.5 is a block diégiam illustrating a structure of a loop
filter 5.
‘The loop filter 5 comprises a first adder 27, a 1T delayer

‘28, a first coefficientmultiplier (GB) 29, a second coefficient

e
£ 1]

multiplier (GA) 30, and a second addexr 31.



- 13- -the digital reproduction signal which is sanpled at a timng
of the clock signal, and outputs the phase error signal to the | oop

filter 5. The loop filter 5 is constituted by additi
5 i ey efloofos:

conpl ete conponent and a proportional conponent,

filters the phase error signal andutputs the filtered phase error
signal to the mnute control D/ A converter 6 and to the range det ect or
9. The m nute control D/ A converter 6 is a DA converter for 10
controlling an oscillation frequency mnutely on the basis of t he
phase error, and it converts the input signal into an anal og si gnal
and out puts the afme ehasegemion sighwl dnakbg-adberlopp filter 5 iFhenpunge
detector 9 has a function of detecting whether the signal filteredby

the | oop filtee thejsesfnchrae BRLGIRREmY iexs30 gpdihhe Fimift 8d68KI401 DA
converter 6, and it outputs a detection . result to the npdul ation
reference signal TmdridtSsr 298er <7 adds thg,dnpyl PRITSFTFEFeF LR dAMhal

generator 10 and t pul se . wi dt h dul at or gntrol.,changes in a LSB
(Least Signif? TjgiaYEdBFr?n%% Qqﬁgufoggﬁmcéhﬁr%ﬁl%ﬁﬁﬂy85n%%?ter 13, and

performa §” gnal The 1T delayer 28 1T-delays a signal output from the adder
27 and output the 1T-delayed signal to the firSt coefficient
multiplier 29 and the first adder 27.
| The loop filter 5 performs addition of complete integral
series and proportional series of the phase error signal. That
10 is, the first coefficient multiplier 29 sets a gain of the
completéintegralseriesandthesecondcmefficientmultiplier
30 sets a gain of the proportional series.

The second adder 31 adds outputs of the first and second

coefficient multipliers 23 and 30, and outputs a ldop filter
15 signai.

Since the output of the loop filter 5 includes an added
component_of the complete integral series, the output has
theoretically infinite assumable values and when a prescribed
error signal is continuously.output, the output of the loop

20 filter 5 is continuously increased. But in reality, the
resolution of the minute control D/A converter 6 which outputs
the phase error is limited and usually about 8 bits, for example.
Assuming that about 8 bits are assigned to the minute control,
the frequency control range is about #5%.

25 Fig.6 is a block diagram illustrating a structure of the



20 processing for snoothing changes in an input voltage which is

ation

finally input to the voltage controlled oscillator 8. The nodul
ref erence si gna}o&{;ﬁ%ator 10 generates a nodul ation re{,&gﬁ,@@,@w? gnal
by an up down counter (described later), and t he pul se w dth nodul at or
11 subjects the nodul ation reference 23g-signal to delta signma
nodul ati on, t hereby obtaining a pul se
-14- wi dt h nodul at ed si gnal . The.out put fromthe pul se
wi dt h nodul ator 11 is input to the adder 12, and the adder 12
generates an input signal to the rough control D/ A converter 13 by
addi ng the paesgewlaEacter $rodul at ed out put and a frequency set val ue which
i's previously set. The rough control EYA‘cgnvertertls is a
D/ A converter fofhe Fangdsqetiqhiary? 5"’?‘%{1‘(4%‘? BileARY SEGATT SP™PARATPHR r ough
control DA ogyerter 13 cany r{@m{% Qutpyt of the digital adder 12
into 10 an3§ngpgggéia%§f”hng gﬁf%u S glagarog signal to the | ow pass
filter 14. The loop filter signal input to the range detector 9 is
5 input to the first and second comparators 32 and 33,
The first comparator 32 compares a top of a r'ange set value
which is previously set, with the lcop filter signal and irputs
a compariscn result to the up down controller 34.
The second comparator 33 compares a bottom of the range
10 set value which is previously set, with the loop filter signal
and inputs a comparison result to the up down controller 34.
The up down contreller 34 generates an up sigrnal or a down
signal on the basis of the input comparison result, and outputs
the signal to the modulation reference signal generator 10.
15 Here, the set values of the top range and the bottom range
are set so that the output of the loop filter 5 indicates a range
in which a clock signal is generated by the minute control D/A
converter 6 without utilizing the contrxol of the rough control
D/A converter 13.
20 Fig.7 is a diagram exemplifying a concept of the range of
the range detector 9.
'In.fig.'?, assume that the resolution of the minute control
D/A converter 6 is B bits and the input range of the minute
control D/A converter 6 is from -128 to 127. IZn addition, the
25

top and bottom values are previously set within the input range.



The | ow pass filter 14 renoves hi gh-band conponents of the I nput
anal og signal, and outputs the signal to the anal og adder 7. 15

The anal og angBoﬁlaﬂps the output of the | ow pass filter cmn%ﬁmﬁﬂﬁ t he
out put of the mnute control D/A converter 6, and outputs the result
to the voltage controlled oscillator 8-19- The vol tage controll ed
oscillator 8 oscillates a frequency proportional to the input voltage.
The output of the voltage 20 controlled oscillator 8 is supplied as a
clock signal to the A/ D converter 3 as well as to other A/D converters

and D/ A converters, and all digital _circuits requi[ing?a,clopk si gnal
Next, the phase ¥bRDAPStH d9WHicPPtBRLIESEf iTFEGIWRE 1 result IRt et Y o

(199200 4 25 the 1d5b0rTubé 3:0h20 e dLOU2 Ty L AHe"g 8 stpgeture of

t he
DERP efi“r%@pé‘&gﬁ%at ':CQEPriggu%tgm:;IE"Sﬁ \%‘jltsq_@giaﬂgr Wen a

4.
first 1T del §§# , a secon el ayer rst ti'plier
it receives a result indicating that the loop filter =signal is

