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Technical Field The present invention relates to a frequency control
and phase lock circuit. Mre particularly, it relates to a frequency
control and phase lock circuit which is_capable of high-speed and stable
phase synchroni zation pull-in in repr6&Uct!on of a clock for reproducing a
di gital signal which is recorded on an optical disk nmedium utilizing a

| fnear velocity cycle detected froma reproduced signal, also in a _
situation where the |inear velocity cycle of the reproduced signal varies.
Background Art As a nmethod qQf_ recording digital data on an opti cal
disk nedium a nethod in which t qg Is perforned at a

FREQUENCY CONTROL AND PHASE LOCK CIRCUIT

Technical Field

The present invention relates to a frequency control and
phase lock circuit. More particularly, it relates to a
frequency control and phase lock circuit which is capable of
high-speed and stable phase synchronization pull-in in
reproduction of a clock for reproducing a digital signal which
is recorded on an optical disk medium, utilizing a linear
velocity cycle detected from a reproduced signal, also in a
situation where the linear velocity cycle of the reproduced

signal varies.

Background Art

As a method of recording digital data on an optical disk
medium, a method in which the recording is performed at a
constant linear velocity to equalize the recording density on
the recording medium is used in many cases as can be seen in
the case of CDs (Compact Disks) or DVDs. In a case where the
phase synchronization pull-in is performed for an optical disk
reproduced signal which was subjected to the mark-length
modulation and digital modulation to obtain a constant linear

recording density, when the difference between the frequency



conétantflinear velocity to equalize the recording density on the
recérding mediumis used in many cases as can be seen in the case of CDs
(Conpact Disks) or DVDs. In a case where the phase synchronization pull-in
is perforned for an optical disk reproduced signal which was subjected to
t He mark-1ength nodul ati on and digit&'%ﬁxhnaiion to obtain a constant
linear recording density, when the difference between the frequency

- 2- of the clock conmponent of the reproduced signal and the

frequency of the clock generated by a phase-locked | oop circuit is |large,

th Is a great rjsk of unconp]eted phase synchronization pull-in or

psglrjgol pul‘?gi ?oc%°%e‘a?f%%?g8#ieﬁ tﬁ?srﬁPFPéﬁﬁﬁfl figrathandotbene cl ock
onent of the reproduce signal. In order to avoid these situations,
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ul se | ength or pulse interval of a specific pulse included in the
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synchronization pull-in or pseudo pull-in to a frequency which
is different from that of the clock component of the reproduced
signal. In order to avoid these situations, the reproduction
linear velocity cycle is detected on the basié of the pulse
length or pulse interval of a specific pulse included in the
reproduced signal, and control of the rotational sbeed of the
disc or control of the free-running frequency of the phase-
locked loop is performed, whereby the normal phase
synchronization pull-in can be realized.

For example, there is a disc reproduction system as shown
in figure 12. Data as shown in figure 14(a) are recorded on
an optical disk 47 so as to have a constant linear recording
density. Assume that the recorded data are controlled to have
3 or more and 14 or less consecutive "0"s or "l"s, as in the
8-16 modulation system. The amplitude of a signal which is
reproduced by a reproduction means 48 is attenuated more in
higher-band frequency components due to the interference, as
the linear recording density of the recorded data is increased
more. Thus, this signal is subjected to the compensation by
a waveform equalization means 1 to emphasize the higher-band
frequency components. The emphasized reproduced signal

(figure 14(b)) is binarized at a predetermined slice level by



dis¢ or control of the free-running frequency of the phase- | ocked | oop

I s perforned, whereby the normal phase synchroni zation pull-in can be
realized. For exanple, there is a disc reproduction system as shown
in figure 12. Data as shown in figure 1§(a) are recorded on an optical
dirsk 47 so as to have a constant linear“recording density. Assume that the
recorded data are controlled to have 3 or nore and 14 or |ess consecutive
"O"s or "1"s, as in the 8-16 nodulation system The anplitude of a signal
which is reproduced by a reproduction neans 48 is attenuated nore in

hi gher - band .f.requency. conponent s, due t.o the interfeg e | near
recor ;:Ii ng %Qgﬁ%%‘?g%?f%?%m dé%i' d§. ab? Ec?ﬂ%?ﬁggé?lﬁﬁér 8 B?‘Hﬁs ,%'F hi S

signal is subjected to the_conpen ion by a waveform equalization neans 1
to enphas@igi tﬁiﬁﬂﬁltkﬁﬁﬁé%%eﬁgéﬁEg'conponents. The enphasi zed
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49, to be converted into a binarized, ) . . .
specific pattern of the digital signal which was binarized by

the binarization means 49, using a high-frequency clock. The
high frequency clock which is used here is generated by an

oscillator 51. In this case, the oscillator 51 is a crystal
oscillator which oscillates stably at a fixed frequency, or the
like. As shown in figure 13, the cycle detection means 50

consists of a counter means 52 continuously counting a pulse
width or pulse interval of a specific pulse which is counted
using the high-frequency clock, a holding means 53 holding a
count result which is just previously obtained by the counter
means 52, an addition means 54 receiving a result which is output
by the counter means 52 and the data which are held and output
by the holding means 53, and adding the two consecutive counted
pulse width or pulse interval results, and a judgement means
55 obtaining the maximum value or minimum value of the outputs
of the addition means 54 at every predetermined period. The
cycle detection means 50 obtains the maximum value or minimum
value of the sum of the two consecutive pulse widths (or pulse
intervals). The information obtained by the cycle detection
means 50 is inversely proportional to the linear velocity and
includes cycle information of the clock of the reproduced signal.

Therefore, the control is performed on the basis of this



digﬂtal signal (figure 14(c)). Then, a cycle detection neans 50
counts the cycle of a specific pattern of the digital signal which was

bi nari zed by the binarization neans 49, using a high-frequency clock. The
hi gh frequency clock which is used here is generated by an oscillator 51..
In this case, the oscillator 51 is a cr§§tal oscillator which oscillates
stably at a fixed frequency, or the I|ike. As shown in figure 13, the cycle
detection nmeans 50 consists of a counter nmeans 52 continuously counting a
pul se wdth or pulse interval of a specific pulse which is counted using
t he high-té&gpen y. ¢l ock, .a holdigg means 53 holding a count result which

is just preFPETeN oSSR @t he LR Ening dceapency Phdehei on means 54
receiving a result which is qQutput by the_counter neans 52 and the data
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consecutive counted pulse width or pulse interval results, and a judgenent
nmeans 55t86t §lAckgcoRPoRgRtneh Eheuseprodugedumigarle oIntbkisucases of
the addition neans 54 at every predeterm ned period. The cycle detection
means 50 8bphase-ipekedxloom hrceibrs mictnaimts/ gifuse phasecconpanitohe two
consecutive pulse widths (or pulse intervals). The information obtained by
t he cycl eSdet @cchange rpump 55, ias lioopefidterpsdpand ioWal0o 60 .t hEhLBseao
vel ocity and
60 adaptively operates the center frequency on the basis of the
frequency information obtained by the cycle detection means 50,
and performs the control so that the oscillated frequency almost
matches the frequency of the clock component of the digital
signal which is obtained by the binarizationmeans 49. Thereby,
the phase synchronization pull-in can be completed without
waiting until the rotation of a motor is settled near the
stationary rotation at a timing of starting the reproduction
of the disc or immediately after the seek at the CLV reproduction
time when the reproduction is performed at a constant linear
velocity.

For example in the CAV reproduction in which data are
reproduced with fixing the rotation speed of the motor for
rotating the recording medium, the linear velocity of the
reproduced data varies according as an accessed area is on an
inner track or outer track on the disc. Assume that the
frequenéy which is synchronized with that of the reproduced data
is 20 MHz at an inner track position A and 40 MHz at an outer

track position B as shown in figure 15, and the high-frequency

clock which is output by the oscillator 51 is at 100 MHz. In



inc] udesj cycle information of the clock of the reproduced signal.
Therefore, the control is perforned on the basis of this

-4- informati on so that the free-running frequency of the phase-I|ocked
|l oop circuit 56 nearly matches the frequency of the clock conmponent of the
reproduced signal. In this case, a phase-locked loop circuit 56 consists

of a phase conparator 57, a charge punp 58, a loop filter 59 and a VCO 60.
This VCO 60 adaptively operates the center frequency on the basis of the
frequency information obtained by the cycle detection neans 50, and
erfornms ¢ control .so that the oscil|ated frequency .al gst, matches the
1I‘Oar equencyt gstcﬁ%s%t JheR GnB¥ReR 5P Gft -ttgieqreerduce s:x.gna_rlchas

si gnal whi chi sobt ai nedby{ hebi nari zati onneans49. _Thereby, the phase
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rotation of a notor is settled near the stationpary rotation at a timng of
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CLV reproduction tinme when the reproduction is performed at a constant
| i near corresponding to 1 bit of a recording code included in the

reproduced signal. When the pattern length of this
synchronization pattern is counted using a 100-MHz high
frequency clock, a detected count value is (14+4)X100/20=90
at the inner track position A as shown in figure 16(b) and (14+4)
X100/40=45 at the outer track position B as shown.in figure
l16(c). Therefore, it is understood that the count value
obtained using the high-frequency clock is information which
is inversely proportional to the linear velocity at the
reproduction position. Utilizing this principle, assuming
that the data at the outer track position B are sought in a state
where the data at the inner track position A are being reproduced,
the reproduction clock which is output by the VvCO 60 is at 20
MHz just after the seeking, which is the phase-locked frequency
at the inner track position A, as shown in figure 17. However,
when the synchronization pattern is counted using the 100-MHz
high-frequency clock and the obtained count number is 45, the
feedback is performed so that the reproduction clock output by
the VCO 60 approaches 40 MHz according to estimates from the
cycle information. The processing is performed up to the area
where the phase synchronization pull-in can be performed. Then,

the phases of the reproduced data and reproduction clock can



vel oci ty,‘.F For exanple in the CAV reproduction in which data are
reproduced with fixing the rotation speed of the notor for rotating the
recording medium the linear velocity of the reproduced data varies
according as an accessed area is on an inner track or outer track on the
di'sc. Assune that the frequency whi ch-6s synchroni zed with that of the
reproduced data is 20 MHz at an inner track position A and 40 WMHz at an
outer track position B as shown in figure 15, and the high-frequency
clock which is output by the oscillator 51 is at 100 MHz. In
- 5- this case, when a DVD is reproduced, the reproduced signal has a
synchr oni bst |Sdrwq:1mqr@rzed;d:ns|tsh¢ rl@laﬁe-chm'kg@olsoﬂmlaﬁulﬂﬁﬁas shown in
figure 16(a) at regular periods. Here, T is a period corresponding to 1
bit of a recor dowpwarme when uhe high-lﬂéreqwm@yiucbdcm peahsedhén the
pattern length of this synchronization pattern is counted using a 100- VHz
hi gh above~described means for detecting the cycle from the
reproduced signal, the oscillator for generating the high-
frequency clock is required. 1In addition, when the
reproduction is to be performed at higher speed with increasing
the rotation of the motor, it is required to calculate the cycle
according to the reproductibn speed. On the other hand, in
order to simplify the cycle calculation, it is required to
change the oscillated frequency of the high-frequency clock in
proportion to the rotational speed of the motor. Further, in
order to improve the precision of the cycle detection means,
it is desirable to utilize the pattern length and pattern
interval of synchronization patterns which are included in the
recorded data at regular intervals. However, in the case where
the detection of the pattern length and pattern interval of the
synchronization patterns is used for detecting the cycle from
the reproduced signal, when the deviation between the frequency
of the clock component of the reproduced signal and the
frequency of the clock generated by the phase-~locked loop
circuit is large, the precision in detection of the
synchronization patterns in detecting the frequency deviation
or the like should be regarded as important. Accordingly, the

time for specifying the synchronization pattern is increased,

whereby the efficiency in detection of the synchronization



frequency clock, a detected count value is (14+4)X100/20=90 at the inner
track position A as shown in figure 16(b) and (14+4) X100/40=45 at the
outer track position B as shown in figure 16(c). Therefore, it is
understood that the count value obtained using the high-frequency clock is
i if ormation which is inversely proporti’lohal to the linear velocity at the
reproduction position. Wilizing this principle, assumng that the data at
the outer track position B are sought in a state where the data at the

i nner track position A are being reproduced, the reproduction clock which
I S out put (l:é)%cthe V .6% s at 20 %(gll—jz Lusig after. the seeking, which is the
phase- | ocl& tﬁréh’ug’%f & TFRUITRR L PAgR-pBerd) reqauengy gHbkdr ity disgur e
17. Howevey, _when. the synchronjzation pattern is counted using the 100- MHz
hi gh-fr eqd{e%‘r‘cﬁﬁarﬁ?d%k Hd?/ttl}?é' obhgRtescelmhabigbrirequsncyrelogkagedck is

performed so _that the reproduction clock output by the VCO 60 approaches
40 Mz accdy BPRLYSL e datpatelon peansnis ngtc FEnrhrondaedowitithe pbasssi ng
is perfornmed up to the area
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t he reproduced data and reproduction clock can
and thereby the detection results vary. Thus, particularly

when the linear velocity of the reproduced data continuously
varies during the reproduction period after phase locking, the
detection precision is deteriorated.

The present invention is made to solve these problems of
the prior art. It is an object of the present invention to
provide a frequency control and phase lock circuit, by
constructing the means for detecting the linear velocity cycle
information from a reproduced signal so as to detect cycle
information and phase information from multi-bit reproduced
digital data which are obtained by the sampling using a
reproduction clock which is used instead of the high-frequency
clock, performing the control so as to synchronize the phase
of the reproduction clock with the phase of fhe clock component
of the reproduced digital data on the basis of this information,
and thereby unifying the clock into one system, whereby the
high-speed and stable phase synchronization pull-in can be
realized using the reproduction clock also in a state where the

linear velocity of reproduced digital data varies.

Disclosure of the Invention



be synchronlzed by the phase-locked loop circuit 56. However, when
the high-frequency clock is used in the above-described nmeans for
detecting the cycle fromthe reproduced signal, the oscillator for
generating the high- frequency cl ock ig required. In addition, when the
reproduction is to be perfornmed at hi gh€i speed with increasing the
rotation of the nmotor, it is required to calculate the cycle according to
t he reproduction speed. On the other hand, in order to sinplify the cycle
calculation, it is required to change the oscillated frequency of the

hi gh-frequenc ck in tlon t.o the rotational eed of _the notor.
Fu?t her , qi n grd tqéle’ﬂ?ﬁp G} grd chP&ﬁ gf’ci‘h%lE?EF‘ aeFeELLBA kRans,
it is de5| bIetgP?'tlllze t.he gatternlength and pattern interval of
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regul ar interval wever, in the case where the detection of the pattern
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detecting the cycle om the reproduced signal, when the deviation between
t he frequéﬂrw*"i faR Q:Feevzeﬁﬁﬁoﬁ%tswltm AepigrAL @qusilgrad hydthee

frequency of the clock generated by the phase-locked |oop
waveform equalization means to obtain multi-bit digital data

using a reproduction clock to be used when the equalized signal
is reproduced as digital data; low-band noise suppression means
for suppressing low-band noises in the signal obtained by the
sampling on the basis of the reproduction clock; a zero cross
length detector for detecting a position where the signal
crosses a zero level, the low-band noises of which signal are
suppressed, counting a number of samples between adjacent zero
crosses on the basis of the reproduction clock, and holding the
number of samples in a register; a frame counter for counting
a specific period of at least one frame; a maximum pattern length
detector and a minimum pattern length detector for detecting
a maximum value and a minimum value of count values of zero cross
lengths in the specific period counted by the frame counter or
sums of count values of adjacent zero cross lengths,
respectively; a cycle information judgement unit for comparing
the maximum pattern length with the minimum pattern length, and
selecting an optimal value as cycle information using a ratio
between the maximum and minimum pattern lengths; a frequency
error detector having both of means for converting a difference

between the cycle information which is selected by the cycle



circuit is large, the precision in detection of the synchronization
patterns in detecting the frequency deviation or the |like should be
regarded as inportant. Accordingly, the tinme for specifying the

synchroni zation pattern is increased, é/vher eby the efficiency in detection

of the synchronization -7-
pattern, which is required in high-speed frequency pull-in, is decr eased.
Further, the phase of the high-frequency cl ock used in the cycle
detection nmeans is not synchronized with the phase of the frequency of

the clock, c onent of the reproduced data, and t herepy, t he detection
resul ts vapry® WﬂE%?npéF%9%%?%.I%plt\ﬂﬂﬂqt§ﬁmeFH@HW QB I RHR 1R P LT
reproduced data contjnuousl vari es during the reproduction period after
phase | ockPRGERIWRLC JHS diq hon dgtesteroat 3 Beaspripaked, time, intpa
present invention is made to solve these problenms of the prior art. It is
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phase lock circuit, by constructing the neans for detecting the |inear
vel oci ty £9%|3dging a synchronization pattern from the maximum pattern

length, converting an interval between the synchronization
patterns into a frequency error and outputting the frequency
error; a frequency control circuit for performing control as
far as an area where the reproduction clock can be synchronized
with the reproduced digital signal on the basis of an output
of the frequency error detector; a phase error detector for
detecting phase information from the signal, the low-band
noises of which signal are suppressed; a phase control circuit
for performing phase control so that reproduction clock is in
phase with the reproduced digital signal on the basis of an
output of the phase error detector; and an oscillator for adding
an output of the frequency control circuit and an ocutput of the
phase control circuit, and oscillating a reproduction clock on
the basis of the sum, thereby enabling phase synchronization
pull-in at a time of reproduction of the digital data, whereby
the above-mentioned problems are solved.

According to the present invention, the reproduction clock
is used in place of the high-frequency clock, the cycle
information and the phase information is detected from
multi-bit reproduced digital data which are obtained by the

sampling on the basis of the reproduction clock, and the control
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A frequency control and_phase |ock circuit according to
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a predeterm ned_frequency band of a_ reproduced

digital data, whereby the clock can be unified into one system.
Therefore, the high-speed and stable phase synchronization
pull-in can be realized using the reproduction clock, also in
a state where the linear velocity of the reproduced digital data
varies.

A frequency control and phase lock circuit according to
the pfesent invention (Claim 1) comprises: waveform
equalization means for emphasizing a predetermined frequency
band of a reproduced signal; an A/D converter for sampling an
equalized signal to obtain multi-bit digital data using a
reproduction clock to be used when the equalized signal is
reproduced as digital data; low-band noise suppression means
for suppressing low-band noises in the signal obtained by the
sampling; a zero cross length detector for detecting a position
where the signal crosses a zero level, the low-band noises of
which signal are suppressed, counting a number of samples
between adjacent zero crosses, and holding the number of samples
in a register; a frame counter for counting a specific period
of at least one frame; a maximum pattern length detector and
a minimum pattern length detector for detecting a maximum value
and a minimum value of count values of zero cross lengths in
the counted specific period or sums of count values of adjacent

zero cross lengths, respectively; a cycle information judgement

t he
I zi ng



signal; an A/D converter for sanpling a signal equalized by the waveform
equal i zation nmeans to obtain nmulti-bit digital data using a reproduction
clock to be used when the equalized signal is reproduced as digital data;
| ow- band noi se suppressi on neans for suppressing | owband noises in the
si'gnal obtai ned by the sanpling on t basis of the reproduction clock; a
Zero Ccross | ength detector for detecting a position where the signal
crosses a zero level, the | ow band noises of which signal are suppressed,
counting a nunber of sanples between adjacent zero crosses on the basis

of the repraduction clock d hol di n of s les in,a

Cegi ster . Srih Shi %%Bmhﬁ% baftepBol PratRoriid the BIRLBET, one
frame;, a ﬁBXIﬁUW]@%%% %p detector and a n1n|nungpattern | engt h
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val ues of _zero _cross Ien ths in the specific period counted by the frame
count er o#en%ésoFYﬁﬁﬁn%n%Pﬁ%El% U8 hif 3t beityeen ERgrAaximum
respectively; a cycle information judgenent unit for conparing t he

maxi mum pafde MiDigwg pattern Hengthswm PHeEIency eEror Adetecter eforng an
optimal value as cycle information using a ratio bet ween the maxi num and
m ni rum p&eo¥ex tiagariiffererncr dabween-thercyel e dinfiommati iqp wbtikehoisneans

for converting a difference between the cycle information which is
sel ected 5¢lﬁm§q%hy§hecycle1nformat10njudgementunltandthenmx1mum

or minimum pattern length which is to be detected at a
phase-locked time, into a frequency error, and outputting the
frequency error; a frequency control circuit for performing
control as far as an area where the reproduction clock can be
synchronized with the reproduced digital signal on the basis
of an output of the frequency error detector; a phase error
detector for detecting phase information from the signal, the
low-band noises of which signal are suppressed; a phase control
circuitforperformingphasecontrﬁlsothatieproductionclock
is in phase with the reproduced digital signal on the basis of
an output of the phase error detector; and an oscillator for
adding an output of the frequency control circuit and an output
of the phase control circuit, and oscillating a reproduction
clock on the basis of the sum, and the frequency control and
phase lock circuit enables phase synchronization pull-in at a
time of reproduction of the digital data.
Therefore, the high-frequency clock for detecting the

cycle and the oscillator for the high-frequency clock can be

dispensed with. Accordingly, not only the circuit



-9-° information judgenent unit and the maxi num or m ni num pattern
length which is to be detected at a phase-locked tine, into a frequency
error and outputting the frequency error, and nmeans for judging a
synchroni zation pattern fromthe nmaxi rum pattern |ength, converting an

I nterval between the synchronization 1%&1erns into a frequency error and
outputting the frequency error; a frequency control circuit for performng
control as far as an area where the reproduction clock can be synchronized
with the reproduced digital signal on the basis of an output of the
frequency error detector; a phase error_detector for. detecting phase
infgrnat?&ﬁnﬁﬁﬁﬂqﬁ%QQﬂ%ﬁmmketﬁ%?ﬂ%i@%ﬁﬁwjb#ﬁﬂ%ﬁﬁ?(ﬁhQWﬁE#P%? #S8r e
suppressed; a_phase control circuit for perform ng phase control so that

r epr oduct SYRCArOMEZAL jon PPRdsdnFRR PR creabipRr kP dliidl faftatgranesa t he
basis of an output of the phase error detector; and an oscillator for

addi ng athsudjmeast vedecitygedhdhe gieprduded digikal dabatprxies, t he

phase control circuit, and oscillating a reproduction clock on
because the reproduced digital data and the fregquency error

information can be generated using one clock. In addition, an
optimal one of the maximum pattern length and the minimum
pattern length is selected and utilized as the frequency error.
Therefore, not only the frequency pull-in of the reproduction
clock can be performed at high speed, but also the frequency
control can be performed also at the seeking time when the cycle
detection is regarded as difficult.

