-1- . [Name of Docunent] Specification [Title of Invention]

DI G TALRECORDEDDATA REPRODUCI NGDEVI CE [ O ai ns] [Caiml] Adigita
recorded data reproduci ng device conprising: an anal og/digrtabk—H0n
converting nmeans for sanpling a reproduction signal of ar 1 di um

to digital data asynchronously with a phase of a cl ock COWSWH”M’QEWM”I
in -the signal; a digital data correction neans for correcti h

of fget conmponent and an anplitude fromthe sanpl ed signal; an *

equalizing filter for subjecting the corrected signal to a partial

response g¢gamld Zof iPdcument janspetaridadicy filter for reproducing a
signal in a regular sanpling phase fromthe signal subjectedtothe partia

response ¢&yalliez &l £ Ofn P¥ntRbANPODASITAN RECORDED D ATACRES G OC NG DEVRCE TEans
for adaptively controlling afilter factor of the equalizing filter so

that an eq@@g£ﬁ§1on error is mninmmbased on an output signal of the
i nterpolation filter; a phase-locked | oop for detecting a phase error

based on t he184kPyl ShoRRlyat NeedskaeROLAHL Tt dRhci RauRLRIRA T ter

factor of the Interpolatio ter; an | i hood decoder
for subjegbhgiﬁgfh&ytput signal of the interpolation filter to a maxi num
i keli hoo

an analog/digital converting means for sampling a
reproduction signal of a recording medium to digital data
asynchronously with a phase of a clock component included in
the signal;

a digital data correction means for correcting an offset
component and an amplitude from the sampled signal;

an equalizing filter for subjecting the corrected signal
to a partial response equalization;

an interpolation filter for reproducing a signal in a
regular sampling phase from the signal subjected to the partial
response equalization by interpolation;

a filter factor control means for adaptively controlling
a filter factor of the equalizing filter so that an equalization
error is minimum based on an output signal of the interpolation
filter;

a phase-locked loop for detecting a phase error based on
the output signal of the interpolation filter toupdatea filter
factor of the interpolation filter; and

a maximum likelihood decoder for subjecting the output

signal of the interpolation filter to a maximum likelihood



-2- decoding according to a type of partial response at equalization
by the equalizing filter so as to performa data denodul ation. [Caim

2] A digital recorded data reproducing device conpriSing————an_

anal og/digital converting neans for sampling a reprod B nal of a
recording mediumto digital data asynchronously wth wnlmy’ﬂ( Hmﬂ Kk
conponent included in the signal; a digital data torce i for
corfrecting an offset conponent and an anplitude fromthe sanpled sighal;

an equalizing filter for subjecting the corrected signal to a parti al

i1 ter for subj ecting . (o a par

based on JAA0RHER i oraingTeB 8° TR p AR 8 SR BR e, o o
trol fi ' |4 [ Lt fact li zi
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of the equalizi filter as well as controlling the filter factor so that
t here -33ﬁ80§E¥§§kﬂqbr based on an output of the phase-locked | oop; and

2T | SR LoR YRCAYS AL SO IA ol TR TR L1 g0 coc0d g
filter socg%p}gsqggfwn1a dat a denodul ati on.

an analog/digital converting means for sampling a
reproduction signal of a recording medium to digital data
asynchronously with a phase of a clock component included in
the signal;

a digital data correction means for correcting an offset
component and an amplitude from the sampled signal;

an equalizing filter for subjecting the corrected signal
to a partial response equalization;

a phase-locked loop for detecting a phase error based on
an output signal of the egualizing filter;

a filter factor control means for adaptively controlling
a filter factor of the equalizing filter so that anequalization
error is minimum based on the output signal of the equalizing
filter as well as controlling the filter factor so that there
is no phase error based on an output of the phase-locked loop;
and

a maximum likelihood decoder for performing a maximum
likelihood decodiqg according to a type of partial response

at egualization by the equalizing filter so as to perform a

data demodulation.



[Claim3] The digital recorded data reproduci ng device as deflned I n Clalm
oP 2 Conprisinq a clock generating nmeans for generating a clock
phase asEﬁrhronous with that of a clock signal included in the

a
reproductlo“ H ll u m ecordlng ngglunt a frequency control neans
for contro

t he cl ock generated by the clock generating
nmeans based on t he output of t he phase-I| ocked | oop; and a phase
synchroni zation mai ntaining neans for performng a control so that a phase
of the clock generated by the clock generating neans nmaintains a
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[Caim4] recor t'a reproducl ng |ce as ned in Caim
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mai ntai ning nea del ta/s modul at ion; and ass
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a frequency control means for controlling a frequency of
the clock generated by the clock generating means based on the
output of the phase-locked loop; and

a phase synchronization maintaining means for performing
a control so that a phase of the clock generated by the clock
generating means maintains a synchronization state based on
the output of the phase-locked loop.

[Claim 4] The digital recorded data reproducing device as
defined in Claim 3 comprising:

a delta/sigma modulating means for subjecting control
signals from the frequency controcl means and the phase
synchronization maintaining means to a delta/sigma
modulation; and

a low pass filter for removing a high frequency component
of an output signal of the delta/sigma modulating means.

[Claim 5] The digital recorded data reproducing device as
defined in Claim 4 comprising:

a time constant varying means for varying a time constant

of the low pass filter.



-4- i [aim6] The digital recorded data reproduci ng device as
defined in daim1l or 2, wherein when an of fset adjustnent is

performed, the digital data correction neans adds an Lt ude conponent
of a a point where a center line of a sanpled wavef ormg-gﬂ ﬁ# | ”mvel
with respect to the point, while the neans adds a prese L A1y

according to a polarity of a reproduction code with respect to the other

points where a code is decided. [Claim7] The digital recorded data
reproduci ng device as defined in daim1l or 2, wherein when an of f set
adj ust nent | f @nme he. di gi,ha ct.l AL qg%,

anpl i tude c[)?f%%%é‘nt%]of dTah%o(?ﬁg&\%hgr geggE?eer?tcgr%E?i %58(%19 a 53“% e J\?\(E]/a(\a/ea}sor m

Crosses Z%re(}:ﬂneélcfljr?{vi é?aiﬁ\eip%(i’t 40 Qfﬁnt’ whil e the nmeans adds a val ue

according to a polarrty of "a reproduction code with respect to the other
poi nts where a_code is | ded, . makes the_additi.on val.u | f f erent
bet ween at see@%%e?%tqgﬁgﬁﬂoa%?g?ﬁgte&l&hiﬁ PFﬁgF’rmed[’Cl%&iemgé]g%‘tﬁ%e (iﬂq'gﬁtal
recorded data reproducing devjce_as efined in Claim7, wherein t he
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operation while-the means_decreases .t he dditional value in_a ase.
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device as defined in.Caim1 or 2, wherein when an of f set (‘j) List nment
is perfor ﬁg&pe‘qf{:et& §ihteaP°d§tta while the means adds a prescribe alue

according to a polarity of a reproduction code with respect
to the other points where a code is decided.
[Claim 7] The digital recorded data reproducing device as
defined in Claim 1 or 2, wherein
when an offset adjustment is performed, the digital data
correction means adds an amplitude component of a point where
a center line of a sampled waveform crosses zero level with
respect to the point, while the means adds a value according
to a polarity of a reproduction code with respect to the other
points where a code is decided, and makes the additional value
different between at seek operation and at the other time.
[Claim 8] The digital recorded data reproducing device as
defined in Claim 7, wherein
the digital data correction means increases the additional
value at seek operation while the means decreases the
additional value in a phase synchronization state.
[Claim 9] The digital recorded data reproducing device as
defined in Claim 1 or 2, wherein

when an offset adjustment is performed, the digital data



correction neans nonitors a cunul ati ve additional value for a prescribed
period of time at each point in a sanpled waveform and gives feedback of
an error anount—fer—a—direet—current part discretely to the direct current

part. [ ] ai T dital recorded_data reproducing device as
defined in C im lmwjﬂlﬂmﬂ after perform ng a phase-|ocked pull-in,
the filter fa c S ns perforns a partial response equalization
sucgessively as well as sets its loop gain to be sufficiently |ow as
conpared with the phase-locked | oop, and perforns switching to an
Intermtt . pal | QN s Al LAy 114Ss
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fromare ng ne waver orm equal’l zing neans for enphasi zi ng
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di gi tal q§ta mﬁ%h nultiple bjts synchronously with a phase of a clock
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defined in Claim 2, wherein

after performing a phase-locked pull-in, the filter factor
control means performs a partial response equalization
successively as well as sets its loop gain to be sufficiently
low as compared with the phase-locked loop, and performs
switching to an intermittent control operation when the phase
error is decreased.

[Claim 11] A digital recorded data reproducing device

comprising:

a preamplifier for emphasizing an output amplitude of a
reproduction signal from a recording medium ;

a waveform equalizing means for emphasizing a prescribed
frequency band of the emphasized signal;

an analog/digital converting means for sampling the
equalized signal to a digital data with multiple bits
asynchronously with a phase of a clock component included in
the signal by a clock generated by an oscillator;

an offset correction means for decreasing an offset
component from the sampled signal;

an automatic gain control means for adjusting the



anplitude of the output signal to a required |evel; a transversa
filter for subjecting the signal subjected to the anplitude adjustnment to
a partial response equalization; a high-order interpolation filter
for reproducimEiE Llnﬁuﬂ g a regul ar_ganpling phase fromthe signal

subj ect ed to”'mmlmel i I’H"Lponse equal i zati on by a hi gh-order
interpolationt* ¢ Lt aftap weighting factor control nmeans for controlling a
tap,. weighting factor of the transversal filter fromthe interpolation

out put signal adaptively so that an equalization error is mninmum a
phase coryiPf @6ab0b rdeheldutpdt KIBGRa e £8" af HBdteeq | TepERY! ation out put
si gnal ; a loop filter for snoothing the phase error S|gnal and a

maxi mum | kel L hopdn deeaden an (Dire6 58939 to i g 1P 310D b el s ona

to a maxi num |ng accor type of parti response
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partial response equalization by a high-order interpolation;

a tap weighting factor control means for controlling a tap
weighting factor of the transversal filter from the
interpolation output signal adaptively so that an equalization
error is minimum;

a phase comparator for detecting a phase error from the
interpolation output signal;

a loop filter for smoothing the phase error signal; and

a maximum likelihood decoder for subjecting the
interpolation output signal to a maximum likelihood decoding
according to a type of partial response at equalization by the
transversal filter so as to perform a data demodulation,
wherein

the asynchronously sampled signal is subjected to the
partial response equalization, and a phase synchronization is
compensated by a phase-~interpolation-type digital phase-
locked loop so that a data demodulation is performed.

[Claim 12] A digital recorded data reproducing device
comprising:

a preamplifier for emphasizing an output amplitude of a



a pr.eanplifier for enphasizing an output anplitude of a

r epr oducti on_si gnal fron1a recordi ng medi um ; a waveform equali zing
means for ha3|2| rescrlbed frequency band of the enphasized

si gnal ; H-Bmmﬁ aI conver tizag means for sanpling the
equallzed Si data with nultiple bits asynchronously wth
a phase of a clock conponent i ncluded in the signal by a clock generated
by an oscillator; an of fset correction neans for decreasing an offset
conponent from the sanpl ed signal ; an automatic gain control neans for
adj usti ngréﬁgoda&mldmckel@ialhgremt AU edcdBing Onéd Lemui;red | evel ; a
phase-interpol ati on-type transversal filter, ich has functions of a

transversal fial {@fveFtftm djuddt 0 fieg mém@rmaéc}@ftaéihiﬁg A ogleé bet ibear

subj ecting the signal subjected to the anplitude adjustment to a partial
response fpguakhedt ihE W 1EREOLHEHhAS i%ed WYna D, @ regul ar sanpling

phase from tfAe signal subjected to the partial response equalization by a
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error fron1the out put” si gha a loop f or sno e phase
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setting setting a weighting factor settin a tap of the
phase- asynchronously with a phase of a clock component included in

the signal by a clock generated by an oscillator;

an offset correction means for decreasing an offset
component from the sampled signal;

an automatic gain control means for adjusting the
amplitude of the output signal to a required level;

a phase-interpolation-type transversal filter, which has
functions of a transversal filter and a high-order
interpolation filter together, for subjecting the signal
subjected to the amplitude adjustment to a partial response
equalization and reproducing a signal in a regular sampling
phase from the signal subjected to the partial response
equalization by a high-order interpolation;

a phase comparator for detecting a phase error from the
output signal;

a loop filter for smoothing the phase error signal to
obtain phase information;

a tap weighting factor setting means for setting a
weighting factor setting of a tap of the phage-

interpolation~type transversal filter which makes an



|nterpolat|on type transversal filter which makes an
equal i zati Is for reproducing a normal sanpling signal

fromthe ph d the output signal of the
phase-interp m m gaﬂ ﬁFsver sal figter; and a maxi mum | i kel i hood
decoder for ect ng nt er pol ati on out put signal to a maxi mum

i kel i hood decodlng according to a type of partial response at

equal i zation by the phase-interpolation-type transversal filter so as to

pefforn1 a data denodul ati on, wherein the partial response
equal i ZatégQ{hP{@aélgfxgb&%'orp*ﬁﬁ%ﬁmuxhOQK&d i50¢B rare g8 b E£AgPY hBemzame
filter Claim 13] The digital recorded data reprodUC|ng devi ce as

defined igy 1 rei el Pi W8 N @rt gt bi,RQYureans
has a fil te"&?“;% ¢i }qu?{ 253’# ﬁﬁ%hlyﬁ |V|tg'cﬁa§ﬁ ase d Pection,
updates t t Hpﬂ§€F 3 .
|nfornaU%} % ggfg%aﬁ%] 00 é&?%%?h %9%%r@€}ﬁ%£?%$$ ?2?% g&tor
for parthL response equalization so as to mnimze the equallzation error
based on ¥ eaoutput signal of the phase-interpol ation-type transversal

[ Eer oand AR RSO BbbbRrs  B80Ts (I gpgng eauirol and the
interpolation output signal to a maximum likelihood decoding
according to a type of partial response at equalization by the
phase-interpolation-type transversal filter so as to perform
a data demodulation, wherein

the partial response equalization and a digital phase-
locked loop are realized by the same filter.

[Claim 13] The digital recorded data reproducing device as

defined in Claim 12, wherein

thé tap weighting factor setting means has a filter factor
for each phase which is divided in a phase direction,

updates the filter factor for phase control according to
the phase information outputted from the loop filter,

updates a filter factor for partial response equalization
so as to minimize the equalization error based on the output
signal of the phase-interpolation-type transversal filter,
and

superimposes the filter factor for phase control and the
filter factor for partial response equalization, thereby
setting the weighting factor of a tap of the phase-

interpolation-type transversal filter.



setting the weighting factor of a tap of the phase- interpolation-type

transversaL,LLLLeLr_——-~«~—— -O- [Claim14] The digital recorded

dat a reproduci ng device efined in Cla|n112 wherein the tap
wei ghting fag ﬁ‘ﬁaun ms conpri sas a tenporary judging circuit
for detectln t ar get value whi ch corresponds to parti al
response systentﬁased on the output signal of the transversal filter;

an -equal i zation error detector for detecting the equalization error based

on the equalization target val ue and the output signal of the high-order
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the equalization error e output si gnal of t hi gh- o

i nt er pol gty lter gain regulator for nultiplying an
out put o?%ﬁ%?ééxéﬁe 3 %y the sanglnunber as a gain to regulate a
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|nterpolgal%%e output signal of the transversal filter;

an equalization error detector for detecting the
equalization error based on the equalization target value and
the output signal of the high-order interpolation filter;

a correlator for detecting correlation between the
equalization error and the output signal of the high-order
interpolation filter;

a feedback gain reqgulator for multiplying an output of the
correlator by the same number as a gain to regulate a feedback
gain;

a tap factor updating part for adding an output of the
feedback gain regqulator to a weighting factor of each tap to
update a tap factor;

a first register for storing each amplitude value when a
channel rate of Nyquist characteristics is divided in a time
direction correspondingly to each tap;

a tap factor folding means for superimposing each tap
stored in the first register as well as a Nyquist interpolation
factor in each phase and a tap weighting factor for partial

response equalization which factor is outputted from the tap



factor im each phase and a tap weighting factor for partial response
equal i zati on which factor is outputted fromthe tap
-10- factor updating part; plural delay elenents having del ay

anount of unit delay tinme, to which ofig-he first stage-the—sighat——

subjected to the partial response equalization is japn AMiach are
I nterconnected in series; an nul tiplier which U%ﬂlg ﬂB E ‘ﬁi ngly
to an input of the delay elenment in the first stageic | | unit

delay elenents as well as outputs of a connection point between del ay

el ement s pagtotr apdakangelpaweni in the |ast stage, an adder for
obtaining the sumtotal of outputs of the nultiplier to generate an out put

of the tap vvegghtxiarlg dedddprel eéhtH0h80ANY; delay ANAOOND f agn 5t ededliych is

set correspondingly to the multiplier; a register value updating
neans fore pdattHorpi Rl ¢ e #1105 800G 180k S§ £4nHBSSED §8c8BAOHbPHAOf
the tap factor folding neans; and a selector which 1s set according

to the secopd; §e0irekponsd Hfd PEE St 28n2HB! iR tvéd USndt Whedhl Rddie second
register “to J(Su?put gnt he ng\% espondi Inlg rrullti plier, arécor ding to the
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conprising:  an multiplier which is set correspondingly to an input of
the delay element in the first stage among the plural unit delay
elements as well as outputs of a connection point between delay
elements and of a delay element in the last stage;

an adder for obtaining the sum total of outputs of the
multiplier to generate an output of the tap weighting factor
setting means;

a second register which is set correspondingly to the
multiplier;

a register value updating means for updating a value of
the second register based on an output of the tap factor folding
means; and

a selector which is set according to the second register
and selects an amplitude value stored in the second register
to output to the corresponding multiplier, according to the
output phase information of the loop filter.

[Claim 15] The digital recorded data reproducing device as
defined in Claim 12 further comprising:

a frequency error detector for detecting a frequency error

from the output of the traversal filter; and



a frequency error detector for detecting a frequency error fromthe out put
of the traversal filter; and a loop filter for frequency
control for snmpothing the detected frequency error and giving the sane to
the oscill agiﬁmtﬂmﬁmuﬂl, si gnal , wvierein a gain of a loop for
frequency c I Fh@lludes the loop filter for frequency control is
reduced in a state where the frequency error is under a prescribed val ue,
so.that the processing shifts froma frequency pull-in control to a
phase-1 ocked pull-in control, a loop gain of a |oop for phase control
whi ch incl udas1bg Milaser cosparaeqhenty BICEELL Nf8rc ane oLy ttike
prescribed nunber of synchronization pattern is detected, so that the
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control by the phase-interpolation-type tap weighting factor control

nmeans, a4l a conth81Ps8AEI NdweELELa t0 an interval -control -type parti al
response adaptive automatic equalization control which discretely reflects
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wei ghting factor 1n a state where anh equalization error e partia
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processing shifts from a frequency pull-in control to a
phase-locked pull-in control,

a loop gain of a loop for phase control which includes the
phase comparator is reduced in a case where the prescribed
number of synchronization pattern is detected, so that the
processing shifts to a partial response adaptive automatic
equalization control by the phase-interpolation-type tap
weighting factor control means, and

the processing shifts to an interval-control-type partial
response adaptive automatic equalization control which
discretely reflects a cumulative additional value of an
equalization error amount on a tap weighting factor in a state
where an equalization error by the partial response adaptive
automatic equalization control is under a prescribed value.