[ 4

below the bottom range set value, from the second comparator
33, it outputs a down signal. When the compariéon result from
 the first comparatdz 32 indicates that the loop filter signal
is the top range set value or less and the comparison result
from the second comparator 33 indicétes that the loop filter
10 signal is the bottom range set value or more, the up down
controller 34 does not operate, Accordingly, respective
elements from the modulation reference signal generator 10 to
the low-pass filter 14 do not operate either. In this case,
the signal supplied to the voltage controlled oscillator 8 is
15 a signal which is generatea by the minute control D/A ccnverter .
6 on the basis of the output of the loop filter 5.
Fig.8 is a block diagram illustrating a structure of the
modulation reference signal generator 10.
The up signal or down éignai, which is ocutput from the range
20 detector 9, is input to a trigger generator 35.
Upon receipt of the up signal or down signal, the trigger
generator 35 outputs a trigger signal to an up down counter 36.
-~z 1Waen the up down counter 36 receives the trigger signal,
it counts the input reference clocks upward or downward Zor a

25 prescribed period, and generates the modulation reference



24, a second multiplier 25, and a subtracter 26. 5 The digital
reproduction signal input to the phase conparator 4 is input to the
first 1T del aygh ogéni2d he second mul tiplier 25, and the Acawedo/ 0981
determ ner 21. The first and second I T del ayers 22 and 23 perform
del ayi ng by 1 sanpling clock tinme-Ztrereinafter referred to as IT). 10
The | evel determ ner 21 perforns |evel determ nation according to
types of partial response, and outputs a |evel : determ nati on signal
QV[K) to the second IT delayer 23 and the first multiplier 24.
The first nmultiplier 24 perfornms_nuyltiplication of a 1 T-del ayed
FouRESD 2PF i nat | o

digital repradge?d @F FnRPSVEKSL fference g ™ nation si gnal
K], d t puts the t . K1XM k-11 .

P S o R e b

et erni nati on_si gna : «20mal QUG0S ana ,

and out puts Pﬂisgéqsllﬂt'?\/%f?ﬁi-?%fE]h.%lq{ggb&%}% ogt pu‘?g{hﬁrom ;rhe I]‘Séll%gt and

the second ”Hki%g'\laeﬁ%u%ﬂfst;uctm 2% K& pulkul wierh heauihkbactes 6, and
t he subtracter ' obt ai ns a phase error signal

Q[ k-11*VEK] s@Mpkiéd] ketle) pande widtiuio@ulstbheaqiaskingr tor tseghatst 25
Figs.3 and 4 are diagrans show ng signal waveforns for .
embodiment performs pulse width modulation using the delta

sigma modulation.

 The pulse width modulator 11 comprises a subtracter 37,
an adder 38, a first 1T delayer 39, a quantizer 40, and a second

10 1T delayer 41l.

_ The demodulation reference signal output from the
modulation reference signal generator 10 is input to the .
subtracter 37.

- “Ihe subtracter 37 subtracts, from the modulation reference

15 signal, a feedback signal'which is obtained by 1T-delaying a
signal of the quantizer 40 by the second 1T delayer 41.

The adder 3B adds a subtracted value which is output from
the subtracter 37 and a feedback signal which is obtained by
delaying an output of the adder 38 by the 1T delayer 39.

20 The quantizer 40 gquantizes an added value output from the
adder 38 into binary.
The modulation reference signal is converted into a pulse
train by the above-describéd structure acceording to the delta
sigma modulation.

25 "Pig.10 is a diagram showing waveforms of respective outputs



- 16- expl ai ni ng phase error detection algorithmin the phase
conpar at or 4. Fig.3 is a diagram show ng a sanpling waveform and a

sanpl i ng cl ock ?ﬁ%§£9£n1mhen they are in phase. 5 The pédhvedonege ter 3
sanpl es the reB’ ¥t on anal og si gnal at atimng of the clock

signal. Therefore, when the reprodarti on anal og signal is in phase, a
poi nt where a val ue supplied by the A/D converter 3 is changed from
positive to negative or fromnegative to positive (zero cross point)
matches 10 a sanpling point. The fundanental principle of the phase

error IS to detect the annuné of a shiLt pbet ween the sang i ng poi nt
whi ch is norfhl e f24fe dfé"re&tefo s 6 APORAYTL L AdeGeBFBssanal "ot

\VWh h h i
E o Y P SR o 5P .wa'sgw ERLORE, Sl ng gayifadel o) 1O
wavef or m wheg, i@e 1are @ﬁst ?ggBPé‘ﬁﬁPws anﬁform.w&%ntﬁ 8y sairg%aau%gg cghase,

the sanpling p0|n i'sS s Zero cross' point ase

error is a shiff éb,%tm&& detectdiCo SRRl dAG LA @@@b&dﬁ@:éﬁr&eqaﬁg% poi nt,

whi ch is obtal ne
5 detector 9, the modulation reference signal output from the

modulation reference signal generator 10, a modulated signal
output from the pulse width modulator 11, a low-pass filter
output signal output from the low-pass filter 14, respectively
from the top.

10 As shown in f£ig.10, the low-pass filter output signal
grédually changes the voltage with a resolution higher than 1
LSB of the resolution of the rough control D/A converter 13 and
consequently reduces a time changing ratio of the voitage input
to the voltage controlled oscillator ‘8.

15 When the time changiné rate of the input veoltage which is
input to the voltage controlled oscillator B is not reduced,
the oscillation frequency of the voltage controlled oscillator
8 is abruptly changed. Therefore, a loop constituted by the
minute contrxol D/A .converter 6 cannot follow the frequency and

20 thereby the PLL is taken off. Supposing that the rough control
D/A converter 13 is directly incremented or decremented by the
up signal or down.signal which is output from the range detector
9, the voltage is changed by an amount corresponding to 1 LSB
of the rough control D/A converter 13. Since the frequency is

25 abruptly changed by an amount coiresponding to 1 LSB of the rough



20 Dby using the above-described | evel determ nation val ue. Fig.5
Is a block diagramillustrating a structure of a |oop filter 5.