According to the present invention (Claim 2), in the
frequency control and phase lock circuit of Claim 1, the maximum
pattern length detector has a synchronization pattern judgement
unit for judging whether or not a pattern is a synchronization
pattern on the basis of a ratio between adjacent zero cross
lengths, and updates the maximum pattern length only when the
judgement unit judges that the pattern is the synchronization
pattern and has a value larger than a held value, and the minimum
pattern length detector has a minimum inversion pattern
judgement unit for judging whether or not a pattern is a minimum
inversion pattern on the basis of a ration between the adjacent
zero cross lengths, and updates the minimum pattern length only
when the judgement unit judges that the pattern is the minimum

inversion pattern and has a value smaller than a held value.



the°basié of the sum thereby enabling phase synchronization pull-in at a
time of reproduction of the digital data, whereby the above-nentioned
probl ens are sol ved. According to the present invention, the
reproduction clock is used in place of ghe hi gh-frequency clock, the cycle
i nformati on and the phase information T detected from mul ti-bit _
reproduced digital data which are obtained by the sanpling on the basis of
t he reproduction clock, and the control

-10- is perforned so as to synchroni ze the phase of the repa_odyct:on
clock with the e.0f the clock conponent. qgf the repraqduced i.giita
data, whereby tﬂg&i?%%ﬁetgﬁeb%aﬁﬁ?ﬂl gt%ninh?(ﬁl %Véﬁp high pLegigionne

hi gh- speed .and .st zation pull-in can be realized using

the repro@htd i %F’l gﬁgggf‘g{a%%%}?gﬁ@w Patween fde freayency 6f t he
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of the reproduced digital data is large. Accordingly, the
precision in the cycle detecfion is increased, whereby the
frequency pull-in of the reproduction clock can be performed
stably.

According to the present invention (Claim 3), in the
frequ'ency control and phase lock circuit of Claim 2, the cycle
information judgement unit comprises: registers for holding the
maximum pattern length and the minimum pattern length which are
obtained within the specific period counted by the frame counter,
at a termination of the period, respectively; and means for
automatically setting a period which is to be counted next by
the frame counter, on the basis of the pattern length which is
obtained as a result of the comparison by the cycle information
judgement unit between the values which are held respectively
by the registers, the obtained pattern length being regarded
as optimal as the cycle information.

Therefore, the detection period for detecting oné
synchronization pattern included in one frame can be
automatically decided on the basis of the frequency information,
whereby the efficiency indetecting the synchronization pattern
is improved and the frequency pull-in of the reproduction clock

can be performed at high speed.



equ’al [ zé,tion means for enphasizing a predeterm ned frequency band of a
reproduced signal; an A/D converter for sanpling an equatized-si-ghalt-to- -

obtain multi-bit digital data using a reproduction clockyt Qﬁasth%gndhmceeg

the equal i zed signal is reproduced as qli_gital data; |ow
suppressi on neans for suppressing Iowlband noi ses in the H aﬂjm,ﬂed
\t,)\% the sanpling; a zero cross length detector for detecti

ere the signal crosses a zero |level, the | owband noi ses of which signal
are suppressed, counting a nunber of sanples between adjacent zero
crosses, and hgl iqg. u Eég{ﬁ)l. | regisier,, a counter
for counting a%s?%gci fn E)Ce%r Ir{i(g%r Brs elgég[edot{]‘ieoﬁ r@“rgrieé;mg 4n’a’xi%ﬁ?%%ttern
| engt h de r d R ttern | h_detector.fo t lng a
maxi mum vgﬁu%ége ?1: go%tﬁpkgﬂ?aﬁxgs& ricoc)cﬁ{:tg:tlﬂféid‘ﬂe% oof Czlea}%“ g‘f’og‘gﬁ%}engt hs in
the counted _specific _periad.or sums of count val ues of. adjacent ero Ccross
engthe. FESRORDEYeRFEoR RERS TR SORREFY u dgaifdron L 4L £658 Pt €6Lh

position detection means for detecting a position of a

synchronization pattern, using the sum of the adjacent zero
cross lengths detected by the zero cross length detector, the
judgement result output by the synchronization pattern
judgement unit, and the maximum pattern length held by the
register; and means for detecting an interval between the
synchronization patterns on the basis of a result of the
detection, converting the value of the interval into frequency
error information, and outputting the frequency error
information, and the frequency control and phase lock circuit
has a function of switching the precision in detecting the cycle
pattern position by the synchronization pattern position
detection means according to deviation between a frequency of
the reproduction clock of the synchronization pattern and a
frequency of a clock component of the reproduced digital data
detected by the frequency error detector.

Therefore, the appropriate synchronization pattern
position can be detected according to the amount of deviation
between the frequency of the reproduction clock and the
frequency of the clock component of the reproduced digital data.
Accordingly, not only the precision in detection of the

synchronization pattern interval is increased, but also the



uni't for, conparing the maxi mum pattern length with the mninmum pattern
l-engt h, and sel ecting an optinmal value of the pattern Ilength as cycle
information using a ratio between the maxi mrum and m ni num pattern | engths;
a frequency error detector for _convertinng a difference between the cycle

i Aformation which is selected by the cycle information judgenent unit and
the maxi mum or mninum pattern |l ength which is to be detected at a
phase-locked tinme, into a frequency error, and outputting the frequency
error; a frequency control circuit for performing control as far as an

o e SRR LR Rl Y AR b B e
The T ow BRNERROTERE VRt THE SRRHa P88t sprasaehee o na P EERETES
phase vt EOEhEYFSs 500 BF GRGEHELMD Thah LGS oy VERFERY ptReof t he
phase errar detector; and an oscillator for adding an output of_the
frequency tE6ANLACYCPE ctie TeRF oSN GRUELOgK FAR bd R keshdtoptaPLl¥#%, and
oscillating a reproduction clock on the basis of the sum and the,
frequency f85ns @n axrga WrREe theckepredurtienaieak saaske ymphassi whEh on
pull-in at a tinme of reproduction of the digital data. - Ther ef or e,
t he hi gh- theqtiepspduredk digitadt datiang t he
-~.According to the present invention (Claim 5), in the
frequency control and phase lock circuit of Claim 4, the
frequency error detector has a counter for counting a period
during which no synchronization pattern is detected, on the
basis of the reproduction clock, and when a count value of the
counter is larger than a predetermined value, a mode control
circuit for deciding a control state of the frequency control
and phase lock circuit sets again plural mode signals output
by the mode control circuit in a specific state.
Therefore, the abnormal state is judged by calculating
the period during which the synchronization pattern is not
detected, and when the state is judged as abnormal, the
self-restoration operation is performed. Accordingly, the
restoration time at the abnormal operation can be reduced.
According to the present invention (Claim 6), the
frequency control and phase lock circuit of Claim 5 comprises:
a frequency error converter for converting the frequency error

information output by the frequency error detector, which

information is obtained by converting the interval between the



cycTe and the oscillator for the hi gh-frequency cl ock can be dispensed
wth. Accordingly, not only the circuit

-12- construction can be sinplified, but also the stable phase
synchroni zation pull-in can be realizeguglsp in a state where the linear
vel ocity of the reproduced digital data ¥aries, because the reproduced

digital data and the frequency error information can be generated using
one clock. In addition, an optimal one of the maxinum pattern I ength and
the mninum pattern length is selected and utilized as the frequency

. . aonl he f |1-in of the reproduction
ol ook can BEBAFHATLN HhtHFRI A TG AR ¢REST - LHERHRYELeBnt FBH can
b o f oy h Ki ti m th I detection is regarded
t en the cycle .
as i1t cuepactin Al pRaRE Blrbre LpFazBAC oy LARtoAn thal FRETReRAY ne
f tral and phase_lock circyit of aiml1, the paximum pattern
| engt h defO8Es0 209, pBagen 10/k, GFER1bat EBEnPPaBRefRRtTo] circuit is

operated on the basis of the output phase error information,
and the reproduction clock is pulled-in with high precision as
far as a frequency area where the phase locking can be performed.

~.Therefore, the phase control circuit is operated on the
basis of the cycle information which is detected by the
fréquency control circuit, and the frequency of the
reproduction clock can be brought closer to the frequency of
the clock component of the reproduced digital data by the
resolution of the frequency which can be controlled by the
frequency control circuit or more. Accordingly, even when the
capture range as the phase pull-in range of the phase-locked
loop is narrow, the stable phase synchronization pull-in can
be realized.

According to the present invention (Claim 7), the
frequency control and phase lock circuit of Claim 4 comprises:
both of the functions of the frequency error detector of Claim
1 and the frequency error detector of Claim 4, and in the
frequency control and phase lock circuit, the frequency of the
reproduction clock is controlled on the basis of the pattern
length of the specific pattern in an area where the deviation
between the frequency of the reproduction clock and the

frequency of the clock component of the reproduced digital data



uni‘t for judging whether or not a pattern is a synchronization pattern on
the basis of a ratio between adjacent zero cross |engths, and updates the
maxi nrum pattern length only when the judgenment unit judges that the
pattern is the synchronization patterqdand has a value larger than a held
value, and the mnimum pattern | ength“détector has a m ni mum i nversion
pattern judgenent unit for judging whether or not a pattern is a m ninum

i hversion pattern on the basis of a ration between the adjacent zero cross
| engt hs, and updates the mninum pattern I ength only when the judgenent

upit Judggs §hgtelne R LR A quehcy B e it A I e e @
Therefore, the ttern can be detected with hi reci sion also in the
case mher809ﬁ§°gi§ﬂaPPoﬁ%ﬁb S Fﬁ%t$¥%dﬁﬁﬁ3ﬁ%; eRWREN dh®ducti on cl ock
and the frequency  of the clock conponent of the reproduced djgital data

i s | arge. SKBEBrARAZR} 1oDh PatLeras doRY RLS% WIS tha 4]V HAEIA0 i+ eased,

wher eby t he frequency pull-in of the reproduction clock can be perforned
smaller, the deviation in the frequency between the

reproduction clock and the clock component of the reproduced
digital data is obtained, and the control state is switched
continuously and automatically using the plural mode signals
which are output by the mode control circuit for deciding the
control state of the frequency control and phase lock circuit,
thereby pulling-in the frequency of the reproduction clock.

Therefore, in the area where the deviation between the
frequency of the reproduction clock and the frequency of the
clock component of the reproduced digital signal is larger, the
pattern length of the specific pattern can be more easily
detected than the synchronizati&n pattern interval. In the
area where the deviation in the frequency is smaller, the
synchronization pattern interval can be detected with higher
precision. Therefore, the frequency pull-in and the phase
synchronization pull-in can be performed at high speed and with
good stability by the control utilizing the respective
advantages.

According to the present invention (Claim 8), the
frequency control and phase lock circuit of Claim 7 comprises:
phase control range detection means for detecting that one of

the plural mode signals for deciding the control state, which



stabl y. : According to the present invention (Caim3), in the _
fredquency control and phase lock circuit of Caim 2, the cycle information
judgenent unit conprises: registers for holding the maxinmum pattern |ength
and the m ninum pattern |l ength which ar A obtained within the specific
period counted by the frane counter, at~“a termnation of the period,
respectively; and neans for automatically setting a period which is to be
counted next by the frame counter, on the basis of the pattern |ength
which is obtained as a result of the conparison by the cycle information

j ud t it t | yes ich arge held respectjvel y. 1 he
{ggggxps,a%é)%&%\g%&d e%vf%'#eelce IW e?ﬁ?%ﬁarﬁﬁglcﬁteﬁpgbﬁgl té@ t he
| e inf tion.. . Therefore, the defection period for detecting one
Eiﬁcﬁr oni Ofré’r%?fé’lr‘i‘o“%&tlt%‘r SHOFR dded PRARE (Wi TR, E%Pr%@?%ﬁ‘atﬁihﬁﬂ:?ldeci ded
on the basi,s of thﬁ freggency I nf ormation,, whereby the efficiency in
r

det ect i ng StFad, AR AEEF PRI} F iU it pPeyatesRutHide AcgRRrREQL

- f the reproduction clock _can be perforned at hi gh speed.
pull-in or:angee ofppredetermined values, ang outputting a %lag? and in

the frequency control and phase lock circuit, the operation of
the frequency control circuit is controlled so that the
operation of the phase control circuit comes within the
predetermined range, when the flag output by the phase control
range detection means is detected.

Therefore, even when the linear velocity of the reproduced
data varies after the phase synchronization pull-in, the phase

locked state can be maintained stably.

Brief Description of the Drawings

Figure 1 is a block diagram illustrating a structure of
a frequency control and phase lock circuit according to a first
embodiment of the present invention.

Figure 2 is a block diagram illustrating a structure of
a maximum pattern length detector 6 in the first embodiment.

Figure 3 is a block diagram illustrating a structure of
a minimum pattern length detector 7 in the first embodiment.

Figure 4 is a block diagram illustrating a structure of
a cycle information judgement unit 8 in the first embodiment.

Figure 5 is a block diagram illustrating a structure of

a frame counter 5 in the first embodiment.



14 . According to the present invention (Claim4), in the frequency
control and phase lock circuit of Caim3, the frequency error detector
conprises: synchronization pattern position detection means for detecting
a position of a synchronization patterj&9y5|ng the sum of the adjacent
zero cross |lengths detected by the zero Cross |length detector, the

j udgenent result output by the synchronization pattern judgenent. unit,
and the maxi num pattern length held by the register; and neans for _
detecting an interval between the synchronization patterns on the basis of

a-result of theg,. t COnV- | ng. t he val 0 tge I nterval into
frequency erro(r%‘llh?# or ndagllfhona} %alﬁélé%u%pﬁﬁfﬁlﬁgl#ﬁ%s;fﬁ Eﬁﬂp? Ei_rfg};ency
Functi on SPRSHCRARAGIES BPek SFEHE S Ainbting sor noSnhPBRP S AESH
attern position by the synchraoni zation pattern position detection neans
gccordi n8°? tt(!il(.?vip&%/eis ﬁbe‘tw]flh equency of the reproduction clock of
t he synchronizsLion tt.ern g&d % frequency_of a c%qck conponent offthe
reproduced di girtd1*Fat’a 1feelt-24 b9}?ﬁ§?ﬂréé&8ﬁ§ia dngdop gkruetyre o
Therefore, the %prqpriate synchroni zation pattern position can be

det ect ed ZcEIPFLRGME AHOTa ATy dRhAGkih RRARR el t HRef3ee@RACY of the

reproductiopn clock and the frequency of the clock conmponent of
embodiment.

~ Figure 8 is a block diagram illustrating a structure of
a mode control circuit 35 in the second embodiment.
Figure 9 is a block diagram illustrating a structure of
a frequency error converter 34 in the second embodiment.
Figure 10 is a block diagram illustrating a structure in
which a frequency control loop filter 11 and a phase control
loop filter 12 in the second embodiment work together.
Figures 11(a) and 11 (b) are diagrams showing the
operations of control signals in the case where the frequency
control loop filter 11 and the phase control loop filter 12 in
the second embodiment work together.
Figure 12 is a block diagram illustrating a structure of
a phase-locked loop circuit in a prior art optical disk
reproduction device.
Figure 13 is a block diagram illustrating a structure of
a cycle detection means 50 in the prior art optical disk
reproduction device.
Figures 14(a), 14(b) and 14(c) are diagram showing

recorded data and waveforms in the prior art optical disk



the:reprbduced digital data. Accordingly, not only the precision in
detection of the synchronization pattern interval is increased, but also
t he - 15- resolution of the cycle

information is increased with respect ié:the case where the pattern | ength
is detected. Therefore, the cycle can ‘e detected with high precision,
whereby the frequency of the reproduction clock can be pulled in stably as
far as an area where the reproduction clock can be in phase with the
reproduced digital data. According to the present invention (C aimb5),
in the f trpl _.and phase lock circuit of Claim4, the frequency
error detggggﬁgﬁégﬁgg%o Y51 ¥ or counting a period during which no
synchronizatio%.patteﬁg .S de&ected og the basis of the reproduction
clock, and whed HWWSude ¢8 BeddrIFAl Showipre,the relakionshipbetween

pr edet er m_ned_val a, node control _circuit for deciding a control state

of the fr& eﬂ%&}r%@i‘ﬂbﬁm Pasd R and Jhe phasgriosked Sxpauenfyiadl thede

signals o ut by the .nbde control circuit in a specific state.
g %5% reproduction time. P

Figures 16(a), 16(b) and 16(c) are diagram showing the
principle for detecting cycle information from a
synchronization pattern length using the prior art high-
frequency clock.

Figure 17 is a diagram showing the flow of frequency
control and phase control at the prior art CAV reproduction
time.

Figures 18(a), 18(b) and 18(c) are diagrams showing the
principle for detecting a frequency error signal from a
synchronization pattern length using a reproduction clock in
the first embodiment. |

Figures 19(a), 19(b) and 19(c) are diagrams showing the
principle for detecting a frequency error signal from a minimum
inversion pattern using the reproduction clock in the first
embodiment.

Figure 20 is a diagram showing the flow of the frequency
control and phase control at the CAV reproduction time in the
first embodiment.

Figures 21(a), 21(b) and 21(c) are diagrams showing the
principle for detecting a phase error signal from reproduced

sampled data in the first embodiment.



Therefore, the abnormal state is judged by calculating the period during
whi ch the synchronization pattern is not detected, and when the state is

j udged as abnormal, the self-restoration operation is performned.
Accordingly, the restoration tinme at tyf abnormal operation can be
reduced. According to the present“thvention (Caim6), the frequency
cantrol and phase lock circuit of Claimb5 conprises: a frequency error
converter for converting the frequency error infornmation output by the
frequency error detector, which information is obtained by converting the

i nterval betwe h ) -16-

synchroni zat i o%‘ﬁeeﬁ %l (3 3%??3)3@“&' 2él SInpEendingramg,ghowingptibei ng

t he phase _er.ror. i-nformation, and in fhe frequency control and phase | ock
circuit, Pﬁ&ﬁﬁﬁﬁ&?(ﬁgﬁrdé%%ﬁﬁ%ﬁﬁtai CAYURRT AL DR $HEBhsFEOBf at he out put
phase errar_infornatiaon, and the reproductjon clock is pulled-in wth

hi gh precf¥PSREQNLZzatLioN pat tera, inketval s e the Kepsrdvetionskehgchan be

perfornmed., .
in the second embodiment.

Best Mode for Carrying out the Ipﬁention

. Hereinafter, embodiments of the present invention will
be described with reference to figures 1 to 11, 15 and 18 to
22.
Embodiment 1.

A frequency control and phase lock circuit according to
a first embodiment of the present invention will be described
with reference to the block diagram of figure 1.