{Claim 16] The digital recorded data reproducing device as
defined in Claim 12, wherein

the tap weighting factor setting means sets a feedback gain
when the filter factor for phase control is updated so as to

be sufficiently larger than a feedback gain when the filter



the,tap yeighting factor setting neans sets a feedback gafhwmﬁﬁéﬁmfhe
filter factor for phase control is updated so as to be sufficiently |arger
than a feedback gain when the filter -12- factor for the

partial respapsg, ' Lon i s updated. and updates the filter factor
for’ the par gﬂ“@ﬂﬁg &@Hmal | zation discretely. [Claim17] A digital
recorded data vi ce conpri sing: a preanplifier for

enphasi zing an output anplitude of a reproduction signal froma recording
medi um ; a waveform equal i zi ng means for enphasi zing a prescribed

frequencyshapdrofothenenphasiizadd rekgodise equaliz 2080 sl ghdateagnygat i ng
means for sanpling the ‘equalized signal to a digital data wth multiple

bits asy Nt 2rRRRS 8RS nE BUHAEL 4 8t 1 bRe
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means fordg§g£g@§h?g an of fset conponent fromthe sanpled signal; an
automatic garn control neans for adjusting the anplitude of the output
signal to | r | eyeki s t r f] rs | LOg the
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equalizatjon. .....a high-order interpolation filter for reproducing a
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I sanpling phase fromthe signal subjected to the

partial responge, egual! 134N Y AnlhAkiY A8 AR AR 1cude of a

reproduction signal from a recording medium ;

a waveform equalizing means for emphasizing a prescribed
frequency band of the emphasized signal;

an analog/digital converting means for sampling the
equalized signal to a digital data with multiple bits
asynchronously with a phase of a clock component included in
the signal by a clock generated by an oscillator;

an offset correction means for decreasing an offset
component from the sampled signal;

an automatic gain control means for adjusting the
amplitude of the output signal to a required level;

a transversal filter for subjecting the signal subjected
to the amplitude adjustment to a partial response equalization;

a high~order interpolation filter for reproducing a signal
in a regular sampling phase from the signal subjected to the
partial response equalization by a high-order interpolation;

a tap weighting factor control means for controlling a tap
weighting factor of the transversal filter from the

interpolation output signal adaptively so that an equalization



a tap weighting factor control neans for controlling a tap weighting
factor of the transversal filter fromthe interpolation output signa

adaptively so that an equali zation - 13-
error i s mninmm a phase conpardi3er for detecting a phase error from
thé interpolation output signal; and a loop filter for snoothing

phase error signal; and a maxi mum |i kel i hood Iﬂ“ﬁﬂﬂmm&wﬁﬂmectl ng
the interpolation output signal to a maximumli kel

according to a type of partial response at equallzatlon by the t fansver sal
filter semot oipeminimuam;dat a denodul ation, as well as conpri sing: a
frequency control neans for performng a control based on a cycle of a
synchroni zat i anphaseecompadatter for résbedtiigg daphased ex domef womtbhed t h
whi ch the synchronization pattern is detected; a phase

synchr oniizadd ©po D&t DbaI Bur@ueabgddI ; n@adtoring a control range of the
|l oop filter after a frequency and a frequency of a clock conmponent

included in taeuse@rQdmﬁalxorfoxsIs&tb?&t@i:&?(p@héeghaaet ertloe Rrei f hoed and
perform ng an up/down control of a cl frequency so that t phase
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reaches an area out of phase synchronization contro
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signal of the frequency control neans
according to a type of partial response at equalization by the
transversal filter so as to perform a data demodulation, as
well as comprising:

a frequency control means for performing a control based
on a cycle of a synchronization pattern included in recording
data and a time width with which the synchronization pattern
is detected;

a phase synchronization maintaining means for monitoring
a control range of the loop filter after a frequency and a
frequency of a clock component included in the reproduction
signal are pulled in to the neighborhood and performing an
up/down control of a clock frequency so that the phase control
signal returns to a normal operating range before the signal
reaches an area out of phase synchronization control; and

an oscillator control means forcontrolling the oscillator
based on an output signal of the frequency control means and
an output signal of the phase synchronization maintaining
means. -

[Claim 18] The digital recorded data reproducing device as



an out put signal of the phase synchronization nmaintaining neans. [Cdaim
18] The digital recorded data reproduci ng device as
-14- defined in Caim17, wherein the oscillator control neans

conpri ses: a del ta/sigma nodul atoggfor nndu#a%Fﬁg—fhe—Cﬁﬁrfar'signal
at” up/ down control by the phase synchroni zation ; and

a low pass filter for snoothing the output si gnam‘mﬁm trol the
oscillator by the output signal. [Claim19] Th | nregor ed data
reproduci ng device as defined in Caim18 further conprising; a

cut-of f §peqHeacyinvalydiw IMpangnkeeig tching a cut- off frequency of the
| ow pass filter according to a reproduction speed of digital recording

dat a. [C aia ?&]cﬂ'faébg' Eaht&%qorm&%mé@mﬁe%@@w ng device as
defined in any of Clains 11, 12, and 17, wherein t he of f set

correction m’aaﬁétl‘i:%e”/”l% gg&‘émhdula gfféﬁbmtaec%ﬂh@eeaat&%ﬁ Q‘ig‘ﬁﬁtl' ng an

of fset conponeéen e sanpl'ed signal snoot hi ng ne

SHDOth'ngttﬂﬁlggH%F%%$ﬁ¥gf*¥y €ROPBRERL: s§Rlnronization maintaining

means; and

a low pass filter for smoothing the output signal, thereby
to control the oscillator by the output signal.

[Claim 19] The digital recorded data reproducing device as
defined in
Claim 18 further comprising:

a cut-off frequency varying means for switching a cut-
off frequency of the lowpass filter according to a reproduction
speed of digital recording data.

[Claim 20] The digital recorded data reproducing device as
defined in
any of Claims 11, 12, and 17, wherein

the offset correction means comprises:

an offset detecting means for detecting an offset
component held by the sampled signal;

a smoothing means for smoothing the detected offset
component; and

a subtracting means for subtracting the smoothed signal
from the sampled signal.

{Claim 211 A digital recorded data reproducing device

comprising:



a subtracting neans for subtracting the smoothed signal fromthe sanpled

signal. [Caim2l] A digital recorded data reproducing-device conprising:

- 15- a preanplifier for enphasizing an ou a AT a
reproduction signal froma recording mggi.um ; W'MBFBMHQ' zing
medns for enphasizing a prescribed frequency band @ d

si gnal ; an anal og/digital converting neans for sanpling the -equalized

signal to a digital data with nultiple bits asynchronously with a phase of
a clock conponent included in the signal by a clock generated by an

oscillator; a pradhmpiseleeOrbeCbnpRalB3Id AN GRUATRAS dMp PN @AESEE a
conponent from the sanpl ed signal; an automati ¢ gain control neans for

adj ust i g diye, g @i bhuds offall e it PUEe 86982 gt el iafUi red | evel ; a
transversaﬁhﬁ?lter for sggfécting t he %ignal gubje@ied "to the anplitude

adj ust ment t o, %??%%6?3 égﬁﬂﬁﬁg‘in"gqh@'ah@%‘i‘l émPr]f]laaS i% i*}ifhf Prd&leribed

I nterpol ation fi eproduci'ng a signa regul ar “sanpl 1 ng phase

i nt er pol at| e . ur ar “sarpl
o or ad e SE R e Ci emdRis L o) SIBRRE, 1 Cont rol “means

hi gh-order Thter _ _ adtor-control means for
Com oL 10, e g SR S PE S, B P e b S R 1,
m.nimmlequalj.zed signal to gfdigital data with multiple bits
asynchronously with a phase of a clock éomponent included in
the signal by a clock generated by an oscillator;
an offset correction means for decreasing an offset
component from the sampled signal;
an automatic gain control means for adjusting the
amplitude of the output signal to a required level;
a transversal filter for subjecting the signal subjected
to the amplitude adjustment to a partial response equalization;
a high-order interpolation filter for reproducing a signal
in a regular sampling phase from the signal subjected to the
partial response equalization by a high-order interpolation;
a tap weighting factor control means for controlling a tap
weighting factor of the transversal filter from the
interpolation output signal adaptively so that an equalization
error is minimum;
a phase comparator for detecting a phase error from the
interpolation output signal;
a loop fiiter for smoothing the phase error signal; and

a maximum likelihood decoder for subjecting the



a phase .conparator for detecting a phase error fromthe interpolation
output signal,—___a loop filter for snoothing the phase error signal; and

a maxi mum | i Tﬂ'{!ﬂMﬂii der for subjecting the
16 1 {f i |
to’a partial ®ke ,,’

-ll 16 sufjeected to the anplitude adjustmnment
ation and reproducing a signal in a regular
sanpling phase fromthe signal subjected to the partial response
equyalization by a high-order interpolation; a phase conparator for
detecting a phase error fromthe output signal; a loop filter for snoothing
t he phaseimteppoiagian patputaisigiedsed af maxdmum;likeladeoodidgcddgnact or
setting neans for setting a weighting factor of a tap of the

phase-i ntas@ordingnté ypeyigeapsvpasaliafli Frespownsiechtnedeslanaddwal byathen
error mninmumand is for reproducing a normal sanpling signal fromthe
phase i nfioramévensand flitaeatitguitasi goapeeffotrire phbsea | derogdallattiian t ype
transversal filter; and a maxi mum |ikelihood decoder for subjecting
the intenpodpéian out put signal to a maxi num|ikelihood decodi ng accordi ng
to a type of partial response at equalization by the

phase-int er pokgkl aRyindirdrcnsy9r sampllidd &ifith BSié OsfiBhkertad tntehe
denodul ati on, the partial response equalization and a digital phase-I| ocked
| oop are[{]aﬁ?%i&fd:@é/péﬂﬁesé’@@aiiblhﬁﬁ.on, and"g & syhdhPoRY8AREAbr ikt er

and a high-order 1 nterpolation filter, which are supposed to be large in

circuit ﬂ%ﬁxﬁ&@@d By L£YHELE ZEAtePBbY atibnttifpd r@lgyeaiabnliddLr,

t her eby g reduCtion in circuit scale and™particularly”l ow power
consunpt i (l-jaka N @p AR QA | EESRT L ekt foFhalm 48 wé1ihe
present i nve%?on(,%l?n ae%l‘ gt?t al recor eo K aé%a repr o&geci ngﬁhevi ce as defined
in claimg?, -17- out put signal of
the polarity val ue output neans; and an offset renoving neans for

perform ng antﬁfeféffséﬁr@c\f?{ection means performs an offset correction
with reference to the output of the high-order interpolation
filter.
[Claim 22] The digital recorded data reproducing device as
defined in Claim 21, wherein

the offset correction means comprises:

a zero-cross amplitude output means for outputting a
component in an amplitude direction with respect to a sampling
signal at a position where the output signal of the high-order
interpolation filter crosses zero;

a polarity value output means for outputting a certain
amount of values with different polarity according to a
polarity of the signal code with respect to a sampling signal
at a position other than the zero-cross position;

_ a loop filter for offset correction for smoothing the

output signal of the zero-cross amplitude output means and the

This Sheet Has Been Replaced
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by directly su acting the output signal fromthe output signal of the
anal og/digital conve [Caim 23] The digital recorded data

repr oduci ng de defined—+n C aim 22, wherein t he of fset
correction nea i é“@ﬂﬁ a pokéﬂrty val ue out put varying means for
varyi ng the outbut polarity val ue out put neans to adjust a

rati o of the sane to the' outp value of the zero-cross anplitude out put
means. [Claim?24] The digital recorded data reproduci ng device as
defined in Caim22, wherein the offset correction neans conpri ses:

an out puourgiute signehi af tbenpdlar iy tealng entputputeansy uandccording to
an operating state of the digital recorded data reproducing device, by
maki ng the owrpuwfisdtueaerfoving s ifor wanfeo mnd pytamedifs dtargmovdian t he
out put value of the zero-cross anplitude output nmeans at seek, and naking

the out pyt ddadectbf $hetpabariinigy thed urnopt pus igralds fyom [ie t bmbputhe
out put value of the zero-cross anplitude output neans at successive data

reproduckiigmal of Gle naBalogiididjigidlalcseeorded.dat a reproduci ng device as
defined in Caim22, wherein the of fset correction neans
conprises:[Claim 23] The digital recorded data reproducing device as
defined in Claim 22, wherein
the offset correction means comprises:
a polarity value output varying means for varying the
output value of the polarity value output means to adjust a
ratio of the same to the output value of the zero-cross
amplitude output means.
[Claim 24] The digital recorded data reproducing device as
defined in Claim 22, wherein
the offset correction means comprises:
an output value switching means for switching an output
value according to an operating state of the digital recorded
data reproducing device, by making the output value of the
polarity value output means larger than the output value of
the zero-cross amplitude output means at seek, and making the
output value of the polarity value output means smaller than
the output value of the zero-cross amplitude output means at
successive data reproduction.
[Claim 25] The digital recorded data reproducing device as
defined in

Claim 22, wherein



a counter for counting a certain period of tine; a cunulative addi ng neans

e ——

for cumul at+vety addi ng the output value of the polarity val ue out put
nmeans and |5.' AT ﬂmﬁm)()f t he zero-cross anplitude output neans

bet ween f|a' lm’lﬂmml“/ m t he courié~ and a cunul ative adding
result nonitering wrednssfof nonitoring the output signal of the cunulative
adding neans at a timng of the flag where the output signal is outputted
fromthe counter, and, when being judged as a quasi-phase synchronization

state, performng a switching to a control in which a ratio of the
pol ari ty val ueheutfifserteavrrectigh, meansagsomprissdonr e the state to a

normal synchroni zation state. [Caim26] The digital recorded data
reproduci ng deveeanger defy neshntingyaotehaits pelrid@, of7timeqd 2al, wherein
the transversal filter conprises: plural delay el enents having del ay

anount Ofcuitfﬁlta’@iﬂIQYad_H'ﬁ.ﬂg, m@aﬂwiﬁrOéuﬁhzatﬁﬁr%ugstaaﬂﬁﬁ@etnégaaltput
subjected to the anplitude adjustnent is inputted and which are

i nt er coNRREIES off RhECHoASrity valfudddtgl ¢ Sleat @hd THECbWPdESRONE Ngl Y
to an input of the delay eléenent of the first stage anong the plural unit

del ay elgmais 26r¥€blods QuiplUltudd Sutplchkhadd RRitedet pEEgsdel ay
el emrents and of a delay elenent of the |ast stage; an adder for

obt ai ni NGl SUEy t P58 QBeO'&ﬁlﬂt%lo; V\%ﬂg _ -19- mul tiplier
to generate "an output of the filter, erein
acumulative adding result monitoring means for monitoring
the output signal of the cumulative adding means at a timing
of the flag where the output signal is outputted from the
counter, and, when being judged as a quasi-phase
synchronization state, performing a switching to a control in
which a ratio of the polarity value output means is high, so
as to restore the state to a normal synchronization state.
[Claim 26] The digital recorded data reproducing device as
defined in any of Claims 11, 12, 17, and 21, wherein
the transversal filter comprises:
plural delay elements having delay amount of unit delay
time, to which of the first stage the signal subjected to the
amplitude adjustment is inputted and which are interconnected
in series;
an multiplier which is set correspondingly to an input of
the delay element of the first stage among the plural unit delay
elements as well as outputs of a connection point between delay

elements and of a delay element of the last stage;

an adder for obtaining the sum total of outputs of the



a wei ghting FatfeL\Lﬂleiggf;gu}he other input of the multiplier is

vari ed, therebpss eal 1 Z I red equalization characteristics.
[Claim27] Th wﬂﬁ I’”I[ _ data reproduci ng device as defined in any
of Caims 11, /¢ W’ g@gin -194e high-order interpolation filter
conpri ses: plural Melsay«€l ements having del ay anount of unit del ay
time, to which of the first stage the signal subjected to the partia
response equalization is inputted and which are interconnected in series;
an multiplier which is set correspondingly to an input of the delay

el enent multhplfiensttatggrerateg anheowinttlofinthedfidfers| SFRESIAs wel | as
out puts of a connection point between delay elenents and of a del ay

el enent in the weasghtingefactor dmpukdeedfbe theaotiher timpetinpfothle of
outputs of the nultiplier to generate an output of the filter, wherein

a wei ght ina@ tfipdticrr ispuatkedy chdmeeloy ey reafitzeofeghéreduegupligatiion

varied, thereby to realize required equalization characteristics. [Caim
28] The dhgiraaitereiot ikesl. dat a reproduci ng device as defined in Caim 27,
wher ei n the high-order interpolation filter perforns an interpolation

base on Nypolaimchanactreidigisal recorded dathCrepmoddlc iy ddivgidalas
recorded data reproducing device as defined in Caim?27, wherein
defined in any of Claims 11, 17, and 21, wherein
the high-order interpolation filter comprises:
plural delay elements having delay amount of unit delay
time, to which of the first stage the signal subjected to the
partial response equalization is inputted and which are
interconnected in series;
an multiplier which is set correspondingly to an input of
the delay element in the first stage among the plural unit delay
elements as well as outputs of a connection point between delay
elements and of a delay element in the last stage;
an adder for obtaining the sum total of outputs of the
multiplier to generate an output of the filter, wherein
a weighting factor inputted to the other input of the
multiplier is varied, thereby to realize required equalization
characteristics.
[Claim 28] The digital recorded data reproducing device as
defined in Claim 27, wherein

the high-order interpolation filter performs an

interpolation base on Nyguist characteristics.



the high-order interpolation filter conprises: a register which is set
correspondingly to the nultiplier and stores each-anplitude value when a

channel rate of Nyquist characteristics is diVvijgagu ' Lrection;
and a selector which is set corT%%‘pondi ngl Jmﬂ!,t”ﬂ%mﬁmﬂan and
sel ects the anplitude value stored in the register to s t he

corresponding nultiplier according to the output phase information of the

loop filter. [Claim30] The digital recorded data reproduci ng device as
defined in any of Clainms 11, 17, and 21, wherein the tap weighting
factor cofaimmedhs TReidkdital reRoFAPAAEACSPTBAUCHB S PRTRS &4
filter by Least Mean Square al gorithm [Cdaim31l] The digital recorded
dat a r ep@BéneAnd nd&diaidn a&7 » J¥RPEEAN n O ai m 30, wherein the tap

wei ghting factor control means conpri ses: a tenporary judging circuit

for detecti fpeathiahr=preari daterpodatiaen vblkhethceBPrdsRfts to a parti al
response system based on the output signal of the high-order interpolation
filter: a npgdghtey whicdnierset errresponfdngdat tetthg mpbtipddgri zation
error based on the equalization target value and the output signal of the
hi gh- oraied storcepatath emplitede value when a chaanedr reitat of Fygudstecti ng
correl ation between the equalization error and the output signal of the

hi gh- orelearacteristics is divided in a time direction; and

a selector which is set correspondingly to the register
and selects the amplitude value stored in the register to output
to the corresponding multiplier according to the output phase
information of the loop filter.

[Claim 30] The digital recorded data reproducing device as
defined in any of Claims 11, 17, and 21, wherein

the tap weighting factor control means decides the
weighting factor of the transversal filter by Least Mean Square
algorithm.

[Claim 31] The digital recorded data reproducing device as
deéfined in Claim 30, wherein

the tap weighting factor control means comprises:

a temporary judging circuit for detecting an equalization
target value which corresponds to a partial response system
based on the output signal of the high-order interpolation
filter;

an egualization error detector for detecting the

equalization error based on the equalization target value and

the output signal of the high-order interpolation filter;



interpol ation filter; a feedback gain regulator for nmultiplying an

out put of the-—correfaf‘”“ﬁ?’fhe sane nunber as a gain to regulate a

f eedback gal gp factor updating part for adding an output of
t he feedbac g‘mﬂ FT&E to a wei ghtlAag factor of each tap to wupdate a
tap factor. e digital recorded data reproduci ng device as
defined in Cla|n115, mherein the frequency error detector conprises:

a zero-cross |length detector for detecting an interval at which the output
signal of the high-order interpolation filter crosses zero |evel; a
synchroni zat i an paxtelatbendior dEatbingocodeedatiion hekween sheatio of
nei ghboring zero-cross lengths coincides wth a prescribed synchronization
pattern | eqghf iativn besrer ahdt hhe autgpwt sbyntd olft dire fhigh-oydee

i nformati on which reflects a reproduction speed of the recordi ng nedi um

and anspipllcat Yo i phlpettern interval detector for detecting an
i nterval until the synchroni zation pattern is detected to detect second

synchroni zat i @ fieRidyatat igairbeeqdlatdhifd ragdl tapkyasey bhesuPputosit the
[ Detail ed Description of the Invention]

- 22- cork@@@tor by khRPkhfabhembee! dsi & ddin ltdeelgullate a feedback
gain; and

a tap factor updating part for adding an output of the
feedback gain regulator to a weighting factor of each tap to
update a tap factor.

[Claim 32] The digital recorded data reproducing device as
defined in Claim 15, wherein

the frequency error detector comprises:

a zero-cross length detector for detecting an interval at
which the output signal of the high-order interpolation filter
crosses zero level;

a synchronization pattern length detector for detecting
whether a ratio of neighboring zero-cross lengths coincides
with a prescribed synchronization pattern length on the basis
of the ratio or not to obtain first cycle information which
reflects a reproduction speed of the recording medium; and

a synchronization pattern interval detector for detecting
an interval until the synchronization pattern is detected to
detect second synchronization information based on this and
a prescribed period. _

[Detailed Description of the Invention]



The, present invention relates to a digital recorded data reproducing
devi ce which reproduces digital data recorded in a recording nedi um and,
nore particularly, to one having its phase-|ocked |oop and offset
correction inproved, and to one whiclT reproduction digital data
quality inproved as well as playability enhanced under unfavorable
conditions such as a deterioration in a reproduced waveformquality due
to tilt, a reproduction on condition of bad signal-noise ratio, and a
frequent occurrence of defect or the |ike. - [ 0002] [Prior Art] A
nmet hod of ke&fi®®d la |inear velocity constant to wuniform ze recording
density on a recording nediumis conmmonly enployed as a nethod for
recordi ng diAfipkicahle Bhedd dm it IRFYRTEEAi um as seen in Conpact Disk
or DVD. Wien digital data are reproduced based on a reproduction
si gnal of an Tpeipwesensiinmerehies tesdp e kgt kahitRPTded daka on and
to digital nodulation recording so that |linear recording density is
const ant ,repphdseingcley icg which yeprrdeses odagiyagefpdant@cyrdrd ecti ng
a phase of a clock conponent held by the reproduction signal and
constit utim@g aecurakind awdidim @opl, mordg @@d3jicularly, to one having
-23- At the tinme, when the frequency of the clock conponent held by
t he repr adtetploms e+ foakeadnd oolpe arde quicimgt cformretbikn improved, and

to one which has reproduction digital data quality improved

as well as playability enhanced under unfavorable conditions

such as a deterioration in a reproduced waveform quality due

to tilt, a reproduction on condition of bad signal-noise

ratio, and a frequent occurrence of defect or the like.