The |l oop filteQomyspaprises a first adder 27, a | T del ayer per/apodBesstt
firstcoefficient nultiplier (GB) 29, a second coefficient 25 nultiplier

(GA) 30, and a second adder 31. -22- .

-17- The phase error signal input to the loop filter 5 is input
to the second coefficient nultiplier 30 and the f.irst adder 27.

The first adder 27 adds the input-phase error signal and a | T-del ayed

i i | - del
i gnal out paeFram PRE A8 L3 J3ne Toop conttirbl e LIRS R 00 Rl to
the first coebficheia convemgtéeLmt %819&9tsp%sfaiﬁigtggﬁ%eazenc

The Ioop filter 5 perfornms addition of conplete integral SEFI%S and
proporti onalggsedd 061 0hgé BenPheBre bSO 15t@ra . wlbRéLy e B3, 14 BEKEA T St

coefficient nultiplier 29 sets a gain of the conplete integral series
and the sece¥d.coefficient nultiplier

5 In the first embodiment, the modulation reference signal
generator 10 and the pulse width modulator 11 are provided to
avoid such an abrupt change in the frequency. Thereby, the
voltage input to the voltage controlled oscillator 8 is
controlled moxre than the resolution of the rough control D/A

10 converter, and the time changing ratio of the input voltage of
the voltage controlled oscillator 8 is reduced. Therefore,
even‘when the range of the rough cor;trol D/A converter 13 is
changed, excess from the input range of the minute control D/A
converter 6-can be avoided, 'wr.xereby good clocks can be

15 continuously gererated without the PLL taken off. In addition,
a clock generation circuit which can continuously lock a wide
frequency range can be provided and a clock generation circuit
which can continuously perform the clock reproduction over all
controllable frequency regions can be provided. Further, -

20 according to the first embodiment, the modulation signal which
is changed smoothly and stably can be output from the pulse width
modulator..
Embodiment 2.

# Fig.1ll is a block diagram illustrating a structure cf an

25 apparatus for reproducing a recording medium 1, which includes



30 sets a gain of the proportional series. The second adder 31

adds outputs of the first and second coefficient multipliers 29 and
30, and out pUt\ﬁoﬁVJl p filter 15 signal Si nce theoubRWwhes?f the
|l oop filter 5 1ncludes an added conponent of the conplete integral
series, the output has t heoreticalad3y i nfinite assumabl e val ues and
when a prescribed error signal is continuously output, the output of
the loop 20 filter 5 is continuously increased. But in reality, the
resolution of the mnute control D/ A converter 6 which outputs t he

phase error is.limted and. usually.ab 8 bit for exanpl e. Assum ng
that about & bq:l[osckalggngggtlug%réacztrg}ﬁtlﬁe?ﬁé n‘iﬁceorgg‘ﬁﬁr b?, U.‘e n;)ect"rﬂ? frequency
control 1anaglc: AR Hhe saRe rererthdenli A1l 96kl A0LAM i1l usrating a

range detect@siQnate the samd'®r 2098e S5 AEY p2c0nPrises first and second
conparators 32 and 32 and an up down congﬁol er 34. .

A reading head 2 read a signal from the recording medium

5 1, and outputs the signal to an A/D converter 3.

The A/D converter 3 converts the analeg repreduction signal
into a digital reproduction signal on the basis of a clock signal
which is output from a frequency divider 20 of the clock
generation circuit 200.

10 - The clock generation circuit 200 comprises a phase
comparator 4, a _oop filter 5, an oversampler 15, an
interpolator 16, amultivalueddelta sigma modulator 17, a rough
control D/A converfer 18, a low-pass filter 19, a voltage.
controlled oscillator 8, and a frequency divider 20. The

15 oversampler 15, the interéolator 16, the multivalued delta
sigma modulator 17, and the rough contrél D/A converter 18
constitute an oversampling system digital block.

The digital reproduction signal is input to the phase
comparator 4 and the phase comparator 4 extracts a phase error

20 signél from the digital reproduction signal which is sampled
at-a timing of the clock signal.

. -The locp filtexr 5 is constituted by addition of a complete
integral component and a proportional component, and it filters
the:phase erxor obtained by the phase comparator 4.

25 The oversampler 15 subjects the phase error signal which



The loop filter signal input to the range detector 9 is 5 input to the
first and second conparators 32 and 33. The first conparator 32
conpares a t opy,gfe#5Ange set val ue whi ch is previousl ycygPrgooessth t he
| oop filter si gna? and inputs a conparison result to the up down
controller 34. The second compgd-at or 33 conpares a bottom of the
range 10 set value which is previously set, with the loop filter signal
and inputs [err] conparison result to the up down controller 34.

The up down controller 34 generates an up signal or a down signal on

the basis of the _input conparison result, and output .siqnal to
the modul at i ¥ F@ftErEARY s %%”@eﬁbf%etrop %8.2‘3&95'%“5 ovﬁé?%%‘gf]f'u%} ggt val ues
of the top rag?te%%&%nq%ego%%q range are set so that the output of

the loop fil? cdates a range in which a clock signal is

generated by theym nute, ceNLESE 10 fubiect sSCOR\GRIthAR &f Wilehowé r shinidlezi ng t he
control of the rough control D/,& converter 13. 20 Fig.7 is a

di agram exenpd i {yin@ apeaneept ®foddi@ingnganef interpbhetsmnge idet ector 9.
In fig.7, assune that the resolution of the mnute control DA

converterg 6 isndkitidtedand 4 FERri (piditeadmpulde Reeprhsel efilter, camd Adl D/ A
converter 6 is from-128 to 127. In addition, the 25 top and bottom val ues
are previ ouspyr S@tmsniNylud sthéntenpalatingefor zero-padded data, 2n
output of the interpolator 16 is input to the multivalued delta
sigma modulator 17.
The multivalued delta sigma modulator 17 generates a
10 modulation signal co;responding to a quantizing resolution of
the rough control D/A converter -18.
i~ ~The rough conirol D/A converter 18 converts the modulation
sign#1 from the multivalued delta sigma converter 17, into an
analdog signal.
15 - ° The low-pass filter 1§ can be constituted by a primary
analog filter, and it filters the analog signal from the rough
control D/A converter 18.
The voltage controlled oscillator 8 outputs &n
oversampling clock signal on the basis of an output from the
20 low-pass filter 19. The oversampling clock signal output from
the vcltage controlled oscillator B is input to the frequency
divider 20, and the oversampler 15-, the interpolator 16, the
multivalued delta sigma modulator 17 and the 'rough control D/A -

converter 18, which are digital blocks of the oversampling

35 system.