In figure 1, numeral 1 denotes a waveform equalization
means for subjecting an optical disk reproduced signal to
compensation so as to emphasize a high frequency band. This
means 1 is constituted by a filter which can arbitrarily set
the boost amount and the cutoff frequency. For example, the
means 1 is a high-order ripple filter or the like. Numeral 2
denotes an A/D converter for converting an analog signal into
a digital signal using a reproduction clock which is used when
an output signal of the waveform equalization means 1 is
reproduced in digital data. The A/D converter 2 samples the
analog signal to obtain a multi-bit digital signal. Numeral

3 denotes a low-band noise suppression means for suppressing



Thé(efoﬁe, t he phase control circuit is operated on the basis of the cycle
informati on which is detected by the frequency control circuit, and the
frequency of the reproduction clock can be brought closer to the frequency
of the clock conponent of the reproduced digital data by the resolution
of the frequency which can be controlT%@‘by the frequency control circuit

or nore. Accordingly, even when the capture range as the phase pull-in
range of the phase-locked loop is narrow, the stable phase synchronization
pull-in can be realized. According to the present invention (Claim

7), the frequency control and phase |l ock circuit of C,aim4 conprises:
bot h of t#@"ﬁtﬁk@i%%s%fcqm&o%‘%‘g*q%éﬁlﬁl@?%rﬂhét%wadﬂ‘eé Bohtirbitd the

frequency error detector of Claim4, and in the fregquency control and
phase | ocieRFPuTed ¢h@itabotdRglef Thr lowrhardcrobse cFBBRIEESEBRt rol | ed
on the basis of the pattern length of the specific pattern in an area
wher e t haneRrng & ronsiEEsweEm means: fouddriectinga PEpeoupenedh of ddie and

the frequency of the clock conponent of the reproduced digital data
reproduced digital signal and a means for subtracting the -

detected DC component from the reproduced digital signal.
Numeral 4 denotes a zero cross length detector for continuously
detecting the position where the reproduced digital signal
whose low-band noise components are suppressed crosses the zero
ievel, counting the number of samples between the adjacent zero
crosses on the basis of the reproduction clock, and holding the
number of samples in a register as a zero cross length. Numeral
5 denotes a frame counter for counting a specific period of one
or more frames on the basis of the reproduction clock, using
the output of the zero cross length detector 4. Numeral 6
denotes a maximum pattern length detector for detecting the
maximum value of the sum of count values of adjacent zero cross
lengths in the period which is set by the frame counter 5, and
holding the maximum value as the maximum pattern length in a
register. Numeral 7 denotes a minimum pattern length detector
for detecting the minimum value of the sum of the count values
of the adjacent zero cross lengths in the period which is set
by the frame counter 5, and holding the minimum value in a
register as the minimum pattern length. Numeral 8 denotes a
cycle information judgement unit for comparing the cycle

information obtained by the maximum pattern length detector 6



-17- "is larger, and the frequency of the reproduction clock is
controlled on the basis of the interval between the synchronization
patterns in an area where the deviation is smaller, the deviation in the
frequency between the reproduction clqgck and the clock component of the
réproduced digital data is obtained, E7d the control state is swtched
continuously and automatically using the plural node signals which are

out put by the node control circuit for deciding the control state of the
frequency control and phase lock circuit, thereby pulling-in the frequency

f th . ' l.ock.. Therefore, in.t wh t devi at i
bet voen ¢ REL R BE) o IRPmAh Sted dok he TR RPBRENES 81 (he |
| ock f th duced digital si | i o ih tt
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synchroni zation pattern,interval. In the area where the deviation in the
f r equency 1pormatiion utflizing & Fahio hetwegmthekrthdatomatdOneadt ect ed
with higher precision. Therefore, the frequency pull-in and the phase

synchr oni 2atPstting & sedasths ignalor niungradi §hdeped@sadd fhagnensbd

stability by the control utilizing the respective
error detector for converting the difference between the cycle

information which is selected on the basis of the select signal
and the maximum or minimum pattern length which is to be detected
at the phase-locked time, into a frequency error, and outputting
the error. Numeral 10 denotes a phase error detector for
detecting phase information of reproduced digital data using
an output which is obtained by the low-band noise suppression
means 3. Numeral 11 denotes a frequency control loop filter
for performing the frequency control as far as an area where
the reproduction clock can be synchronized with the reproduced
digital signal, using the amount of the frequency error which
is output by the frequency error detector 9. Numeral 12 denotes
a phase control loop filter for performing the phase control
using an output of the phase error detector 10 so that the
reproduction clock is synchronized with the reproduced digital
signal. Numerals 13 and 14 each denote a D/A converter for
converting a digital signal into an analog electric signal and
outputting the electric signal. Numeral 15 denotes an
oscillator for adding the analog electric signals which are
respectively obtained by the D/A converters 13 and 14, and

generating a reproduction clock on the basis of an electric



advant ages. According to the present invention (Claim8), the
frequency control and phase lock circuit of Claim7 conprises: phase
control range detection neans for detecting that one of the plural node
signals for deciding the control state, which are output by

t he nmode control circuit, i ndi cates t h&¥t he reproduction clock is in
phase wth the reproduced digital signal and the phase control circuit
operates outside a control range of predeterm ned val ues, and outputting a
flag, and in the frequency control and phase lock circuit, the operation

O bne [LSHRICHEAIA 1) 15 df S 101 |00 0 that the operction of
[129 out puc by he Pigac contidoy (aneg Sotection iman | o detegted
o ot & nogoBERRLAR] phase Tock ¢12euit accordify o the H1TEt enbodinent
mai nt ai ne§o§t&RLARd P g

is described.

An output signal, which is obtained by subjecting an
optical disk reproduced signal to the compensation by the
waveform equalization means 1 so as to emphasize the high
frequency band, is output to the A/D converter 2. The A/D
converter 2 converts the output signal, which is obtained by
subjecting the optical disk reproduced signal to the
compensation, into a multi-bit reproduced digital signal using
a reproduction clock generated by the oscillator 15, by the
sampling. The signal which is obtained by the sampling by the
A/D converter 2 is in phase with the reproduction clock.
Thereafter, all processing for data, such as the counting, is
performed on the basis of this reproduction clock. The
multi-bit reproduction digital signal which is obtained by the
sampling is input to the low-band noise suppression means 3,
and the low-band noise components included in the reproduced
digital signal are suppressed. The reproduced digital signal
whose low-band noise components are suppressed is input to the
zero cross length detector 4. The zero cross length detector
4 continuously detects the position where the signal crosses

the zero level, counts the number of samples between the

adjacent zero crosses on the basis of the rep%dduction clock,



Bri‘ef Descri ption of the Draw ngs Figure 1 is a block diagram
i1Tlustrating a structure of a frequency control and phase | ock circuit
according to a first enbodinment of the present invention. Figure 2
is a block diagramillustrating a structsure of a maxinmum pattern | ength

détector 6 in the first enbodi nent.

Figure 3 is a block diagram

illustrating a structure of a mninumpattern |ength detector 7 in the
first enbodi nment. Figure 4 is a block diagramillustrating a

structure of

a cycle i nformati on judgenent unit 8 in the first enbodi nent.
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length detector 4, the maximum pattern length detector 6 and
the minimum pattern length detector 7 respectively detect the
maximum value and minimum value of the sum. of the count values
of the adjacent zero cross lengths in the period set by the frame
counter 5 which counts the specific period of one or more frames
on the basis of the reproduction clock, hold the maximum value
and minimum value in the register, and obtain information which
is inversely proportional to the liner velocity cycle of the
reproduced digital data.

In the cycle information judgement unit 8, the cycle
information which are obtained by the maximum pattern length
detector 6 and the minimum pattern length detector 7, i.e., the
maximum pattern length and the minimum pattern length are
compared with each other. Then, the optimal value is selected
as the cycle information utilizing the ratio between the both
pattern lengths, and the select signal indicating the optimal
value is output to the frequency error detector 9. The
frequency error detector 9 converts the difference between the
cycle information selected in accordance with the select signal,
and the maximum or minimum pattern length which is to be detected
at a phase-locked time, into the frequency error, and decides
the amount of the frequency error for performing the frequency

control of the reproduction clock. The phase information of



Figure 7 is a block diagramillustrating a structure of a synchroni zation

pattern detection neans in the second enbodi nent . Figure 8 is a

bl ock diagramillustrating a structure of a node control circuit 35 in the
second enbodi nent. Figure 9 is ajhlock diagramillustrating a
stfructure of a frequency error. converfer 34 in the second enbodi ment.
Figure 10 is a block diagramillustrating a structure in which a frequency
control loop filter 11 and a phase control loop filter 12 in the second
enbodi ment wor k toget her. Figures 11(a) and 11 (b) are diagrans
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reproduction clock and the reproduced digital data is decided.

The frequency error amount which is decided by the
frequency error detector 9 is input to the frequency control
loop filter 11. The frequency control loop filter 11 performs
the frequency control as far as the are where the reproduction
clock can be synchronized with the reproduced digital signal
using the frequency error amount, and inputs an output digital
signal into the D/A converter 13. The D/A converter 13 converts
the input digital signal into an analog electric signal and
outputs the signal. The phase error amount which is decided
by the phase error detectgr 10 is input to the phase control
loop filter 12. The phase control loop filter 12 performs the
phase control so as to synchronize the reproduction clock with
the reproduced digital signal utilizing the phase error amount,
and inputs an output digital signal to the D/A converter 14.
The D/A converter 14 converts an input signal into an analog
electric signal, and outputs the signal. The electric signal
which is output by the D/A converter 13 and the electric signal
which is output by the D/A converter 14 are added. The
oscillator 15 is operated on the basis of an electric signal

which is obtained by the addition, to generate a reproduction



- 20- " reproduction devi ce. Figure 15 is a diagram show ng the
rel ati onshi p between the reproduction position and the phase-I| ocked
frequency at the CAV reproduction tine. Figures 16(a), 16(b) and
16(c) are diagram show ng the prind|g§5jor detecting cycle information
froma synchronization pattern | ength Using the prior art high- frequency
cl ock. Figure 17 is a diagram show ng the fl ow of frequency control
and phase control at the prior art CAV reproduction tinme. Fi gures
18(a), 18(b) and 18(c) are diagrans showing the principle for detecting a
frequencyc§5% signal froma synchronization pattern length using a
reproduction Cl'ock in the first enbodi nent. Figures 19(a), 19(b) and

10(c) are di aouime SHOWAY dF Spdldd YRl Bl W& Phdle %ok RNy error
reproduction clock to be synchronized with the phase of the
clock component of the reproduced digital data. Accordingly,
the digital data recorded in the optical disk medium can be
reproduced using the reproduction clock.

Hereinafter, respective circuit blocks constituting the
frequency control and phase lock circuit according to the first
embodiment is described in more detail.

Initially, the maximum pattern length detector 6 has a
structure as shown in figure 2. To be specific, the maximum
pattern detector 6 has a synchronization pattern judgement unit
18 for judging whether or not a detected pattern is a
synchronization pattern on the basis of a ratio between values
of adjacent zero cross lengths which are detected by the zero
cross length detector 4 counting the zero cross length on the
basis of the reproduction clock and outputting the zero cross
length, which values are held by a register 16 and a register
17, and a comparator 20 for comparing the sum of the values held
by the register 16 and register 17 with the magnitude of a value
which has been held by a register 19. The detector 6 has a
structure in which the comparator 20 outputs a update permission
signal to the register 19 to update the register 19, only when
the synchronization pattern judgement unit 18 judges as the

synchronization pattern and the comparator 20 judges that the



i nversion pattern using the reproduction clock in the first enbodinment.
Figure 20 is a diagram showing the flow of the frequency control and phase
control at the CAV reproduction tine in the first enbodinent.

Figures 21(a), 21(b) and 21(c) are diagi ms showing the principle for

détecting a phase error signal fromreptoduced sanpled data in the first

enbodi nent . -21- Fi gures
22(a), 22(b) and 22(c) are diagranms show ng the principle for detecting a
frequency error signal froma synchronization pattern interval using the

reproduction clack .in the s q?nd,tnbodinent. 1Best Mode for Carrying
out the I M&htY e 1s Fharte? | AR IEREE ¥ e present invention

wll be desc“§%¥jé%§£bféﬁf¥(3 ﬁ%fckgé nggr&ééod%%é %gqgggc%8hgg 22.

patterns each consisting of contiguous 14T and 4T, which is
called a synchronization pattern. Wwhen the length of this
synchronization pattern is counted using the reproduction clock
whichissynchronizedwiththeclockcomponentofthereproduced
digital data, the synchronization pattern length is 14+4=18 as
shown in figure 18(a). When the reproduction clock oscillates
at a frequency twice as high as that of the clock component of
the reproduced digital data, the synchronization pattern length
is 28+8=36 as shown in figure 18(b). Inversely, when the
reproduction clock oscillates at the half frequency, the
synchronization pattern length is 7+2=9 as shown in figure 18(c).
Accordingly, when the reproduced signal is not synchronized
with the reproduction clock, the length 18T is not obtained.
Therefore, the difference between an obtained synchronization
pattern length and 18 is the cycle information.

Next, the description is given of a method for finding
the synchronization pattern from the reproduced signal. The
ratio between adjacent values is fundamentally kept at 14/4,
regardless of the frequency of the reproduction clock.
Therefore, this method can be realized by constructing the
synchronization pattern judgement unit 18 which judges the

synchronization pattern when a value obtained by eliminating

lower 2 bits from the value of the register 17 (1/4 of original



Enbbdl ment 1. A frequency control and phase |ock circuit apcordi ng to
a first enbodi nent of the present invention will be ﬁ'e?CTT‘bed “WEth -

reference to the block diagram of figure 1. In figl numeral 1
denotes a waveform equalization neans for subjecting a
reproduced signal to conpensation so 2%%To enphasi ze a ,m

band. This neans 1 is constituted by a filter which ca set

t he boost amount and the cutoff frequency. For exanple, the means lis a
hi gh-order ripple filter or the like. Nuneral 2 denotes an A/ D converter

for conver an analog signal into a digital signal using a reproduction
cl ock whi é‘{? % %h\eo‘(ﬁb‘él? ef ghhe BegisbeRal6f drlm eiqual i zati on
nmeans 1 is _rep oduced in ital data. The A/D converter 2 sanples the
anal og si é:r?a}s%‘{?% kiph %f ?ld%"??c‘éﬂ-%‘ilt%J-SBﬁ?@ﬁaPn Numeral 3 denotes a

| ow- band noi se s ressi on nmeans for suppressing
_929. ,f IC1)n1.n1mum pattern lengtg detector 7 has a structure as

shown in figure 3. The minimum pattern length detector 7 has
a minimum inversion pattern judgement unit 21 for judging
whether or not a detected pattern is the minimum inversion
pattern on the basis of a ratio between the values of the
adjacent zero cross lengths detected by the zero cross detector
4 for counting the zero cross length on the basis of the
reproduction clock, and outputting the zero cross length, which
values are held by the register 16 and register 17, and a
comparator 23 for comparing the sum of the values held by the
register 16 and register 17 with the magnitude of a value which
has been held by a register 22. The minimum pattern length
detector 7 has a structure in which the comparator 23 outputs
a update permission signal to the register 22 to update the
register 22, only when the minimum pattern judgement unit 21
judges the minimum inversion pattern and the comparator 23
judges that the new value is less than the previous value.
For example in DVDs, the minimum inversion pattern in the
sequence of the recorded data is 3T and 3T. When the minimum
inversion pattern length is counted using the reproduction
clock which is synchronized with the clock component of the
reproduced digital data, the minimum inversion pattern length

is 3+3=6 as shown in fiqure 19(a). However, when the



| ow- band noi se conponents included in the obtained multi-bit reproduced
digrtal signal. The | ow band noi se suppression neans 3 consists of a neans
for detecting a DC conponent of the reproduced digital signal and a neans
for subtracting the detected DC conponent fromthe reproduced digital
signal. Nuneral 4 denotes a zero cro§§QTw@th detector for continuously
detecting the position where the reproduced digital signal whose |ow band
noi se components are suppressed crosses the zero Ilevel, counting the
nunber of sanples between the adjacent zero crosses on the basis of the
reproducti on clock, and_hol din nunber of sanples i.n regisfer as a

s

. .the a
zero crosSSPERGERLIQMELEFK Bsgéiﬁ?ﬁgsa??r%uﬁ¥QSﬂﬁﬂﬁ¥'qﬂicebéﬁn g &S

specific period of one or nore frames on the basis_of the _reproduction
cl ock, usFhat ehdhricpeckoronprnont o thererrrivcer Gisaladakgnet e 6

denotes a maxi numpattern | ength detector for detecting the _maxinmm val ue
of the sumiBfingsuanvexsdes patharackerablris Gribsd2 asnghRYN Ant HEIRER| od
which is set by the frame counter 5, and holding the maxi mum val ue as the
maxi mum paPibin | Engersehya wheni therrepreduetion dehecksoscilhatem phittern
I ength detector for detecting the m nimum value of the sum of the count
val ues othehbaddj feequensyo dhes mindimgmhsinviensiompaatdemhikengthsts by
the frame counter 5, and holding the mninumvalue in a register as the
m ni mum pat b¢ln5kEEngsh shiwmeial fiouaeotld®ycd. (In reality, since 1.5

cannot be counted, the length 3 is obtained by the combination

of 1+42.) Accordingly, when the reproduced signal is not

synchronized with the reproduction clock, the length 6T is not

obtained. Therefore, the difference between an obtained

minimum inversion pattern length and 6 is the cycle information.

Then, the description is given of a method for finding

the minimum inversion pattern from the reproduced signal. Like

the synchronization pattern, the ratio between adjacent values

is fundamentally kept at 1 to 1, regardless of the frequency

of the reproduction clock. Therefore, this method can be

realized by constructing the minimum inversion pattern

judgement unit 21 which has a function of judging the minimum

inversion pattern when a value of the register 17 is within a

value of the register 16 +1, in consideration of the detection

dispersion.

The maximum pattern length detector 6 and the minimum
pattern length detector 7 enable the stable detection of the

synchronization pattern and minimum inversion pattern,

independent of the change in the frequency of the reproduction



cycle information judgenent unit for conparing the cycle information

obt ai ned by the nmaxi nrum pattern | ength detector 6-—— -0

-23- with the cycle information obtained by the. ndnj tEn |l ength
detector 7, selecting an optimal value as the cyclhlg"srglee Iﬂgm&%ﬂ&uti l'i zi ng
a ratio between the both information, =Hd out puttim‘lﬁ |m‘m|mmgnal.
Nunmeral 9 denotes a frequency error detector for col di fference
between the cycle information which is selected on the basis of the sel ect
signal and the maxi mum or mninmum pattern length which is to be detected
at the phgie-l ocked tinme, into a frequency error, and outputting the
error. NuféPS§k-10 denotes a phase error detector for detecting phase

i nformati on of reproduced digital data using an output which is obtained
by the | ow ban&bSorysleuppiessaddonrgydgenentynpizl 81hagepbractureraguency
control loop filter for performng the frequency control as far as an area
where t h&bpwpr d8u&iiggrec [4ock Teahebepegadifonithed cuiclie hEaraatdrced

judgement unit 8 is constituted by a comparator 26 which

receives a value of a register 24 as a means holding the maximum
value of the synchronization pattern length in the period which
is set by a frame flag output by the frame counter 5 and a value
of a register 25 as a .means holding the minimum value of the
‘minimum inversion pattern, and generates a select signal for
selecting cycle information which is regarded as optimal,
utilizing the ratio between the synchronization pattern length
as the output of the register 24 and the minimum inversion
pattern length as the output of the register 25.

As described above, in DVDs for example, the
synchronization pattern is 18T comprising 14T and 4T and the
minimum inversion pattern is 6T comprising 3T and 3T. BHere,
even when the frequency of the reproduction clock varies, the
ratio between the both patterns, i.e., 3 to 1, is kept.
Therefore, when the sum of a value which is obtained by
eliminating 2 bits on the LSB side from a value of the register
24 (1/4 of the original value) and a value which is obtained
by eliminating 3 bits from the value (1/8 of the original value)
is within a value of the register 25 *1, the selector signal
is output so as to use the synchronization pattern length having

higher detection precision as the cycle information. When the



digital'signal, usi ng the amount of the frequency error which is output by
the'frequency error detector 9. Nuneral 12 denotes--—a-phase-eentrol | oop

filter for perform ng the phase control wusing an qQutput of th pﬂﬁse error
‘detector 10 so that the reproduction ¢Jock is syn t ; e
reproduced digital signal. Nunerals T39%md 14 each jﬁﬂﬁﬁi@ﬁiﬂi&onverter
for converting a digital signal into an analog ele ’ d
outputting the electric signal. Nuneral 15 denotes an oscillator for
addi ng the analog electric signals which are respectively obtained by the
D) A converters 13 and%ﬁﬁ, %pd eneratiﬂg are roducIioq-QIock on . the basis
in this

of an el eE{W &S Dot wi ange, t selector signal 1s °§F§H§IS°

obtained by the addition, |, . Next, the ogperation of the so-copstructed
frequency @5c5Rt F8E HhE Thiidn Javensiqn Paideryleqatdy ba¥ing ai1e¥8Bdi nent
I s descri bed. . An out put signal, which is obtai ned by subjecting an
optical digkectiradtreauenrghas theyeicipEnsnatinnpy Baeause of these

functions, the results of the detection can be efficiently

reflected to the control, whereby the speed of the frequency
control can be increased. In addition, also in the seeking,
when the detection of the synchronization pattern is difficult,
the minimum inversion pattern is detected with priority and
reflected to the control, thereby enabiing the frequency
control.

The frame counter 5 has a structure as shown in figure
5. To be specific, the frame counter 5 consists of a selector
27 for receiving the synchronization pattern length, the
minimum inversion pattern length and the select signal as the
output signals of the cycle information judgement unit 8 shown
in figure 4, and selecting an output in accordance with the
select signal, a count number setting circuit 28 for deciding
the next count number in accordance with the signal selected
by the selector 27, and a coincidence circuit for outputting
a frame flag when the output of the count number setting circuit
28 coincides with the output of a counter 30 which performs
counting using the reproduction clock. The frame counter 5 has
a function of resetting the counter 30 using the frame flag which
is output by the coincidence circuit 29.