[0002]

[Prior Art]

A method of keeping a linear velocity constant to
uniformize recording density on a recording medium is commonly
employed as a method for recording digital data on an optical
disk medium as seen in Compact Disk or DVD.

When digital data are reproduced based on a reproduction
signal of an optical disk which is subjected to mark width
modulation and to digital modulation recording so that linear
recording density is constant, a phase-locked pull-in is
conventionally performed by detecting a phase of a clock
component held by the reproduction signal and constituting a
phase;locked loop.

[0003]



generated by the phase-locked |oop differ vastly, it is likely that a
phase-locked pull-in is not conpleted or that a pseudo pull-in to a
different frequency is performned. As a nmeans for avoiding this

probl em conventionally a reproducti @3 near velocity cycle is detected
by "a specified pulse length or pulse interval included in a reproduction
signal and control of a disk rotation speed or of a free-running frequency
of a phase-locked |oop is performed, thereby enabling a nornal

phase-| ocked pull-in. [ 0004] For exanple, there is a disk

r epr oduct i onAsyshert fme shdven tihe firgquernzy of thgi¢beckumpPRERERRLGS
shown in figure 24(a) is recorded on an optical disk 55 so that |inear
recor di ngpy dehei tyepsodunsiant . s Rgnal dehdlathearregpposyd b Be ¢keak

regul ated to have three to fourteen pieces of consecutive "0" or "1" as in
8- 16 noduyenévateisberhd phasenipaked Isiqgndli f feint wased yoy 1% kepribeekYi on
at a reproduci ng neans 56 such as an optical pickup has its anplitude

attenuat etha® £ ghggesrlodékequenty-tanpsneot campidted oo Wmaterpeewedén the
recording density of the recorded data in a linear direction as showmn in
figure 24g1-~7hi 6ol & lAaTasemn efégaenoy iist gdrfemed.is significantly
produced ‘according to an increase in recording density, and thus, the
signal obtaingd BY meRHPIHEE i Moi8ing this problem, conventionally a?24-

anplified by a preanplifier not shown and is subjected to correction which
enphasi ZesegrHig8eioh EUHEASYvEDBBRRGNEYBLe is detected by a specified
pulse length or pulse interval included in a reproduction
signal and control of a disk rotation speed or of a free-running
frequency of a phase-locked loop is performed, thereby enabling
a normal phase-locked pull-in.
[0004]
For example, there is a disk reproduction system as shown
in figure 23. Adigital recording code as shown in figure 24(a)
is recorded on an optical disk 55 so that linear recording
density is constant. Recorded data are supposed to be data
regulated to have three to fourteen pieces of consecutive “0”
or “1” as in 8-16 modulation system, for example. A signal
obtained by a reproduction at a reproducing means 56 such as
an optical pickup has its amplitude attenuated in a higher
fregquency component according to an increase in the recording
density of the recorded data in a linear direction as shown
in figure 24(a). This is because an effect of interference
is significantly produced according to an increase in recording

density, and thus, the signal obtained by reproduction is



a wavefarm equalizing means 2 thereafter. [ 0005] A reproduction
signal subjected to high frequency enphasis is sanpled to a digital signal
with multiple bits by an analog/digital converter 3 as a neans for
converting an analog signal to a digi-t28~ signal as shown in figure 24(b).
At this tinme, a reproduction clock generated by a VCO (Voltage Control
Type Oscillator) 40 is enployed as a sanpling clock, and when a phase of

t he. reproduction clock by the VCO 40 and a phase of a clock conponent held
by the reproduction signal by the reproducing nmeans 56 are synchronized

wi th eactamphifiedahpl anpresmpl bfienonati AhpwWgurand4ie)subaesbes .

[ 0006] Figure 24(c) illustrates sanpling data sui tabl e

parti cul ardnréotifar whalchRegypdvassel Ags i anmd gh &z | fnequenCyeconpanert by
abbrevi ated as "PRWM." ) signal processing system The PRM. signal

processi rag vearee Earms egua lilzigly rmepns e2 hbelregift€requency conponent in a
reproduction signal by adding a waveforminterference intentionally and
enhances an ¢oo@5yate of reproduction data by using a maxi mum |i kel i hood
decodi ng nethod, which denodul ates the nost probable series by a
probability calreprdédestions tfnahgubieoeeditor hightfrdguency emplogeiser in
a reproduction systemin which an anplitude of a

- 25- iH dahpegaeney acAiRoel igrasi giith deileripratiestandyaan

signal -noise ratio increases with an increase in recording
analog/digital converter 3 as a means for converting an analog
signal to a digital signal as shown in figure 24(b). At this
time, a reproduction clock generated by a VCO (Voltage Control
Type Oscillator) 40 is employed as a sampling clock, and when
a phase of the reproduction clock by the VCO 40 and a phase
of a clock component held by the reproduction signal by the
reproducing means 56 are synchronized with each other, sampling
data as shown in figure 24(c) are obtained.

[0006]

Figure 24(c) illustrates sampling data suitable
particularly for Partial Response Maximum Likelihood
(hereinafter, abbreviated as “PRML"”) signal processing system.
The PRML signal processing system is one which requires no high
frequency component in a reproduétion signal by adding a
waveform interference intentionally and enhances an error rate
of reproduction data by using a maximum likelihood decoding
method, which demodulates the most probable series by a

probability calculation considering the waveform interference,

together in a reproduction system in which an amplitude of a



density itn a linear recording direction. [ 0007] The sanpl ed
digital signal with nultiple bits is inputted to an offset correction
nmeans 4 to correct an offset conponent included in the reproduction
digital signal. The reproduction di gi tdP-si gnal subjected to offset
correction is inputted to a transversal filter 6 to performa parti al
response equali zation. [ 0008] At this tinme, it is characteristic
that an equalization output signal is nultivalued by applying the partial
response _equalization as shown in figure 24(d) A wei ghting factor of a
tap of th&ighanEyeayencyl teemponendupdfi &d §§¢g§at1a|cﬂ%?§hf’ifﬁ%esf aBpgr a
setting neans 57 for setting weighting factors enploying Least Mean Square
(her ei naf 8dgnalefnoiee ratis 'inwEeasgsovithmanmiingted s@ miReegomshimyg
square val ue of an equalization error. The multivalued output signal of
the transdensdltyiinea bineardeesdunditnegl diractioarbi decoder 58 as a kind
of maxi mum 1ikelihood decoder to obtain binary digital data. [ 0009]
A phase-| ockepo@@pioducti on cl ock used in sanpling by the analog/digital
converter 3 is controlled as follows. That is, a position where an output
signal of the THé¢ ssmpbed etiig Dabedignal with multiple bits is inputted
- 26- 4 crosses zero level is successively detected fromthe output
signal, atsyanhspfsestconrpationmméangtd tio) coryeert fancd fifscitodomponent
included in the reproduction digital signal. The reproduction
digital signal subjected to offset correction is inputted to
a transversal filter 6 to perform a partial response
equalization.

[{0008]

At this time, it is characteristic that an equalization
output signal is multivalued by applying the partial response
equalization as shown in figure 24(d). A weighting factor of
a tap of the transverse filter 6 is supplied by a tap weighting
factor settingmeans 57 for setting weighting factors employing
Least Mean Square (hereinafter, referred to as “LMS”) algorithm
which minimizes a mean square value of an equalization error.
The multivalued output signal of the transversal filter 6 is
demodulated by a viterbi decoder 58 as a kind of maximum
likelihood decoder to obtain binary digital data.

[0009]
A phase-locked reproduction clock used in sampling by the
analog/digital converter 3 is controlled as follows. That is,

aposition where anoutput signal of the offset correction means



over 1 frane is detected enploying an output of a zero-cross length
detector 59 which counts the sanpling nunber between nei ghboring
zero-crosses, and further a detection cycle of a synchronization pattern
is detected by a frequency error detee2® 13, thereby deciding a frequency
error amount to performfrequency control of the reproduction clock.
Further, phase information of reproduction digital data is detected by a
phase conparator 9 enploying the output signal of the offset correction
means 4, and a phase error ampunt to perform phase synchronizaiton control
of the reprodossesnzekrockewnd fbesucepssdwetlyodetiegittesd famimathe dutpadd.

[ 0010] The VCO 40 is controlled by a loop filter 14 for frequency
control asdgaadi,gatssiic@mabndgzetiver patté2in repyohi in & bpeciifdqdpey iod or
anount outputted fromthe frequency error detector 13 so as to control

frequencyotreradl sramewisr detthetadpmpioying £h ccktpan O€ aynehooorpasd w t h
the reproduction digital signal. Meanwhile, the VCO 40 is controlled by a

loop fillengél Gergutase 3Ot DEhadduAtdi ghlealshadl idgy comibetebedd@en
enpl oyi ng the phase error anount outputted fromthe phase conparator 9 so

that the hepgRBLEling ZdracictSsS¥8chanai £edtheirt B dBeebeliondesidlen off @i t al
signal. That"is, the VCO 40 has outputs of the digital/anal og converter

42a and t8¢nchronization pattern is detected2by a f@elfuetdypnak@dr

converter 42b, which are agded by an adder 61, inputted as its control

I nput. detector 13, thereby deciding a frequency error amount to
perform frequency control of the reproduction clock. Further,
phase information of reproduction digital data is detected by
a phase comparator 9 employing the output signal of the offset
correction means 4, and a phase error amount to perform phase
synchronizaiton control of the reproduction clock and the
reproduction digital data is decided.

[0010]

The VCO 40 is controlled by a loop filter 14 for frequency
control and a digital/analog converter 42b employing the
frequency error amount outputted from the frequency error
detector 13 so as to control frequency to an area where the
reproduction clock can be synchronized with the reproduction
digital signal. Meanwhile, the VCO 40 is controlled by a loop
filter 60 for phase control and a digital/analog converter 42a
employing the phase error amount outputted from the phase
comparator 9 so that the reproduction clock is synchronized
with the reproduction digital signal. That is, tﬁefvco 40 has

outputs of the digital/analog converter 42a and the



[0011] By a series of the operation, a phase of the reproduction

cl ock and a phase of a clock conponent held by the reproduction digital
data can be synchroni zed with each ot@fé, resulting in a stable and
accurate reproduction of digital data T€corded on an optical disk nedium
[0012] [ Problens to be solved by the invention] However, when a
phase error detection as a part of the phase-|locked |oop is perforned
based on a signal before the partial response equalization processing as

descri beq, above,, phase error_info tiqn is incorrect, and t a_jitter
of “the  BHALERLARE 50T LeE dAB L ISR aAF BdiRd muhammadiee 61
deterioration in the reproductigon.signal due to tilt and insufficiencies
of equalPRYELEA achak t?ﬁ?EF?gsln Ttethe waveform equalizing means.

Thus, a signal sanpled by the analog/digital converter is out of norna
phase state,[&Hd 1 therefore the per formance cannot be sufficiently achieved
in a partial response equalization by the transversal filter. Therefore,
the quality &¥ eheerdgsodficthercReEAkLons adehaspor hitlele FrP¥pduction
deterioration in the error rate nay be caused. [ 0013]

-28-  clockmpd Fephasifoo§a iqlqak gompanent disdskbhyt bhearepraduchiase

error detection based on the output signal of the transversal .
digital data can be synchronized with each other, resulting

in a stable and accurate réproduction of digital data recorded
on an optical disk medium.

[0012]

[Problems to be solved by the invention]

However, when a phase error detection as a part of the
phase-locked loop is performed based on a signal before the
partial response equalization processing as described above,
phase error information is incorrect, and thus a jitter of the
phase-locked loop increases, under such conditions as the
deterioration in the reproduction signal due to tilt and
insufficiencies of equalization characteristics of the
waveform equalizing means. Thus, a signal sampled by the
analog/digital converter is out of normal phase state, and
therefore the performance cannot be sufficiently achieved in
a partial response equalization by the transversal filter.
Therefore, the quality of +the reproduction signal is
deteriorated and the deterioration in the error rate may be
caused.

[0013]



filter as a neans for avoiding such state, it cannot be an effective
avoi dance neans because a |loop delay in the phase-locked |oop is

i ncreased, and a range of phase-locked pull-in is decreased or the
stability of the phase synchronizatie?8+s |ost according to the method.
[ 0014] The present invention is made to solve the above- nentioned

probl ens and has for its object to provide a digital recorded data
reproduci ng device which is nost suitable for a partial response
equal i zation, is high in phase-locked pull-in capacity, and is capabl e of
decr easi ng aFuarther ; thougheit vridad raasty poediaseshs apearfodha REAES st i c
deterioration due to tilt and insufficiencies of anal og equalization.
[0015] errpkbdetees iton Salsesl ometReobhtpsk signalpefotbengreansvezisall of
the present invention, a digital recorded data reproducing device

conpri segilaerana of/méghsalforcawodrdimy seahsstatesand ieanmotepeoddct i on
signal of a recording nediumto digital data asynchronously with a phase
of a cl ogfeenisnentavioicldmes inedre depwmisea ai didog dtlamy cdmr edtheon
means for correcting an offset conponent and an anplitude fromthe sanpled
signal ; pRaseualdciew) Toopeisf Dhcraubpdst ang tsheramye ecf ephasgrabcked
partial response - 29- equal i zat i on;

an interpghatijon fidtedeépeabenr oduci nthe ségaBLlitty a gfguthe sphplseng
phase fromthe signal subjected to the
synchronization is lost according to the method.
[0014]

The present invention is made to solve the above-
mentioned problems and has for its object to provide a digital
recorded data reproducing device which is most suitable for
a partial response equalization, is high in phase-locked
pull-in capacity, and is capable of decreasing an error rate
even under such conditions as the characteristic deterioration
due to tilt and insufficiencies of analog equalization.

[0015]
[Measures to Solve the Problems]

According to Claim 1 of the present invention, a digital
recorded data reproducing device comprises: an analog/digital
converting means for sampling a reproduction signal of a
recording medium to digital data asynchronously with a phase
of a clock component included in the signal; a digital data
correction means for correcting an offset component and an
amplitude ffom the sampled signal; an equalizing filter for

subjecting the corrected signal to a partial response



partial response equalization by interpolation; a filter factor control
means for adaptively controlling a filter factor of the equalizing filter
so that an equalization error is mninum based on an output signal of the
interpolation filter; a phase-locked3%op for detecting a phase error
based on the output signal of the interpolation filter to update a filter
factor of the interpolation filter; and a maximum | i keli hood decoder for
subj ecting the output signal of the interpolation filter to a maximum

| i kel i hood decoding according to a type of partial response at |,

equal i zaeqoalbgatieongqanl intengpelatipn £blbertip paepsoducing & signal
denodul ati on. Therefore, a maxinum |ikelihood decoding can be

per f or neiln dasegudari aamppding phvaskatfadm the egignal sswpieagephisethe
resulting in a digital data denodul ation which is not affected by a

wavef or npaetealoratspomskieeqal i katdbna byepmoteicpo bat $pgnale forltewe |ike
and is suitable for a partial response maxi mum |ikelihood decodi ng.

[0016] factoRaemtliol rMennd diom2daptinelpraserntol hisgta dilteifartar
recordi ng data reproduci ng conprises: an analog/digital converting nmeans
for sanpbfnghe eegRadducingnft slyeal sof thatr enpreljugl iedtiont exdiay td8 data
asynchronously with a phase of a clock conponent included in the signal; a

di gi tal feh@mum based on an output signal of the-ilterpolativacfibhempans

for correcting an offset conmponent and an anplitude fromthe sanpled

signal; anpegsalisiched illddy fiof detecting a phase error based on the
output signal of the interpolation filter to update a filter
factor of the interpolation filter; and a maximum likelihood
decoder for subjecting the output signal of the interpolation
filter to a maximum likelihood decoding according to a type
of partial response at equalization by the equalizing filter
so as to perform a data demodulation.

Therefore, a maximum likelihood decoding can be performed
based on interpolation data in a regular sampling phase,
resulting in a digital data demodulation which is not affected
by a waveform deterioration due to tilt of a reproduction signal
or the like and is suitable for a partial response maximum
likelihood decoding.

[0016]

According to Claim 2 of the present invention, a digital
recording data reproducing comprises: an analog/digital
converting means for sampling a reproduction signal of a
recording medium to digital data asynchronously with a phase

of a clock component included in the signal; a digital data



subjecting the corrected signal to a partial response equalization;, a
phase-| ocked | oop for detecting a phase error based on an output signal of
the equalizing filter; a filter factor control neans for adaptively
controlling a filter factor of the epiftizing filter so that an
equal i zation error is mninumbased on the output signal of the equalizing
filter as well as controlling the filter factor so that there is no phase
error based on an output of the phase-locked |oop; and a nmaxi num

|i kel i hood decoder for perform ng a maxi mum |ikelihood decodin ccordi ng
to a typ‘éoﬁeﬁﬁippameiaébﬁaoﬁ%% ca{:rsaﬁamzém dhfﬁﬁ/‘ﬁ heOBRRRENS ﬁg"f.% er so
as to performa_data denodul ati on. Therefore, a maxi num |i kel i hood
decodi ngamphibadpefromtde marpled $hgpapsl a0 6AUAHIZINg at 3 byBFafor
sanpling phase, resulting in a digital data denodul ation which is not

af f ect edsubyeatimgetdemaimeecbedt Fdgnade o a iparbiay regpOdER i on si gnal
or the like and is suitable for a partial response maxi mum |ikelihood
decodi ngequaligaeish; a phaseedogked doop fom debectiagpepbase| AYEALi on, a
digital recorded data reproducing device as defined in Claiml or 2
conpri sesased conckngewepati aggmedns ff thegequadtizing £ibterw ahfidtphase
asynchronous with that of a clock signal included in
- 31- fadreot eywmriticl nerans ozl addpt heel goonit nol hidguant 13 tlereflaehoy
control neans for controlling a frequency of the clock
of the equalizing filter so that an equalization error is
minimum based on the output signal of the equalizing filter
as well as controlling the filter factor so that there is no
phase error based on an output of the phase-locked loop; and
a maximum likelihood decoder for performing a maximum
likelihood decoding according to a type of partial response
at equalization by the equalizing filter so as to perform a
data demodulation.

Therefore, a maximum likelihood decoding can be performed
based on interpolation data in a regular sampling phase,
resulting in a digital data demodulation which is not affected
by a waveform deteriorationdue to tilt of a reproduction signal
or the like and is suitable for a partial response maximum
likelihood decoding.

[0017]

According to Claim 3 of the present invention, a digital

recorded data reproducing device as defined in Claim 1 or 2

comprises: a clock generating means for generating a clock with

a phase asynchronous with that of a clock signal included in



generated by the clock generating neans based on the output of the
phase-| ocked | oop; and a phase synchroni zation maintaining neans for
perform ng a control so that a phase of the clock generated by the clock
generating means nmmintains a synchronrZhtion state based on the output of
t he phase-| ocked | oop. Therefore, an oscillation control of the clock
generating neans can be perfornmed only by a rough frequency control and
an ,up/ down control in the nei ghborhood of synchronization frequency,
resulting in a phase-1ocked | oop with high accuracy as well as in drastic
reduct i onthg aeRregustdeshssdanak iferthe megerdsngonedeums oa pE¥ e@RAAEYNI gh
frequency operation, thereby requiring no measures against noise
gener at i opontrol[ oneghs fopcarirelisng ad mixesfueney pradsetih e ngdackon, a
digital recorded data reproducing device as define in Clains 3 conprises:
a del t a/ sggnerated &y tdeawdmck ogesabptingngeansntbrasdiedigmatBef pukpulte
frequency control neans and the phase synchronization nmaintaining neans to
a del ta/ sofnmathendphaseedpckred a llowp passnd i la ephfagre r sy e i haghon
frequency conponent of an output signal of the delta/sigm nodul ating
nmeans. maifihadiafiongemeandi four berde rimirg phasatradkesd ithax whphase of
- 32- rough control is switched to an up/down control can be suppressed
and a snoohé €legkegeyneratedwipy cioite bel pekf genettating means maintains
a synchronization state based on the output of the phase-locked
loop.
Therefore, an oscillation control of the clock generating
means can be performed only by a rough frequency control and
an up/down control in the neighborhood of synchronization
frequency, resulting in a phase~locked loop with high accuracy
as well as in drastic reduction in analog elements. Further,
there is no need to perform a high frequency operation, thereby
requiring no measures against noise generation.
[0018]
According to Claim 4 of the present invention, a digital
recorded data reproducing device as define in Claims 3
comprises: a delta/sigma modulating means for subjecting
control signals from the frequency control means and the phase
synchronization maintaining means to a delta/sigma
modulation; and a low pass filter for removing a high frequency
component of an output signal of the delta/sigma modulating

means.