-19- When the up down controller 34 receives a result

I ndi cating that the loop filter signal exceeds the top range set

val ue, fromthe first conparator 32, it outputs an up Sicg/pbooodien

it receives a YR&A?% ngicating that the loop filter signal is 5 below
the bottom range set value, fromthe sesend conparator 33, it outputs
a down signal. When the conparison result from the first conparator 32
i ndicates that the loop filter signal is the top range set val ue or

| ess and the conparison result fromthe second conparator 33 indicates

that the loop filter 10 signal_is_the bottomrange sﬂet V?'%‘ﬁe I JIore, t he
up down corftheoPY 8r AW HIEE Aotti5pBPat T CORPREAEPRgTYy 2 FesPecti%e

el ements fromthe nodul atjon reference, signal ratQr t he

| ow pass fi lfertets SdBaHStjc%?)e‘?aﬁees FFﬁ‘é‘?F% % %?’sraggagg, end iﬂt%te si gnal
supplied to the voltgge controlled oscillator 8 is 15 a signal which is
gener at ed bf"ibr?éil Ffute control D/ A converter 6 on the basis of the

out put of the | 1% Hid §€Ta $0ex diagrapith & drStanll 90k dicagrandt Idhest rating
a structure of th nodul ati on reference signal generator 10.
The up siagnagveq:rsaq\g\y@rshgnal, which is output fromthe range
The oversampler 15 comprises a selector 42, an N-bit counter
44, and a rate converter 43.
The T rate phase error signal output frem the lcop filtex
5, zero data, and a select signal output from the N-bit counter
10 44 are input to the selector 42. “N” of the N-bit counter 44
represents an oversampling ratio, and the counter 44 generates
the select signal on the basis of the oversampling ratio N and
controls the timing of signal selection in the selector 42. The
selector 42 subjects the phase error signal to the zero-pad
15 oversampling on the basis- of the select signal of the N-bit
counter 44, For example, when N=4, a data sequence is obtained
as follows:.
datal, 0, 0, O, dataz, O, 0, 0, data3, O, O, O,
The rate converter 43 latches the output of the selector
20 42, i.e., zero-padded data with an oversample clock, and outputs
an oversampled phase error signal.
Fig.13 is a block diagram illustrating a structure of the
interpolator 16.
The interpolator 16 comprises four T/N-delayers 45, 46,

95 47 and 48, and five multipliers 49, 50, 51, 52 and 53. Here,



20 detector 9, is input to a trigger generator 35. Upon recei pt of

the up signal or down signal, the trigger generator 35 outputs a
trigger signakydgysifzup down counter 36. When t he upcgigMgoseLnt er
36 receives the trigger signal, it counts the input reference clocks
upward or downward for a 25 prescribe@Gperlod and generates the
nodul ati on reference - 20-

signal on the basis of the counted reference clocks. Fig.9is a
bl ock diagramillustrating a structure of the pul se wi dt h nodul ator 11

u=ing del Uo SOTRBRNVI 34100 L e WA ECHLRIS SO ULES BT P

pul se width frodul can sed
accordi ng tqkaQéE'E§tthe amﬁﬁpQ@hHSPé perfornms pul se width nodul ation

using the d si gma nodul ati on The pul se wi dt h nodul at or
11 conprises a st A€k SEmPiled phaseaeza@lﬂesrlg%%a éuf:fnﬁt.StfﬂoTn dgl.ayer 39, a
quanti zer 40, and a secon 10 I'T del ayer 41 he denodul ati on

reference sigrealsaapl putl sSf¥Dimpdreto the first T/N -delayer 45 and the first
5 multiplier 49. An output of the first T/N-delayer 45 is input
to the second T/N-delayer 46 and the second multiplier 50. An
output of the second T/N-delayer 46 is input to the third
T/N-delayer 47 and the third multiplier 51. An output of the
third T/N-delayer 47 is input to the fourth T/N-delayer 48 and
10 . the fourth multiplier 52. An output of the fourth T/N-delayer
48 is input to the fifth multiplier 53. Outputs of the first
to:fifth multipliers 49, 50, 51, 52 and 53 are input to an adder
54-and output from the adder 54 as a K-bit interpolated output
signal. “K".represents the number of bits in data output from
15 the adder 54. ...

Here, multiplication coefficient “a” of the first and fifth
multipliers 49 and 53, multiplication coeff:.c:.ents “"b"” of the
second and fourth multipliers 50 and 52, and a multiplication
coefficient “c” of the third multiplier 51 are Nyquist

20 interpolation constants, respectively, and they are given by

the following formulas, for example:

va = sin{m/{2%¥N) )/ (x /(2%N))
b = sin(xn /{1*¥N))/(n / (1¥N))
, e =1

25 Fig.14 is a block diagram illustrating a structure of the



nodul ati on reference signal generator 10 is input to the subtracter
37. The subtracter 37 subtracts, fromthe nodul ation reference 15

signal, a feed&g&& ﬁzgnal whi ch is obtained by i T-del ayi ng &cpoordabgnal of
t he quanti zer ?’ he second I T del ayer 41. The adder 38 adds a

subtracted value which is output from-27-he subtracter 37 and a feedback
signal which is obtained by del ayi ng an out put of the adder 38 by the
| T del ayer 39. 20 The quantizer 40 quantizes an added val ue out put
fromthe adder 38 into binary. The nodul ation reference
signal is converted i t he above-descri bed

tQ ul se rain
structure ad@@ﬁ&ﬂﬁ&ufg ﬁgtge?%%?a m°d“i?bﬁﬁ:ﬁ%dulation. 25 Fig.10 is
a dlagran1shownn@ﬁyavgkogng % esglve oq%&rtor 17 comprises a
-21- e PATgL2HBEL D 0 S1ERE TRAU Ao 't SPEPERRR S|gnal
gener at or Subt chél Sg‘W' h Wl5%t 0f f‘g'zs@rlq‘ tdla‘_iﬁa QY BRSS, Iter
14. This figure ghoms wave orns of “the up si gnal outg ?ro e range
detector 9, &g dows skynaha oytsmtont:r O e yANGo .