For example in DVDs, a recorded signal has the



wavef orm equal i zati on means 1 so as to enphasize the high frequency band,
i's output to the A/D converter 2. The A/D converter 2 converts the out put
signal, which is obtained by subjecting the optical disk reproduced signal
to the conpensation, into a multi-bit_reproduced digital signal using a
reproduction clock generated by the oS¢illator 15, by the sanpling. The
signal which is obtained by the sanpling by the AID converter 2 is in
phase with the reproduction clock. Thereafter, all processing for data,
such as the counting, is perforned on the basis of this reproduction

Lock. Th Lil=bLt . ' I Qi tal .S |__whi.ch i bt aj . h

:éa?rSLi n-gr FunPHghbistand” pRRtERRR" 2l Sl dabionfini, & BE R
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are suppressed is . input to the ero cross |length detector 4. The zero
cross | eanﬁeﬁgﬁi&?}?‘”’e% gBﬁth RLzk iR Qag%@rﬁﬁﬁﬁ 58?&9%85&1%%&9 si gnal
crosses the zero |level, coants t he nynber of sanpl es bet;[vveen the adjacent

zero crostB€ BRPTAEUGRIPE GioCke tBSr dAkELVGd bedmeen the

synchronization patterns varies according to the amount of
deviation between the frequency of the reproduction clock and
the frequency of the clock component of the reproduced digital
signal. When the reproduction clock has a frequency half as
high as the frequency of the clock component of the reproduced
digital signal, the detected interval is 744T as shown in figure
22{c). When the frequency of the reproduction clock is twice
as high as that of the clock component of the reproduced digital
signal, the detected interval is 2976T as shown in figure 22(b).
Naturally, the detected interval between the synchronization
patterns varies with time during the control for the frequency
of the reproduction clock. Even when the fregquency of the
reproduction clock varies as described above, the ratio of the
interval between the synchronization patterns to the
synchronization pattern length is always 1488/18 and the ratio
of the interval between the synchronization patterns to the
minimum inversion pattern length is always 1488/6. Therefore,
when the selector 27 selects the synchronization pattern length
as the cycle information, the count number setting circuit 28
adds 7 bits to the output signal of the selector 27 on the LSB

side (multiplies the original value by 128), whereby the



- 25- . and holds the count value in the register as the zero cross
l'ength. Further, with utilizing the output of the zero cross Ilength
detector 4, the maxi mum pattern | ength detector 6 and the m ninum pattern
| ength detector 7 respectively detect tig} maxi mum val ue and m ni num val ue
of the sumof the count values of theatjacent zero cross lengths in the
period set by the frame counter 5 which counts the specific period of one
or nore frames on the basis of the reproduction clock, hold the nmaxi num
value and mninumvalue in the register, and obtain information mhich S

i nversely pro rtlonal t i ner elo cle of e rod

digital g[ea:ep% ]f’??e %yf:l"ﬁ ?WF #%ﬁ“?%ﬁ%‘é L"1fr1|stet8 stﬂ OE cle

i nf or mat i ich are, ob alnedb t he imum pattern | engt.h

and the. minBrERABERr o R TEAER 1SR RLbioE o AeUAL ERAT S AR B &

| engt h and tl\FiH m ni num pattern Iength are _conpared with each ot her Then
the opti mEYRFRALARYZa G Radd e } hFhepc tde PO rF Ut g5 Ry MR ratio
between the both  pattern |engths, and the select signal indicati ngbt he

opti mal mammtslwfesstmnopﬁ%emé@mdyaér%e sl iBfogmation f EBguency

error detector 9 converts the difference between the .
count number setting circuit 28 adds 8 bits to the output signal

of the selector 27 on LSB side (multiplies the original value
by 256), whereby the detection period of the cycle information
can be set as about one frame. 1In this case, the count number
can be manipulated by arbitrarily changing the number of bits
manipulated by the count number setting circuit 28. These
functions enable to optimize the period for detecting the cycle
information on condition that at least one synchronization
pattern is always included in the period for detecting the
synchronization information, whereby the speed of the frequency
pull-in of the reproduction clock can be increased.

Here, the above-mentioned "condition that at least one
synchronization pattern is always included in the period for
detecting the synchronization information" is required because
if no synchronization pattern is included in one period for
detecting the cycle information, the frequency error cannot be
obtained fromthe synchronization pattern length. Accordingly,
it is required that at least one synchronization pattern should
be included in that period. On the other hand, when the period
for detecting the cycle information is fixed, the period may

include no synchronization pattern or inversely include more



cyéle ihfornation selected in accordance with the select signal, and the
maxi mum or m ni num pattern |l ength which is to be detected at a
phase-1ocked time, into the frequency error, and decides the anmount of the
frequency error for performng the frgg%qncy control of the reproduction
clock. The phase information of - 26-
the reproduced digital data is detected by the phase error detector 10
utilizing the output which is obtained by the |ow band noi se suppression
nmeans 3, and the anount of the phase error for perform ng the phase
| ocking ¢ t Lepr.o | ; a £.e0r. digita
data is dggbéfeiggﬂﬁE%ﬁBﬁzhg%?s }t gg&gnggl%télr (ry(%rchal%l%idt %%nﬁéc}ﬁi#g&ﬁl ed by the
frequency d S 4 tqQ the,fr cy n . koop . fhlter
110 e plikkRCHt i ushod dstideigh | TherBEeRe Y FR hhEG e ag0 A 1 o
e are where th r.oduct cl ock, can.be nchroni zed. Wt h
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an OUtpUtdgkg}&ggated and the feedback in the frequency control is

delayed, thereby requiring more time for the pull-in.

The frequency error detector 9 generates the frequency
error in accordance with the principle as follows.

For example in DVDs, the sequence of the recorded data
has the patterns each consisting of coﬁtiguous 14T and 47T,
called a synchronization pattern, and the patterns each
consisting of contiguous 3T and 3T, called a minimum inversion
pattern. When the length of this synchronization pattern and
the length of this minimum inversion pattern are counted using
the reproduction clock which is synchronized with the clock
component of the reproduced &igital data, the synchronization
pattern length and the minimum inversion pattern length are 18
and 6, .respectively, as shown in figures 18(a) and 19(a).
However, when the reproduction clock oscillates at a frequency
twice as high as that of the clock component of the reproduced
digital data, these lengths are 36 and 12, respectively, as
shown in fiqures 18(b) and 19(b). Inversely, when the
reproduction clock oscillates at the half frequency, these
lengths are 9 and 3, respectively, as shown in figures 18(c)
and 19(c). Accordingly, when the reproduced signal is

synchronized with the reproduction clock, the synchronization



si gnal fmto t heD) Aconverter 13. TheD/ Aconverter 13 converts the input
digital signal into an analog electric signal and outputs the signal. The
phase error ampunt which is decided by the phase error detector 10 is
input to the phase control loop filtel2. The phase control loop filter
12 perforns the phase control so as to synchronize the reproduction clock
wi.th the reproduced digital signal utilizing the phase error anount, and
i nputs an output digital signal to the DJA converter 14. The D/ A converter
14 converts an input signal into an analog electric signal, and outputs

Lhe-s1 anaba«Tenc! Sch 4 o 883 endhilink, SO LY R D SRR 467 13

and the efectric srgna 'S ou u converter are added.
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value which is obtained by subtracting 18 from an obtained
synchronization pattern length, or a value which is obtained
by subtracting 6 from an obtained minimum inversion pattern
length is the frequency error signal. The cycle information
judgement unit 8 decides which value is to be used.

For example in the CAV reproduction in which the
reproduction is performed with fixing rotational speed of the
motor for rotating the recording medium, the linear velocity
of the reproduced data varies according to the positions, i.e.,
as an accessed position is on an inner track or an outer track
of the disc. Assume that the frequency which is synchronized
with that of the reproduced data is 20 MHz at the position A
on an inner track and 40 MHz at the position B on an outer track
as shown in fiqgure 15, and the reproduction clock which is output
by the oscillator 15 is synchronized with the clock component
of the reproduced data at the position A. Considering the case
where the data on the position B are sought in a state where
the reproduction is being performed at the position A, the
reproduction clock which is output by the oscillator 15 just
after the seeking is at 20 MHz, i.e., the phase-locked frequency
at the position A, as shown in figure 20. However, when the

synchronization pattern length is detected at the position B



cl ock céirrponent of the reproduced digital data. Accordingly, the digital
data recorded in the optical disk nediumcan be reproduced using the

reproduction cl ock. Herei nafter, respective circuit bl ocks
constituting the frequency control and,phase Iock circuit according to the
first enbodinent is described in nore detail. Initially, the maxi mum

pattern length detector 6 has a structure as shown in figure 2. To be
specific, the maxi num pattern detector 6 has a synchronization pattern
j udgenent unit 18 for judging whether or not a detected pattern is a

aro or oseoioatRE EEkRoshet ton ERodk it BLDS, BERMEE VAR 1sChats) COOT
ut put { ngt: Y 2% §H Bt ahed Wime Phider i n detyee flsicrer o

ol d by FRETPERCEIER FAOST Pogtib o #18 (FIATE SHRYPERE OF Hbaiue
Whi ch 1 hoTBBBAREEd J56%outeR P, BIRIBURCE T SEF LD BA Ghalim L6P0HE Hgi ot er
19 to update the reg’hé‘tégréé% ﬁglrtlaly when the synchronpizatjon patt

j udgerent dg&ected § L SPNOk BRMPLL dnWBafPels BAdE: RE g(r)gr{')ar at or

20 judges that the . . ) )
the phase-locked time is detected. 1In this case, the ratio of

the synchronization pattern length to the minimum inversion
pattern length is 3 to 1. Therefore, the cycle information
judgement unit 8 judges that this synchronization pattern
length is a reliable value. Then, the frequency error detector
9 outputs a value which is obtained by subtracting the
synchronization pattern length at the phase-locked time from
the detected synchronization pattern length, i.e., 9-18=-9, as
the frequency error signal. Since the obtained frequency error
signal has a negative value, it is judged that the fregquency
of the reproduction clock is lower than the frequency of the
clock component of the reproduced data. Therefore, the
feedback is performed via the frequency control loop filter 11
and the D/A converter 13 so as to increase the oscillated
frequency which is output by the oscillator 15. At a timing
when the synchronization pattern length is detected as 18 at
a position C shown in figure 20, the frequency control is
terminated, then the phase synchronization pull-in is started,
whereby the phases of the reproduction clock can be synchronized

with the reproduced data. In addition, when the feedback of



- 28- ‘. new value is larger than the previous val ue. For exanple in
DVDs, the recorded data sequence has patterns each consisting of
contiguous 14T and 4T, which is called a synchronization pattern. \Wen the
I ength of this synchronization patterg?é§ counted using the reproduction
clock which is synchronized with the ctock conponent of the reproduced
digital data, the synchronization pattern length is 14+4=18 as shown in
figure 18(a). Wien the reproduction clock oscillates at a frequency tw ce
as high as that of the clock conmponent of the reproduced digital data, the

fECZPéi?L?ﬁ%ﬁeﬁﬁ%ﬂg&S%#ﬁﬁﬁi% e%i‘?%@%ﬁi@%??@?cé%‘g%@#%éf%‘ﬁ;ﬁ: T lEeney,
. : . Ve Ta0= . : _
rccor di nolFFPRIT ERaY EBF e aSuran Far T ehrsh v sthd Aty he
reproduction,.clock, the. length 18T is not obtained. Therefore, the

di f f er enc& WL AT MG Fed synchronization pattern length and 18 is

th le inf tion.
e cyete TntolRe Ip?lgse error detector 10 synchronizes the phase of the

clock component of the reproduced data with the phase of the
reproduction clock on the basis of the principle as shown in
figures 21(a) and 21(b). Figure 21(a) shows a state where the
frequency of the reproduction clock is slightly lower than the
frequency of the clock component of the reproduced data.
Assume that the reproduced data comprises a single frequency
successively including 4T. With respect to sampled signals
shown by black dots in figure 21(a) in the vicinity of the zero
cross, information is employed as it is at the rising edge of
the sampled signal, and the sign of the sampled signal is
inverted between positive aﬁd negative at the falling edge.
Thereby, phase error curves as shown in figures 21(a) and 21(b)
are obtained according to the amounts of phase shift. Here,
the amplitude component of the sampled signal can be replaced
with the shift of the sampled phase in the temporal direction.
Thus, when the amplitude component of the sampled signal in the
vicinity of the zero cross is used as the phase error signal
in consideration of the rising edge and falling edge, the
obtained positive sign shows the phase lag. Therefore, the
feedback is performed so as to increase the frequency of the

reproduction clock to lead the phase. Inversely, the obtained



Next, the description is given of a method for finding the synchronization
pattern fromthe reproduced signal. The ratio between adjacent values is
fundamental |y kept at 14/4, regardless of the frequency of the
reproduction clock. Therefore, this Bhod can be realized by constructing
the synchronization pattern Judgenent unit 18 which judges the
synchroni zati on pattern when a val ue obtained by elimnating lower 2 bits
fromthe value of the register 17 (1/4 of original

29 data) is within the value of the register 16 [err]1, in consideration
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of the regggggitgggrgggﬁes zggo as shown in figure 21(b), whereby the
phase of the reproduction clock can be synchronized with the
phase of the clock component of the reproduced data.

As described above, the frequency control and phase lock
circuit according to the first embodiment comprises the
waveform equalization means for emphasizing the predetermined
frequency band of the reproduced signal; the A/D converter for
sampling the equalized signal to obtain the multi-bit digital
data in accordance with the reproduction clock which is used
when the equalized signal is reproduced as digital data; the
low-band noise suppression means for suppressing the low-band
noises in the signal sampled on the basis of the reproduction
clock; the zero cross length detector for detecting the position
where the signal whose low-band noises are suppressed crosses
the zero level, counting the number of samples between adjacent
zero crosses on the basis of the reproduction clock, and holding
the counted number in the register; the frame counter for
counting the specific period of one or more frames; the maximum
pattern length detector and the minimum pattern length detector
for detecting the maximum value and minimum value of the count
value of the zero cross length in the predetermined period

counted by the frame counter or the sums of the count values



oufputtﬂng the zero cross |length, which values are held by the register 16
and®regi ster 17, and a conparator 23 for conparing the sum of the val ues
hel d by the register 16 and register 17 with the magnitude of a val ue which
has been hel d by a register 22. The mnimum pattern | ength detector 7 has
a'structure in which the conparator 23 %0t puts a update permi ssion signa
to the register 22 to update the register 22, only when the m ni num

i nversion pattern judgenent unit 21 judges the mnimuminversion pattern
and the conparator 23 judges that the new value is | ess than the previous

val ue. For exanple in DVDs, the m.nimuminversi o attern_in,the.
cBquonce BF thE PASACERS #Sie (TOFF MRPGRS MARPRSRE TS i Fi6 crLfhh
pattern length is,counted using the reproduction, ¢lock which ii

Synchr oni 3BAORMAR 10%e JERGERCRENBBAE OB CAMRAL 1 SheeBAXIMYM ERLIESIAE ¢ he
m ni mum i nversion pattern length is 3+3=6 as shown in figure 19‘(’\a).
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that of the clock conponent of the reproduced digital data, the m ninm

i nver si onopkimaln vadyg: Ntid igiogr £hes rateih hetweep tdhe maximum and

minimum values as the cycle information; the frequency error
detector having both the means for converting the difference
between the cycle information selected by the cycle information
judgement unit and the maximum or minimum pattern length which
is to be detected at the phase-locked time, into the frequency
error and outputting the frequency error, and the means for
deciding the synchronization pattern from the maximum pattern
length, converting the interval between the synchronization
patterns into the frequency error, and outputting the frequency
error; the frequency control circuit for performing the control
as far as an area where the reproduction clock can be

synchronized with the reproduced digital signal on the basis
of the output of the frequency error detector; the phase error
detector for detecting the phase information from the signal
whose low-band noises are suppressed; the phase control circuit
for controlling the phase so as to synchronize the reproduction
clock with the reproduced digital signal on the basis of the
output of the phase error detector; and the oscillator which
adds the output of the frequency control circuit and the output
of the phase control circuit, and oscillates the reproduction

clock on the basis of the sum, whereby the phase synchronization



19(b). lnversely, when the reproduction clock oscillates at the half
freguency, the mninuminversion pattern length is 1.5+1.5=3 as shown in
figure 19(c). (lIn reality, since 1.5 cannot be counted, the length 3 is
obtai ned by the conbination of 1+2.) Accordingly, when the reproduced
signal is not synchronized wth the FégFoduction clock, the length 6T is
not obtained. Therefore, the difference between an obtained m ninum

i nversion pattern length and 6 is the cycle informtion. Then, the
description is given of a nethod for finding them ninum

i.nversionpatternfro ereproducedsignal. .. Like he synchroni zation
oot tern. PRALFER bRpEReeEap RNt vat (ALTHFEL (AAka AR 1S FATSH 1 to
1, regard| ess gf t he Ere uency. gt t he _reprqduction .cl ock. Therefore, this
met hod cafPBESIPESy; 1BE BFPISAYCEdOD fd 1fi HSTmAth SR Hdth%r n
judgenent_unjt 21 which has a function_of judging . ,the m ninmum inversion
pattern wWheghafTeAREREY FABCKegtifeFYELS dnfoamation dRd,dRG RIASS egister
16 1, in consideration of the detection disgersion. The_ maxi num
pattern | tREPENAELRR BF drtertehdromitherulbbithih Terrrduerd sipktad enabl e
the stable detection of the  synchronization pattern and m ni numinversion
pattern, dahdepbhabnaref obhaisrdngy thet sempldadepry the tasiembdiha i on
reproduction clock, and the control is performed so as to
synchronize the phase of the reproduction clock with the phase
of the clock component of the reproduced digital data, whereby
the clock can be unified in one system. Accordingly, the
high-speed and stable phase synchronization pull-in can be
realized using the reproduction clock also in the state where
the linear velocity of the reproduced digital data varies.

In addition, the frequency control and phase lock circuit
selects optimal one of the maximum pattern length and the
minimum pattern length, and utilizes the selected pattern
length as the cycle information. Therefore, not only the
frequency pull-in of the reproduction ¢lock can be performed
at high speed but also the frequency control can be performed
also at the seeking time when the cycle detection is regarded
as difficult.

Further, the maximum pattern length detector and the
minimum pattern length detector respectively have the
synchronization pattern judgement unit and the minimum

inversion pattern judgement unit, decide the respective

patterns, and update the maximum pattern length and the minimum



31 cl oc‘;k. The cycle information judgenent .unit 8 has structure as
shown in figure 4. To be specific, the cycle information judgenent unit 8
is constituted by a conparator 26 which receives a value of a register 24
as a neans hol di ng the maxi num val ue of 2;lhe synchroni zation pattern |ength
in the period which is set by a frarre'f4| g output by the frane counter 5
and a value of a register 25 as a neans holding the m ninum value of the
m ni mum i nversion pattern, and generates a select signal for selecting
cycle information which is regarded as optimal utilizing the ratio

20 Qﬁﬁ”thggﬁ%&mﬁ? 68 s, BB L q%, 58k fﬁaé’g%tﬁ%?‘na#ﬂ% S L

25. ed ab t
pai tern | SHERREIAIAIONSy EAFRSREIPE LI TREt AT Rim Ao Pieth TASG: t ern i s
6T conpri ven when t

ol ock var Re¥daghefr Se%%esgféég EXFRRIR, hids RePEpaiction Progk +8dapt
Ther ef or e% Vemggeélrllgncsz)lrmggfthae g%log?c c\:/@zlnggnlegtoob% %Ih% geproduced digital
data is large, the pattern detection can be performed with high
precision. Accordingly, the precision in the frequency
detection is increased, whereby the frequency pull-in of the
reproduction clock can be performed stably.

Further, the cycle information judgement unit has the
registers respectively holding the maximum pattern length and
the minimum pattern length which are obtained in the
predetermined period calculated by the frame counter, at the
end of the period, and automatically sets a period which is to
be counted by the frame counter next on the basis of the pattern
length regarded as optimal as the cycle information, which
length is obtained by comparing the respective values held by
the registers in the cycle information judgement unit.
Therefore, the detection period for detecting one
synchronization pattern included in one frame can be
automatically decided on the basis of the cycle information,
whereby the efficiency in the detection of the synchronization
pattern can be improved and the frequency pull-in of the
reproduction clock can be performed at high speed.
Embodiment 2.

A frequency control and phase lock circuit according to
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by elim;,nating 2 bits on the LSB side froma value of the register 24.
(1/4 of the original value) and a value which is obtained by elimnating 3
bits fromthe value (1/8 of the original value) is within arvalue of the
register 25 1, the select signal is output so as to use the
synchroni zation pattern | ength having higher detection precision as the

cycle information. Wen the 32
sumis not wwthin this range, the select signal is output so as to use the
m ni mum i nversion pattern |l ength having a | ower detection frequency as the

cycle | BLLN. e aRenclod BRESLUIGhE Ao ol G4 BoofolbEiben
Secking,  THER ERETENCH (o o 1o Rt ShAS  ern i s di 17oult,
e L IS SR el e e S QLI UL gL 10
Count or STEaRS £05 BRDACSEEREER OB Fanl Atk Femrodeod GRaRAIES et e
Pat e | ensalion Bo 58 1o Unphasive the Bigh frequency band.
Numeral 2 denotes an A/D converter for converting an analog
signal into a digital signal in aqcordance'with.a reproduction
clock which is used when an output signal of the waveform
equalization means 1 is reproduced as digital data. The A/D
converter 2 samples an analog signal to obtain a multi-bit
digital signal. Numeral 3 denotes a low-~-band noise suppression
means for suppressing low-band noise components included in the
multi-bit reproduced digital signal obtained by the sampling.
Numeral 4 denotes a zero cross length detector for continuously
detecting the position where the reproduced digital signal
whose low-band noise components are suppressed crosses the zero
level, counting the number of samples between adjacent zero
crosses on the basis of the reproduction clock, and holding the
counted number in a register as a zero cross length. Numeral
5 denotes a frame counter for counting a predetermined period
of one or more frames using the output of the zero cross length
detector 4 on the basis of the reproduction clock. Numeral 6
denotes a maximum pattern length detector for detecting the

maximum value of the sum of the count values of adjacent zero

cross lengths in the period which is set by the frame counter
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and the ;sel ect signal as the output signals of the cycle information
judyenent unit 8 shown in figure 4, and selecting an output in accordance
with the select signal, a count number setting circuit 28 for deciding the
next count nunber in accordance with tgi signal selected by the selector
27, and a coincidence circuit for outpufiiing a frame flag when the out put
of the count nunber setting circuit 28 coincides with the output of a
counter 30 which perforns counting using the, reproduction clock. The
frame counter 5 has a function of resetting the counter 30 using the frane

(Vg which | Sp@BOHELRY {0 el ARkFAI%e G §Vbgf0ter as enEUarttRP' S, "
synonron SaLian:PILStEe Shpnelhl S ABSAE' % mhaRaunBe e (RRYth ST
e T §RhSERE e Ak 5 e P 08 48 RO U S im0
amount Ofvalues of the adjacent zero cross lengths in the period set by
the frame counter 5, and holding the minimum value in a register
as the minimum pattern length. Numeral 8 denotes a cycle
information judgement unit for comparing the cycle information
which is obtained by the maximum pattern length detector 6 with
the cycle information which is obtained by'the minimum pattern
length detector 7, selecting an optimal value as the cycle
information utilizing the ratio between the both information,
and outputting a select signal. Numeral 9 denotes a frequency
error detector for converting the difference between the cycle
information selected in accordance with the select signal and
the maximum or minimum pattern length which is to be detected
at the phase-locked time, into a frequency error, and outputting
the frequency error. Numeral 31 denotes a synchronization
pattern position detector for detecting the position of a
synchronization pattern using the sum of the adjacent zero cross
lengths which are detected by the zero cross length detector
4, a synchronization judge flag which is output by the maximum
pattern length detector 6 and a synchronization pattern length
which is output by the cycle information judgement unit 8.