Therefore, a disturbance in a phase-locked loop when a



whereby a nore stable phase-locked pull-in can be realized, resulting in
an enhancenent in error rate of reproduction data. Further, a control of
the cl ock generating neans nmay al so be designed in consideration mainly of
an enhancenent in control performance3df the rough control, thereby
simplifying an analog <circuit. [0019] According to Caim5 of the
present invention, a digital recorded data reproducing device as defined
in Caim4 conprises a time constant varying nmeans for varying a tine
constant of the |ow pass filter., Therefore, when a reproduction speed

of a rectPHghgcetingd is eWikgbed Fo i3k wRA3PUAt CORTNS \RAT ¥Caccor di ng
to the speed, whereby a snooth frequency foll owup can be perforned
i ndependenpipyesfs achande g shesttitof rgmeeney folhewupepabdbet PeKLoFadbm
whi ch has a node of reproducing the recording nedium at doubl e_speed.
[0020] whekeby ¢i mpre 3iathhe 6pbasehe ogkeskpul lwimt ¢an, benreadiigiads
recorded data reproducing device as defined in Claim1l or 2, when an
of f set agpssiltemg is greentamtmert it grralr et e o Loeprodust iadatadds an
anpl i tude conponent of a point where a center |ine of a sanpled waveform
crosses Farthleavela wiontrol of the clock generating means m3@¥ also hsspect
to the point, while the neans adds a prescribed value according to a
pol arit ydebigneepindochsddesadtsi on airdspedt an enhancement in control
performance of the rough control, thereby simplifying an analog
circuit.
[0019]
According to Claim 5 of the present invention, a digital
recorded data reproducing device as defined in Claim 4
comprises a time constant varying means for varying a time
constant of the low pass filter.
Therefore, when a reproduction speed of a recording medium
is changed, a time constant canbe varied according to the speed,
whereby a smooth frequency followup can be performed
independently of the reproduction speed in a data reproduction
system which has a mode of reproducing the recording medium
at double speed.
[0020)
According to Claim 6 of the present invention, in a digital
recorded data reproducing device as defined in Claim 1 or 2,
when an offset adjustment is performed, the digital data

correction means adds an amplitude component of a point where

a center line of a sampled waveform crosses zero level with



to the other points where a code is decided. Therefore, an accuracy of
offset error information increases, and even when an offset adjustnent is
made to respond to a direct current fluctuation including a high frequency
conponent, a stabilization of the oper~aBi-on and decrease in noise after

adj ustment are possi ble, whereby a data reproducing neans avail able for
the direct current fluctuation can be realized. [ 0021] Accor di ng
to Caim7 of the present invention, in a digital recorded data
reproduci ng device as defined in CCaim1l or 2, when an offset adjustnent

i s perforepedtherditgid goidet A withl & ertié arearsnresigeids paresomibeddealue
conponent of a point where a center |ine of a sanpled waveform crosses

zero | evelcadrdingespeat pbatrfie ypaMta méptedideionansdedad tth wsdspect
according to a polarity of a reproduction code with respect to the other

poi nts WA & ife COERel S pdaditdcihardl gokedet ie Addildemnal value different
bet ween at seek operation and at the other tine. Therefore, an

accuracy of offiéfbferedr drif{udBta€) olfNGHIITRS e ENEBrAeiocH of f set
adjustnment is nade to respond to a direct current fluctuation including a

hi gh frqQuentys SOMRANREBLendrBéRRIN b2 852N @ us PRe AR Aha@Re 88d sspsiear ease

I n noise after adjustnent are possible, whereby a data

34 synchion zpii 08t Pahieeht Hifo@latEbRCEAE1LAL PILAHigN APelllRici?!

until the synchronization pattern 1s detected to detect second cycle

I nfor mat i RARGH: ONa t DL 50379 23 AP O # D8k PSEEPIt ion and decrease in
noise after adjustment are possible, whereby a data reproducing
means available for the direct current fluctuation can be
realized.

[0021]
According to Claim 7 of the present invention, in a digital
recorded data reproducing device as defined in Claim 1 or 2,
when an offset adjustment is performed, the digital data
correction means adds an amplitude component of a point where
a center line of a sampled waveform crosses zero level with
respect to the point, while the means adds a value according
to a polarity of a reproduction code with respect to the other
points where a code is decided, and makes the additional value
different between at seek operation and at the other time.
Therefore, an accuracy of offset error information

increases, and, even when an offset adjustment is made to
respond to a direct current fluctuation including a high
frequency component, a stabilizatioﬂ of the operation and a

decrease in noise after adjustment are possible, whereby a data



Therefore, the configuration to detect a frequency error can be realized in
a device which is capable of realizing a stable phase-1locked | oop and
preventing a state out of control after the processing shifts froma rough
control to a phase synchronization staBé- BRI EF DESCRI PTI ON OF DRAW NGS
Figure 1 is a block diagramillustrating a configuration of a digital
recorded data reproduci ng device according to a first enbodi nent of the
present invention. Figure 2 is a block diagramillustrating a
configuration of an offset correction nmeans 4 in the first _enbodi nent.

Fi gure 3repraductiammeand ayaihadl eafdrfike digedecussenprE{gctyataomn)
equal i zati on systemwhich is realized by a transversal filter 6 in
the fireanchbarkatizedpdandtay mageirdl reargoxidtng it aa Pparafsmgnstate
Figure 4 is a diagramillustrating frequency characteristics of various
partial fiesposscisls; cubereblyi rathanciny a rebsyabddlitii.lter 6 in the first
enbodi nment . Figure 5 is a schematic diagram of Nyquist characteristics
relevant to pod2gfyer factor setting by a high-order

- 35- According to Caim10 of the present invention, in a digita

recorded dat AckeRddctboc UeYmce® ofstHefpredent Ghwentidn,aiher dieriftarni ng a
phase-| ocked pull-in, the filter factor control neans perforns a parti al

responserggudideRidin BeELe8atialgy dasr e lafideisedt $nl 0Odpigai7n tuhee
sufficiently |ow as conpared with the phase-|ocked | oop, and perfornms a

switchingige+an gakey Wdrirdtit LONINOAnOPERGE£QBewhERet H@dRBADMaleValiud S
decr eased. Therefore, quality of attitude data is increased, thereby

enhanci ngiaseRebdr PSR- WAGKRd theé Iméns declr@dds the Asaaitivmalo
Claim1l of the present invention, in a digital

value in a phase synchronization state.

Therefore, it is possible to increase a followup property
during seek operation and to suppress control noise in a phase
synchronization state, thereby enabling the most suitable
offset control.

[0023]

According to Claim 9 of the present invention, in adigital
recorded data reproducing device as defined in Claim 1 or 2,
when an offset adjustment is performed, the digital data
correction means monitors a cumulative additional value for
a prescribed period of time at each point in a sampled waveform
and gives feedback of an error amount for a direct current part
discretely to the direct current part.

Therefore, it is possible to perform a restoration from
a pseudo lock state as an abnormal state at high speed, thereby
enhancing a playabi'lity.

[0024] -

e

Sheet Has Been Replaced

T



recorded data reproduci ng device conprising: a preanplifier for
enphasi zi ng an out put anplitude of a reproduction signal froma recording
medi um a waveform equal i zi ng means for_ enphasi zing a prescribed frequency
band of the enphasized signal; an anaP®y/digital converting neans for
sanpling the equalized signal to a digital data with nultiple bits
asynchronously with a phase of a clock conponent included in the signal by
a clock generated by an oscillator; an offset correction neans for
decreasi ng an offset conponent fromthe sanpled signal; arn autonati%igain

control nmeanpderrdingstingClake difpl of udeoPEeeBht pRHVEH rt &P
required level; a transversal filter for subjecting the signal %ggiected
to the diglitaldeenirdedeiata oreppadurangr deydRse aéqdelirgd h im
- 36- hi gh-order interpolation filter for reproducing a signal in a
regul ar 2anpfitey phaerivimg ehphesgndiockss) eadddin the fidtenitadPonse
equal i zation by a high-order interpolation;, a tap weighting factor, control
means foeontcll micans tErfomnghta npdncial ofegpenspanSdBRddlzatIqnyy
fromthe interpolation output signal adaptively so that an equalization
error is siictigBst velyhes avelonyees astedys fidrs deioge gianig &ophessudfiedertlam t he
I nterpol ation output signal; a loop filter for snoothing the phase error
signal ; aefy asTecomparédkelitodrhe deltasier 1bokesiuijomp i nand hpeirfioamsol &t i on
out put signal to a maxinmumlikelihood decoding according to a type of
partial shALRMNESEy alo a@Uahitzamictdnt tdontrahopersat ién [when sheiphase
error is decreased.
Therefore, quality of attitude data is increased, thereby
enhancing a speed of phase-locked pull in.
[0025]
According to Claim 11 of the present invention, in a digital
recorded data reproducing device comprising: a preamplifier
for emphasizing an output amplitude of areproduction signal
from a recording medium; a waveform equalizing means for
emphasizing a prescribed frequency band of the emphasized
signal; an analog/digital converting means for sampling the
equalized signal to a digital data with multiple bits
asynchronously with a phase of a clock component included in
the signal by a clock generated by an oscillator; an offset
correction means for decreasing an offset component from the
sampled signal; an automatic gain control means for adjusting
the amplitude of the output signal to a required level; a

transversal filter for subjecting the signal subjected to the

amplitude adjustment to a partial response equalization; a



performa data denodul ati on, the asynchronously sanpled signal 1is
subjected to the partial response equalization, and a phase

synchroni zation is conpensated by a phase-interpolation-type digital
phase-| ocked | oop so that a data denodifation is perforned.

Therefore, even under such conditions as a characteristic deterioration of
a reproduction signal due to tilt and insufficiencies of anal og
equalization, it is possible to decrease a jitter in a phase-locked | oop
as well as to reproduce the npst suitable partial response equalization

si gnal bhyighepsdernd nirrERobatben| Aldteat fOF FARGOPIFING| ar 84FBAde 1D
equal i zation, thereby enabling a stable digital data reproduction which
reduces anregudlan s3ampiing| Phashatramgihe signal subjected to the
- 37- phase-1ocked pull-in capacity. [ 0026] According to Caim
12 of thpaptésdnrespoasts equalizatiprihwnlia hdgdrdxtemtinteppodatingidevi ce
conprising: a preanplifier for enphasizing an output anplitude of a
repr oducai bapswgnafhtf irogn factour cond noddineans faveicomhrahlibng zangapeans
for enphasi zing a prescribed frequency band of the enphasized signal; an
anal og/ dwgighk ingnvefdctor neafis ther Jamisvwershd edudltiezed Sromal the a
digital data with nultiple bits asynchronously with a phase of a clock
conponenintéenpblded dmoukeuti ghghabyadapt beklygenetdiatdahyeqma bigakianor ;
an of fset correction neans for decreasing an offset conponent
error is minimum; a phase comparator for detecting a phase error
from the interpolation output signal; a loop filter for
smoothing the phase error signal; and a maximum likelihood
decoder for subjecting the interpolation output signal to a
maximum likelihood decoding according to a type of partial
response at equalization by the transversal filter so as to
perform a data demodulation, the asynchronously sampled signal
is subjected to the partial response equalization, and a phase
synchronization is compensated by a phase-interpolation-type
digital phase-locked loop so that a data demodulation is
performed.

Therefore, even under such conditions as a characteristic
deterioration of a reproduction signal due to tilt and
insufficiencies of analog equalization, it is possible to
decrease a jitter in a phase-locked loop as well as to reproduce
the most suitable partial response equalization signal by
detecting phase error information after partial response

equalization, thereby enabling a stable digital data

reproduction which reduces an error rate as well as has high



frogmthe sanpled signal; an automatic gain control means for adjusting the
anplitude of the output signal to a required Ilevel; a
phase-interpol ati on-type transversal filter, which has functions of a
transversal filter and a high-order Tt#Hierpolation filter together, for

subj ecting the signal subjected to the anplitude adjustnment to a partial
response equalization and reproducing a signal in a regular sanpling

phase fromthe signal subjected to the partial response equalization by a
hi gh-order interpolation; a phase conparator for detecting a phase error
from t hepbaspgutl osikphl publtd8pcap@Icidy € or snoot hi ng t he phase error signal
to obtain phase information; a tap weighting factor setting neans for
setting a wed@héing factor setting of a tap of the phase-

- 38- i nterpol ation-type transversal filter which makes an equalization
error mni nuAamerdingorto eptaitmcildg of nbhealpresemnt i AGVENFIAN £ r d Bhe
phase information and the output signal of the phase-interpol ation-type
transver gdlgiftidlt erecoanted madaumdpriaeduatbond dédevder fopmprijsdard ng & he

i nterpol ati on output signal to a maxi mumlikelihood decoding according to
a type oprpaniplalfiespofse ampsigasiziagi oanbyotthputphampliittusieolcd i @n-t ype
transversal filter so as to perform a data denodul ation, the partia
responseregudlductiicm aigmal difgomal a phasstdiked Mebjumy e a embivedorny t he
sane filter. Therefore, a transversal filter and a hi gh-order

i nt er pol auan ifFidemeans cloRrempiepDsEagt ® feeser gpednfeeyaenicy band
of the emphasized signal; an analog/digital converting means
for sampling the equalized signal to a digital data with
multiple bits asynchronously with a phase of a clock component
included in the signal by a clock generated by an oscillator;
an offset correction means for decreasing an offset component
from the sampled signal; an automatic gain control means for
adjusting the amplitude of the output signal to a required
level; a phase-interpolation-type transversal filter, which
has functions of a transversal filter and a high-order
interpolation filter together, for subjecting the signal
subjected to the amplitude adjustment to a partial response
equalization and reproducing a signal in a regular sampling
phase from the signal subjected to the partial response
equalization by a high-order interpolation; a phase comparator
for detecting a phase error from the output signal; a loop
filter for smoothing the phase error signal to obtain phase
information; a tap weighting factor setting means for setting

a weighting factor setting of a tap of the phase-



scal e, can be communi zed only by the transversal filter, thereby realizing
reduction in circuit scale and particularly |ow power consunption at high
speed reproduction. [ 0027] According to Caim1l3 of the present
invention, in a digital recorded data3%eproduci ng device as defined in
Caim 12, the tap weighting factor setting neans has a filter factor for
each phase which is divided in a phase direction, updates the filter
factor for phase control according to the phase information outputted from
the loop filter, updates a filter factor for, partial_response equalization
so as tolptRrPPiatifn-yRel | Zaansversat bidddedn twBight prakegnalrf the
phase-interpol ati on-type transversal  filter, and
- 39- equpddizaosds eRECT| Miadmugciand b8 PhAsFepddwtinghdat permalt er
factor for partial response equalization, thereby setting the weighting
fact or o$ampilapoofsigmaphigem ke pphaseorinfigematianseddsaihée | pugput
Therefore, a neans for setting a filter factor for phase control and a
means fosigeaili nf acheapphesghtinteripedtatidn+styper tirainswespoankefédd@ri;zat i on
can be operated individually, whereby even when a partial response
equal i zaahdn and maxtatem | hi&epdhatodon decadeeguifar prsagejeaeingmivhiezed
only by the phase-interpolation-type transversal filter, an effective
control whtbkrpiodlatdomircacypuits saiogsa blteo v et imimw s fige bbhbod decoding
according to a type of partial response at equalization by the
phase-interpolation-type transversal filter so as to perform
a data demodulation, the partial response equalization and a
digital phase-locked loop are realized by the same filter.
Therefore, a transversal filter and a high-order
interpolation filter, which are supposed to be large in circuit
scale, can be communized only by the transversal filter,
thereby realizing reduction in circuit scale and particularly
low power consumption at high speed reproduction.
[0027]
According to Claim 13 of the present invention, in a
digital recorded data reproducing device as defined in Claim
12, the tap weighting factor setting means has a filter factor
for each phase which is divided in a phase direction, updates
the filter factor for phase control according to the phase
information outputted from the loop filter, updates a filter
factor for partial response equalization so as to minimize the
equalization error based on the output signal of the

phase-interpolation-type transversal filter, and



characteristics. [ 0028] According to Clain111‘6T‘ThE*pfeseﬂ%——

invention, in a digital recorded data reproducing Qﬁﬂﬁ&ﬂ deflned I n
Claim 12, the tap weighting factor setting neans co ﬂporary
judging circuit for detecting an equakB2ation target ”

corresponds to partial response system based on the 'of t he

transversal filter; an equalization error detector for detectlng t he
equal i zation error based on the equalization target value and the output
signal of the high-order interpolation filter; a correlator for detecting
correl at sapehdmpeses hdecfjidteraf achoerfar pamﬁe{ tentuoduandst kg fiildfen he

hi gh-order interpolation filter; a feedback gain regulator for multiplying
an OUtpUEaQEchhﬁoQOpaetahQrrbspbhee equalization, thereby setting the - 40-
sanme nunber as a gain to regulate a feedback gain; a tap factor updating

part foryaddhdray paepor ©f tdethpedhhckhgaiphasegihaéppolatdoneitgipe ng
factor of each tap to update a tap factor; a first register for storing

each anphi-tbnde,erdae fePerd channel rate of Nyqui st characteristics is
divided in a time direction correspondingly to each tap; a tap factor

fol di ng ”E‘ar@héz_@éfék'eerbnﬂ?@&hagfsécget@&n@t ar ediitert Faciostforeginiss  as
well as a thU|st |nterpo ation factor in each phase and a tap weighting

Iﬁgt?; f?Bd%?&l &e§pﬂQ§ESGQB%'é@%ﬁfﬁ?“@'ﬁﬁ p a0t iy ofd Prbtedolrr om

p factor atlng part; plural ay el enments having del ay anmount of

uni t de'ﬁ%r@fﬁ% fé§ﬂ$ﬁ§g equalization can be operated individually,
whereby even when a partial response equalization and a data
interpolation in a regular phase are communized only by the
phase-interpolation-type transversal filter, an effective
control with high accuracy is possible without losing both
characteristics.

[0028]
According to Claim 14 of the present invention, in a

digital recorded data reproducing device as defined in Claim
12, the tap weighting factor setting means comprises: a
temporary judging circuit for detecting an equalization target
value which corresponds to partial response system based on
the output signal of the transversal filter; an equalization
error detector for detecting the equalization error based on
the equalization target value and the output signal of the
high-order interpolation filter; a correlator for detecting
correlation between the equalization error and the output
signal of the high-order interpolation filter; a J_‘.eedback gain

regulator for multiplying an output of the correlator by the



of the first stage the signal subjected to the partial response
equalization is inputted and which are interconnected in series; an

mul tiplier which is set correspondingly to an input of the delay el enent
in the first stage among the plural urfi®d~ delay el enents as well as outputs
of a connection point between delay elements and of a delay elenment in the
| ast stage; an adder for obtaining the sumtotal of outputs of the
multiplier to generate an output of the tap weighting factor setting
means; a second register which is set correspondingly to the nultiplier,;
a regi steIMg FURPLHER Angaidabr Hegulpbatd fgedbachk @figi; @htapetapbor

regi ster based on an output of the tap factor folding neans; and a

sel ect orupddthngs pratt afosr Adding @ ovspyid ¢ Egitdrer fapdbaskecgaian
anplitude value stored in the second register to output to the

corr espareljwmbahart tpl aeweighting factor of each tap to updaug-a tap
according to the output phase information of the loop filter.