5 The subtracter 55 subtracts a feedback signal which is
obtained foy delaying a L-bit modulated signal by the second 1T
delayer 59, from the K-hit interpolated output signal which is
output from the interpclator 16.

The adder 56 adds an output of the subtracter 55 and a

10 feedback signal which is obtained by delaying an output of the
adder 56 by the first 1T delayer .57, The output of the adder
56 is input to the L-bit quantizer 58 and the first 1T delayer
57..

The L-bit quantizer 58 quantizes the output of the adder

13 56, i.e., the K-bit modulétion reference signal, into L bits
by delta sigma modulation. Here, the relationship between K
and L is given by K > L. For example, when the rough control
D/A converter 18 to wfxich the multivalued delta sigma modulator
17 is connected ha% an B8-bit solution, L=8. In this case, an

20 output signal output from the interpolator 16 has 9bits or more.
The limiting proportion of L to K is decided by the relationship
between an oversampling frequency and a control band.

In this second embodiment, the output of the loop filter

5 is oversampled by the oversampler 15, and the K-bit

to
{~1]

interpclated output which is interpolated by the interpolator



5 detector 9, the nodul ation reference signal output fromthe

nodul ation reference signal generator 10, a nodul ated signal out put
fromthe pul se m)dul ator 11, a lowpass filter opEPuitoosscgnal
out put f-romtﬁ""y\ﬁ0 pass filter 14, respectively fromthe top. 10
As shown in fig.10, the | ow pass filteszseut put signal gradual l'y
changes the voltage with a resolution higher than 1 LSB of the

resol ution of the rough control DJ A converter 13 and consequent |y
reduces a tinme changi ng rati o of the voltage input to the voltage
controlled oscillator 8. When the tine han n r he of, the i nput
vol t age whi ctf i § Change?ﬁb‘ﬂf@ ac’bLflh’et ybInaighy £BA Itllé delEp5i983 s not

reduced, t he osci Iaﬁ on fre

| L
osci | | ator medulgtior A4, qefegﬁégue Ceyﬂ&u%f 8?}égaélg%ofop Qt)%grk?ﬁ?ed by the

t trol DA I th b
[nhguPELclog ':O%trf c]‘f]'fCe uppJ(e';{s"iltnoglc thgg}’ Ié% %%ﬁéﬁqggﬁ':ﬁg#gn&yarﬁ%ﬂf conver'?tra(ra Y

13 is di reCtJé’sdﬁ%&%ﬁe&é efle YouldR Foa¥eH1 & aorkRe ter 18 Uu@héfémﬁh g¥ogdown

signal which 1's out romthé range detector 9, the voltage is
changed hy %ﬁwgahesﬂi&ﬁega&ﬂghhmﬂg aSB de freqﬁeﬁ&ppmmghgmtgreol D A

converter 13. Since the frequency is 25 abruptly changed by an anount
correspondi ngad @el HeSBiobdt heingpuple D/R converter having a rough
resolution. Further, according to the second embodiment, the
modulation signal waich is changed smoothly and stably can be
output from the multivalued delta sigma modulator.
10
Industrial Availabili'ty
"t “THe present invention can be used-as a clock generation
" circuit .for generating a clock signal which is used as a data

reprdduction -sigpal in a digital recording and reproducing

15 ‘apparatus.



WO 00/ 51122 _ -22- control DA
converter 13, the |l oop constituted by the m nute control D/ A converter
6 cannot follow the gscillation frequency of the volta | ed
oscillator 8, WAMABY the PLL is taken of f. I%EFBP& ?%t
enbodi ment, the nodul ation reference sixnal generator 10 and the pul se
w dth nodul ator 11 are provided to avoi d such—anr—-abrupt—changein the

frequency. Thereby, the voltage input to the vpk ve I
oscillator 8 is controlled nore than the resol W‘lmmﬂmﬂnﬂﬂmmh
control DDA 10 converter, and the tine changing ratk0 © @ |1 mput vol tage
of the vol tage controlled oscil M58 is reduced. Therefore,

even when the range of the rough control D/A converter 13 is changed,
excess fromthe input range of the mnute control DA converter 6.can

b i ded, wher gb d_cl 1 be, t] | t ed
w thout the' PLLt heSTIE ISR REARE] SRECTEt ToF GPOeke UaitoPuE ROt 1B whi ch

can conti nuqysiy, chuige_%tf@ldgepﬁﬁ?uc{]irn%qy@l§¥aiaﬁ%% g%c%%fdgggﬁega%ﬁ“d a

cl ock generation circui can conti1 nuously per e cl'ock
reproducts on-wsti sahb: control | abl e frequency regi ons can be provi ded.
Further, 20 according to the first enbodi ment, the nodul ation signal

whi ch a phase comparator for extracting a phase error signal from

a digital signal which is obtained by converting an analog
signal which is read from the recording medium:
a loop filter for filtering the phase error signal;
10 a minute control D/A converter for converting the signal
filtered by the loop filter, into an analog signal;
a range detector for detecting whether the signal filtered
by the loop filter is above, below, or within a preset range;
-a modulation reference signal generator for generating a
15 moduiationreferencesignaiwhenthesignalfilteredknftheloop
filter is above or below the range:
a pulse width modulator for converting the modulation
reference signal into a pulse train;
an adder for adding a predetermined frequency set value
20 and the signal converted by the pulse width modulator;
a rough control D/A converter for converting a gignal
obtained by the adder, into an analog signal;
a low-pass filter for cutting high-band components of the