Numeral 32 denotes a synchronization interval counter for

detecting the interval between the synchronization patterns on
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devi ati gn between the frequency of the reproduction clock and the
frequency of the clock conponent of the reproduced digital signal. Wen
t he reproduction clock has a frequency half as high as the frequency of
t he cl ock conponent of the reproduced digital signal, the detected
interval is 744T as shown in figure 2&X). Wen the frequency of the
reproduction clock is twce as high as that of the clock conponent of the
reproduced digital signal, the detected interval is 2976T as shown in
figure 22(b). Naturally, the detected interval between the synchronization

patterns varies with tinme during the control for the frequency of the
r epr oduct t58 R3IHEK OItRe dpfestins Fesylerdythe sﬁfﬁghrP@ﬁFg&}m RAtEEBR K

vari es as described above, the ratio of the interval between the
synchr oni Pasilsdopat t umerad BRedenghefranfregrencye¥eeh deketkorsfervays
1488/ 18 and the ratio of the interval between the synchronization patterns
to the nicanNertiingetdieo eysdie dnfamagien svhiialnyis sedHey eflee, when
the selector 27 selects the synchronization pattern Iength as the cycle
i nf or mat i eypchifendgattionuibberyal dowpter 32iintasa Lxkipnendy exrod ,taed out put
signal of the selector 27 on the LSB side (nmultiplies the original value
by 128), whtpabyingethe frequency error. Numeral 10 denotes a phase
error detector for detecting phase information of the
reproduced digital data using an output which is obtained by
the low-band noise suppression means 3. Numeral 34 denotes a
frequency error converter for converting the output of the
frequency error detector 33 into phase error information, and
outputting the phase error information. Numeral 35 denotes a
mode control circuit as a means for selecting the output of the
frequency error detector 9 or the output of the frequency error
detector 33, to perform the frequency control. The mode
control circuit 35 receives the interval between the
synchronization patterns as an output signal of the
synchronization interval counter 32, executes the operation on
the basis of the signal, and outputs one of plural mode signals
for deciding the control state. Numeral 11 denotes a frequency
control loop filter for performing the frequency control as far
as an area where the reproduction clock can be synchronized with
the reproduced digital signal using the amount of the frequency
error selected by the mode control circuit 35. Numeral 12

denotes a phase control loop filter for performing the phase

control so as to synchronize the reproduction clock with the



oo

s ¥
- 34- ., detection period of the cycle information can be set as about 1.5
fratmes. (A frame is a unit of data which are divided by the
synchroni zation pattern.) Wien the selector 27 selects the m ninum
inversion pattern length as the cycle information, the count nunber
setting circuit 28 adds 8 bits to the‘ﬁgfput signal of the selector 27 on
LSB side (rmultiplies the original value by 256), whereby the detection
period of the cycle information can be set as about one frane. In this
case, the count nunber can be manipulated by arbitrarily changing the

nunber of bits . manipul ated by t count nunber setting circuit 28. These
fineti oncreEntucen SLaftal SYonal sinh che BoratE Re The MiARe ettor

infornatign on condition that at |east one §¥nchronization gattern S
al ways i n2FEBEHOT Nt ¢ REdERE QRYRAT A&t Ehe THPIURNCK PREREFPDEET BRT 34-
I nformati on, mherebg the speed of the frequency pull-in of the
repr oduct VeReERIEK13 aAnEe1#n8PBREEID/A cONVEELETS: aChH SPAVRRHNGh &d
"condition that_at |east one synchronization pattern is always included in
t he peri odigdtal geigral nipthansgpahpenclactsici aignadi i qupuddiinged
because if no synchronization pattern is included in one period for
the analog electric signal. Numeral 15 denotes an oscillator
for adding the analog electric signals which are obtained by
the D/A converters 13 and 14, respectively, and generating a
reproduction clock on the basis of an electric signal which is
obtained by the addition.

Next, the operation of the so-constructed frequency
control and phase lock circuit according to the second
embodiment of the present invention will be described.

An output signal, which is obtained by subjecting an
optical disk reproduced signal to the compensation by the
waveform equalization means 1 so as to emphasize the high
frequency band, is output to the A/D converter 2. The A/D
converter 2 converts the output signal, which is obtained by
subjecting the optical disk reproduced signal to the
compensation, into a digital signal using the reproduction
clock which is generated by the oscillator 15, and performs
sampling to obtain a multi-bit reproduced digital signal. The
signal obtained by the sampling is in phase with the
reproduction clock. Thereafter, all of data processing such

as the counting is performed on the basis of the reproduction

clock. The multi-bit reproduced digital signal which is
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detecting the cycle information, the frequency error cannot be obtained
fromthe synchronization pattern length. Accordingly, it is required that
at | east one synchroni zation pattern should be included in that period. On
t he other hand, when the period for detecting the cycle information is
fixed, the period may include no syncthbmization pattern or inversely
I ncl ude nore - 35- synchroni zati on

patterns than required, according to the anounts of frequency deviation.
Therefore, the precision and efficiency in the detection of the
synchroni zation pattern is deteriorated and the feedback in the frequency
control i ®bt@adngddy tHhe SAMRERG risigitpite ¢ nehe olowhkapd| poige The
frequency error detector 9 generates the frequency error in accordance
Wi th the [SUPRIgSssamegniSods. to suppress thansive-handupd se aempeneakse of
the recorded data has the patterns each consisting of contiguous 14T and
4T, cal | éacdusigd: imortibeatieproduced digikhl eigmalerns each consisting of
contiguous 3T and 3T, called a mninmuminversion
Then, the reproduced digital signal whose low-band noise
components are suppressed is input to the zero cross length
detector 4. The zero cross length detector 4 continuously
detects the position where the reproduced digital signal
crosses the zero level, counts the number of samples between
adjacent zero crosses on the basis of the reproduction clock,
and holds the counted number in the register as the zero cross
length. Further, with utilizing the output of the zero cross
length detector 4, the maximum pattern length detector 6 and
the minimum pattern length detector 7 detect the maximum value
and minimum value of the sum of the count values of the adjacent
zero cross lengths in the period which is set by the frame
counter 5 counting a specific period of one or more frames on
the basis of the reproduction clock, and hold the values in the
registers, respectively, to obtain information which is
inversely proportional to the linear velocity of the reproduced
digital data.
The cycle information which is obtained by the maximum
pattern length detector 6 and the minimum pattern length
detector 7, i.e., the maximum pattern length and the minimum

pattern length are compared with each other by the cycle

information judgement unit 8. An optimal value as the cycle
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pattern., Wen the length of this synchronization pattern and the |ength of
this mninmuminversion pattern are counted using the reproduction clock
which is synchronized with the clock conponent of the reproduced digital
data, the synchronization pattern Ien%th and the m ninuminversion pattern
length are 18 and 6, .respectively, as48town in figures 18(a) and 19(a).
However, when the reproduction clock oscillates at a frequency twce as
hi gh as that of the clock conponent of the reproduced digital data, these
| engths are 36 and 12, respectively, as shown in figures 18(b) and 19(b).
I nversely, when the reproduction clock oscillates at the half frequency,
t hese Iehﬁfﬂ§m§Fé°9 &ﬁds§13F§§6e@§P@€I$h9a§a§H9wPQWVQQngJ#E%1@§R¥mumzﬂuj
19(c). Accordi ngl when the reproduced signal is synchronized with the
reproductpéﬁterﬁciengﬁb 3pAclkhhenmiadpygm pattern length, and a select
- 36- pattern length 18T and the mninuminversion pattern | ength 6T,
whi ch ar esbgral ndligaringdheppsdneddvalgaals ioutppic hpchhe drequency

error detector 9. The frequency error detector 9 converts the
difference between the cycle information selected in accordance
with the select signal and the maximum or minimum pattern length
which is to be detected at the phase-locked time, into a
frequency error, and decides the amount of the frequency error
to perform the frequency control of the reproduction clock.

On the other hand, the sum of the adjacent zero cross
lengths which are detected by the zero cross detector 4, the
synchronization judge flag which is output by the maximum
pattern length detector 6, and the synchronization pattern
length which is output by the cycle information judgement unit
8 are input to the synchronization pattern position detector
31. Thereby, the position of the synchronization pattern is
detected. Then, the frequency error amount for performing the
frequency control of the reproduction clock is decided by the
synchronization interval counter 32 for detecting the interval
between the synchronization patterns on the basis of the
detection result, and the frequency error detector 33 for
converting the cycle information, which is detected by the
synchronization interval counter 32, into a frequency error and
outputting the frequency error.

The phase information of the reproduced digital data is
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wi th the reproduction clock, are not obtained. Therefore, a value which is

obt ai ned by subtracting 18 from an obtai ned synchronization pattern

| ength, or a value which is obtained by subtracting 6 from an obtai ned

m_ni mum i nversion pattern length is the frequency error signal. The cycle

i nformati on judgenent unit 8 deci des Wfch value is to be used. For

exanple in the CAV reproduction in which the reproduction is perforned

with fixing rotational speed of the notor for rotating the recording

medium the linear velocity of the reproduced data varies according to the
ed position is on an in ck, or out er

positions, i.e., . as an access ner tr a
track of deFEctedchy Aie RPaSEerihe FeLentAE, T Oming Shey ARFPBR Wateh i t 1
that of the reproduced data_is 20 MHz at the position A on _an inner track
and 40 MBSRPERinEALY the Boynbardone &ferFuURRIeSS1IQM ARANS 3 8BAcEAS, and
t he reproduction clock which is output by the oscillator 15 is
synchr oni PBASRi ERrPEeaBPBRk ESRPRREEPIMERTt ARNEERE cbR cEYNGREenbze e
position A. Considering the case where the data on the position B are
sought i nphasenk thgerebreodiect tor cdosk vhthghrephgspaf shegeprodured
position A, the reproduction clock which is output by the oscillator 15
just aftdigihelsdekiangsi degtided.MEn additivche phesoutpuite@ff tdguency at
the position A as shown in figure 20. However, when the synchronization
pattern | éngghensydereeredetector Jbsis icomveérted into the phase error
information by the frequency error converter 34. The
synchronization pattern interval as the output signal of the
synchronization interval counter 32 is input to the mode control
circuit 35 as the means for selecting the output of the frequency
error detector 9 or the output of the frequency error detector
34 to perform the frequency control. The mode control circuit
35 performs the operation on the basis of the signal, and outputs
one of the plural mode signals for deciding the control state.
The frequency error amount which is selected by the mode
control circuit 35 is input to the frequency control loop filtexr
11. Then, the control of the frequency is performed by a
frequency control loop including the loop filter 11, as far as
an area where the reproduction clock can be synchronized with
the reproduced digital data. A digital signal which is output
by the frequency control loop filter 11 is output to the D/A
converter 13. The control of the phase is performed by a phase
control loop including the phase control loop filter 12 using

the output of the phase error detector 10 and the output of the

frequency error converter 34 so as to synchronize the



- 37- ,using the reproduction clock, the count nunber 9 which is half of
18 at the phase-locked tinme is detected, because the reproduction clock is
hal f of the clock conponent of the reproduced data. Wen the m ni num

i nversion pattern length is detected simlarly, the count nunber 3 which
Is half of 6 at the phase-I|ocked ti ms30% detected. In this case, the ratio
of. the synchronization pattern length to the m ninuminversion pattern
length is 3 to 1. Therefore, the cycle information judgenent unit 8 judges
that this synchronization pattern length is a reliable value. Then, the

f ¥ equency error; detector. oytputs a val ue, which_ s, ohtai hed py

Subtr act ] EPFRBUCEIREn CIRTa iR (he GSPTOGRSH B CHE LB bk ¢ e
from the detected, synchronization pattern length, i.e., 9-18=-9, as the
frequencydégisplss iganl whighif-optRihdy Fhehars contgol dpgrafihbera
negative value, it is _judged that the frequency of the reproduction clock
is | ower @gaﬁstﬁerﬁp@&@e y the phase control iIs converted by the D/A

converter 14 into an analog electric signal. An analog
electric signal which is obtained by the D/A converter 13 and
the analog electric signal which is obtained by the D/A
converter 14 are added. The oscillator 15 is operated on the
basis of an electric signal which is obtained by the addition,
and generates a reproduction clock.

These series of the operations enable to synchronize the
phase of the reproduction clock with the phase of the clock
componenf of the reproduced digital data. Therefore, the
digital data which are recorded on the optical disk medium can
be reproduced using the reproduction clock.

Hereinafter, the respective circuit blocks constituting
the frequency control and phase lock circuit according to the
second embodiment will be described in more detail.

A synchronization pattern detection means including the
synchronization pattern position detector 31 has a structure
as shown in figure 7. To be specific, the synchronization
pattern detection means has a structure in which a
synchronization pattern flag is output by the synchronization
pattern position judgement unit 31 for detecting the position
of the synchronization pattern using the synchronization judge

flag which is output by the synchronization pattern judgement



cl.ock component of the reproduced data. Therefore, the feedback is
performed via the frequency control loop filter 11 and the D/ A converter
13 so as to increase the oscillated frequency which is output by the
oscillator 15. At a timng when the syﬁghroni zation pattern length is
detected as 18 at a position C shown in~figure 20, the frequency control

is termnated, then the phase synchronization pull-in is started, whereby
t he phases of the reproduction clock can be synchronized wth the
reproduced data. In addition, when the feedback of

possi bl e (HEF 1Ry cHnoFEATE 88 RoFORREERNREC PoskrngoRpean e eki ng i s
(educed. SRR e A e A A SIS NS Sl R SR
Fi gur e 21(d) ORoRE™ o8 SOUBERANEY (e TrABRIEABRTER § et veg bRBSERAR obk
's slight lxyal!uoe\/\%rf %: %nsgnbtce:hronization pattern length, and an output of
a comparator 37 for comparing the sum of the adjacent zero cross
lengths which are detected by the zero cross length detector
4 as:ioutputs of the register 16 and the register 17 with a
prescribed value of the synchronization pattern length, and
criteria of the coinparator 36 and the comparator 37 and the
operation condition of the synchronization pattern position
detector 31 are switched in accordance with the mode signal
which is output by the mode control circuit 35 having a function
of deciding the control state on the basis of the
synchronization pattern flag. Accordingly, in an area where
the deviation in the frequency is larger, the detection of the
position of the synchronization pattern is performed in a rough
mode, thereby increasing the detection rate. 1In an area where
the frequency deviation is smaller, the detection of the
position of the synchronization pattern is performed in a fine
mode, thereby attaching importance to the detection precision.
Thereby, the detection of the position of the synchronization
pattern is changed according to the amount of the frequency
deviation, to perform the frequency control at higher speed.

At this time, the mode signal which is output by the mode control

circuit 35 reflects the deviation in the frequencies of the



frequency of the clock conmponent of the reproduced data. Assune that the
reproduced data conprises a single frequency successively including 4T.
Wth respect to sanpled signals shown by black dots in figure 21(a) in the
vicinity of the zero cross, information is enployed as it is at the rising
edge of the sanpled signal, and the sfaﬁ'of the sanpled signal is

i nverted between positive and negative at the falling edge. Thereby, phase
error curves as shown in figures 21(a) and 21(b) are obtained according to
t he amounts of phase shift. Here, the anplitude conponent of the sanpled

si-gnal can be repl aced mnth the shift of the sanpled phase in the tenpora
di rection.® Pﬁﬂfg‘P ‘arﬁﬂ#t ASfforompasenth @ fs &b epioghiaied n t he

vicinity ({ t he zero cross is used as the phase error signal in
consi der att IR 19831 sing edge and falling edge, the obtained positive
sign shows the phase |lag. Therefore, the feedback is perforned so as to
i ncrease the fré&ﬁmﬁ%ﬂmkﬁeth% DV@%{oﬁﬂ%tpbﬁserbbkdtsynehaonheamhame

I nversely, the obtained - 39-
pattern is 18T. When the mode signal which is output by the

mode control circuit 35 indicates the frequency deviation is
larger, the synchronization pattern position detector 31
outputs the synchronization pattern flag, only when the
synchronization pattern judgement unit 18 satisfies the
cbndition and the synchronization pattern length is within 18
*n in the comparator 36 and the sum of the values of the register

16 and register 17 is within 18*m in the comparator 37. When
the mode signal which is output by the mode control circuit 35
indicates the frequency deviation is smaller, the
synchronization pattern position detector 31 outputs the
synchronization pattern flag, only when the synchronization
pattern judgement unit 18 satisfies the condition and the sum
of the values of the register 16 and register 17 is equal to
18 in the comparator 37. These functions improve the precision
and efficiency in the detection of the synchronization pattern
interval.

The frequency error detector 33 detects a frequency error
signal on the basis of the principle as shown in figures 22(a),
22(b) and 22(c).

For example, a recorded code in DVD has patterns which

are called synchronization patterns, each being constituted by



negative sign shows the phase | ead. Therefore, the feedback is perforned
so as to reduce the frequency of the reproduction clock to delay the
phase. By this control, the phase error signal approaches zero as shown in
figure 21(b), whereby the phase of they eproduction clock can be
synchroni zed with the phase of the clock conponent of the reproduced data.
As descri bed above, the frequency control and phase lock <circuit according
to the first enbodi nent conprises the waveform equalization neans for
enphasi zing the predeterm ned frequency band of the reproduced signal; the

A'D Conve{dhérc$x%in§€$§hi6'ﬂ Mhea%%ﬁg&i zed Al Analr &?‘t%%%i}ﬁ'i???gw Sh'gbi t

digital data rn accordance wth't feprp ction cloCk used when
Suppr sei B Feakd" Paped, PRECERBepRant oty Bk Berk Beratitdingy O o¢
et ect or TBFORETER THE PR BHSRIT bl b e AdPe AR teamion RRSLE R RPEaRI noi ses
oD e Sh e33R ont RSN B e P Yok e ARl BB
ol 0 19 §BEERut B e et L o IS LIm S T
Length de gt Saudtioh 8100k M Hhea" the" infedt 1 IBLEee2h the

synchronization patterns is counted using the reproduction

clock which is synchronized with the clock component of the

reproduced digital data, the synchronization pattern interval

is 1488 as shown in figure 22(a). However, when the

reproduction clock oscillates at a frequency twice as high as

that of the clock component of the reproduced digital data, the

synchronization pattern interval is 2976 as shown in figure

22(b). Inversely, when the reproduction clock oscillates at

the half frequency, the synchronization pattern interval is 744

as shown in figure 22(c). Accordingly, when the reproduced

signal is not synchronized with the reproduction clock, the

synchronization pattern interval 1488T is not obtained.

Therefore, a value which is obtained by subtracting 1488 from

the obtained synchronization pattern interval is a frequency

error signal. When the obtained frequency error signal is

positive, the frequency of the reproduction clock is higher than

the frequency of the clock component of the reproduced data.

Therefore, the feedback is performed so as to reduce the

frequency oscillated by the oscillator 15. When the obtained



for detecting the maxi numval ue and m ni rum val ue of the count value of
the'zero cross length in the predeterm ned period counted by the franme
counter or the sums of the count val ues

- 40- of the adjacent zero cross |ergths, respectively; the cycle

I nformation judgenment unit for conparing the maxi numvalue of the pattern
|l ength with the m nimum val ue, and selecting the optinmal value utilizing
the rati o between the maxi mum and m ni num val ues as the cycle informtion;
the frequency error detector having both the means for converting the

i 1 €1 enCroBFLNBENCENBXCK LAY HRJaAvE! RifeP il difinp st cudf or mati on

j udgenent unrt an € maxi mum or m ni"num pattern Is to be
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t he frequenty error, an neans 10 ecl chroni zat1 on
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frequen(-:yperformed so as to increase the frequency oscillated by the
oscillator 15. Thereby, it is possible to make the
synchronization pattern interval approach 1488. Accordingly,
the frequency control of the reproduction clock can be performed
at precision 1488/18 times as high as that in the case where
the control is performed on the basis of the synchronization
pattern length 18T.