Ther ef orfgctiey & ifs qEtoviedds ters fead §tordmgseatht amplitnderealugi wyen t ap
factor folding which enables an effective control with high accuracy

wi t hout d etianhdbtratehafaNygnistt charavte nirhi@s piss diatided donaet ime
equalization and a data interpolation in a regular phase are comuni zed

only by diwecphefiecorespamtingly ype éaehstapsala tiadp cactor £4DI2AY
According to Claim15 of the present invention, in a digital recorded data

r epr oducidn slefid € & wase dbhpoeiingne&ERi bapl2t 608 initige Hifstquentyterr or

detector for detecting a
as well as a Nyquist interpolation factor in each phase and
a tap weighting factor for partial response equalization which
factor is outputted from the tap factor updating part; plural
delay elements having delay amount of unit delay time, to which
of the first stage the signal subjected to the partial response
equalization is inputted and which are interconnected in
series; an multiplier which is set correspondingly to an input
of the delay element in the first stage among the plural unit
delay elements as well as outputs of a connection point between
delay elements and of a delay element in the last stage; an
adder for obtaining the sum total of outputs of the multiplier
to generate an output of the tap weighting factor setting means;
a second register which is set correspondingly to the
multiplier; a register value updating means for updating a
value of the second register based on an output of the tap factor
folding means; and a selector which is set according to the

second register and selects an amplitude value stored in the

second register to output to the corresponding multiplier,



frequency error fromthe output of the traversal filter; and a loop filter
for frequency control for snoothing the detected frequency error and
giving the sanme to the oscillator as a control signal, a gain of a |oop
for frequency control which includes~t8e loop filter for frequency control
is reduced in a state where the frequency error is under a prescribed

val ue, so that the processing shifts froma frequency pull-in control to
a phase-locked pull-in control, a loop gain of a |oop for phase control
whi ch includes the phase conparator is reduced in a case where the

prescri b&FarbbRg ko SR iR vhimhase gafiarmatsonee Ecihel Lloep thiktehe
processing shifts to a partial response adaptive automatic equalization
control by thBhepefoxe ntheys dsi proviided ap speicgftiion gomsdtidruttbom ror
means, and the processing shifts to an interval-control-type parti al

-42- nesslpionirg agdapapv & amitconefa bd eygawhighi enadoies canwhE€rctdivecret el y
reflects a cunmul ative additional value of an equalization error anount on
a tap weicghitirgl wddthohigh acctatey witeheu tirl csimd boetth ohasacdrehis t hes
partial response adaptive automatic equalization control is under a
prescri bedetalwlten a pafhdadf vespdrisé segoadiklae ifom reaed i Zedatat abl e
phase-|l ocked |loop and to prevent a state out of control after the

processi Aigtefpdlistionamia aowghuwiait plase® @rphasamayickdonndat iln shat e.
[ 0030] According to Caim16 of the present invention, in a digital
recor ded phalse L Bt @61 88 idRvitsD e Kiei s Wedlshn @Eidiver.
[0029]
According to Claim 15 of the present invention, in a
digital recorded data reproducing device as defined in Claim
12 comprising: a frequency error detector for detecting a
frequency error from the output of the traversal filter; and
a loop filter for frequency control for smoothing the detected
frequency error and giving the same to the oscillator as a
control signal, a gain of a loop for frequency control which
includes the loop filter for frequency controi is reduced in
a state where the frequency error is under a prescribed value,
so that the processing shifts from a frequency pull-in control
to a phase-locked pull-in control, a loop gain of a loop for
phase control which includes the phase comparator is reduced
in a case where the prescribed number of synchronization
pattern is detected, so that the processing shifts to a partial
response adaptive automatic equalization control by the
phaée-interpolation-type tap weighting factor control means,

and the processing shifts to an interval-control-type partial



12, ,the tap weighting factor setting neans sets a feedback gain when the

filter factor for phase control is updated so as to be sufficiently |arger
than a feedback gain when the filter factor for the partial response

equal i zation is updated, and updates th&filter factor for the partia
response equalization discretely. Therefore, a conpetition between a

contr ol

weighting factor for partial response equalization are prevented, and a
control is given priority to, thereby realizing a stable )
phase- | ockespPBsp agddaditiive aHhtemabica pHupaBbizEtiphecaRerohn WhdGhacy

phase

of a filter factor for phase control and a control of a tap

of a partial response equalization is not lost, and an out-of-control
state doedimoretedyr ugilectsanaalsmmuikatigegridditional value of an

-43-
digital

enphasi zi ng an out put anplitude of a reproduction signal
medi um awhevef anneguailizaitigme @&ry oo bgnithaes ipaimtg a la yesgsons eeaddptdqwency

[ 0031] According to Caim1l7 of the present invention,

egeal ded tdan ereprodnoundg deva dar eedgiseing £ aorteanpln &i etater

band of the enphasi zed signal; an analog/digital converting neans for
sanpl i ng direomqtadki zeghalsizptalonh occentrglt 4k daderwiat praddribed bvaiue.

asynchronously with a phase of a clock conponent included in the signal

a clock generhesdfyrea) iasislpadoiblantorkbadlizenarscdbde pass-1otked
decreasi ng an of fset conponent fromthe sanpled signal; an

loop and to prevent a state out of control after the processing
shifts from a rough control to a phase synchronization state.

[0030]

According to Claim 16 of the present invention, in a
digital recorded data reproducing device as defined in Claim
12, the tap weighting factor setting means sets a feedback gain
when the filter factor for phase control is updated so as to
be sufficiently larger than a feedback gain when the filter
factor for the partial response equalization is updated, and
updatesthefilterfactorfoithepartialresponseequalization
discretely.

Therefore, a competition between a control of a filter
factor for phase control and a control of a tap weighting factor
for partial response equalization are prevented, and a phase
control is given priority to, thereby realizing a stable
phase-locked loop as well as enhancing a playability because
an accuracy of a partial response equalization is not lost,
and an out-of-control state does not occur against an abnormal

signal.

a

from a recording

by



automatic gain control neans for adjusting the anplitude of the out put
signal to a required level; a transversal filter for subjecting the signa
subjected to the anplitude adjustnment to a partial response equalization;
a high-order interpolation filter for4Beproducing a signal in a regular
sanpl i ng phase fromthe signal subjected to the partial response
equalization by a high-order interpolation; a tap weighting factor control
means for controlling a tap weighting factor of the transversal filter
fromthe interpol ati on output signal adaptively so that an equalization
error is mnf®@3ila phase conparator for detecting a phase error fromthe
I nterpol ation output signal; and a |loop filter for snoothing the phase
error signal ;Acoordangeko iaimkel idfbtledpredentf anventdjisnt i rgdtilgdtal
interpol ati on output signal to a maxi mum | i kelihood decodi ng according to
- 44- recoypedtaparteptrodesingséecaicequampzihsesr Hypridampliahbee foe
filter so as to performa data denodul ation, as well as conprises: a

f r equencymp®alsiod i e airs oludp ute Binpliitgi e ooat ¥ ep rodased can sd gyl €rem a
synchroni zation pattern included in recording data and a tine width with

whi ch t ha sedshd 9igzedd Dilm ; Rak efoirh &Pl £T1 2ihganddies € oxyemphasiizdtngon
mai ntai ning neans for nonitoring a control range of the loop filter after

a frequan@r@éwrﬁbéae@t@tfyemyab@h@ckoﬁom@neém%hséhuéad sigh&®; an

reproduction signal are pulled in to the neighborhood and performning an
up/ down gartbe/dfq Pt &1 068nteetURNL Inend Ndbrt BampRiane €wet eghaliiged

returns to a normal operating range before
signal to a digital data withmultiple bits asynchronously with
a phase of a clock component included in the signal by a clock
generated by an oscillator; an offset correction means for
decreasing an offset component from the sampled signal; an
automatic gain control means for adjusting the amplitude of
the output signal to a required level; a transversal filter
for subjecting the signal subjected to the amplitude adjustment
to a partial response equalization; a high-order interpolation
filter for reproducing a signal in a regular sampling phase
from the signal subjected to the partial response equalization
by a high~order interpolation; a tap weighting factor control
means for controlling a tap weighting factor of the transversal
filter from the interpolation output signal adaptively so that
an equalization error is minimum; a phase comparator for
detecting a phase error from the interpolation output signal;
and a loop filter for smoothing the phase error signal; and
a maximum likelihood decoder for subjecting the interpolation

output signal to a maximum likelihood decoding according to



t he, signal reaches an area out of phase synchronization control; and an
oscillator control neans for controlling the oscillator based on an out put
signal of the frequency control means and an output signal of the phase
synchroni zati on maintaining means. -44-Therefore, a frequency of an
asynchronous clock at reproduction signal sanpling can be al ways

mai ntained wwthin a controllable range of a digital phase-I|ocked | oop.
Thereby, a snooth digital recorded data reproduction is possible with no
di scontinuity point occurring at phase synchroni zation control, and a
frequencg typerof partbapheespenserat exwabiézathonghy thpatrarsyersadul ting
in a sinple constitution of the control neans of an oscillator. [ 0032]
- 45- filterAcsor disngte o p€lrfionm Saofdatite pemeduil atmaant i @8, weillh adi gi t al
recorded data reproducing device as defined in Caim 17, the oscillator
control ocempsisespr asEseqaedelyt edbaitgod meadsl dbar péof ormduw i agntitel
control signal at up/down control by the phase synchroni zati on mai ntai ni ng
means; abdsedl os passycliel o 4 osyacheomiygtien opapters givatludbédrdby to
control the oscillator by the output signal. Therefore, in a case
where a Pedbifdiniy @gUangd Comtine widehokiithodh oéhathewdiienikationgh,

and an oscillation frequency varies vastly at up/down control when a

frequencyatebrani EHEWHA shask Symépyedikat icaPhaddehion iy fieahs
for monitoring a control range of the loop filter after a
frequency and a frequency of a clock comp;onent included in the
reproduction signal are pulled in to the neighborhood and
performing an up/down control of a clock frequency so that the
phase control signal returns to a normal operating range before
the signal reaches an area out of phase synchronization
control; and an oscillator control means for controlling the
oscillator based on an output signal of the frequency control
means and an output signal of the phase synchronization
maintaining means.

Therefore, a frequency of an asynchronous clock at

reproduction signal sampling can be always maintained within
a controllable range of a digital phase-locked loop. Thereby,
a smooth digital recorded data reproduction is possible with
no discontinuity point occurring at phase synchronization
control, and a frequency control and a phase control can be
thought separately, resulting in a simple constitution of the

control means of an oscillator.

[0032]



sanpling_is nmaintained within a controllable range of a digital
phase- | ocked Ioop a nodutation is perforned in atinme direction to

cont rol '?ﬂ?sé?xe?h | n frequency of the oscillator wth finer resolution
than orig " °F ere is no digkurbance at up/down and a successive
reproductl1 E Ie t hough there is a risk of disturbance generation
in the p op and thus reproduction quality is enhanced.

[ 0Q33] Accordl ng to daim19 of the present invention, a digital
recorded data reproducing device as defined in Caim 18 further conpri ses

a cut-off fregueBerivey Ytsdcraaas f@roswithehi pedentUtimfénticfiyeriay #f the
| ow pass f| | ter according to a reproduction speed of digital recording

dat a. ital recorded data reproducinifdevice as B B{&d inidufikase
wher e pIur reproduction speeds have to be conpensated, or there is a

di fferengg be&ﬁ‘@e'&s@leilaﬂ&?f c8herey! Gledis | BBA g‘ﬁ%@ el he@%d/’b?gﬂfé nd of

recor di ng ned |um so that a broad range of frequency control band

provi ded cﬁlb oG i %teacé‘gﬁrbﬁpéﬁgﬂﬁid t @S cqntrol

characterlstlcs surt e for ea reproduction realize

wher eby ASPERLUERASL EPALREERILALICH fatdie A1 rnae'af}&d %Er,gggzﬂféﬁ pddie

condition repr I On Spee anges va

Accor di n%llq.eq %'orp g%o%tthlr}\e %%SSQIcp{:@VE%hQE, {:ﬂegeby to control the

oscillator by the ocutput signal.

Therefore, in a case where a minimum frequency control
resolution of an oscillator is rough, and an oscillation
frequency varies vastly at up/down control when a frequency
of an asynchronous clock employed for reproduction signal
sampling is maintained within a controllable range of a digital
phase-locked 1loop, a modulation is performed in a time
direction to control anoscillation frequency of theoscillator
with finer resolution than original, whereby there is no
disturbance at up/down and a successive reproduction is
possible, though there is a risk of disturbance generation in
the phase-locked loop, and thus reproduction gquality is
enhanced.

[0033]

According to Claim 19 of the present invention, a digital
recorded data reproducing device as defined in Claim 18 further
comprises a cut-off frequency varying means for switching a
cut-off frequency of the low pass filter according to a

reproduction speed of digital recording data.



digital recorded data reproducing device as defined in any of Cains 11,
12, and 17, the offset correction neans conprises: an offset detecting
nmeans for detecting an offset conponent held by the sanpled signal; a
snoot hi ng neans for snoothing the detdéted of fset conponent; and a
subtracting neans for subtracting the snoothed signal fromthe sanpled

si gnal . Therefore, the configuration to performan offset correction
can be realized in a device which is capable of performng a stable
digital data reproduction that reduces an error rate as well as has high
phase- | ocked Phgerefareapheia gase/ehenaderusal ir equmivebhenspeeds have
characteristic deterioration of a reproduction signal due to tilt and

i nsuf f i citenbeesonpensatiesly equalhiers isna diffpoessie between the inner

-47- According to Caim?21 of the present invention, in a digita
r ecor ded adslt autepr peuiphgrdes ee whltasdmpaikisd of receadind med ifus,
enphasi zi ng an out put anplitude of a reproduction signal froma recording
medi um  sowaheftoranbmopid| rangg ofafizehaeypheaizral bapdedsr plred ifdestjuency
band of the enphasized signal; an analog/digital converting nmeans for

sanpl i ngwhea eqlitdizel sirgrdrding dagtaal adet a rdprodueied| pl eeliponse
asynchronously with a phase of a clock conponent included in the signal by

a cl ock phagEditask byt fesosaikhdler forarafif siprodietibanspeads cfaur be
decreasi ng an of fset conponent fromthe sanpled signal; an automatic gain
control @eanizfed, whereby reproduction characteristics can be
maintained even under the condition that a reproduction speed
changes vastly.
[0034]
According to Claim 20 of the present invention, in a
digital recorded data reproducing device as defined in any of
Claims 11, 12, and 17, the offset correction means comprises:
an offset detecting means for detecting an offset component
held by the sampled signal; a smoothing means for smoothing
the detected offset component; and a subtracting means for
subtracting the smoothed signal from the sampled signal.
Therefore, the configuration to perform an offset
correction can be realized in a device which is capable of
performing a stable digital data reproduction that reduces an
error rate as well as has high phase-locked pull-in capacity
even under such conditions as a characteristic deterioration
of a reproduction signal due to tilt and insufficiencies of
analog equalization. —

[0035]



adjysting the anplitude of the output signal to a required |Ievel;
atransversal filterforsubjectingthesignal subjected to the anplitude
adjustnment to a partial response equalization; a high-order interpolation
filter for reproducing a signal in a T¥gul ar sanpling phase fromthe
signal subjected to the partial response equalization by a high-order
Interpolation; a tap weighting factor control nmeans for controlling a tap
weighting factor of the transversal filter fromthe interpolation output
signal adaptively so that an equalization error is mninmun a phase

conpar at or f oRCE&OXEENhigta &%ﬁ%ﬂe?lopff?kﬁ1Pﬁ@&%ﬂ%ﬁb@VﬁBFéﬁ&Mﬂk&ta
signal; a loop filter for smpothing the phase error signal; and a maxi mum
li kel i hoo@lgu‘éébdﬁecp@"ﬂieﬁ;tﬂaém i TRPYORUE hDgr gevacieowhdw mormlghaew o2a
maxi mum | i kel i hood decodi ng according to a type of parti al

- 48- prepopidfiereqiar zemphasizine tamnsuetpet famplitydeasofo a
perform a data denodul ati on, the asynchronously sanpled signal is

subj ect edreprodecparni asigraponferomquwal keaebirdingniedipimigsea waveform
synchroni zation is conpensated by a phase-interpolation-type digital
phase- | ocdqpulal bppngomehats fodaempHasdciilrat iaopriescpdrddrimejuescyebands t he
of fset correction neans perforns an offset correction with reference to

t he out pwf afhé hanplitagbzeddeighater anl ahadogl/dlilgdrtal convidiet Ehgreeans

of fset detection with higher accuracy than an offset correction only by a

polarity fdr asaapidductthe gl izeddeigaalberpeal digitavhdaalyy wovhr ol

noi se after offset
multiple bits asynchronously with a phase of a clock component
included in the signal by a clock generated by an oscillator;
an offset correction means for decreasing an offset component
from the sampled signal; an automatic gain control means for
adjusting the amplitude of the output signal to a required
level; a transversal filter for subjecting the signal subjected
to the amplitude adjustment to a partial response equalization;
a high~order interpolation filter for reproducing a signal in
a regular sampling phase from the signal subjected to the
partial response equalization by a high-order interpolation;
a tap weighting factor control means for controlling a tap
weighting factor of the transversal filter from the
interpolation output signal adaptively so that an equalization
error is minimum; a phase comparator for detecting a phase error
from the interpolation output signal; a loop filter for
smoothing the phase error signal; and a maximum likelihood

decoder for subjecting the interpolation output signal to a

maximum likelihood decoding according to a type of partial



correction is reduced and a | arger feedback gain can be set. Thereby, it
is"possible to follow a |l evel fluctuation having a higher frequency
conponent, resulting in an enhancenent in playability even at reproduction
under an abnormal condition such as-48defect. [ 0036] According to
Craim 22 of the present invention, in a digital recorded data reproducing
device as defined in Claim 21, the offset correction neans conprises: a
zero-cross anplitude output nmeans for outputting a conponent in an
anplitude direction with respect to a sanpling signal at a position were
t he out pespingrlabfeqhal hzeghionddy the dnpoisvénsali fidtesr ssses 2Aa¥o0; a
polarity value output neans for outputting a certain anount of values with
di ffereperform a data demodulation, the asynchrithouslypampled sagmmlding to
a polarity of the signal code with respect to a sanpling signal at a

posi ti odsoshbrech®ad tbetherpartbas remsohseneqwal beatlioht eandca pifdsset
correction for snoothing the output signal of the zero-cross anplitude

out put esyaeh ol zd oAUl PWompenshtell biea Py e ynvelpolattipw-v|ens, and
an offset renoving nmeans for performng an offset renoval by directly

subt r actiiid tid1e Tﬁuéaut-mbgwd ioep tdte eHBRUta sddal détodiBatnahodigli gital

converter. erefore, an offset correction according to a recording

nedi um perFeYhidd £ AV eeIeR 2hd bEeser! cheecd ith MRANE YT £ dais ediced.
offset correction with reference to the output of the
high-order interpolation filter.

Therefore, an offset detection with higher accuracy than
anoffset correctiononly by a polarity of a reproduction signal
code can be performed, whereby control noise after offset
correction is reduced and a larger feedback gain can be set.
Thereby, it is possible to follow a level fluctuation having
a higher frequency component, resulting in an enhancement in
playability even at reproduction under an abnormal condition
such as a defect.

[0036]

According to Claim 22 of the present invention, in a
digital recorded data reproducing device as defined in Claim
21, the offset correction means comprises: a zero-Cross
amplitude output means for outputting a component in an
amplitude direction with respect to a sampling signal at a
position where the output signal of the high-order
interpolation filter crosses zero; a polarity value output

means for outputting a certain amount of values with different



[0037] , According to Claim23 of the present invention, in a digital
recorded data reproducing device as defined in daim 22, the offset
correction means conprises: a polarity yalue output varying neans for
varying the output value of the poIaFﬁgy val ue out put neans to adjust a
ratio of the same to the output value of the zero-cross anplitude output
nmeans. Therefore, the nost suitable offset correction according to
such states that a control is perforned mainly for a code polarity at seek
when a fol Lowu roperty. to,a level fluctuation. is.reqyired nore than
Rocur acy BORaE T AGHOLEAIAG SPghRP LA tIe0 RS AL agRY SOHETLYREESRASY y f or
a zero-cross anplitude at reproduction pof successjve data when accuracy of
a reprodG@t?oﬁgaﬁ%jﬂﬂ signah At 4 PARLHIRR| pERer,y BapushﬁeF?rﬂTqQR&ﬁves

- 50- convergency of control, thereby enabling a high_speed ,

phase- | oPREGTHAT = ith LARrL3LERT fOT PEESAL COrTREHBEIMNNGOroSELItRING of
the present invention, in a_digital recorded data reproduci ng device, as
defined tReCPULRMt2919nAd f (e 2EHI S D aRhktrde LRt MR ARd val ue
smﬁtchin% means for switching an output value_according to an operating

st at e of theeogit@utals gk dé% W@Qﬁ%@’éﬂcﬁfﬁbuéeﬂ?u§§}l BeanfGi mnd R

out put value of the polarity value output neans |arger than the out put

val ue of offfseterremevingamsianstudtosupgatforming an offset removal by

directly subtracting the output signal from the output signal
of the analog/digital converter.

Therefore, an offset correction according to a recording
medium is possible even when a different recording medium is
reproduced.

[0037]

According to Claim 23 of the present invention, in a
digital recorded data reproducing device as defined in Claim
22, the offset correction means comprises: a polarity value
output varying means for varying the output value of the
polarity value output means to adjust a ratio of the same to
the output value of the zero-cross amplitude output means.

Therefore, the most suitable offset correction according
to such states that a control is performed mainly for a code
polarity at seek when a followup property to a level fluctuation
is required more than accuracy of a reproduction signal, while
a control is performed mainly for a zero-cross amplitude at
reproduction of successive data when accuracy of a reproduction

signal is required, is possible, and further, it involves



means at seek, and neking the output value of the polarity value output
means snaller than the output value of the zero-cross anplitude output
means at successive data reproduction. Therefore, a generation of a
guasi - phase synchroni zation is avoi &®- and, even when the quasi-phase
synchroni zation is generated under certain conditions, an early
self-restoring 1is possible, thereby enhancing playability. [ 0039]
According to G aim25 of the present invention, in a digital recorded data
reproduci ng device as defined in Claim 22, the offset correction nmeans
conpri sessnwvergentegr 66r contmbilng amaaehywquahkmnqﬁ aifeigly RPRedtive
addi ng neans for cunul atively adding the output value of the polarity

val ue QHdueé-IeeRedapnlilheimudpuer vatak.of the zero-cross anplitude

out put nmeans between flags outputted fromthe counter; and a

-51- cupglpatgive adding result monitoring nmeans for monitoring the

out put signal of the cunulative adding means at a timng of the flag where

the output shgpardihutpucieds rom bife ttoeinpeesenandinvéehibei,ndin udged as
a quasi - phase synchroni zation state, performng a switching to a contro

in whi C*H%;i@&l%@éokhéd gakar irep rodudsi myltdutticeans def mel, iscCchaimo
restore t state to a normal synchronization state. Therefore, the

configurpg i op Eod¥¥§éinb89r@EH$8h R4 K EC totip raare dhean eaitpart | vazudevi ce

which is capable of performing a stable digital data reproduction that

reduces @fitching means for switching an output value according to an
operatingstateofthedigitalrecordeddatareproducingdevice,
by making the output value of the polarity value output means
larger than the output value of the zero-cross amplitude output
means at seek, and making the output value of the polarity value
output means smaller than the output value of the zero-cross
amplitude output means at successive data reproduction.