analog ‘signal which is converted by the rough control D/A

3
(%3

converter;



mﬂlm "'m,mfllf |r gmat Bfogllil Zsa\g‘r gtnh

25 &pparatus for reproduci ngTapoemesidi ng
-23-

i s changed snoothly and stagumﬁ
nodul at or . Enbodi nent 1% :
il lustrating pEGiure of an
medi um 1, whi iﬁéf"nm udes
a clock generation circuit 200 accordingpto the second enbodi nent. The
sane reference nunerals as those in figure 1 desi gnate the sanme or
correspondi ng parts. A readi ng head 2 read a signal fromthe
recording nmedium 5 1, and outputs the signal to an A/D converter 3.
The A/ D converter r t | Lon.sianal . [nfo a
digital repr oduc??%ﬁgg%%&td?gn&t%he é’%ggﬂeec;gggg%?%%g%lfg%g?}l l.s Qm\;/&n ch is
output from @r%:f}le&}%eﬂﬁ.%ugévééjx%:oaow)i LA tREK ana £HICARLALEOL: G4 Ui t
200. 10 e clock generation circuit 200 conprises a phase
conpar at or 4yhfch Qs Jed kRE Dowpnsyvarisagpl eand5, an i nt er pol at or 16,
a nultivalued delta sigma nodulator 17, a rough

a voltage controlled oscillator for generating a clock

signal at a frequency proportiocnal to the signal which is

[+

obtained by the analog adder when the range detector detects
that the signal filtered by the loop filter is above or below
the range, and generating a clock signal at a frequency
proportional to the signal which is obtained by the minute
10 control D/A converter when the range detector detects that the

signal filtered by the loop filter is within the range.

. 3y S

2.. ;4The clock generation circuit of Claim 1 wherein

 .the pulse width modulator is constituted by delta sigma

15 modulation.

3. A clock generation circu&t for generating a clock signal
which .:Ls used for reproducing a signal from a recording medium,
éémpzising:

20 a phase conparater for extracting a phase error signal from
a digital signal which is obtained by converting an analog
signal which is read from the recording medium;

:.é_;oop_filtgr.fo:_filtering the phase error signal;
an oversampler for zero-pad oversampling the signal

25 filtered by the loop filter;



control D/ A converter 18, mm\m“twuumr 19, a voltage. controlled
oscillator 8, and a frequ&ﬂ“ ' The 15 oversanpler 15, the
i nterpol ator & eoisianul ti vval fed- dél t & si gma nodul at or pétuapdReest e

rough control D/ A converter 18 constitute an oversanpling system

di gi tal bl ock. The digital reeduction signal is input to the
phase conparator 4 and the phase conparator 4 extracts a phase error
20 signal fromthe digital reproduction signal which is sanpled at a
timng of the clock signal. The loop filter 5 is constituted by
addition of a conplete i ntegral conponent and a proportional
conponent, and ia® fpfFgEpelater fP%el?ﬁﬁﬁﬁ9¥§FF8F Lt aiHeFnbYS t3fF pivase
conparator 4. 25 The oversangle 15 subj ects the phase error signa
whi ch oversampled by the oversampler; -24- is filtered by

the loop filter 5.9 :2600,000hAME SURL Rba@ator BPLEASLELGIGRS Ate.

The interpol ator subj ects an outptdt of the oversanpler
i nterpol ati Qi ga9Cea8k Aol MY WYt HPOL Al eHpo1bR kS iRt&O0ShitUied Ry a FIR

(Finite Inpul se Response) filter, and it
5 delta sigma modulation signal;

a rough control D/A converter for convgrting the
multivalued delta sigma modulation signal, into an analog
signal;

a low-pass filter for cutting high-band components of the

10 #nalog signal which is output from the rough control D/A
convetter; and

a voitage coptrolléd oscillator for outputting a clock
signal at a frequehcy proportional toltﬁe signal which passed

the low-pass filter.



perfornms Nyquist interpolation for zero-padded data. An out put of the

interpolator 16 is input to the nmultivalued delta si gma nodul ator 17.
The nul ti val u%&%kﬁg si gma nodul ator 17 generates a 10 necidrbdomst si gnal
corresponding to a quantizing resolution of the rough control DA
converter 18. The rough control D/ A converter 18 converts the

nodul ati on signal fromthe nultivalued delta signa converter 17, into
an anal og signal. 15 The B pass filter 19 can be constituted
by a primry Fi gnalog filter, and it filters the analog signal fromthe
rough contr&' D/ A converter 18. The vol tage controll ed
oscillator 8 outputs an oversanpling clock signal on the basis of an

output fromthe 20 ern 19. The oversanpling clock signal
out put from t he i rolled oscillator 8 is input to the
frequency di vider 20,y and the oversanpler 15, the interpolator 16, the
. . o
mul tival ued delta si gnz nodul aflor 217 and T%ﬁ;meéont rol DA
/

r&f&dﬁ al{ bl ocks of t

converter 1B, which ar t/ersanpl ing 25 system
¥ 5 3
A/D
converter clock signal
Y
phase [ 4 | (sampling clock)
comparator
\ 5 _ 6 7
/( minute control I . voltage
loop filter - D/A | controlled
: converter . oscillator
. ! .
L 9 ~ range detector | low—pass .
o [ fiter |14
e modulation )
“REF reference signal
_ - rougB }:xntrol 13
n—~ A rl:\i::eju\‘lvalgg‘: converter
12
frequency clock generation
setting circuit

5

100



- 25- The A/ D converter 3, the phase conparator 4, and the | oop
filter 5 have the sane structures of those in the first enbodi nent .
Fig.12 is a blgcldiggramillustrating a structure of the SQygbRsm! er