The mode control circuit 35 has a structure as shown in
figure 8. To be specific, the interval between synchronization
patterns as the output of the synchronization interval counter
32 is input to an interval comparator 38 for deciding whether
the interval satisfies a predetermined condition. When the
interval satisfies the predetermined condition, a flag counter
39 performs counting up. When the interval does not satisfy
the predetermined condition, a flag counter 40 performs
counting up. The flag counters 39 and 40 are reset in
antithetical conditions. Count values of the counters 39 and
40 show the continuous amounts of states of the synchronization
pattern interval. When the count value is equal to a specific
value of an external register, a state decision circuit 41
decides the control state in accordance with a predetermined

rule, outputs a first mode signal or a second mode signal, and



error; the frequency control circuit for performng the control as far as
an area where the reproduction clock can be synchronized with the
reproduced digital signal on the basis of the output of the frequency
error detector; the phase error detectqr for detecting the phase

i nformation fromthe signal whose | owband noi ses are suppressed; the
phase control circuit for controlling the phase so as to synchronize the
reproduction clock with the reproduced digital signal on the basis of the
out put of the phase error detector; and the oscillator which adds the
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sum vher Gt 08aPREEe SUAGIGRY SN ang mhash dpT FHETRR 1D
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control circuit 35 indicates that the deviation between the
frequency oﬁ the reproduction clock and the freguency of the
clock component of the reproduced digital data is larger, the
output of the frequency error detector 9 is selected as the
frequency error signal. When the signal indicates that the
deviation between the frequency of the reproduction clock and
the frequency of the clock component of the reproduced digital
data is smaller, the output of the frequency error detector 33
is selected as the frequency error signal. Thereby, the
control can be performed with utilizing the advantage that the
pattern length of a specific pattern constituted'by the
synchronization pattern or the minimum inversion pattern can
be detected more easily than the synchronization pattern
interval in an area where the frequency deviation is larger,
and the synchronization pattern interval has a higher detection
precision in an area where the frequency deviation is smaller.
Therefore, the frequency pull-in can be performed at high speed
and with good stability. When the first mode signal or the
second mode signal which is output by the mode control circuit

35 indicates the state where the phases can be synchronized with

each other, the control of the phase is started so as to



reﬁroduétion clock, and the control is perfornmed so as to synchronize the
phase of the reproduction clock with the phase of the clock conponent of
the reproduced digital data, whereby the clock camheneditiabB&HRIighcQNE

system Accordingly, the high-speed agg-stable ph tion
pull-in can be realized using the reproduction cl ogﬁﬂmm lm!rjmstate
where the linear velocity of the reproduced digital ' I n
addition, the frequency control and phase lock circuit selects optinmal one

of the maxi mum pattern length and the mninumpattern |ength, and utilizes

the sel ectssthqatdeize ﬂwgégraaubh@om@i_@ck RiiehMehé %pﬂuﬂ@écpmgi&@tl only
the frequency pull-in of the reproduction clock can be perforne at high

speed but silgimal Fm%ifxfc?ewensutpgﬂt@Itm@hta%eoeﬁefn@éteatéﬁ A6 ddie theeki ng
time when the cycle detection is regarded as difficult. Furt her, the
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respectively have the synchronization pattern judgenent unit” and the
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to the phase pull-in. Further, the control amount of the
frequency control loop filter 11 or the phase control loop
filter 12 is switched using the first mode signal or the second
mode signal, whereby the time for the phase locking can be
further reduced. The mode control circuit 35 which
automatically obtains the frequency deviation between the
reproduction clock and the clock component of the reproduced
digital data and decides the control state is used to switch
the control state continuously and automatically. Thereby,
the frequency pull-in and phase pull-in of the reproduction
clock can be performed at high séeed and with good stability.

The synchronization interval counter 32 has a structure
comprising a means for resetting the plural mode signals for
deciding the control state to specific state when a value of
the synchronization interval counter 32 exceeds a predetermined
threshold. To be specific, when the synchronization interval
counter 32 is increased too much, it is considered that no
synchronization pattern is found. Accordingly, the means
changes the control using the plural mode signéls, to a mode

in which the frequency error is obtained on the basis of the

synchronization pattern length or theminimum inversion pattern



-42- pattern length only when the values are larger and snmaller than
the hel d val ues, respectively. Therefore, also when the deviation between
t he frequency of the reproduction clock and the frequency of the clock
component of the reproduced digital data is large, the pattern detection
can be perforned with high precision. "Accordingly, the precision in the
frequency detection is increased, whereby the frequency pull-in of the
reproduction clock can be perforned st abl y. Further, the cycle

i nformati on judgenment unit has the registers respectively holding the
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For example in DVDs, when the reproduction clock is in
phase with the reproduced digital data, the value of the
synchronization interval counter 32, which is counted with
using the reproduction clock, ought not to exceed 1488 as long
as the operation is performed normally. When the threshold is
set to a value of 1000 or more, in consideration of omission
in the detection, a case where the synchronization interval
counter 32 has a value more than that threshold is regarded as
.an abnormal state. Then, the mode control circuit 35 is set
so that the frequency control is performed on the basis of data
of the fréquency error detected from the synchronization
pattern interval, thereby performing the re-pull-in of the
frequency and the phase. These functions enable to determine
the abnormal state of the control. When the state is judged
as abnormal, the operation of self-restoration is performed,
whereby the restoration time in the abnormal operation can be
reduced.

The frequency error converter 34 has a structure as shown
in figure 9. The frequency error converter 34 has a frequency
conversion means 42 for dividing the outputs of the frequency

error detector 33 between +1, 0 and -1 according to the values



au_t'omat i‘cally deci ded on the basis of the cycle information,

wher eby t he
efficiency in the detection of the synchronization pattern can be inproved

and the frequency pull-in of the reproduction clock can be perfornmed at
hi gh speed. Enbodi nent 2. A fregggncy control and phase |ock circuit
according to - 43- a second

enmbodi nent of the present invention will be described wth reference to a
bl ock di agram of figure 6. In figure 6, nuneral 1 denotes a waveform
equal i zation neans for subjecting an optical disk reproduced signal to the
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43. Accordingly, it is possible to make the frequency of the

reproduction clock approach the frequency of the clock

enot es
al in
gnal
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component of the reproduced digital data, by the resolution of
the frequency which can be controlled by the frequency control
loop filter 11 or more. Therefore, even when a capture range
as a phase pull-in range of the phase-locked loop is narrow,
a stable phase synchronization pull-in can be performed.

In addition, the frequency control loop filter 11 and the
phase control loop filter 12 work together as shown in figure
10. To be specific, a phase control range detection means 44
detects that the plural mode signals for deciding the control
state, which are output by the mode control circuit 35, indicate
that the reproduction clock is in phase with the reproduced
digital signal and detects that the phase control loop filter
12 operates above or below a predetermined upper or lower limit
threshold Thu or Thl for deciding the control range as shown
in figurell(a), and outputs a flag. A control means 45 controls
the frequency control loop filter 11 so that the operation of
the phase control loop filter 12 comes within the predetermined
range, when the flag output by the phase control range detection
means 44 is detected. For example, a low-pass filter 46 can

be inserted at the output of the D/A converter 13, whereby the



digital signal. Nunmeral 3 denotes a | ow band noi se suppression neans for
suppressi ng | ow band noi se conponents included in the multi-bit reproduced
digital signal obtained by the sanpling. Numeral 4 denotes a zero cross

| engt h detector for continuously deteggglug the position where the
reproduced digital signal whose | ow band noi se conponents are suppressed
cr.osses the zero Ilevel., counting the nunber of sanples between adjacent
zero crosses on the basis of the reproduction clock, and hol ding the
counted nunber in a register as a zero cross |length. Nuneral 5 denotes a

Lsi ng o taieocpnsF R 180: SeBLERENF, LK, B Bt sotendly cREIRIT10BE T
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amount corresponding to the minimum resolution of the frequency
which can be controlled by the frequency control loop filter
11, as shown in figure 11(b). Thereby, the phase control loop
filter 12 is controlled in the reverse direction with keeping
the phase-locked state, and then returns within the
predetermined thresholds. These functions enable to stably
maintain the phase-locked state also in the case where the
linear velocity of the reproduced data varies after the phase
synchronization puli-in.

The frequency control and phase lock circuit according
to the second embodiment uses the reproduction clock in place
of the high-frequency clock, detects the cycle information and
the phase information from the multi-bit reproduced digital
data which are obtainéd by the sampling using the reproduction
clock, and performs the control so as to synchronize the phase
of the reproduction clock with the phase of the clock component
of the reproduced digital data, thereby unifying the clock into
one system. Therefore, not only the structure of the circuit
can be simplified but also the high-speed and stable phase
synchronization pull-in can be realized using the reproduction

clock also in a state where the linear velocity of the reproduced



detector for detecting the m ninmum val ue of the sumof the count values of
the’adj acent zero cross lengths in the period set by the frame counter 5,
and holding the mnimumvalue in a register as the m ninumpattern |ength.
Nuneral 8 denotes a cycle information:judgenent unit for conparing the
cycle information which is obtained by e maxi mum pattern | ength detector
6.with the cycle information which is obtained by the m nimum pattern

| ength detector 7, selecting an optimal value as the cycle information
utilizing the ratio between the both information, and outputting a select
signal. Nyner.al .9 denotes a frequency error detector for converting the
differenc 1§&F@éeﬁ§ﬁﬁa(ﬁﬁﬂ%?'lnfornatlon sel ected in accordance with the
sel ect signal and _the maxi numar mninumpattern length which_ is to be
detected at tH& &m%§}QQR9&§i§Wbﬁﬁlm¢ﬂ?yeﬁﬁrb%u%m%yfé¥$5remﬁﬂélEGPEutt|ng
the frequency error. Nuneral 31 denotes nchroni zation pattern position
detector &€ rRRPEednagdtigijat dasa and &he Ry srreF pafermatisnng the
sum of the adjacent zero cross |engths which are detected by the zero
cross | engre geneseded ising e raane aierk | uferatayeialsa sivdhrit by
the maxi mum pattern Iength detector 6 and a synchronization pattern |ength
whi ch is stapet wherehehe idineamvedostitynof tkhe meprogviced dignfedr data?2

denotes a synchroni zation interval counter for
varies, the stable phase synchronization pull-in can be

realized.

Further, as in the first embodiment, the optimal one of
the maximum pattern length and the minimum pattern length is
selected and utilized as the frequency error. Therefore, not
only the frequency pull-in can be performed at higher speed but
also the frequency control can be performed also at the seeking
time when the detection of the cycle is regarded as difficult.

Further, in this second embodiment, the frequency error
detector comprises the synchronization pattern position
detection means for detecting the position of the
synchronization pattern using the sum of the adjacent zero cross
lengths which are detected by the zero cross length detector,
the decision result output by the synchronization pattern
judgement unit and the maximum pattern length held by the
register, and the fregquency error detector for detecting the
interval between the synchronization patterns on the basis of
the detection result, converting the value of the interval into
the frequency error information, and outputting the frequency

error information, and has a function of switching the



detecting the interval between the synchronization patterns on

- 45 the basis of the detection result of the synchronization pattern
position. Nuneral 33 denotes a frequency error detector for converting the
cycle information which is detected by_gjhe synchronization interval

counter 32 into a frequency error, and outputting the frequency error.
Numeral 10 denotes a phase error detector for detecting phase information
of the reproduced digital data using an output which is obtained by the

| ow- band noi se suppression neans 3. Nuneral 34 denotes a frequency error

convert er shabhe@miaititg phetenPPbs 9t ibheietECELSA efid ¥n €8ECEASL 33
I nto phase“error Information, and” outputting the phase error information.
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an OUtpUtc%hggﬁgn%fth%he reproduced digital data detected by the
frequency error detector. Therefore, the position of the
synchronigation pattern can be detected according to the amount
of deviation between the frequency of the reproduction clock
and the frequency of the clock component of the digital data
to be reproduced. Thus, the synchronization pattern position
can be detected according to the deviation between the frequency
of the reproduction clock and the frequency of the clock
component of the reproduced digital data. Accordingly, not
only the precision in the detection of the interval between the
synchronization patterns is improved but also the resolution
ofthefrequencyinformationisincreasedcomparedwiththecase
where the pattern length is detected. Therefore, the cycle can
be detected with high precision, whereby the frequency pull-in
of the reproduction clock can be performed stably as far as an
area where the reproduction clock can be in phase with the
reproduced digital data.

Further, in this second embodiment, the frequency error

detector has a counter for counting a period during which no
synchronization pattern is detected, using the reproduction

clock. When the count value of the counter is larger than the

predetermined value, the frequency error detector sets again



synchronij zation interval counter 32, executes the operation on the basis
of the signal, and outputs one of plural node signals for deciding

t hecontrol state. Nuneral 11 denotes a frequency control loop filter for
perform ng the frequency control as far., as an area where the reproduction
cl ock can be synchronized wwth the reproduced digital signal using the
anount of the frequency error selected by the node control circuit 35.
Nuneral 12 denotes a phase control loop filter for perform ng the phase
control so as to synchronize the reproduction clock with the
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abnormal state is judged by calculating the period during which
no synchronization pattern is detected, and when the state is
judged as abnormal, the self-restoration operation is performed,
whereby the restoration time in the abnormal operation can be
reduced.

Further, in this second embodiment, the frequency error
converter is provided for converting the frequency error
information obtained from the interval between the
synchronization patterns, which information is output by the
frequency error detector, into the phase error information, and
outputting the phase error information. The phase control
circuit is operated on the.basis of the output phase error
information and the reproduction clock is pulled into a
frequency area where the phases can be synchronized, with high
precision. Therefore, the phase control circuit is operated
on the basis of the frequency information detected by the
frequency control circuit, and the frequency of the
reproduction clock can be brought closer to the frequency of
the clock component of the reproduced digital data, by the
resolution of the frequency which can be controlled by the
frequency control circuit or more. Accordingly, even when the

capture range as the phase synchronization pull-in range of the



reproductlon clock on the basis of an electric signal which is obtained by

the*addition. - Next, the operation of the so-constructed frequency
control and phase | ock circuit according to the second enbodi ment of the
present invention will be described. _g3- An output signal, which is

obt ai ned by subjecting an optical disk reproduced signal to the

conpensation by the waveform equalization neans 1 so as to enphasi ze the
hi gh frequency band, is output to the A/D converter 2. The A/D converter
2 converts the output signal, which is obtained by subjecting the optical

di sk repr gﬁu@%dw&w 1 \Mgt 519 n&PFORNAHd @tab1¥ ghasel g*ﬁé‘hréhﬁlﬂai:léﬁl ng
the reproduction clock ich is generat ed by the oscillTator 15, and

per f or m; AR G a0 H}pﬁﬁ@rn{g&t i -bit reproduced digital signal. The
si gnal ained by the sanpling is in phase with the reproduction clock.
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si gnal Wh%.ﬁﬁ ﬂ)ﬁase lock circuit has both of the functions of Ehe frequency
error detector in the first embodiment and the frequency error
detector which is newly provided in the second embodiment. It
controls the frequency of the reproduétion clock on the basis
of the length of the specific pattern such as the
synchronization pattern and the minimum inversion pattern in
an area where the deviation between the frequency of the
reproduction clock and the frequency of the clock component of
the reproduced digital data is larger, controls the frequency
of the reproduction clock on the basis of the interval between
the synchronization patterns in an area where the deviation is
sméller, obtains the deviation in the frequency between the
reproduction clock and the clock component of the reproduced
digital data, and uses the plural mode signals which are output
by the mode control circuit, for deciding the control state of
the frequency control and phase lock circuit, to switch the
control state continuously and automatically, thereby pulling
in the frequency of the reproduction clock. Therefore, in the
area where the deviation between the frequency of the
reproduction clock and the frequency of the clock component of
the reproduced digital signal is larger, the pattern length of

the specific pattern can be detected more easily than the



ob{ainea,by the sanpling is input to the | owband noise suppression nmeans
3, to suppress the | ow band noi se conmponents i ncl uded in the reproduced
digital signal. Then, the reproduced digital signal whose |ow band

noi se conponents are suppressed is inpg&_to the zero cross length

detector 4. The zero cross length detector 4 continuously detects the
position where the reproduced digital signal crosses the zero |level,
counts the number of sanples between adjacent zero crosses on the basis of
t he reproduction clock, and holds the counted nunber in the register as
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and with good stability by the control making the most of the
respective advantages.
Further, in this second embodiment, the phase control
range detection means detects that the plural mode signals for
deciding the control state which are output by the mode control
circuit show that the reproduction clock is in phase with the
reproduced digital signal and that the phase control circuit
operates outside the control range of the predetermined values,
and outputs a flag. In addition, the means is provided for
controlling the frequency control circuit so that the operation
of the phase control circuit comes within the predetermined
range when the flag output by the phase control range detection
means is detected. Therefore, also when the linear velocity

of the reproduced data varies after the phase synchronization

pull-in, the phase-locked state can be maintained stably.

Industrial Availability
The frequency control and phase lock circuit according
to the present invention is constructed so as to use the

reproduction clock in place of the high—frequency clock, detect



pattern |l ength detector 6 and the m ninumpattern | ength detector 7, i.e.,
t he “maxi mrum pattern |l ength and the mnimum pattern | ength are conpared

wi th each other by the cycle i nformati on judgenent unit 8. An opti nal

val ue as the cycle - 48-

information is selected using the ratlof%etmeen the maxi num pattern | ength
and the mninumpattern length, and a select signal indicating the optinal
value is output to the frequency error detector 9. The frequency error
detector 9 converts the difference between the cycle information selected
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maxi mum so as to synchronize the phase of the reproduction clock with

the phase of the clock component of the reproduced digital data.
Accordingly, the clock can be unified into one syst_:em, whereby
the high-speed and stable phase synchronization pull-in can be
performed using the reproduction clock, also in a state where
the linear velocity of the reproduced digital data varies.

Therefore, the frequency control and phase lock circuit which
can perform the phase synchronization pull-in at high speed and

with good stability can be provided.



pattern Length detector 6, and the synchronization pattern length which is
out put by the cycle information judgenent unit 8 are input to the
synchroni zation pattern position detector 31. Thereby, the position of the
synchroni zation pattern is detected. Iggn, the frequency error amount for
performng the frequency control of the reproduction clock is decided by
the synchronization interval counter 32 for detecting the interval

bet ween the synchroni zation patterns on the basis of the detection result,

and the frequency error detector 33 for convertrﬂg—t#&%{g%#@;+nioLnat|on
which is detected by the synchroni zgiy0fd nterval nﬂ._ [ ! :
frequency error and outputting the frequency erro' il ,’Ilf H’ e
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i nformati on of the reproduced digital data : _ B
- 49- detected by the phase error detector 10 using the output which 1is

obt ai ned hy, theal ppebaafe %Pﬁt§5&p5ﬁ§5bﬂgs@3§§§k g,ﬁggl QS%S"P(%Lg:I on

anount for performng con to sync nrze

clock with the phaskOf d4€ai EPLPINE eans for emphasizing a

predetermined frequency band of a reproduced signal;
anA/Dconverterforsamplinganequalizedsignaltoobtain
multi-bit digital data using a reproduction clock to be used
when the equalized signal is reproduced as digital data;
low-band noise suppression means for suppressing low-
band noises in the signal obtained by the sampling;

a zero cross length detector for detecting a position where
the signal crosses a zero level, the low-band noises of which
signal are suppressed, counting a number of samples between
adjacent zero crosses, and holding the number of samples in a
register;

a frame counter for counting a specific period of at least
one frame;

a maximum pattern length detector and a minimum pattern
length detector for detecting a maximum value and a minimum
value of count values of zero cross lengths in the counted
specific period or sums of count values of adjacent zero cross
lengths, respectively;

a cycle information judgement unit for comparing the
maximum pattern length with the minimum pattern length, and

selecting an optimal value of the pattern length as cycle



digital data is decided. In addition, the output of the frequency error
detector 33 is converted into the phase error infor ency
error converter 34. The synchronization pattern interyalaasy }?:é:“aup
signal of the synchronization int erval_607()_unt er 32 is || lﬂﬁ“l | rﬂm

control circuit 35 as the neans for selecting the out col Lt he T§equency
error detector 9 or the output of the frequency error detector 34 to

performthe frequency control. The node control circuit 35 perforns the
operation on the basis of the signal, and outputs one of the plural node

si'gnal s fog Wa¥ t hescqntr a The fr.equency, error_anount
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control lo LLte Then, the control of the frequency is perforne y
a frequen etggkﬁrgﬁnéégs'including the loop filter 11, as far as an area

' h ized with, th duced
digital dat 2,‘”Z%?—%%&Qreﬁé&;‘ég%%%h.%%ﬁ%%&%%%%yw 21 f f%’%ﬁmL
' ' he DA . ter,13. T control of the phase
o perfor ieatRs el SRGEEYoL8 APERTRAELSR e bof e 19 PRUSE BB rENSICY LD
filter 12 usin {he out put of the, phase error detector 10 and the out put
of the fr%’aﬁ%ﬂ% b??&u@%%%?'f iy and Lhe gagimum, oFiBiniman pattern

length which is to be detected at a phase-locked time, into a

frequency error, and outputting the frequency error;

a frequency control circuit for performing control as far
as an area where the reproduction clock can be synchronized with
the reproduced digital signal on the basis of an output of the
frequency error detector;

a phase error detector for detecting phase information
from the signal, the low-band noises of which signal are
suppressed;

a phase control circuit for performiné phase control so
that reproduction clock is in phase with the reproduced digital
signal on the basis of an output of the phase error detector;
and

an oscillator for adding an output of the frequency control
circuit and an output of the phase control circuit, and
oscillating a reproduction clock on the basis of the sum,

said frequency control and phase lock circuit enabling
phase synchronization pull-in at a time of reproduction of the

digital data.