Therefore, a generation of a quasi-phase synchronization
is avoided, and, even when the quasi-phase synchronization is
generated under certain conditions, an early self-restoring
is possible, thereby enhancing playability.
[0039]
According to Claim 25 of the present invention, in a

digital recorded data reproducing device as defined in Claim
22, the offset correction means comprises: a counter for
counting a certain period of time; a cumulative adding means
for cumulatively adding the output value of the polarity value
output means and the output value of the zero-cross amplitude

output means between flags outputted from the counter; and a



error rate as well as has high phase-locked pull-in capacity even under
such conditions as a characteristic deterioration of a reproduction signal
due to tilt and insufficiencies of analog equalization. [ 0040]
According to Claim26 of the present Tabention, in a digital recorded data
reproduci ng device as defined in any of dains 11, 12, 17, and 21, the
transversal filter conprises: plural delay elenents having del ay anount of
unit delay time, to which of the first stage the signal subjected to the
anpl i tude adjustnment is inputted and which are interconnected .,n series;
an nul t i BRPEL afHvE adsding Q&ﬁQ%%d%HH¥E§F}nBOmSﬁHSiﬁﬁﬁtmeplﬁﬁ§¥ﬂﬂaﬁﬁe
el ement of the first stage anong the plural _unit delay elenents as well as
out put s Qﬂtﬁu@oﬁﬁém&]orpgoﬂh@ chpathasi veeladd i ¢ RPARS 2Al af tamdadapt
el enent of the |ast stage; -52- an
adder fothebfhagiwhpredhauputpudl ségnadt pstaptputhed fHen ithe epundegoner at e
an output of the filter, wherein a weighting factor inputted to the other
i nput of ante whenih®ing judgedieised, quaetephase syachrenigatiicgystate,
equal i zation characteristics. Therefore, the configuration to perform
a parti aperéspming Eeq@witchingntoan benteal zied winigh daviaeinhiodh tike
capable of performng a stable digital data reproduction that reduces an
error rapelaxiwyl radsehastpughmpanseis dokdd, pol bhsito capaote theyetrateder
such conditions as a characteristic deterioration

to a normal synchronization state.

Therefore, the configuration to perform an offset
correction can be realized in a device which is capable of
performing a stable digital data reproduction that reduces an
error rate as well as has high phase-locked pull-in capacity
even under such conditions as a characteristic deterioration
of a reproduction signal due to tilt and insufficiencies of
analog equalization.

[0040]

According to Claim 26 of the present invention, in a
digital recorded data reproducing device as defined in any of
Claims 11, 12, 17, and 21, the transversal filter comprises:
plural delay elements having delay amount of unit delay time,
to which of the first stage the signal subjected to the
amplitude adjustment is inputted and which are interconnected
in series; an multiplier which is set correspondingly to an
input of the delay element of the first stage among the plural
unit delay elements as well as outputs of a connection ﬁoint

between delay elements and of a delay element of the last stage;



of ;a reproduction signal due to tilt and insufficiencies of analog

equal i zat i on. [ 0041] According to Caim27 of the present

invention, in a digital recorded datg reproduci ng device as defined in any
of Cdainms 11, 17, and 21, the high-0 dar interpolation filter conprises:
plural delay el enents having delay anount of unit delay time, to which of
the first stage the signal subjected to the partial response equalization
is inputted and which are interconnected in series; an nultiplier which is

Among UAS pRAREE CFVE GHERATTRS %sgethgu%ilf‘ teloft upgtpéf'%e REnE o

poi nt bet ween delay elenents and of a delay _elenent, in the [ast stage; an
adder f SRR ISRgtPhEAREA LR afD 8P§RH$U?§ &he Hel ki@ ¢ pk &rq%P nerat e
an output of the filter, Her e

the fredftERy &aﬂaréétnautl%ew kBecehbert irpat Rf W“llﬁlm]gkﬁ’é 9,

for exanple. That is, there is enployed an output of a zero-cross |ength
det ect o529 V@¥Fifdeomiieraby ndans ¥R 1suecedaaritediet eauAlg 22 HERR | on
where a signal crosses zero level fromthe output signal of the transversa

filter Ghﬂﬁ?Q%ﬁﬁ4$ngC§he sanpl i ng number between nei ghboring zero- crosses
to hold in a register, and cycle information 1 which is inversely
proport i onalTluerafbirneathe@lootﬁxg/ulcay'ciendfo peggogaugtpantiall giesgonsxta s
obtained by a synchronization pattern |ength detector 31 which
conpr i sesjua Inkzatiénrcaptbet reglazedxinua daviceobhdiated shyagih gy &f count
value to hold in a register, only when a ratio of neighboring zero-cross
| engt hs pertfiminger iscdbdet diygidt ¥ draet ac oepterd B0 i cth aonprd wsess ameans
for counting a specified period over one frame satisfies a ratio of
synchr oreirzatrd aratpatasewglls ish hes high iphas &VDo &b phildrilmeicapamited in
to sone extent by a synchronization pattern length, in order to nake a
frequeneyen andrert @ urH ceqidintciomd s @ @Haracteristic deterioration
of a reproduction signal due to tilt and insufficiencies of
analog egqualization.

[0041]

According to Claim 27 of the present invention, in a
digital recorded data reproducing device as defined in any of
Claims 11, 17, and 21, the high-order interpolation filter
comprises: plural delay elements having delay amount of unit
delay time, to which of the first stage the signal subjected
to the partial response equalization is inputted and which are
interconnected in series; an multiplier which is set
correspondingly to an input of the delay element in the first
stage among the plural unit delay elements as well as outputs
of a connection point between delay elements and of a delay

element in the last stage; an adder for obtaining the sum total

of outputs of themultiplier to generate an output of the filter,



conponents hel d by the reproduction clock, a cycle mh@TE‘SyﬂGhLQﬂLZQLL?E
pattern is generated is detected by a synchroni zation_ pattern interva
detector 32 which conprises a neans for outputting a “Syreek |

't_li

prises . retbnBaa Rl 0N
pattern flag at a position judged to B&3a synchroni zatfijih _ % he
synchroni zation pattern |l ength detector 31 and counti nggj _ ﬁg.= until a
synchroni zati on pattern flag is detected next, and a differ m 1448T

(T. -54- 27, the high-order
interpolation filter conprises: a register which is set correspondingly to
t he nul t Whleizgrimad wetighdsi rendfa ctomp linpkt @d| te thewthehdmput aff &he
Nyqui st characteristics is divided in atinme direction; and a sel ector

whi ch | smudttipdorerdsovarhgly theréby rayireadd zandegulicedseqhalagpltiitande
value stored in the register to output to the corresponding multiplier
accor di ngharaidtemnid pies phase information of the |loop filter

Therefore, the configuration to interpolate a signal in a regular sanpling
phase can be Twatéfede| nthedevndd gdvion teapmbéepolaper hosdignala ixt abl e
digital data reproduction that reduces an error rate as well as has high
phase- | oakedgpublr- sampAaRAL ipha s @an bée el D idi W devia® «hich is
characteristic deterioration of a reproduction signal due to tilt and

i nsuf fi cbapabae of pezifegmaGuplai sehboe. diﬁitb@.oéél:a repf6aQcdiitth tha® ai m
30 of the present invention, in a digital recorded data reproduci ng device

as defi neddubed¥nObrrbharatelds wel azdnhdk hi§R prRs 8Ll 8bkie@dphaatan
control neans decides the weighting factor of "the transversal filter by

Least capacity even under such conditions as a characteristic

deterioration of a reproduction signal due to tilt and
insufficiencies of analog equalization.

[0042]

According to Claim 28 of the present invention, in a
digital recorded data reproducing device as defined in Claim
27, the high-order interpolation filter performs an
interpolation base on Nyquist characteristics.

Therefore, the configuration to interpolate a signal in
a regular sampling phase can be realized in a device which is
capable of performing a stable digital data reproduction that
reduces an error rate as well as has high phase-locked pull-in
capacity even under such conditions as a characteristic
deterioration of a reproduction signal due to tilt and
insufficiencies of analog equalization.

({0043}

According td Claim 29 of the present invention, in a

digital recorded data reproducing device as defined in Claim



Meam Square al gorithm Therefore, the configuration to set a weighting
factor so as to realize a function of partial response equalization which
shoul d be perforned by a transversal filter can be realized 1in a device
whi.ch i s eapable of perform ng a stabLg4gigitaI

- 55- dat a- reproduction that reduceS an error rate as well as has high
phase-| ocked pull-in capacity even under such conditions as a
characteristic deterioration of a reproduction signal due to tilt and

i nsufficiencies of anal og equali zati on. [ 0045] According to Caim
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as defin e tap wei ghting nmeans “conpri ses:
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to regulate a eedbacg gain;, and a tap factor updating part for di ng an
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multiplier according to the output phase information of the
loop filter.

Therefore, the configuration to interpolate a signal in
a regular sampling phase can be realized in a device which is
capable of performing a stable digital data reproduction that
reduces an error rate as well as has high phase-locked pull-in
capacity even under such conditions as a characteristic
deterioration of a reproduction signal due to tilt and
insufficiencies of analog equalization.

[0044]

According to Claim 30 of the present invention, in a
digital recorded data reproducing device as defined in any of"
Claims 11, 17, and 21, the tap weighting factor control means
decides the weighting factor of the transversal filter by Least
Mean Square algorithm.

Therefore, the configuration to set a weighting factor so
as to realize a function of partial response equalization which
should be performed by a transversal filter can be realized

in a device which is capable of performing a stable digital



to update a tap factor. Therefore, the configuration to set a

wei ghting factor so as to realize a function of partial response
equal i zati on which should be perforned by a transversal filter can be
realized in a device which is capable gf performng a stable digita

- 56- data reproduction that reduce®an error rate as well as has hi gh
phase-| ocked pull-in capacity even under such conditions as a
characteristic deterioration of a reproduction signal due to tilt

i nsufficiencies of anal og equali zati on. [ 0046] According to Caim

32 of th resent i.nventio in a .digital recorded data re duci devi ce
as defid@ﬁg?nrePﬁPﬁP ,OQ:kP?EeﬁﬁQHE sePPoFﬁﬁﬂgﬂﬁﬁﬁec%ﬁﬁvgiis?saﬂgs
zero-cross Jength et ect.or r .detecting an interyal at i ch_the output
Sonal BiohitisgnlGrEEH PRI -I9 SRPOR 1 PuPRoRBYeEs Seh PRI 1088
synchroni zation pattern length detector for_ detecting whether, a ratio of
nei ghbor?Hd Enga&Q?s’%lﬁ‘éh%tq?st%}%‘?Hégnvﬁf R RePpPENESH IRy SdaRAd 8Hezat i on
pattern length on the basis of the ratio or. not to obtain first cycle

i nf or mt¥@nthhtcAndetinsiLiigienpiggqueli anareeeral heatdeddi ng nedi um
and a synchronization pattern interval detector for detecting an interva

until the sy@®%hi zation pattern is detected to detect second

synchroni zation information based on this and a prescribed period.
According to Claim 31 of the present invention, in a

digital recorded data reproducing device as defined in Claim
30, the tap weighting factor control means comprises: a
temporary judging circuit for detecting an equalization target
value which corresponds to a partial response system based on
the output signal of the high-order interpolation filter; an
equalization error detector for detecting the equalization
error based on the equalization target value and the output
signal of the high-order interpolation filter; a correlator
for detecting correlation between the equalization error and
the output signal of the high-order interpolation filter; a
feedback gain regulator for multiplying an output of the
correlator by the same number as a gain to regulate a feedback
gain; and a tap factor updating part for adding an output of
the feedback gain regulator to a weighting factor of each tap
to update a tap factor.

Therefore, the configuration to set a weighting factor so
as torealize a function of partial response equalization which
should be performed by a transversal filter can be realized

in a device which is capable of performing a stable digital



Thereforge, the configuration to detect a frequency error can be realized

In a device which is capable of realizing a stable phase-locked | oop and

preventing a state out of control

contr ol
-57-

to a phase synchronization state. [ 0047]
[ Enbodi nent s] ( Enbodi nert” 1) This first enbodi nent

constitutes a digital phase-locked |oop which enploys an asynchronous
cleck for sanpling by an anal og/digital converter, reproduces a signal
a regular sanpling phase, which is subjected to a partial response

equal iz
filter,

control s
decreaséh

after the processing shifts froma rough

in

"7 or RS eSheedaR, Srd oo ote dTITRFEALBRs one
sto

oL o s B AR BAR O AT

whi ch corresggnds to a dhgital recor ded d%%gsggg%g %%:n devyi ce .as defi ned

in Caind® &
figures 1 to

9. |
obtainedUDbEiétréBFBé@&qﬁfQR%ﬁ% PEuBRAIL % P BIR S 12

FFACTETIFI D64 E BOTF HOBL T Ef-gPérc€uo
figure 1, an optical disk regroduction si gnal
pPBkuUp) not shown

its output anplitude enphasi zed by a preamplifier 1, and
p [%%46] mp y p mp

According to Claim 32 of the present invention, in a
digital recorded data reproducing device as defined in Claim
15, the frequency error detector comprises: a zero-cross length
detector for detecting an interval at which the output signal
of the high-order interpolation filter crosses zero level; a
synchronization pattern length detector for detecting whether
a ratio of neighboring zero-cross lengths coincides with a
prescribed synchronization pattern length on the basis of the
ratio or not to obtain first cycle information which reflects
a reproduction speed of the recording medium; and a
synchronization pattern interval detector for detecting an
interval until the synchronization pattern is detected to
detect second synchronization information based on this and
a prescribed period.

Therefore, the confiquration to detect a frequency error
can be realized in a device which is capable of realizing a
stable phase-~-locked loop and preventing a state out of control
after the processing shifts from a rough control to a phase
synchronization state.

[0047]

has



I S .subjected to correction which enphasizes a high frequency by a waveform
equal i zing neans 2 thereafter. The waveform equalizing neans 2 conprises a
filter such as a high-order equalizing ripple filter, which enables an

~arbitrary setting of a boost anpbunt afyl a cut-off frequency, for exanple.
An output signal of the waveform equalizing neans 2 is sanpled
- 58- to a digital signal with nmultiple bits by an anal og/ digital

converter 3 as a neans for converting an analog signal to a digital
signal. At the tinme, there is enployed a clock which is generated by an
oscillator,dmo $sd clock conponent asynchronous with that of the
repr oduction s?gggpﬁ s%The digital signal with nultiple bits which is

sanpl ed by ghdigital converter 3 is inputted to an of fset
correction(éﬁggﬂgﬂgh% 1gorrect an of fset conponent included in the

oo consn e Millinens LR s L1 s rtompoiene ¢
el d by TpRE PRdERsabY 43 t%ff‘%‘?‘é‘?a%gp%%% SRS ?r%aafﬁéii‘% gpraanent
snnothing tT ggaggﬁquoffseg na% and, a subtracgln ns guiar
subt r act #R8+98 FRY G et ne FERTAMGRS n2aRdIRF f*QHﬁtﬁ%
repromﬂéégg ?h@t§£a§é9”aklch lL sdﬂjected to a partial response
equalization by a transversal filter, by a high-order
interpolation filter, performs a phase error detection based
on its output signal, and controls a filter factor of the
high-order interpolation filter so as to decrease a phase
error.

[0048]

Hereinafter, the first embodiment which corresponds to a
digital recorded data reproducing device as defined in Claims
1, 11, 20, and 26 to 32 will be described with reference to
figures 1 to 9.

In figure 1, an optical disk reproduction signal obtained
by a reproducing means (such as an optical pickup) not shown
has its output amplitude emphasized by a preamplifier 1, and
is subjected to correction which emphasizes a high frequency
by a waveform equalizing means 2 thereafter. The waveform
equalizing means 2 comprises a filter such as a high-order
equalizing ripple filter, which enables an arbitrary setting

of a boost amount and a cut-off frequency, for example. An

output signal of the waveform equalizing means 2 is sampled



An output signal of the offset correction neans 4 is inputted to an

automatic gain control 5, so that an adjustnent is nmade to match an

anplitude of the reproduction signal with a required value. The autonmatic

gain control 5 may detect an envelopeggf a signal waveform and perform a
n

control so that a difference between an arbitrary set value and an

envel ope signal is zero, for exanple.
-59- [ 0051] Next, an output signal of the automatic gain
control 5is inputted to a transversal filter 6 and is subjected to a

partiel epasaconelizall gy wotlile 418 B9kt SR oL
arpl 1 g LSl 800011441 Q0ehitBel) KEAAIER {0 DV oA ROV 2
9L LSS Bl TRONE Ion e st 08 Bt S S Lol e
s vavelou ool sation, oulpul Sl 25, sha b L oure R(E) by b nary

sanpling is perforned, sanpling is _performed as, shown in figure 3 and
its di gi BEYR& OUsF t I‘!’ltﬁﬁl Fpglte ¢ft $hes TERTOAIEE D FH&%%'ary(T@e

di scrimnati,on_ enploying a_slice |evel. . [ 0053] .
digital signal with multiple bits which is sampled by the

analog/digital converter 3 is inputted to an offset correction
means 4 to correct an offset component included in the
reproduction digital signal.

[0049]

The offset correction means 4 may be constituted as shown
in figure 2, for example. That in figure 2 comprises an offset
detecting means 16 for detecting an offset component held by
the reproduction digital signal, a smoothing means 17 for
smoothing the detected offset signal, and a subtracting means
18 for subtracting an output signal of the smoothing means 17
from the reproduction digital signal.

[0050]

An output signal of the offset correction means 4 is
inputted to an automatic gain control 5, so that an adjustment
is made to match an amplitude of the reproduction signal with
a required value. The automatic gain control 5 may detect an
envelope of a signal waveform and perform a control so that
a difference between an arbitrary set value and an envelope

signal is zero, for example.



On the contrary, the PR system (3, 4, 4, 3) has characteristics
(3+4*D+4*D2+3*D4) of sanpling data of four different tinmes added at a rate
of 3:4:4:3, and adds characteristics of a |ow pass filter as shown in
figure 4 to the reproduction signal. _gg_ 10054] In figure 4, MIF

I ndi cates optical reproduction - 60-
characteristics in a DV/DDROM and it can be said that the nearer to this
frequency characteristics the systemis, the nore advantageous a parti al
response systemis. There exist diverse types of partial response other
than the PR éﬂsﬁi 4, 3) systemin addition to the systemas shown in
figure 4, an thi's is not restricted to a specified systemand it makes no

per { or mancec A BE A DRr SR L VR Ml S SR o prbE S e
correl ot iMined i s Tl el 00 o com ghicld A Aiden iy
(Nt i oSl oot i Sl fogool fele Rl DRSS Selonse .
o SRl OE e PN S 8, BRURALS 12, %, FSvaY! sgsRls i fef ol

a waveform amplitude after equalization into five values (0,

4XA, 7XA, ~4XA, -7XA) as shown in figure 3(c) in a DVD-

ROM (Read Only Memory) which is capable of digital recording

‘of 4.7G byte for a layer on a single side, for example.

[0052]

Conventionally, a digital data demodulation was performed
from a waveform equalization output signal as shown in figure
3(a) by a binary discrimination employing a slice level in a
read channel. Also, when sampling is performed, sampling is
performed as shown in figure 3(b) and its digital signal with
multiple bits was subjected to the binary discrimination
employ;ng a slice level.

[0053]

On the contrary, the PR system (3, 4, 4, 3) has
characteristics (3+4*D+4*D2+3*D4) of sampling data of four
different times added at a rate of 3:4:4:3, and adds
characteristics of a low pass filter as shown in figure 4 to
the reproduction signal.

{0054

In figure 4, MTF indicates optical reproduction



Since the PRWL signal processing system has various conbinations according

to characteristics of reproduced waveform or nodul ati on codes as descri bed
above, an appropriate systemis required to be selected for various
recording reproduction systens. The transversal filter 6 is a FIR

(Finite I npul se response Filter) filt&POonstituted by finite taps, for

exanpl e. Equalization characteristics by the FIR filter can be realized by
varying a weighting factor of a tap. A signal subjected to a
partial response equalization by the transversal filter 6 is converted to
a signal in a regular. sapnpling phase by.a high-order. jnterpol] ation filter
S The RS L e hieR ook & PURCRDM, cFhd Tingabdeddl BHay Uhe dearet

i nterpol ati on characteristics as show) in figure 5 for exanple.

[0056] O Ithife IRPARACE NGRAFRELPILSELCR SRBwAY ST oM gtf e ShSefidre

anplitude val ue when a channel_ rate (1T) is divided into N parts in atinme
di recti oRd%ARtIYRQUFn & Paditditdr , TEARODGS | BYEREM kg st SFRQRe PRI For ns
a selection to set a factor of a phase indicated by phase control

i nf or mat iddveEsS\H¥RSR P § Parktdl deesronfenotherphhaa batPBI (3 nfhr bt i on,

a phase

sanpl ed 3y SISt U RAEL N & ddhe G Y6 reprag) sdidwn iredudgurets omnd gnal

i nterpolation is perfornmed. Thereby, a reproduction signal

equal to a regular sanpling phase. [ 0057]

this is not restricted to a specified system and it makes no
difference to employ other systems if only what is equivalent
to'required performance can be realized. The partial response
system which adds a correlativity in a time direction of
reproduction data and a viterbi decoder as one of after-
mentioned maximum likelihood decoding methods (Maximum
Likelihood), which demodulates the most probable series
utilizing the added data correlativity, are combined, thereby
to realize a PRML signal processing which is considered to be
advantageous for a high recording density reproduction in a
linear recording direction.