15. e oversanpler 15 conprises a selector 42, anN-bit counter
44, and a rate converter 43. The T rate phase error signal output
fromthe loop filter 5, zero data, and a select signal output fromthe
N-bit counter 10 44 are input to th&/8elector 42. "N' of the N-bit
counter 44 Fig@presents an oversanpling ratio, and the counter 44
gener at es sel ect signal on the basis of.the oversanpling ratio N
and controls the timng of signal selection in the selector 42. The

sel ector 42 subjects thge 5
oversanpl i ng on t heigials| ¥25% CATRAR ect signal of,, tdg 4count er
44. For exarrpl"é?'% ONE4, a daba-—sp ucpicy i Ng fol | ows:
datal, 0, 0, 0, dat’E—b—6—T6—d= %’;ﬁ or e rate
converter 43 |latches the outeut Fre—5 - | phase errgr
zer 0- paddeddat awi t h arp,g/eng@rrpl D\sighaknpl ed
phase error signal. determiner ™
QVIK] seé:o'nd 1T -t
elayer [QVik-1
5 QVIk-1]x VIk]l—
X QVIk-1]X VI Qvik]X Vik-1]
Fig.3
in-phase sampling point reproduction analog
waveform . N signal
SR \( | Tl R P 11
: —T1N ' N
<I \L - ] \l \‘ ‘I \)
a N | »
£l [ 11

sampling clock waveform

nihhahhi

Fig.4
ing point lon analog
out-of-phase sampling point reproduct
waveform N signal \
. ) - -
‘;\\ ( !_\\ ~ e
N N N
Q Q A

K




Fig.13 is a block diagramillustrating a structure of the i nt er pol at or
16. The interpolator 16 conprises four T/ N-del ayers 45, 46, 25
47 and 48, anckv{‘{iob’/?uﬁ‘*" tipliers 49, 50, 51, 52 and 53. Her ecT/JP00/00981

t

- 26- e nunbers of the T/N-delayers and the nultipliers are not
limted to the above nunbers. The oversanpl ed phase error signal
out put fromthe oversanpler 15 is input to the first T/ N-del ayer 45
and the first 5 nmultiplier 49. Ansé‘ﬁhtput of the first T/N-delayer 45 is
i nput to F—Egecond T/ N-del ayer 46 and the second nultiplier 50. An
“out put of the se€tond T/ N detayer—46—is—naput—to—the—third—— T/ N del ayer

47 and the third nultiplieg 51.
is input to the fourth T/ N{del ayer 48 and. 10
out put of the fourth T/ N-de¢l ayer 2 48 is i np
53. Qutputs of the first LEK Arqduldy Hol

he third T/B del ayer 47
the fourth muktiplier 52. An
o the fif{th nultiplier
, 32}, 52 and 53

are input to an adder - 5 oukpLt m $ lopptittpr ¢
i nt er pol at ed out put S sngnmuzput
' phase error 28
signal
ioop filter
Fig.6
range set value (top)
. 2]
range detector j
32
" _ - Up signal
ST . -
e . up down
et - 33 |controller
Lot . - 3 R
foop titter output N >——’ 7) = down signal
' 34
range set value (bottom)
Fig.7
—_— 127
range setting (top)
minute control
—0 D/A converter
input range
range setting (bottom)
—l--128




signal. "K'represents the nunber of bits in data output from 15 the

adder 54. Here, multiplication coefficient "a" of the first and
fifth “kbﬁskﬁés 49 and 53, nultiplication coefficientpgrpgnidsit he
second and four tipliers 50 and 52, and a nultiplication
coefficient "c" of the third nultiplier 51 are Nyquist 20 interpolation
constants, respectively, and they are given by the follow ng fornul as,
for exanpl e: [err] 28 4/9 Fig.14 is a block diagram
illustrating a structure of the
-27- mp,g gal ued delta sigma nodul ator 17. The nul tival ued
delta sigma nodulator 17 conprises a Sub&kﬁg&g&hég an adder 56, a
first IT delayer 57, an L-bit guanti zer 58, @and a seco | T del ayer
59. 5 The subtracter 55 suybtracts—a—feedbatk st-gRah (Wi ch is
obt ai ned by delaying a L- bIH nodJl ated_si géﬁ by the sec¥d I T
up signa i
trigger | updown _ ’r’g?glgé?‘ggn
generatorj | counter " signal
down signal
modulation reference
signal generator
Fig.9
n
first 1T |39 i
delayer _'
modulation 40
reference f pulse width _
sienal o] quantizer modu:lated signal
second 1T [~ 4}

delayer

pulse width modulator




del ayer 59, fromthe K-bit interpol ated output signal which is out put
fromthe interpolator 16. The adder 56 adds an out put of the
subtracter 55\,@%,5%2210 f eedback signal which is obtained bgrabagsng an
out put of the adder 56 by the first I T delayer 57. The output of the
adder 56 is input to the L-bit quantizer 58 and the first |IT del ayer
57. The L-bit quantizer 58 quantizes the output of the adder 15
56, i.e., the K-bit nodul ation refere¥® signal, .into L bits by del ta
si gma nodul ation. bﬁre, the rel ationship between K and L is given by K
> L. For exanxf?'@,'l en the rough control D/ A converter 18 to which the
mul tival ued delta sigma nodul at of 17 is connected has an 8-bit
solution, L=8. MASEAR's case, an |120 _output signal output fromthe
interpolator 16 has 9 bits or nore. The limting proportion of L to K
is decided by the relationship bet ween an owvgrsanpling frequency and a
control band. downsignalln this second enbodi nent,}it he out put of the | oop
filter 5 is oversanpl ed—by The oversanpler 15, and the K-bit 25

i nterpol ated output which is interpolated b int er pol at or
-28- modulation
reference signal
pulse width I l H .
modulated signal . . ”IMIIM” I l I

Jow-pass filker
output signal

corresponding to L.SB of
rough control 103/A converter



16 is changed into an L-bit signal by the nultivalued delta sigma

nodul at or 17 Therefore, the input voltage of the voltage controll ed
osci |l | at or ontrolled nore than the resolutio ough
control DA cgh g@ﬁé 18, whereby a good 5 clock generatlgﬁﬂ%végﬁ??
having a wi de frequency pulling range can be realized using the DA
converter having a rough resolution. Further, according to the second
enbodi nment , the nodul ati on si gnab/hich is changed snmoothly and stably
can be ut_put fron1the mul tival ued delta sigma nodul ator. 10

| ndustri al Ava 1g2di1 ity The present invention can be used as a

cl ock generation circuit for generating a clock signal which is used

as a data re naI in a digital recording and reproducing
15 appar at us. recording medium - 20-