- 50- _reproduction clock with the reproduced dWi gital
signal which is output by the phase control |oop 2 as a result of
t he phase control is converted by the DY A convert elgj wm “1 .\\
el.ectric signal. An analog electric siggal which i ;\m 1 s

DA
converter 13 and the analog electric signal which is otatned by the DA
converter 14 are added. The oscillator 15 is operated on the basis of an
el ectric signal which is obtained by the addition, and generates a
reproduction cl ock. These series of the operations enable to

synchroni 3¢ t heppPh@sErdndPecdPRFE0UGId PhadLAload i tPlbase1afint e

cl ock conponent of the reproduced digital data. Therefore, the digital
dat a whi chpah® jmecorded on the optical disk mediumcan be reproduced using
t he reproduction cl ock. Hereinafter, the respective circuit bl ocks

COohu oo i BEFPMBASIRECELS dontih BBEaEcbonfas aphbpaSRREdLam o 1 e

pattern d‘f)%%%teir nj{]ﬁagﬁ\eh@%ffg{: & ¥ r1’;':'('.1dging whether or not a pattern is
a synchronization pattern on the basis of a ratio between
adjacent zero cross lengths, and updates the maximum pattern
length only when the judgement unit judges that the pattern is
the synchronization pattern and has a value larger than a held
value, and

the minimum pattern length detector has a minimum

inversion pattern judgement unit for judging whether or not a
pattern is a minimum inversion pattern on the basis of a ration
between the adjacent zero cross lengths, and updates the minimum
pattern length only when the judgement unit judges that the

pattern is the minimum inversion pattern and has a value smaller

than a held value.

3. The frequency control and phase lock circuit of Claim 2
wherein
the cycle information judgement unit comprises:
registers for holding the maximum pattern length and the
minimum pattern length which are obtained within the specific
period counted by the frame counter, at a termination of the
period, respectively; and

means for automatically setting a period which is to be



o

synchroni.zation pattern position detector 31 has a structure as shown in
figure 7. To be specific, the synchronization pattern det ectlon rreans has
a structure in which a synchronization pattern f

synchroni zation pattern position judgeggnt unit 31 ‘mm‘a “
position of the synchronization pattern using the H m udge

flag which is output by the synchronization pattern ementﬂ
-51- unit 18, an output of a conparator 36 for corrparl ng the
synchroni zation pattern | ength as the maxi numpattern |ength in the

period cowdftdy rhia B&aﬁﬁecﬁ%@dc&ﬁ’ﬂef‘ %np{:ﬁécﬂégfg of \%{egﬁa%eyﬂ

synchroni zation pattern”|ength, an output o ? co ect o
n r
by The sors Sabanficl 1% gheadstn 48 9#?3 bt R @ﬁogt“ﬁ%réﬁ qa%% e‘réngnd the
ter e r,oni |on
| angth, angote Aptormiedsi h“ﬁgeﬂé‘rﬁapﬁﬁtsﬁgs‘ﬁée SR PSR he
held respectively by the registers, the obtained pattern length

being regarded as optimal as the cycle information.

4. - The frequency control and phase lock circuit of Claim 3
wherein

the frequency error detector comprises:

synchronization pattern position detection means for
detecting a position of a synchronization pattern using the sum
of the adjacent zero cross lengths detected by the zero cross
length detector, the judgement result output by the
synchronization pattern judgement unit, and the maximum pattern
.length held by the register; and

means for detecting an interval between the
synchronization patterns on the basis of a result of the
detection, converting the value of the interval into frequency
error information, and outputting the frequency error
information,

said frequency control and phase lock circuit having a
function of switching the synchronization pattern position
detection means according to deviation between a frequency of
the reproduction clock of the synchronization pattern and a

frequency of a clock component of the reproduced dlgltal data

This Sheet Has Been Replaced
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5 4
operation condition of the synchronization pattern position detector 31
are 'switched in accordance with the node signal __ﬂgLED_L§_QuLpuL-by t he
node control circuit 35 having a function of déciding the | state
on the basis of the synchronization p? tern flag.ug;u u !: lﬁ“n an area
wher e the deviation in the frequency | arger, thk ! sOf t he
position of the synchronization pattern is perforned*in a rough node,

t hereby increasing the detection rate. In an area where t he frequency
deviation is smaller, the detection of the position of the

synchroni tt.ern | d_j £ node, thereby attaching
i rrportanc?e:ﬂoq‘lt}hé?c#ge%f% E\P%‘%%%égoﬁb%gﬂéggﬁfl?rf he detection of the
position of the synchronization pattern is changed according to the
anount of the frequency deviation, to performthe frequency control at

hi gher speed. this tine, the node signal i ch is, out,put t he node
control  ¢i*rcui ﬁ%SP’F%‘F‘F%%?g TRREIR i%ﬁ‘# ?#V\{}f%‘n? Fe‘tffé‘r?& é’sé)ﬁflatlﬂbqn
-52- “ﬁ§B£§§PCtion cl ock and the clock conponent of the reproduced

the frequency error detector has a counter for counting
a period during which no synchronization pattern is detected,
on the basis of the reproduction clock, and

when a count value of the counter is larger than a
predetermined value, a mode control circuit for deciding a
control state of the frequency control and phase lock circuit
sets again plural mode signals output by the mode control

circuit in a specific state.

6. The frequency control and phase lock circuit of Claim 5
comprising:

a frequency error converter for converting the frequency
error information output by the frequency error detector, which
information is obtained by converting the interval between the
synchronization patterns, into phase error information, and
outputting the phase error information, wherein

the phase control circuit is operated on the basis of the
output phase error information, and the reproduction clock is
pulled-in with high precision as far as a frequency area where

the phase locking can be performed.



d[QitaI’data. For exanple in DVDs, the prescribed synchronization
pattern is 18T. Wen the node signal which is output by the node contro
circuit 35 indicates the frequency deviation is | arger, the

synchroni zati on pattern position detectig 31 out put s thelﬂlﬂﬂw 1
pattern flag, only when the synchronizafion pattern judg " uﬂ"ﬂﬂﬂ lﬁﬂw
satisfies the condition and the synchroni zation pattern | engfh ¥s au s

16

18 n in the conparator 36 and the sum of the val ues of the register
and register 17 is within 18min the conparator 37. Wen t he node si gnal

which is t put h con ,cireuit 35 I.ndicates, t requency

devi at i on 15 srfFeFEEaRBReYCEAbEPoL 4 Bheds darh AR TG P sraib )

out puts the synchroni zation pattern flag, only when the synchroni zation
pattern j Mhit 18 satisfies the condition and the sum of the

val ues of the registe 6 and register. 17 is equal to 18 jn the

conpar at or 37. "f{ﬁi‘ﬁ %chﬁzﬁ'gpév@ft%l]éepf’é%q SRTY CLERF S85eSTOPTin the
detection of the synchronization pattern i nterval . . The freqguyency
error det &t 33 3t &4 f&%‘!"’@t{l@n@y‘r&rr getegtora P fled HasWieseiphe

principle as shown in figures 22ga), 22(b) and 22(c)..
the frequency of the reproduction clock is controlled on

the basis of the pattern length of the specific pattern in an
area- where the deviation between the frequency of the
reproduction clock and the frequency of the clock component of
the reproduced digital data is larger, and the frequency of the
reproduction clock is controlled on the basis of the interval
between the synchronization patterns in an area where the
deviation is smaller; and

the control state is switched continuously and
antomatically in accordance with one of the plural mode signals
which are output by the mode control circuit for deciding the
control state of the frequency control and phase lock circuit
according to the deviation in the frequency between the
reproduction clock and the clock component of the reproduced
digital data, thereby pulling-in the frequency of the

reproduction clock.

8. The frequency control and phase lock circuit of Claim 7
comprising:
phase control range detection means for detecting that

one of the plural mode signals for deciding the control state,



For exaﬁple, a recorded code in DVD has patterns which are called
synchroni zation patterns, each being constituted by

-53- t he conbi nation of 14T and 4T, at regul ar intervals;,——e——one in
every 1488T. The synchroni zation pattern detector 31 N it Sunl

position of the synchronization patter m2md the synchﬁ"!ﬂ!ﬂ‘m‘:ﬂﬁw“ﬂal
counter 32 counts the interval between detected synchr$' at Lontpagterns
on the basis of the reproduction clock. Wen the interval between the
synchroni zation patterns is counted using the reproduction clock which is
synchroni zed.w th_the ¢l ock, copponent of the _reproduced, digital data, the
synchronizgg?s ﬁﬁ?tgpﬁppﬁt8¥vgﬁe W%éﬁ4%QPE£P% Wht ¢ | {RAECabes) that
However , mﬁgn t he reproductjon clock oscillates at a frequency_ tw ce as
high as th3f TIPERRUCH LR AEntRh3sR Wwidly Sheceeprrgread digitatne
synchroni zation_pattern interval is 2976 as shown in figure 22(b).

| nver sel y, ShEBAL3RA LS BhRge iCONtIP R LESHLL epetates quisidg g gortrehcy,

t he synchroni zation pattern interval is 744
range of predetermined values, and outputting a flag, wherein

the operation of the frequency control circuit is
controlled so that the operation of the phase control circuit
comes within the predetermined range, when the flag output by

the phase control range detection means is detected.



as shown in figure 22(c). Accordingly, when the reproduced signal is not
synchroni zed with the reproduction clock, the synchronization pattern

i nterval 1488T is not obtained. Therefore, a value which is obtained by
subtracting 1488 from the obtained sygggronization pattern interval is a
frequency error signal. Wen the obtarnéd frequency error signal is
positive, the frequency of the reproduction clock is higher than the
frequency of the clock conmponent of the reproduced data. Therefore, the
feedback is perfornmed so as to reduce the frequency oscillated by the
oscillator 15. \Wen the obtained - 54-
frequency error signal is negative,‘%%ﬁ?%%%%uency of the reproduction
clock is I ower than the frequency of the clock conponent of the reproduced
data. Therefore, the feedback is perfornmed so as to increase the frequency
oscillated by the oscillator 15 .The ossible to na%F t he

. by, it i,
synchroni zat | ont patREFReTht LRVGREABB: ggéﬁaflélgg.jséﬁ c&PdPREEPTM phase

synchronization pull-in at high speed and with good stability.
A predetermined frequency band of a reproduced signal is
emphasized by a waveform equalization means 1. Its output
signal is sampled by an A/D converter 2 using a reproduction
clock. Low-band noises of a sampled signal are suppressed by
a low-band noise suppression means 3. Then, cycle information
is detected from a specific pattern length or pattern interval
using a cycle detection means with high precision and high
efficiency. The obtained cycle information is converted into
a frequency error by a frequency error detéctor 9. On the other
hand, a phase error is detected by a phase error detector 10
from the output of the low-band noise suppréssion means 3. The
frequency error and the phase error are passed through loop
filters and thereafter added, whereby an oscillator 15 which
generates a reproduction clock is controlled. In the so-
constructed frequency control and phase lock circuit, not only
the system of the clock can be unified, but also the high-speed
and stable frequency pull-in and phase synchronization pull-in

can be realized also in a state where the linear velocity varies.



t he frequency control of the reproduction clock can be perforned at
precision 1488/ 18 tines as high as that in the case where the control is
performed on the basis of the synchronization pattern |ength 18T.

The node control circuit 35 has a structure as shown in figure 8 To be
specific, the interval between synchronization patterns as the output of

t he synchroni zation interval counter 3B/1g input to an interval conparator
38 for deciding whether the interval satisfies a predeterm ned condition.
When the interval satisfies the predetermined condition, a flag counter

39 perforns counting up. Wen the interval does not satisfy the

predeterm ned condition, a flag counter 40 perforns counting up. The flag
counters 39 and 40 are reset in antithetical conditions. Count val ues of
the counters 39 and 40 show t heocopt-Hauqus amaunts of states of the
synchroni zation pattern intcervaﬁ/\beng he cognt value is egual to a
specific value of an exter regi s6es Bla st atgecdeci sion cifcuit 41

deci des the control state i%aﬁ:cor 13(%%/“ Ep@edeterm’ ned rule, outputs
a first node signal or a se@®{ nodpsi rjal, @
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- 55- ,automatically switches the control state of each circuit for
managi ng the frequency control and phase | ock control in accordance with

t he output signal. For exanple, when the first nopde signal or second node
signal which is output by the nobde <control circuit 35 indicates that the
devi ati on between the frequency of the reproduction clock and the
frequency of the clock conponent of themeproduced digital data is |arger,
the output of the frequency error detector 9 is selected as the frequency
error signal. Wen the signal indicates that the deviation between the
frequency of the reproduction clock and the frequency of the clock
conponent of Eﬂghgeproduced digital data is smaller, the output of the
frequency err tector is selected as the fr rrg#hsignal.
Thereby, the control can be performed with utiliZin th? age that
the pattern length of a specific pattern constltLF@gpﬂ?*F |
synchroni zati on pattern or the m ni muminvgrsion n |be detected
nore easily than the synchraqpi on patter|n | in an gdrea where the
frequency dew-al_l_&ﬁ_ﬂ‘ixfﬁi? E,ﬂéf%ﬁ[_lb?synchrgni n patt@rn interval

&
arda where

has a hlgher,deﬂﬁﬂb&pn precision in aﬁ freqlierlcy devi ati on
is smaller. ; length i maximum
; gt -/-}-L : register = pattern
: 16 '\t/ 171 18 : length
t - ~ ad —
i ] ! [synchronization| [update
3 - register register : pattern permission signal
: I | judgement unit
RS 4 1
Fig.3
L~ 23
=1 comparator
4 update

zero cross length detector permission
[ e fl:/ signal 22
| Zero cross : 7 minimum
i “length i ;
i o -} ; register » pattern
i p/'lﬁ 17 5 o 21 length
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: ] . minimum _Jupdate
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Therefore, the frequency pull-in can be perforned at high speed and with
good stability. Wien the first node signal or the second node signal which
is output by the node control circuit 35 indicates the state where the
phases can be synchronized with each other, the control of the phase is
started so as to 56

synchroni ze the reproduction clock wthg¥Hg reproduced digital signal

usi ng the output of the phase error detector 10 and the output of the
frequency error converter 34. Thereby, the operation can be shifted
snoothly fromthe frequency pull-in to the phase pull-in. Further, the
control anount of the frequency control loop filter 11 or the phase

control loop filter 12 is switched using the first node signal or the
second node si gFag,4wher eby the tine for the phase | ocking can be further
reduced. The node control circuit 35 which automatically obtains the
frequency devi ati on between the reproducgtjon clock and the clock conponent
of the reproduced digital data and decié%s the control state is used to
switch the control state contir d automatically. Thereby, the

frequency pull-in af@xi8e pull ;dn e _ synchronization
pattern length t&f 26 pattern length
|~
) frame flag ———— - comparator —— select signal
L~/
minimum . minimum inversion
register -
pattern length € pattern length
Fig.5
27
~
synchronization
attern length
. et 28 29
~ ~
. selector || count number| _[coincidence -~
selector signal —» setting circuit [ ]  circuit > frame flag
minimum inversion
it
counter
pattern length reset signal
~
30
reproduction
clock

is Sheet Has Been Replaced

j LT



r-e.pro‘duc't‘i on clock can be performed at high speed and with good stability.

The synchroni zation interval counter 32 has a struct
for resetting the plural node signals for deciding
specific state when a value of the synchronization
exceeds a predeterm ned threshold. To be specific,.

t he control

ure

i nterval

conpri sing a neans
state to
counter 32

when t he val ue of the

synchroni zation interval counter 32 is 4 eased too nuch, it is
considered that no synchroni zation pattern is found. Accordingly, the
means changes the control using the plural node signal st to R mgdle in
whi ch the frequency error is obtained on the basis of tfle s%@@ﬁgnnization
pattern length or fhe mnlnmuminversi,on paftern ggz
-57- | engt h tof perfor he f ZOTEn QJDITOL as the cor*\;!_folgmhich S
used when the freqguency deviatiphgis||a Q§r.3-bre, when t he
synchroni zation paftern flag is dgt5Ft ed, & e} synchroni zation |interval
counter 32 is resef aggg[er U Maged pm rg%“é valte: Forexanpl e in
DVDs, when the repfodgdfion clockBi%lin|@0o8§
h%"g's E
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phase with the reproduced digital data, the value of the synchronization
intefrval counter 32, which is counted with wusing the reproduction cl ock,
ought not to exceed 1488 as long as the operation is perforned nornally.
Wien the threshold is set to a value of 1000 or nore, in consideration of
om ssion in the detection, a case where the synchronization interval
counter 32 has a value nore than that tigrephold is regarded as an abnor nal
state. Then, the node control circuit 35 is set so that the frequency
control is performed on the basis of data of the frequency error detected
fromthe synchronization pattern interval, thereby performng the
re-pull-in of the frequency and the phase. These functions enable to
determ ne the abnormal state of the control. Wen the state is judged as
abnormal , the operation of self-restor&tion is perforned, whereby the
restoration tine in the abnormal oper aﬁi_@n can be reduced. The
frequency error converter 34 has a strgﬁgure as showmn in figure 9. The
frequency error converter 34 has a fre@ugncy conversion neans 42 for

di viding the outputs of the frequency ﬁéﬁror detector 33 between +1, 0 and
-1 according to the val ues u,n 5 8
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- 58- ~and a gain stage 43 for anplifying the output of the frequency
conversi on neans 42 by a predeterm ned gain, and operates the phase
control loop filter 12 using the output of the gain stage 43.
Accordingly, it is possible to make the frequency of the reproducti on

cl ock approach the frequency of the clock conponent of the reproduced
digital data, by the resolution of t hg f1gequency which can be controlled

by the frequency control |l oop filter 11 or nore. Therefore, even when a
capture range as a phase pull-in range of the phase-locked loop is
nar r ow, a stabl e phase synchroni zation pull-in can be perforned.

In addition, the frequency control loop filter 11 and the phase control

|l oop filter 12 work together as shown in figure 10. To be specific, a
phase control range detection neans 44 detects that the plural node
signals for d$q' gpg the control state, which are output by the node
control circuit , indicate that the reproductg8en clock is in phase with
the reproduced digital signal and detects that fhe phase control |oop
filter 12 operates above or bel ow a prpdeg mphed upper or lower limt

t hreshold Thu or Thl for deci grmg—TtimE TP Ve F FTTOE 4@ shown

conversion means

38 41
-~ reset signal ~ first mode
synchronization interval E state decision[ > signal
patfgm interval comparator reset signal 40 circuit —» second mode
N v § signal
| flag
counter
Fig.9
) _f_rg_q_uency error converter
33 42 43 | a4 12
~ i — 1| ./ V" /
frequency | o o i .| phase control
error detector| | | ___] _____ 0 gain stage 1= loop filter
L= - |
i frequency |

-




infigure 11(a), andoutputsaflag. Acontrol means45controls the frequency
control loop filter 11 so that the operation of the phase control | oop
filter 12 cones within the predeterm ned range, when the flag out put by

t he phase control range detection neans 44 is detected. For exanple, a

| ow-pass filter 46 can be inserted at the output of the DA converter 13,
wher eby t he 7/19 -59- time constant is
i ncreased. Then, the frequency control loop filter 11 is controlled so as
to operate in the sane direction as the control direction of the phase
control loop filter 12 by the mninmumresolution of the DJA converter 13,
i.e., the amount corresponding to the m ninumresolution of the frequency
whi ch can be controlled by the frequency control loop filter 11, as shown
in figure 11(31- 1 ereby, the phase control loop filter 12 is controlled
in the revers ﬁ%Te tion with keeping the phase-locked state, and then
returns wthin the predeterm ned thggshol ds. The3ﬁ4functions enable to
stably maintain the phase-I| ocked ELa e also in Lbe case where the

phase ____| phase control D/A
error signal loop filter converter
Y
phase control ™ 44
- range detection !
means é_ oscillator
l ) control signal
- 45 ‘
control means
11 13 46
7 ~ -~
frequency __,| frequency D/A fow-pass
error signal control loop filter converter filter




| i.near veI00|ty of the reproduced data varies after the phase
synchroni zati on pul | -in. The frequency control and phase |ock circuit
according to the second enbodi ment uses the reproduction clock in place
of - the hi gh-frequency clock, detects the cycle information and the phase
information fromthe nmulti-bit reproduced digital data which are obtained
by- t he sanpling using the reproduction 8¢118ck, and perfornms the control so
as to synchroni ze the phase of the reproduction clock with the phase of

t he cl ock conponent of the reproduced digital data, thereby unifying the
clock into one system Therefore, not only the structure of the circuit
can be sinplified but also the high-speed and stabl e phase synchronization
pull-in can&pe éﬁabéied using the reproduction clock also in a state where
the Iinear ¥dBodi f the reproduced

- 60- digit dat qrie In this second enbodi nent, as in the
first enbodi neﬁIEasecon rol foop filter
: : ' t linear
| period when the linear velocuty vaﬂ;;l ; °°"i?§cit'{,‘ Thu
S |/
..... —— —— ra

l
l
1
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1
1

control level
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Fig.11 (b)
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the reproduced digital data and the frequency error information are

gener ated using the sane clock. Therefore, also in the state where the

| i near velocity of the reproduced digital data varies, the stable phase
synchroni zation pull-in can be realized. Further, as in the first
enbodi nent, the optinmal one of the maxi numpattern |length and the m ni num
pattern length is selected and utilizeg /g the frequency error.