[0055]

Since the PRML signal processing system has various
combinations according to characteristics of reproduced
waveform or modulation codes as described above, an appropriate
system 1is required to be selected for various recording
reproduction systems. The transversal filter 6 is a FIR
(Finite Impulse response Filter) filter constituted by finite
taps, for example. Equalization characteristics by the FIR

filter can be realized by varying a weighting factor of a tap.



The high-order interpolation filter 7 may be a FIR filter which connects
del ay elenents 19a to 19f in series, and conprises nultiplication elenents
20a to 20f and 20g which multiply taps extracted fromthe del ay el enents,
that is, inputs of the delay elenents 19a to 19f and an out put of the
del ay el enent 19f by tap factors S1 +61S6 and S7, and an adding neans 21
whi ch adds outputs of the nmultiplication elenents 20a to 20f and 20g as
shown in figure 6. -62- [ 0058]
At this tinme, when a phase interpolation is perforned, while filter
factors held in registers 22a to 22g as shown in figure 6 are sw tched by
sel ect oRss2gaaflosag dsdtrdl o Ppipawt izbresPonatoraHAildFadslamh RIUtHhe
signal of a loop filter 10, tap factors Sl to S7 are set. Here, the

f act or s tohnsiverssgl st Bl ter2%a ito @onventvedNfquiasts idrahcldr Astied WA Kie for
each phase in figure 5 divided into N parts, for exanple, each channe

rout e Tsampdiiriglgghdase cbgi ghhigh-ordemmnteophlationodiliter 1 gukhs, and
areas from1l to 7 are previously stored correspondingly to respective taps
of the RiGhHdrtdws shtewpoilmatfiagur£ibteEor? exaypbe, bassad phasdyspnis bl
information at the present nonment obtained fromthe loop filter 10 is a
sanpl i ngnelkayo iditfen enthdract arisyubar phashdwn 18@] efigurei |5 er £dmctors
at phases of" 0", that is, e in areas froml to 7 showmmn in figure 5 are
set as eaRmpd@d.ors of Sl to S7. The |arger

[0056]

In the Nyquist characteristics as shown in figure 5, each
amplitude value when a channel rate (1T) is divided into N parts
in a time direction is stored in a register, and, while the
register which performs a selection to set a factor of a phase
indicated by phase control information is switched in
accordance with the phase control information, a phase
interpolation is performed. Thereby, a reproduction signal
sampled asynchronously is converted to a reproduction
equalization signal equal to a regular sampling phase.

[0057]

The high-order interpolation filter 7 may be a FIR filter
which connects delay elements 19a to 19f in series, and
comprises multiplication elements 20a to 20f and 20g which
multiply taps extracted from the delay elements, that is,
inputs of the delay elements 19a to 19f and an output of the
delay element 19f by tap factors S1 to S6é and S7, and an adding
means 21 which adds outputs of the multiplication elements 20a

to 20f and 20g as shown in figure 6.



the,division nunber Nin a time direction is, the higher the accuracy of a
phase control becones, while an increase in the division nunber N |eads to
an increase in a circuit scale, and thus the division nunber is set on
condition which allows performance and a circuit scale to be conpati bl e.
An output signal of the high-order i+fiZzrpolation filter 7 is inputted to
a tap weighting factor control neans 8 to control a tap weighting factor
of -the transversal filter 6 adaptively, so as to mnimze an equali zation
error. - 63- [ 0059] The tap
wei ghting factor control nmeans 8 may enpl oy Least Mean Square al gorithm as
shown in fid®058] for exanple. That is, it conprises an equalization
error detector 25 which detects an equalization target val ue correspondi ng
to the partB&l thdspdnisre sywhem fr @hase beteupodiegdain dfs tiherfargeder der
interpolation filter 7 by a tenporary judging circuit 24, and detects an
equal i zathbheefibtebyfaaoborachedd inheegdsadlermalizen tva2@egt agabhewandnt he
out put signal of the high-order interpolation filter 7, a correlator 26
whi ch ciigulat €sanecswittheidobybsilemtarns @3puto s2yndbasédt br phase
equal i zation error detector 25 and the output signal of the high-order

i nter poladnvroli ih€ornatdoreadbank ogatiput egidwi Drof 24 Wdophf filterplliogs an
output of the correlator 26 by the same nunber as a gain to regulate a

f eedback fifactvrs sltepshaat Ok etpddenty, paetf28tvhsIE aldsréditsbakput of

the regulator to a
22a to 22g have Nyquist characteristic value for each phase
in figure 5 divided into N parts, for example, each channel
route T is divided into eight parts from a to h as shown in
figure 5, and areas from 1 to 7 are previously stored
correspondingly to respective taps of the FIR filters shown
in figure 6. For example, when phase control information at
the present moment obtained from the loop filter 10 is a
sampling phase different from a regular phase by 180°, filter
factors at phases of “@", that is, e in areas from 1 to 7 shown
in figure 5 are set as tap factors of S1 to S7. The larger
the division number N in a time direction is, the higher the
accuracy of a phase control becomes, while an increase in the
division number N leads to an increase in a circuit scale, and
thus the division number is set on condition. which allows
performance and a circuit scale to be compatible. An output
signal of the high-order interpolation filter 7 is inputted
to a tap weighting factor control means 8 to control a tap

weighting factor of the transversal filter 6 adaptively, so

as to minimize an equalization error.



wei ghting factor of each tap to update a tap factor. [ 0060] Next, a
digital phase-locked |oop 11 conprises a phase conparator 9 for detecting
a phase error fromthe output signal of the high-order interpolation
filter 7, aloop filter 10 for snoothing a phase error signal outputted
fromthe phase conparator 9, and a fe&dback | oop which controls a filter
factor of the high-order interpolation filter 7 wwth the output signal of
the loop filter as phase control information.

64 neighboring zero-cross lengths within a period set by a frame counter
30 which conprises a neans for count a specified period over one frane
satisfies a £808B§lof synchronization pattern, such as. 14:4 in a DVD- ROM
After being pulled in to sone extent by a synchronization pattern

| ength, in orBhe tapmkightinggfeatyrctostrofionaansedueai enley diemkt
conponent held by the reproduction clock, a cycle where

synchr oniMestn Gyymate adgdsi gonasasbovinsidef bgure Dy o wxaEnmle ¢ atThat
pattern interval detector 32 which conprises a neans for outputting a
synchroniizt i bh padnpariseds| ap equabizpbioni erjordgdétdaatombhe25a which
synchroni zation pattern by the synchronization pattern | ength detector 31
and countdeteacits | aherela llida tian s yachfedni valuen coatrerporid fgyg i sodetteet ed
next, and a difference from 1448T (T represents 1 channel bit here) in a
DVD- ROM gatt xR Mt poiss ©btsy sreemast eom| echaf aupuon ighal osexf | [ttie on
clock of the VCO 40 is controlled to a frequency domai n where a phase
synchr onihgafH-ar d Sr PATHdH o Tt Dogh ftiledwop iy t &r tehgorafy eGurittdng
control . The phase synchroni zati on mai ntai ni ng means 38 nmay be based on
the cont iQlrd@ithorh pasd At é | SNIrEgd41 1 £8E i6K2BRKOr bR BubksdcMiaig the
frequency of the oscillation clock of the VCOis pulled in to a frequency
domai N WhgeE eqPdRELatibahkatge! it dé ARaStilee Jutple §1gHHENGY the
synchroni zati on control means 37, the phase control 'signal "as the output

si gnal ofilgie d:29@r f iint@rpd Asi shown lived | 9Yr & 1ok 2b1RQH 026 Fhich
calculates a correlation between an output signal of the
equalization error detector 25 and the output signal of the
high-order interpolation filter 7, a feedback gain regulator
27 which multiplies an output of the correlator 26 by the same
number as a gain to regulate a feedback gain, and a tap factor
updating part 28 which adds the output of the regulator to a
weighting factor of each tap to update a tap factor.

[0060]

Next, a digital phase-locked loop 11 comprises a phase
comparator 9 for detecting a phase error from the output signal
of the high-order interpolation filter 7, a loop filter 10 for
smoothing a phase error signal outputted from the phase
comparator 9, and a feedback loop which controls a filter factor
of the high-order interpolation filter 7 with the output signal

of the loop filter as phase control information.



- 65- , The tenporal change is illustrated by a trellis diagram as
shown in figure 8(b). Wien a probabilistic Iength 1lkab (hereinafter,
referred to as "branch netric") of each path is catecutatedto-—performa
transition to each state, the branch netric is addﬁ_g,. Here, k represents a
tenporal transition and ab represent §64-branch met 1oet Hys BaemReplacadon fr om
the state Sa to Sb. An additional value in each staf 0 fchnetric
is.referred to as netric, and a path in which the netjiHill |I3§ pst is
outputted sequentially as a survivor path, thereby performng a

denodul ation to binary digital data. That is, provided that a denodul ation
IS performed[ggéér]di ng to a recording code in figure 8(b), a path
indicated in ful]l line is_the survivor path. [ 0064] A nmeans for
control I i ng As&dt3 ndAUlatieRe IanRYF W Bedal tREPUERt @ FAXINYY]| | zed
by a freat;zency. control | oop which conprises a frequency error_detector 13
as a neadstkglogkherd ctecpdern patvhiah pagfares 4 IMPAATINPat®ern  or
an interval at which the synchronization pattern is generated fromthe

out put sityme of t PANt il orxRsponseerpoPAOYINGf | At epartii@lcomespongecycl e
i nformation, thereby outputting a frequency error signal, a loop filter 14
for fregwradyisonionl wvageformans &oregubstrhphgseheutpaduant tlarewgh ai gnal
outputted fromthe frequency error detector 13, and an oscillator 15 which
suppl i es sexdlesck ft thelepemnat bghdi giéreé, the maximum likelihood decoder

12 may be a viterbi decoder, for example. The viterbi decoder
performs a probability calculation according to a law of
correlation of an intentionally added code based on a type of
partial response so as to reproduce the most probable series.
For example, in a case where an applied partial response type
is the PR (3, 4, 4, 3) system, a state is changed based on a
state transition diagram as shown in figure 8(a). This
particularly considers an 8-16 modulation code employed for
a DVD, also involves limiting a run length to 2, and enables
an expression in a transition of six states S0 to S5.

[0062]

In figure 8(a), X/Y is such that X represents a transition
of a recording code and Y represents a signal amplitude at the
time. A certain state is represented by codes of different
three times. For example, in a state transition from sS4 #110"
to 83 #1007, a code “0" is added to #110” to perform shifting
to the left, thereby meaning that “1” on the left edge
disappears to lead the state S3 “100~”.

[0063]



- 66- . converter 3. [ 0065] The frequency error detector 13 may
be constituted as showmn in figure 9, for exanple. That is, there is

enpl oyed an output of a zero-cross |ength detector 29 which conprises a
means for successively detecting a position where a signal crosses zero

| evel fromthe output signal of the h&drorder interpolation filter 7 and
counting the sanpling nunber between nei ghboring zero-crosses to hold in a
regi ster, and cycle information 1 which is inversely proportional to a

| inear velocity cycle of reproduction digital data is obtained by a
synchroni zation pattern |ength detector 31 which conprises a neans for
detecting a Mine mempatalk obangeecilsbyladditng teed dajnta viatelel i® dhagdamn a
regi ster, only when a ratio of neighboring zero- cross lengths within a
peri od es$abhbwihed hyf igireans (bgunt @hen3(G whrcbabdipsitdies Iempamslkab
counting a specified period over one franme satisfies a ratio of
synchr on{ ket ednafalergr refaraded ad a4 4biranehDMBtRAM” Abtfeeakdi pgthutised in
to some extent by a synchronization pattern length, in order to nake a

frequencyaréggatedotd beedeancls @fradstltoidn coopients et €, byhetbeanch
reproduction clock, a cycle where synchroni zation pattern is generated is

det ect edndyr ficSys QHdBH ZatH&re P& Fepheskintis/al t efBbeENOE r 88s MBI §AAPI | Ses
a nmeans for outputting a synchronization pattern flag at a position judged
to be a asYFepreskads ANbPAE Mty iAW RN Ze{bRNE Pehl €R8 §€REED
Sa to Sb. Anadditional value in eachstateof thebranchmetric
is referred to as metric, and a path in which the metric is
smallest is outputted sequentially as a survivor path, thereby
performing a demodulation to binary digital data. That 1is,
provided that a demodulation is performed according to a
recording code in figure 8(b), a path indicated in full line
is the survivor path.

[0064]

A means for controlling a sampling clock of the
analog/digital converter 3 is realized by a frequency control
loop which comprises a frequency error detector 13 as a means
for detecting a pattern length of a synchronization pattern
or an interval at which the synchronization pattern is
generated from the output signal. of the high-order
interpolation filter 7 to convert to cycle information, thereby
outputting a frequency error signal, a loop filter 14 for
frequency control as a means for smoothing the frequency error
signal outputted from the frequency error detector 13, and an

oscillator 15 which supplies a clock to the analog/digital



-67; . detector 31 and counting an interval until a synchronization
pattern flag is detected next, and a difference from 1448T (T represents 1
channel bit here) in a DV/D-ROM for exanple, is obtained as cycle

information 2. An oscillation clock of the oscillator 15 is controlled to
a frequency domai n where a phase syneRfonization is possible by the cycle
information 1 and the cycle information 2. [ 0066] The digital
recorded data reproduci ng device which subjects a signal sanpled
asynchronously to a partial response equalization, conpensates a phase
synchroni zation by a phase interpolation type digital phase-|ocked | oop,
and perf convexrteiatd. denodul ati on is enpl oyed, and phase error information
is detected after partial response equalization, so that a decrease of
jitter in theOph&ge-1 ocked loop as well as the nost suitable partial
response equalization signal can be reproduced, even under such conditions
as the char acTkeifstequeniey erroratievrctbral 3 eEpbectonst stgtald asashawn |t
and insufficiencies of anal og equalization, thereby inproving an error
rate as s Figsrenfplfow exaspdle £ dilgit dls ,r ehereeils datployedramwettiport Wi t h
hi gh phase-1ocked pull-in capacity. [ 0067] That is, the digital
recor ded odfabaz ¢ £p-o0gdueisnyefigthcetvbtolr 30bjeLth compsysebramesty anpl ed
signal to a partia

successively detecting a position where a signal crosses zero

level from the output signal of the high-order interpolation

filter 7 and counting the sampling number between neighboring

zero-crosses to hold in a register, and cycle information 1

which is inversely proportional to a linear velocity cycle of

reproduction digital data is obtained by a synchronization

pattern length detector 31 which comprises a means for

detecting a maximum value obtained by adding a count value to

hold in a register, only when a ratio of neighboring zero-

cross lengths within a period established by a frame counter

30 which comprises a means for counting a specified period over

one frame satisfies a ratio of synchronization pattern, such

as 14:4 in a DVD-ROM. After being pulled in to some extent

by a synchronization pattern length, in order to make a

frequency closer to a frequency of a clock component held by

the reproduction clock, a cycle where synchronization pattern

is generated is detected by a synchronization pattern interval

detector 32 which comprises a means for outputting a

synchronization pattern flag at a position judged to be a

synchronization pattern by the synchronization pattern length



response equalization, conpensates a phase synchronization by

- 68- a phase interpolation type digital phase-Ilocked |oop, and

perfornms a data denodul ation is enpl oyed, and phase error information is
detected after partial response equalization, so that a decrease of jitter
in the phase-1locked | oop as well as «f¥e nost suitable partial response
equal i zati on signal can be reproduced, even under such conditions as the
characteristic deterioration of a reproduction signal due to tilt and

i nsufficiencies of anal og equalization, resulting in a digital recorded
data reproduci ng device which inproves an error rate as well as enables a
st abl e digteatoresdbrand deuvatiegr sduintemvali unthilgla sashrarckaat panl -in
capacity. [ 0068] (Enmbodi nent 2) Herei nafter, a second enbodi nent
whi ch cqgrateseondflag bs dktgectedreent deandad ad iEfevencenfirdmvl 448as(Tef i ned
in CQains 2, 12 to 16, 20, 26, and 32 wl| be described with reference to
figures déptesédits 1 chhnnkilghie heregn impta OFD-ROMK, riepr cehvampba, signa
obtained by a reproduci ng neans (such as an optical pickup) not shown has
its out mBtabpédtasiecwrpdaisi gefmdyienpecamnmhidseillataod clsckubfethed to
correction which enphasizes a high frequency by a waveform equali zing
neans 2 ddwiPRater 151e wBrekrolNedqual i dfeey dohaLiihieiRs adpliaséer

such as a high-order equalizing ripple filter, which enables an arbitrary
settlng synchronization is possible by the cycle information 1 and the
cycle information 2.

[0066]

The digital recorded data reproducing device which
subjects a signal sampled asynchronously to a partial response
equalization, compensates a phase synchronization by a phase
interpolation type digital phase-locked loop, and performs a
data demodulation is employed, and phase error information is
detected after partial response equalization, so that a
decrease of jitter in the phase-locked loop as well as the most
suitable partial response equalization signal can be
reproduced, even under such conditions as the characteristic
deterioration of a reproduction signal due to tilt and
insufficiencies of analog equalization, thereby improving an
error rate as well as enabling a stable digital recorded data
reproduction with high phase-locked pull-in capacity.

[0067]

That is, the digital recorded data reproducing device
which subjects an asynchronously sampled signal to a partial

response equalization, compensates a phase synchronization by



T e e s et v e s e e

of a boost anmount and a cut-off frequency, for exanple. An

- 69- out put signal of the waveformequalizing neans 2 is sanpled to a
digital signal with multiple bits by an analog/digital converter 3 as a
means for converting an analog signal to a digital signal. At the tineg,
there is enployed a clock which is geé@fated by an oscillator 15 and has a
cl ock conponent asynchronous with that of the reproduction signal. The
digital signal with multiple bits which is sanpled by the anal og/digital
converter 3 is inputted to an offset correction neans 4 to correct an

of fset component included in the reproduction digital signal. [ 0069]
The of f sat phaseecinberpeidas ibmayype ddgsittialutphblass-3iboked ilodépguead?, for
exanple. That is, it conprises an offset detecting neans 16 for detecting
an of f sepecfiopmserd datd kdemddielatpondist iemplbyed al andgpiiase smwoirhi ng
means 17 for snoothing the detected offset signal, and a subtracting neans

18 for suhfoambitiomisodepectidrditer pareisahAdEpyngeangudizhtdonhe
reproduction digital signal. [ 0070] An out put signal of the offset

correcti &6 ¥E&bsa AdééreéB@Ubfeﬂitﬁeaniﬁﬁﬂﬁh&sGal_Bcfk@Iat lelopb asswellhat an
anplitude of the reproduction digital signal is adjusted to an arbitrary
val ue. Th8 twé HBEt Gt dbTeP4PLisl BYspleheetegiaEN¥BkIRM signal can
be reproduced, even under such conditions as the characteristic
deterioration of a reproduction signal due to tilt and
insufficiencies of analog equalization, resulting in a digital
recorded data reproducing device which improves an error rate
as well as enables a stable digital recorded data reproduction
with high phase-locked pull-in capacity.
[0068]
(Embodiment 2)

Hereinafter, a second embodiment which corresponds to a
digital‘recorded.data reproducing device as defined in Claims
2, 12 to 16, 20, 26, and 32 will be described with reference
to figures 10 to 12.

In figure 10, an optical disk reproduction signal obtained
by a reproducing means (such as an optical pickup) not shown
has its output amplitude emphasized by a preamplifier 1, and
is subjected to correction which emphasizes a high frequency
by a waveform equalizing means 2 thereafter. The waveform
equalizing means 2 comprises a filter such as a high-order

equalizing ripple filter, which enables an arbitrary setting

of a boost amount and a cut-off frequency, for example. An



of a signal waveform and performa control so that a difference between an
arbitrary set value and an envel ope signal is zero,

- 70- for exanpl e. [ 0071] Next, an output signal of the
automatic gain control 5 is inputted_&g_a transversal filter 6 and is
subjected to a phase interpolation to fealize a phase synchronization and

a partial response equalization. Here, the partial response
equal i zation may enploy the PR system (3, 4, 4, 3) as described in the
first enbodi nent. [0072] The transversal filter 6, which is

tit by fi.njt t FIR (Ki:nite | Fidt

FomeLe CRRAERE ST ot e oy SR oRal Bl ity RS R SARRRRAR L)

d ph i nt er.pal,ati on. ch teristi he FIR filt be . i zed
by vary: 8 2 GRPGtAng 1A brbf s inth WL ey An Fia S0P 4ASENER o
wei ghting factor cantrol means %% Is provided as a nmeans for caontrolling
the wei gﬂ??‘ﬁ&rftfa agia JNEARS IRG: CPOVELTE RS e\ ARILP I F1LEBA L6 HOs @

troll t ki nds of trql | , that i d ' trol
oop  vhALHLEaH PRG0S lhe AShEDE. FAMEmp SRS S FBBLOXF e, HPFRG“PRE or
control neans 33 as a neans for controlling the weighting factor of a tap
so as tolfi AeREratedhHY i aR PESFdHtoRqhal RRdt NS & [HODh TABPRASHE of an

equal i zation output signal, and a digital phase-|ocked | gop as a neans
whi ch asynchronous with that of the reproduction signal. The

digital signal with multiple bits which is sampled by the
analog/digital converter 3 is inputted to an offset correction
means 4 to correct an offset component included in the
reproduction digital signal.