'_ To predetermined
reading {t~—2 digital circuit

head
! 3 ﬂ
A/D k{ clock signal frequency [ 20

converter divider
- oversampling
phase |~4 clock signal
comparator |*
) 5 .
4 woage
loop filter control
oo : 87 oscillator
[
| B
l ~_- 15 '
oversamgler ow—pass
i 16 197 fiker -
i
interpolator ‘
rough control
itvaed e 1 7 | J DA
sigma modulator 18 ~1__converter

clock generation
circuit

)

200




CLAI V5 1. A clock generation circuit for generating a clock signal
which is used for reproducing a signal froma recording nmedi um 5

conpri si ng: wo 00/51122 & phase conparator for extracting a phaewJenonesst si gnal
from a di glt{af_ signal which is obtained by converting an anal og

signal which is read fromthe recordi ng nmedi um a loop filter for
filtering the phase error signal; 10 a mnute control D/ A converter
for converting the signal filtere®® by the loop filter, into an anal og
si gnal ; a range detector for detecting whether the signal filtered
by the loop filtends above, below, or within a preset range; a
nodul ation refle r:l signal generator for generating a 15 nodulation

ref erence signal when the signal filtered by the loop - filter is above
or bel ow t he range; a pul se width nodul ator for converting the
nmodul ati on reference si gral—-pt-o—a—pH-se—++at+—— 15 an adder for
addi ng a predet ehasereenr siergiuency _set vajﬁ% 20 and tﬁ“%j{gnal converted by
the pul se w dth nodfiraegst a | cophpol [/ Alconverter for
converting a signal obt qi nepseleptor he addesonvertal o fam abn&irggn&&pnal;

a |l owpass filter forzep}l%ét%ng nrpgh- bandl ¢o t e phase errdflggrd
signal which is converte y {the rofigh cgntrol DA .| (/N rate data)

e

N-bit
counter

445 |

oversampler

oversampling clock

(T/N rate)
Fig.13
45 45 47 48
5 ») 5 >
oversampled
phase error signal - T T » T T I 16
(T/N rate data) N N N N

interpolator

K-bit interpolated
output signal




25 converter, - 30- an
anal og adder for adding the anal og signal which is output fromthe

m nut e control gnverter and the anal og si gnal whi gdr/ipoacevesl t he
| ow pass fil tgyoo%.ﬂﬁz a voltage controlled oscillator for
generating a clock 5 signal at a frequency proportional to the signal
which is obt ai ned by the anal og adder when the range detector detects
that the signal filtered by the loop 8if9ter is above or bel ow t he
range, and ge igt-lld"lg a clock signal at a frequency proportional to

t he signal obtained by the mnute 10 control D/ A converter when
t he range det ector detects that the sighal—fittered—py the loop filter
is within the range. 2. The pel-oek ‘neg.;ltl on ci rcu/‘;"bf Claim1
wherein the pul se width d%g;r s constitutedrby delta sigma

15 nodul ati on. . 55 58 L-bit
) K-bit Sy modulated
mtel'&ﬁ‘@teg; L-bit signal
outpl SENA Lo+ + quantizer -

—| 56

—~59

second 1T
delayer

multivalued deita
sigma modulator




3. A clock generation circuit for generating a clock signal which is

used for reproducing a signal froma recordi ng nmedi um conprising: 20
a phase conpagtdo £pr extracting a phase error signal fronmpcr/spoodossi it al
signal which I's olg% al ned by converting an anal og signal which is read
fromthe recordi ng nedi um a loop filter for filtering the phase
error signal; an oversanpler for zero-pad oversanpling the signal
25 filtered by the loop filter; 9/9 :
- 31- Fig. 15 i nterpolator for interpolating data which is zero-pad
over sanpl ed by §1e over sanpl er; a multival ued delta sigm
nodul at or for converting the signal interpolated by the interpol ator,
into a nultival ued [ S ul ati on signal; a rough
Pfdirgn n%fa’@d als :
control D/ A convert S —for—comert ng the mul tival ued delta sigma
nodul ation signal, into ary_anal og si gnal ;d rerrmined a lowpass filter
i i - | O predetermne
for cutting high-band|ceppgpents—af the girgitalcircuit
head A
AN
' 3
A/D -
converter clock signal
(sampling clock)
| ]
phase [~4
comparator 1106
¢ 6 S '
minute control ’j
loop filter > D/A slave VCO
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(59) Title: CLOCK GENERATION CIRCUIT
(57) Abstract

A clock generation circuit of the present
--- | invention extracts a phase error signal of a dig- .

jtal signal obtained from a recording medium reagng [~2 o predetermined
(1) by a phase comparator (4), filters the phase head i A
error signal by a loop filter (5), converts the 1 .3 1T
signal into an analog signal by a minute con- ac P —
trol D/A converter (6), detects whether the sig- converter Jotk gnal
nal is within a set range by a range detector __l____'
(9), generates a modulatio reference signal by R
a modulation reference signal generator (10), e [oo4 |(sameling clock)
modulates the modulation reference signal by comparator
a pulse width modulator (11), adds a frequency | 5
set value and the medulation reference signa) ' contro vﬂ!ﬂ:ﬁd
by an adder (12), converts the addition result loop fitter L5 Controned

into an analog signal by a rough control D/A
converter (13), cuts high-band components of
the analog signal by alow-pass filter (14), adds
the analog signals output form the minute con-
trol D/A converter (6) and the low-pass fil-
ter (14) by an analog adder (7), and outputs a g?c‘-k
clock signal by a voltage controiled oscillator
(8) on the basis of ah oniput signal of the ana-
log adder (7). Thereby, a clock signal which
can continuously lock a wide frequency range
can be generated,
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