Therefore, not only the frequency pull-in can be perforned at higher speed
but also the frequency control can be perforned also at the seeking tine
when the detection of the cycle is regarded as difficult. Further, in

this second enbodi nent, the frequency error detector conprises the
synchroni zation pattern position detection nmeans for detecting the
position of the synchronization pat§ern using the sumof the adjacent zero
cross lengths which are detected bygthe zero cross length detector, the
decision result output by the synchrdi zation pattern judgenent unit and
the maxi mum pattern length hgld by th& register, and the frequency error
detector for detecting the nterval@between the synchronization patterns
on the basis of the detect ingn resul, converting the value of the interval
into the frequency error in®ornati o#f, and outputting the frequency error
i nformation, and has a functgoni-of"swi-“tvhi-ing t he
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-61- ,synchroni zation pattern position detection nmeans on the basis of
t he devi ati on between the frequency of the reproduction clock of the
synchroni zation pattern and the frequency of the clock conponent of the
reproduced digital data detected by the frequency error detector.
Therefore, the position of the synchronization pattern can be detected
according to the anobunt of deviation H&M®n the frequency of the
reproduction clock and the frequency of the clock conponent of the digital
data to be reproduced. Thus, the synchronization pattern position can be
detected according to the deviation between the frequency of the
reproduction clock and the frequency of the clock conponent of the
reproduced digital data. Accordingly, not only the precision in the

det ecti on ofF;he kWhterval between the synchronization patterns is inproved
but al so the ﬂ8b$3ution of the frequency information is increased conpared
with the case where the pattern length is detected. Therefore, the cycle
can

52 53 54 55

vy A~ s s
bingr_ized output __| counter holding addition Judgement| _  cycle
digital signal means means means means information

high=frequency
clock



v

be detected with high precision, whereby the frequency pull-in of the
reproduction clock can be perfornmed stably as far as an area where the
reproduction clock can be in phase with the reproduced digital data.
Further, in this second enbodi ment, the frequency error detector has a
counter for counting a period during which no synchronization pattern is
detected, using the reproduction cl ockl1XM8n the count val ue of the
counter is larger than the predeterm ned value, the frequency error
detector sets again o ; - 62- t he
plural node signals which are outut by itlhe node control ~circuit for
deciding the control state of theofrequé cy comtrol and phase | ock
circuit, to a specific state. Thegefore,/the bnormal state is judged by
calculating the period during whieh ngisynchronization pattern is
detected, and when the state is Tudgegias gbnormal, the self-restoration
operation is perforned, whereby ghe re¥tgrat+pn tine in the abnornal
operation can be reduced.

slice level
nT

6T

(recordeddata) 0001110001171100000111111000071171T11111111 0000000000
binarized
digital signal

Fig.14 (b)
reproduced signal --~-=#%---N\--eecfia.l

modulated signal
Fig.14 (c) _

Fig.14 (a)



Further, in this second enbodi nent, the frequency error converter is
provi ded for converting the frequency error information obtained fromthe
i nterval between the synchronization patterns, which information is out put
by the frequency error detector, into the phase error information, and
outputting the phase error information. The phase control circuit is
operated on the basis of the output phak/#8ror information and the
reproduction clock is pulled into a frequency area where the phases can be
synchroni zed, with high precision. Therefore, the phase control circuit is
operated on the basis of the frequency information detected by the
frequency control circuit, and the frequency of the reproduction clock can
be brought closer to the frequency of the clock conponent of the
reproduced digitalFigafld by the resolution of the frequency which can be
controlled by the frequency control circuit or nore. Accordingly, even

when the capture range as the phase synchroni zation pull-in range of the
-63-
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phase-1 ocked | oop is narrow, the stable phase synchronization pull-in can
be perf or ned. Further, in this second enbodi nent, the frequency
control and phase lock circuit has both of the functions of the frequency
error detector in the first enbodi nent and the frequency error detector
which is newWy provided in the second enbadinent. It controls the
frequency of the reproduction clock on ¥Bé1%asis of the | ength of the
specific pattern such as the synchronization pattern and the m ni num
inversion pattern in an area where the deviation between the frequency of
the reproduction clock and the frequency of the clock conponent of the

r epr oduced di gi'g_eigjﬁ rﬁgs | arger, controls the frequency of the
reproducti on cl dcte basis of the interval between the
synchroni zati on patterns synchranizatiop nattere of B¥Ddevi ation is, smaller,
obtains the deviation in the frequency between the "SPEQRUSEEMEVEIOr® ock and
the cl ock conponent of the reproduc g and uses the plural
node signals which are output b he nmode control &\rcuit, f deci di ng
the control state of the f _ﬁq' C -.C_QIDII.EL_ rld#rg_hqsg_ I_Qc[k__(: ICciNt, to
switch the control state ggntifuously and autormati'cal,Ny,' t fereby pulling
in the frequency of the repr ¢tion clock. Therefore,} | hg area where
t he devi ati on between the firequency of the

i
(
!
|
i

P 8T | 14T 4T ' 3T
N ‘" 18T synchronization pattern -
Fig.16 (b)
synchronization pattern at position A
on an inner track shown in figure 15
reproduced waveform

count value with high~frequency clock
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Fig.16 (c)

synchronization pattern at position B
on an outer track shown in figure 15
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reproduction clock and the frequency of the clock conmponent of the
reproduced digital signal is larger, the pattern length of the specific
pattern can be detected nore easily than the

- 64- i nterval between the synchronization patterns. In the area

where the deviation in the frequency is smaller, the interval bet ween t he
synchroni zation patterns can be detectdd AM%h hi gher precision
Accordingly, the frequency pull-in and the phase synchroni zation pull-in
can be perfornmed at hi gh speed and with good stability by the control
maki ng the nost of the respective advant ages. Further, in this
second enbodi nent, the phase control range detection neans detects that

t he plural node Fﬁg?TZs for deciding the control state which are output by
t he node control T Cuit show that the reproduction clock is in phase with
the reproduced digital signal and that the phase control circuit operates
outside the control range of the predeterm ned val ues,

m readable area

synchronization T T
pattern length 90 | 45
count value = ;
7 : 7
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clock frequency / reproduction
clock frequency !
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and Sutpyts a flag. In addition, the neans is provided for controlling the
frequency control circuit so that the operation of the phase control
circuit cones within the predeterm ned range when the flag output by the
phase control range detection neans is detected. Therefore, also when the
| inear velocity of the reproduced data varies after the phase

synchroni zation pull-in, the phase-lo dSst ate can be maintai ned stably.

| ndustrial Availability The frequency control and phase |ock circuit
according to the present invention is constructed so as to use the
reproduction ,oci | | ace of the high-frequency clock, detect

t he frequencyHig. Ehgﬁﬁon and phase information fromthe nulti-bit

reproduced digital gahs b wherd'fPedRBhd) tEprodudtith cisckhiphdse!Si ng the
reproduction clock, and performthe contro? so as to synchroni ze the phase
of the reproduction clock with the phase of R P’EF&(S%PM of the
reproduced digital data. 0990000000y :

. ‘ 00,
O s
0.9 A :
T ur 4T - 3T

= ’“: reproduction

18 clock

Fig.18 (b)

in the case where frequency of reproduction clock is twice as high as

frequency at phase-locked time .
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Accofdingly, the clock can be unified into one system whereby the

hi ghs speéd and st abl e phase synchroni zation pull-in can be perforned using
the reproduction clock, also in a state where the linear velocity of the
reproduced digital data varies. Therefore, the frequency control and phase

| ock circuit which can performthe phase synchroni zation pull-in at high
speed and with good stability can be pA6pf18ed.

- 66- CLAI M5 1. A frequency control and
phase lock circuit conprising: . wavef orm equal i zati on neans for

enphasi zing a Fiérﬁ’?éﬁrm ned frequency band of a reproduced signal;
an A/ D conver tlelSf npling an equalized signal to obtain nulti-bit

di gital data using ainthercasewherafredquenky obreprodustich clogids inphasequal i zed
signal is reproduced as digital data; | ow- band noi se suppression
means for suppressing | ow .-.., reproduced sampled signal o

o ‘e
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3T ! 3T
6T minimum inversion pattemn

reproduction
clock
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Fig.19 (b)

in the case where frequehcy of reproduction clock is twice as high as
frequency at phase-locked time
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in a case where frequency of reproduction clock is half as high as
frequency at phase—-locked time

reproduced sampled signal




band noises in the signal obtained by the sanpling; a zero Ccross

| ength detector for detecting a position where the signal crosses a zero
| evel , the | ow band noi ses of which signal are suppressed, counting a
nunber of sanples between adjacent zero crosses, and hol ding the nunber of
sanples in a register; a frame counter for counting a specific
period of at |east one frane; a1fp&t%um pattern | ength detector and
a mnimmpattern |ength detector for detecting a nmaxi mum value and a

m ni rum val ue of count values of zero cross lengths in-the counted
specific period or suns of count values of adjacent zero cross |engths,
respectively; a cycle information judgenent unit for conparing the
maxi num pattergf:kéi[@h with the mninumpattern length, and selecting an
opti mal val ue pattern length as cycle

-67- information using a ratio between the maxi num and m ni num
7/
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-o‘ Q
pattern | engths; a frequency error detector for converting a
di fference between the cycle information which is selected by the cycle

i nformation judgenent unit and the maxi mum or mnimum pattern | engt h
which is to be detected at a phase-locked tine, into a frequency error,
and outputting the frequency error; a frequency control circuit for

performng control as far as an area W89t he reproducti on cl ock can be
synchroni zed with the reproduced digital signal on the basis of an output
of the frequency error detector; a phase error detector for
detecting phase information fromthe signal, the | ow band noi ses of which
signal are smgzgsr%}j a phase control circuit for perform ng phase
control so t "rep uction clock is in phase with the reproduced digital
signal on the bagphasefunibokedtilmat of the phase error detector; and an
oscillator for adding an output of the frequency controphasgiermricurvend an
out put of the phase control circuit, and oscillating a repryduction cl ock
on the basis of the sffn & safd fregyencyRontr§ andPhase® ock
circuit enabling pha;',‘e synl:qar oniqgati on; pul | -dm at poti rreo: of

of the i ' ; ‘o Y a : ;
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g Q--Q
digital data. 2. The frequency control and phase | ock
circtit of daiml wherein the maxi mum pattern | ength detector has a
synchroni zation pattern judgenent unit for judging whether or not a
pattern is a synchronization pattern on the basis of a ratio between
adj acent zero cross |engths, and updates the maxi numpattern I|ength only
when the judgenent unit judges that thd94t9ern is the synchronization
pattern and has a value larger than a held value, and the m ni num
pattern length detector has a mninmum inversion pattern judgenent unit for
j udgi ng whether or not a pattern is a mninmminversion pattern on the
basis of a raFgr? l:een t he adj acent zero cross |engths, and updates the
m nimum pattern [ength only when the judgenent unit judges that the
pattern s the i fe6ust WheRs freqibngitbt RlFodtRelofécids AbriSe sl | er - than a
val u
synchronization synchronization synchronization

pattern pattemn pattern
reproduced data i i
T 14887 T
count value with ‘. i 14887 K
reproduction clock ' 1488 ' 1488 o
Fig.22 (b)

in the case where frequency of reproduction clock is twice as high as
frequency at phase-locked time

synchronization synchronization synchronization

pattern pattern pattern
reproduced data f i i
count value with i j J
reproduction clock < 2976 i 2976 o
Fig.22 (c)

' in the casa where frequency of reproduction clock is half as high as
frequency at phase-locked time
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3. The frequency control and phase lock circuit of Cdaim2 wherein

the cycle information judgenent unit conprises: regi sters for hol ding
t he maxi num pattern length and the mninmumpattern |ength which are
obtained within the specific period counted by the frame counter, at a
termination of the period, resp@cQi 0e0y0 1a|5d5 0 Orreansﬂfa)rAuﬁ,lﬂgﬁﬁat ically
setting a period which is to be - - - -

69 counted next by the frane counter, t he ba5|s of the pattern length
which is obtained as a result of the congg$|son by the cycle information

j udgenent unit between the values which are held respectively by the

regi sters, the objaj a. oy S; ther“
cycle informati onAéé&QﬂngTE; Gt?lreegﬁency (E}g?l%}gl{)ﬁq%gﬁﬂagé IPQ‘E cira PCXf»_
Caim3 Wherc‘?dn”l:rol and pima%efl&e:ﬂugg&éﬁt fr 85 tsec %r fr%&ng;llqs' error detecto

comprises: synchronization pattern position detection means fox_- f:_;’-'. -

detecting a position of a svnchronization pattern, using the sum of thé";: :
adjacent zero cross lengths detected by the zero cross length detector, '
the judgement result output by the synchronization pattern Judgement_;i o
unit, and the maximum pattern length held by the register; and means o
for detecting an interval between the synchromzatmn patterns on the
basis of a result of the detection, converting the value of the interval into
frequency error informatibn, and o;ltputting the frequency error

information, and the frequehc'y’ control and phase lock circuit has a

function of switching the précisit-m .in detecting the synchronization
pattern position by the syhéhronization pattern position detection
means according to deviation between a frequency of the reproduction
clock of the synchronization patterﬁ and .a frequency of a clock
component of the reproduced digital data detecfed by the frequency
error detector. |

Therefore, the appropriate synchronization pattern position can
be detected according to the amount of deviation between the frequency
of the reproduction clock and the frequency of the clock component of.
the reproduced digital data. Accordingly, not only the precision in

detection of the synchronization pattern interval is increased, but also the

REPLACEMENT SHEET
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synchroni zation pattern position detection neans for detecting a position
of -a synchroni zation pattern using the sumof the adjacent .zero cross

| engt hs detected by the zero cross length detector, the judgenent result
out put by the synchroni zation pattern judgenent wunit, and the maxi num

pattern length held by the register; and means for detecting an

I nterval between the synchronization patterns on the basis of a result of
the detection, converting the value of t interval into frequency error
i nformati on, and outputting the frequen error information. sai d

frequency control and phase lock circuit having a function of swtching

t he precisi 0844 e N i tQni1gatfe A e
synchroni zat dia%d’.r;cﬂpfg’t ?‘gﬁllhpg’é% B’%(l)ﬁné(gg{] gglir(é)%%tnégarllg %c%:rgrcgp %gie %Q%é\t}?f a{lltkon
between a fr e f the reproduction clock of the synchronization
pattern and §%F§§ﬁe‘ﬁ§9eﬁ°% cl ock conponent of the reproduced digital
dat a L. - 70- detected by the
fr equency error d‘ghé(’f{lmlmum pattern length detector 7 has a structure as shown in

figure 3. The minimum pattern length detector 7 has a minimum inversion
pattern judgement unit 21 for judging Whether or not a detected pattern is
the minimum inversion pattern on the basis of a ratio b_etween the values
of the adjacent zero cross- leﬁgths détected by .the zero cross detector 4 for
counting the zero cross length on the basis of the reproduction clock, and
outputting the zero cross length, which values are held by the register 16
and register 17, and a comparator 23 for comparing the sum of the values
held by the register 16 and register 17 with the magnitude of a value which
has been held by a register 22. The minimum pattern length detector 7
has a structure in which the comparator 23 outputs a update permission
signal to the register 22 to update the register 22, only when the minimum
inversion pattern judgement unit 21 judges the minimum inversion pattern
and the comparator 23 judges that the new value is less than the previous
value.

For ex;u’nple in DVDs, the minimum inversion pattern in the,
sequence of the recorded data is 3T and 3T. When the minium inversion
pattern length is counted using the reproducﬁon _clock which is
synchronized with the clock component of the reproduced digital data, the

minimum inversion pattern length is 3+3=6 as shown in figure 19(a).

However, when the REPLACEMENT SHEET
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5. The frequency control and phase lock circuit of daim4 wherein

the fregquency error deteector has a counter for counting a period during
whi ch no synchroni zation pattern is detected, on the basis of the
reproduction cl ock, and when a count value of the counter is |arger
than a predeterm ned value, a node control circuit for deciding a contro
state of the frequency control and phase lock circuit sets again plural
node signals output by the node control ircuit in a specific state. 6.
The frequency control and phase | ock cir% it of Claim5 conprising: _
a frequency error converter for converting the frequency error information
out put by t kepdlifequency error detector, which information is obtained. by
converting the interval between the synchronization patterns, into phase

he. phase cont rolthe pRcierHieHstRh bidefmERE HAL 1As SHaktar an Shrse

ot cai si on_adhrigtiesda MooaHSFIBPothaIBIRe BisTpARER IRt amibe is

precision a

pert or med. constituted by a comparator 26 which receives a value of a register 24
as a means holding the maximum value of the synchronization pattern
length in the period which is set by a frame flag output by the frame
counter 5 and a value of a register 25 as a means holding the minimum
value of the minimum inversion pattern, and generates a select signal
for selecting cycle information which is regarded as optimal, utilizing
the ratio between the synchronization pattern length as the output of
the register 24 and the minimum inversion pattern length as the
output of the register 25. |

As described above,- in DVDs for example, the synchronization

pattern is 18T cémprising 14T and 4T and the minimum inversion
pattern is 6T comprising 3T and 3T. Here, even when the frequency of
the reproduction clock varies, the ratio between the both patterns, i.e.,
3 to 1, is kept. Therefore, when the sum of a value which is obtained
by eliminating 2 bits on the LSB side from a value of the register 24,
(1/4 of the original value} and a value which is obtained by eliminating
3 bits from .the value (1/8 of the original value) is within a value of the

register 25 %1, the select signal is output so as to use the

synchronization pattern length having higher detection precision as the

cycle information. When the REPLACEMENT SHEET
08 AUG 2000




-71- 7. The frequency control and phase lock circuit of Claimi4
conpri si ng: both of the functions of the frequency error detector of

Claim1 and the frequency error detector of Claim4, wherein

t he

frequency of the reproduction clock is controlled on the basis of the
pattern length of the specific pattern in an area where the deviation
bet ween the frequency of the reproduction clock and the frequency of the
cl ock conponent of the reproduced(ﬂgﬂéél data is larger, and the
frequency of the reproduction clock is Controlled on the basis of the
interval between the synchronization patterns in an area where the

devi ation igsnRL R witR thi ranéc?m

: i &
and automatically in GCCOrdance Ei:%'lhﬂm're---o

OgHIEH ?@?‘%1 & batsut 56 ALt :tHEOUS Iy

e plurial node signals which

he 11 coueAREHIE BIveEib, RAE o b ety BOTEE Aot AefeeBM b¥mbra on

the frequency between the

td on in

as the cycle information. Because of these functions, the results of the "~

detection can be efficiently reflected to the control, whereby the speed

of the frequency control can be increased. In addition, also in the

seeking, when the detection of the synchronization pattern is difficult,

the minimum inversion pattern is detected with priority and reflected to

the control, thereby enabling the frequency control.

The frame counter 5 has a structure as shown in figure 5. To be

specific, the frame counter 5 consists of a selector 27 for receiving the

synchronization pattern length, the minimum inversion pattern length

and the select signal as the output signals of the cycle information

judgement unit 8 shown in figure 4, and seclecting an output in

accordance with the select signal, a count number setting circuit 28 for

deciding the next count number in accordance with the signal selected

by the selector 27, and a coincidence circuit for outputting a frame flag

when the output of the count number setting circuit 28 coincides with

the output of a counter 30 which performs counting using the.

reproduction clock. The frame counter 5 has a function of resetting the

counter 30 using the frame flag which is output by the coincidence

circuit 29.

For example in DVDs, a recorded signal has the
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reproduction clock and the clock conponent of the reproduced digital data,
thereby, pulling-in the frequency of the reproducti ghR-eock 8 The

frequency control and phase lock circuit of daim?7 RE@MCEMENQ’ §HEFT
-L £ + O A

phase control range detection neans for detecting tHat—onmeot—th ral
node signals for deciding the control state, St ey

-72- whi ch are output by the node control circuift{ i'ndi cates“that} the
reproduction clock is in phase with the reproduced qi ¢gi-tal ._signal _jand the

phase control circuit operates outside a€ont r ol range of predetermipned
val ues, and outputting a flag, wherein t he ope " - uercy
control cirgultls....controlled,so.that, the er.ation of t e contro
circuit congié&vh\nkéﬂ}zﬁ ‘& '5PH ‘E%‘P%‘néacga‘ﬂg@, E]W]é'ﬁpf ‘fﬁ&%&‘ﬁpﬁgﬂs@ t he
h ontrol .range detection neans is detected. '
phase ¢ using the output of the phase error detector 10 and the output of the

frequency error converter 34. Thereby, the operation can be shifted
smoothly from the frequency pull-in to the phase pull-in. Further, the
control amount of the frequency control loop filter 11 or the phase
control loop filter 12 is switched using the first mode signal or the
second mode signai, whereby the time for the phase locking can be
further reduced. The mode control circuit 35 which automatically
obtains the frequéncy deviation between the reproduction clock and the
clock component of the reproduced digital data and decides the control
state is wused to switch thé ;:ontrol state contihuously and
automatically. Thereby, the frequency piillein and phase pull-in of the
reproduction clock can be performed at high speed and with good
stability. |

The synchronization inte_fval | counter 32 has a structure
comprising a means for resetting the plﬁral mode signals for deciding
the control state to specific state when a value of the synchronization
interval counter 32 exceeds a predetermined threshold. To be specific, .
when the value of the synchronization interval counter 32 is increased
too much, it is considered that no synchronization pattern is found.
Accordingly, the means changes the control using the plural mode
signals, to a mode in which the frequency error is obtained on the basis

of the synchronization pattern length or the minimum inversion pattern
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counted next by the frame counter, on the basis of the pattern lengtly
which is obtained as a result of the comparison by the cycle
information judgement t_mit between the values which are held
respectively by the registers, the obtained pattern length being regarded
as optimal as the cycle information.
4. The frequency control and phase lock circuit of Claim 3 wherein

the frequency error detector com;irises:

synchronization pattern position detection means for detecting a
position of a synchronization pattern using the sum of the adjacent
zero cross lengths detected by the zero cross length detector, the
judgement result output by the synchronization .pattern judgement
unit, and the maximum pattern length held by the register; and

means for detecting an interval between the synchronization
patterns on the basis of a result of the detection, converting the value
of the interval into freqﬁency error information, and outputting the
frequency error information.

said frequency control and phase lock circuit having a function of
switchin.g§ the precision in detecting 'the synchronization pattern .
position by the synchronization pattern position detection means
according to deviation between a frequency of the reproduction clock of
the synchronization pattern and a frequency of a clock component of

the reproduced digital data
e

A
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