[0069]

The offset correction means 4 may be constituted as shown
in figure 2, for example. That is, it comprises an offset
detecting means 16 for detecting an offset component held by
the reproduction digital signal, a smoothing means 17 for
smoothing the detected offset signal, and a subtracting means
18 for subtracting an output signal of the smoothing means 17
from the reproduction digital signal.

[0070]

An output signal of the offset correction means 4 is
inputted to an automatic gain control 5, so that an amplitude
of the reproduction digital signal is adjusted to an arbitrary
value. The automatic gain control 5 may detect an envelope
of a signal waveform and perform a control so that a difference

between an arbitrary set value and an envelope signal is zero,



conprises a phase conparator 9 for detecting a phase error of the out put
of the transversal filter 6, a loop filter 10 for
-71- snoot hing a phase error signal outputted fromthe phase
conparator 9, and the phase-interpol ation-type tap weighting factor
control means 33, and controls a filtd®factor of the
phase-interpol ati on-type tap weighting factor control nmeans 33 with an
out put signal of the loop filter 10 as phase control information.
[ 0073] A data denodul ation is perfornmed through a nmaxi mum |ikelihood
decoder 12 which gerforns decodi ng according to a type of partial response
enpl oyi PR PARPPAP-response equal i zati on waveformin a regul ar phase
outputted through a series of the operation. Here, the nmaximumlikelihood
decoder 12{@8y lde a viterbi decoder, for exanple. The viterbi decoder
performs a probability calculation according to a |law of correl agi on of an
i nt ent i onal | YextideancoutpPBisedgsn lacfybheAutomatis Jrd8p6ARETOS 3Astifo
reproduce the nost probable series. For exanple, a PR (3, 4, 4, 3% M.
system inputted TRM topnssersal bktepd iaad gar snhief k@eatPBRSBei ng
PR (3, 4, 4, 3) s possible. [ 0074] The phase-interpol ation-type
tap wei gintemgpdhetipncoatresdlineamphasenaynphresisatinmeanssastrrihinh
figure 11. That is, )

response equalization. Here, the ©partial response

equalization may employ the PR system (3, 4, 4, 3) as described

in the first embodiment.

[0072]

The translversal filter 6, which is constituted by finite
taps, may be a FIR (Finite Impulse response Filter) filter as
shown in fiqure 6, for example. Equalization characteristics
and phase interpolation characteristics by the FIR filter can
be realized by varying a weighting factor of a tap. A
phase-interpolation-type tap weighting factor control means
33 is provided as a means for controlling the weighting factor
of a tap. That is, the transversal filter 6 is controlled by
two kinds of control loops, that is, an adaptive control loop
which comprises the phase-interpolation-type tap weighting
factor control means 33 as a means for controlling the weighting
factor of a tap so as to minimize a partial response
equalization error on the basis of an equalization output
signal, and a digital phase-locked loop as a means which

comprises a phase comparator 9 for detecting a phase error of

the output of the transversal filter 6, a loop filter 10 for



when. a phase interpolation control is perfornmed, while filter factors held
In registers 22a-22g as shown in figure 11 are sw tched by selectors

23a- 23g based on the phase control -72-

i nformati on as the output signal of the Ioop filter 10, the respective tap
factors of FIR filters S1-S7 as shown Thl figure 6 are set. Here, the
factors of registers 22a-22g are decided by both of a factor control by
partial response adaptive autonmatic equalization and a factor control by

Nyqui st phase interpolation control. [ 0075] A factor control
the partial response adaptive automatic equalization nay enplo ast Nban
Square al §BPPERHNGsASRRFS ¢ n SRk eSignady orkpappred Thaem Lhe P | ses

an equalization error detector 25 which detects an equalization targ
val ue cor FEBPIFGLRY % aRE Bher PARsSeedpdinspalattontE¥Re £AP Uﬁﬁ-ﬁl}ttlﬁggnal

of the transversal filter 6 by a tenporary judging circuit 24, and detects
an equal i facted eondrray means rati iand teeneredSi 2a lbﬁeFaigéﬁoﬁapﬁé@hﬁjthe
out put signal of the transversal filter 6, a correlator 26 which
calculatephaaee@mﬁﬁngqlﬁtt@mmpypeanaouwpughﬂxpgﬂfaﬁtwneceqUabﬂzQEﬁ@ﬁ
error detector 25 and the output signal of the transversal filter 6, a
f eedback Faiwitknn audpwWt7 sdgrairednthectoopuffilpeyilly amphaismcontrloﬂe
correlator 26 by the sane nunber as a gain to regulate a feedback gain,
and a tapihformaddaati ng part 28 as a neans for adding the output of the
regulator to
[0073]
A data demodulation 1is performed through a maximum
likelihood decoder 12 which performs decoding according to a
type of partial response employing a partial response
equalization waveform in a regular phase outputted through a
series of the operation. Here, the maximum likelihood decoder
12 may be a viterbi decoder, for example. The viterbi decoder
performs a probability calculation according to a law of
correlation of an intentionally added code based on a type of
partial response so as to reproduce the most probable series.
For example, a PR (3, 4, 4, 3) ML system, that is, PRML system
with an applied partial response type being PR (3, 4, 4, 3)
is possible.
[0074]
The phase-interpolation-type tap weighting factor control
means 33 may be constituted as shown in figure 11. That is,
when a phase interpolation control is performed, while filter .

factors held in registers 22a-22g as shown in figure 11 are

switched by selectors 23a-23g based on the phase control



a weighting factor of each tap to update a tap factor. [ 0076] On
the other hand, a factor control by the Nyquist phase

-73- i nterpol ation control divides Nyquist characteristics into eight
parts froma to g as showmn in figure 5 for exanple, and stores areas from
1to 7 in a register 35 correspondingly/4o the respective taps of the FIR
filters shown in figure 6. Nyquist interpolation factors at each tap and
phase EmDm (m corresponds to a tap nunmber and an area nunber) which are
stored in the register 35 in figure 11 and a tap weighting factor for
partial response equalization which is an_output signal of the _tap factor

updat i ng HEFPrPBLAPE Agpéhie e bys honap PactBe 1PeRdifigl Heank0 84thgnd
each register value of registers 22a to 22g is updated by a register value
updat i ng ¥eSPecBive: hapckictarstehd IR fid ta g Bilinfy REcEBPWRhEBhL 3GVESSf i es
both of the factor control by the partial response adaptive autonatic
equal i zaté @reasetti.he BHeast, ot heohactprisyofheeqgygtess phase2gi arergperidedn
control. [ 0077] A means for controlling a sanpling clock of the
anal og/ dilsy t kbtbormvEr aerf a3 tiar r gahnitzed byy aphrdduwdncyespansel adappivwii ch
conprises a frequency error detector 13 as a neans for detecting a pattern
| engt h ofawteyathcoagraliieatiatt emi aoifaamtdmtcemtato htbyNyduist phase
synchroni zation pattern is

interpolation control.

[0075]
A factor control by the partial response adaptive

automatic equalization may employ Least Mean Square algorithm

as shown in figure 11, for example. That is, it comprises an

equalization error detector 25 which detects an equalization

target value corresponding to the partial response system from

the output signal of the transversal filter 6 by a temporary

judging circuit 24, and detects an equalization error by

subtracting the equalization target value and the output signal

of the transversal filter 6, a correlator 26 which calculates

a correlation between an output signal of the egualization

error detector 25 and the output signal of the transversal

filter 6, a feedback gain regulator 27 as a means for

multiplying an output -of the correlator 26 by the same number

as a gain to regulate a feedback gain, and a tap factor updating

part 28 as a means for adding the output of the regulator to

a weighting factor of each tap to update a tap factor.

[0076]

On the other hand, a factor control by the Nyquist phase



generated fromthe output signal of the transversal filter 6 to convert to
cycle information, thereby outputting a frequency error signal, a | oop
filter 14 for frequency control as a neans for snoothing the frequency

error signal outputted fromthe -74-
frequency error detector 13, and an osdBH ator 15 which supplies a clock
to the anal og/digital converter 3. [ 0078] Here the frequency

err-or detector 13 may be constituted as shown in figure 9, for exanple.
That is, there is enployed an output of a zero-cross |ength detector 29
whi ch conprises a nmeans for successively detecting a position where a
signal dmdexpo Fat bonegontiadm d heides pHy asiigial chharagberigidns skpto
filter 6 and counting the sanpling nunber between nei ghboring zero-crosses
to hol d ieight ggithieframé tpcheas showatinrfigundiih far igxampkey and
proportional to a linear velocity cycle of reproduction digital data is
obt ai ned siypressyamdasnivani brtopatimra fegisheded bctorrespanidingbyptdses a
nmeans for detecting a maxi mum val ue obtai ned by adding a count value to
hold i n Zhecgrespectbnky bapen @f r ahieo RIR ngijhbosi shaar oin dhiepsrd ehgt hs
within a period established by a franme counter 30 which conprises a neans
for countiyem istspaciéipol peibadfaceobrsora feaate tay iasfd ethas ¢ Am-Dof (m
synchroni zation pattern, such as 14:4 in a DVD-ROM After being pulled in
to sone exraspdnds tdyadHy nuididroandadh ared aagiber )i vhatHedré G ttaked a

frequency closer to a frequency of a clock conponent held by

in the register 35 in figure 11 and a tap weighting factor for
partial response equalization which is an output signal of the
tap factor updating part 28 are superimposed by a tap factor
folding means 34, and each register value of registers 22a to
22g is updated by a register value updating means 36, thereby
setting a tap weighting factor which satisfies both of the
factor control by the partial response adaptive automatic
equalization and the factor control by the Nyquist phase
interpolation control.

[0077]

A means for controlling a sampling clock of the
analog/digital converter 3 is realized by a frequency control
loop which comprises a frequency error detector 13 as a means
for detecting a pattern length of a synchronization pattern
or an interval at which the synchronization pattern is
generated from the output signal of the transversal filter 6
to convert to cycle information, thereby outputting a frequency
error signal, a loop filter 14 for frequency control as a means

for smoothing the frequency error signal outputted from the



t he .reproduction clock, a cycle where synchronization pattern is generated
Is detected by a synchroni zation pattern interval detector 32 which
conprises a neans for outputting a synchronization pattern flag at a
position judged to be a -74- - 75-
synchroni zati on pattern by the synchronlzatlon pattern length detector 31
and counting an interval until a synchronization pattern flag is detected
next, and a difference from 1448T (T represents 1 channel bit here) in a
DVD-ROM for exanple, is obtained as cycle information 2. An oscillation

cl ock  of H‘ﬁ%ﬁ,ﬁgg' | & 06 1%ét-°ec%¥rq'3' daha aaﬁr%glaelrl%tctpﬁau@ V\@ﬁ‘iéha

phase sync tion i s possible by the cycle information 1 and

cycle infgy (QO7 9 fed,data reprodu0|ng
devi ce whlcﬁgi Eject%ogﬁlgggﬁgkro%%ﬁég 74 |%%€%}5|gna ?o agpartla

response E 7%? lon by a single systemtransversal filter, realizes a
phase interpola n type dlgltal phase | ocked | oop, and perforns a data

denodul h l, £l d

't or pol at | oniPEE SR rasteAsl Tt er REERRESK d3amay die. PihitlbEbad
t I th duct t

ccal o artF PRI darig o mﬁgr SERRBABe] oAnaF ?gﬁtéeaéélé?e&'béf;%ﬁséfﬁh

as well as enabl i an effecilve coTtro Wit h ngp AFCY wi t hout I05|ng

bot h char¥tt%t %‘E? QL st 329 7EFOsS length detec wHicH comprises

a means for successively detecting a position where a signal
crosses zero level from the output signal of the transversal
filter 6 and counting the sampling number between neighboring
zero-crosses to hold in a register, and cycle information 1
which is inversely proportional to a linear velocity cycle of
reproduction digital data is obtained by a synchronization
pattern length detector 31 which comprises a means for
detecting a maximum value obtained by adding a count value to
hold in a register, only when a ratio of neighboring zero-
cross lengths within a period established by a frame counter
30 which comprises a means for counting a specified period over
one frame satisfies a ratio of synchronization pattern, such
as 14:4 in a DVD-ROM. After being pulled in to some extent
by a synchronization pattern length, in order to make a
frequency closer to a frequency of a clock component held by
the reproduction clock, a cycle where synchronization pattern
is generated is detected by a synchronization pattern interval
detector 32 which comprises a means for outputting a

synchronization pattern flag at a position judged to be a



response ,equal i zati on and data reproduction interpolation in a regular
sanpl i ng phase by being constructed so as to operate a neans for setting a
filter factor for phase control and a neans for setting a tap wei ghting
factor for partial response equalization individually. Further, two Kkinds
of control -75- . 76- |l oops in the first
enbodi nent are integrated to communi ze the transversal filter and the

hi gh-order interpolation filter which nmake up a great portion as a circuit
scal e, thereby realizing a reduction in circuit scale and particularly | ow
power consuggﬁlon at hl eed r groductlon

. [0Q80] Fur{ her a
met hod E&Héﬁ@}l ern bynthe SMB?BﬁFE‘SEPBnPéBﬁFFBI ieaﬁ&h
partial response adaptive autonatlc control may be one as shown |n a flow
chart in $¢§8FEor131l apAecRoUntdng 6 iateryale Mty @ QYRR PRI FaEACRS
per f or med %%a frequency control loop as a first _stage (Step 101). Wen a
devi at i orPakbeKR 6lag ﬁeﬁ%ﬁeyeéfnaréhoend achbbRerengel arsgn 4448T (T
reproduction signal, which is obtained as the result, and a clock
frequencyr@m@sap@é By chRanedc bliltath@re )1 5. mra DNRRGM A% 9 5t @BanD2E, ke
processing shifts to a phase synchronization pull-in control as a second
stage (Steptadspd aarcyelecbpfomnatienf 2Zequbncyspillationscinickehddthe a
|l ow gain node. Wien the frequency deviation anobunt is not within A% the
f requencyogpeillatozohd rid coatewitliediséd. a freq@Bdy domain where a phase

synchronization is possible by the cycle information 1 and the
cycle information 2.

[0079]

The digital recorded data reproducing device which
subjects an asynchronously sampled signal to a partial response
equalization by a single system transversal filter, realizes
a phase interpolation type digital phase-locked loop, and
performs a data demodulation is employed, so that the
transversal filter and a high-order interpolation filter which
make up a great portion in the whole as a circuit scale can
be communized, thereby realizing a reduction in circuit scale
and particularly 1low power consumption at high speed
reproduction, as well as enabling an effective control with
high accuracy without losing both characteristics of partial
response equalization and data reproduction interpolation in
a regular sampling phase by being constructed so as to operate
a means for setting a filter factor for phase control and a

means for setting a tap weighting factor for partial response

equalization individually. Further, two kinds of control



In a case where the processing shifts to the phase synchronization pull-in
control as the second stage, when a synchronization pattern detected as
the result is confirmed continuously for a certain nunber (Step 104), the
processing shifts to a LMs aIgorithnLg _adaptive automatic equalization

77 means for successively detecting a position where a signal crosses zero
| evel fromthe output signal of the high-order interpolation filter 7 and
counting the sanpling nunber between nei ghboring zero-crosses to hold in a
register, and cycle information 1 which is inversely proportional to a

|1 near v é%%%&ﬁ%@gsg&gﬁﬁf@%ﬁ%de% 3L iinqzeg%tsaa%%fq:ggl‘:oﬁmﬁmé Qiegation

pattern conpri sés a nme tecting a nmaxi num

val ue obtai ned b ding,a_coun} Mvalug.t | d.Jn j : o OMH n a
Yati'o of tiamRRTRG Soben ae | Yhe feoh-BRdee bR Lafipp T e
counter 30 which conprises a neans _far counting.a specifi perl r one
frane sat‘"it’é'ﬁlbs’“%k?ggipo aong?%EhP8ﬁitzlé’fq of® p&t %&ﬁfﬁlgﬁjc%éggem:ez{l%éyj
DVD-ROM After being pulled.,in to sane extent%fé a_synchroni ation:P tern
| ength, Ii®adriknd oA ERBVG AP dENEFFabserS T ??éqﬁ@ﬁ%§08ﬁ%f%Xoc
component held by the reproduction clock, a cycle where synchronization
pattern POWRhMBYNPEign: att By %P%?ﬁcﬁ?@%f’?éhcitdw?’b‘at tern interval
detector 32 which conprises a neans for outputting a synchronization
pattern flafh00BP] a position judged to be a synchronization pattern
by the synchroni zation pattern | ength detector 31 and counting an .interval
until a synchPentherion pat Methedag 9k JErequansiext COMEA di f R Ce
from 1448T (T represents 1 channel bit here) in a DVD-ROM for exanple, is
obt ai ned synahmdmizat beonat contzrolan cnd | IRATBhat| CERSBPDERe AARTEYSr 15

is controlled to a frequency domain where a phase ) )
-78- automatic control may be one as shown in a flow chart in figure

12. When a control is started, a frequency pull-in is
performed by a frequency control loop as a first stage (Step
101). When a deviation amount of a frequency of a clock
component held by a reproduction signal, which is obtained as
the result, and a clock frequency generated by the oscillator
15 are within * A% (Step 102), the processing shifts to a phase
synchronization pull-in control as a second stage (Step 103),
and a loop gain at frequency pull-in is switched to a low gain
mode. When the frequency deviation amount is not within *
A%, the frequency pull-in control is continued.

[0081]

In a case where the processing shifts to the phase
synchronization pull-in control as the second stage, when a
synchronization pattern detected as the result is confirmed
continuously for a certain number (Step 104), the processing

shifts to a LMS algorithm PR adaptive automatic equalization



By a seri.es of the control nethod, a conpetition between the control of a
filter factor for phase control and the control of a tap weighting factor
for partial response adaptive automatic equalization are prevented and a
phase control is given priority to, thereby realizing a stable
phase- | ocked loop as well as enabling & tontrol which does not |ose an
accuracy of the partial response equalization. Further, by enploying the
i nterval control, it is possible to avoid a state out of control even when
an abnormal signal is generated, thereby obtaining a digital recorded data
reproduci ng device which_also enhances Rlayabilit .

: y [0083£
( Enbodi mef@nByol as fcthirdr$Er9ea(PhEPd18R0adRRENE WAPBhIRERr 8SpBRASS 0 a
digital recorded data reproducing device as defined in aims_ 3 to 5 17
to 20, ardypehrenizakiqn paldeskn HesWitahed it éndev gain godes 19hed 16.
In figure 13, an optical disk reproduction signal obtained by a
r epr oduci #Hee ressmehyenié rajdognpaptiesa ipi sBRtipjombirsadveonhiapupus lguEest
anpl i tude enphasi zed by a preanplifier 1, and is subjected to correction
whi ch enphagértaia hugbeiredien@hasy synabsbodmadduna ipdnk- heaggnirol
thereafter. The waveform equalizing neans 2 conprises a filter which
enabl es abs cobttinaed.sefllhi ag cafsen woese theuprozedsimutshoiftsrequihey.
For exanple, this is a high-order equalizing ripple filter or
-79- LMS algorithm PR adaptive automatic equalization control as
the third stage, when an equalization error obtained as the
result is within *B% (Step 106), the processing shifts to an
interval-control-type PR adaptive automatic equalization
control as a fourth stage, while the LMS algorithm PR adaptive
automatic equalization control is performed in a low gain mode
continuously when the result is not within *B% (Step 107).
Here, the interval-control-type PR adaptive automatic
equalization control is a control method which reflects an
accumulated additional value of an equalization error amount
which has a correlativity in each tap in a certain period of
time discretely on a tap weighting factor, instead of
successively feeding back a tap weighting factor for partial
response equalization. Here a loop gain of the LMS algorithm
PR adaptive automatic equalization control and the
interval-control-type PR adaptive automatic equalization
control is preferably low enough against the loop gain of the

phase synchronization pull-in control, so that no competition

occurs, thereby enabling a stable control.

[0082]

This Sheet Has Been Replaced

[



the like., An output signal of the waveform equalizing neans 2 is sanpled
to a digital signal with nmultiple bits by an analog/digital converter 3 as
a nmeans for converting an analog signal to a digital signal. At the tineg,
there is enployed a clock which is generated by a VCO 40 and has a cl ock
conponent asynchronous with that of rﬂ@’reproduction si gnal . The

sanpled digital signal with nultiple bits is inputted to an offset
correction nmeans 4 to correct an offset conmponent included in the
reproduction digital signal. [ 0084] The offset correction neans 4
may be constituted as shown in figure 2, for exanple. That, is,

. at | L
conpri ses an BYf3eferiescefi khensaRired methostc@ cRPLST iR tPLFHBAReNt
held by the reproduction digital signal, a snmoothing nmeans 17 for
snoot hi nftheeondinak of afffiddiesifgriior 4AY RhasB ROy andhhhe agntppl
subtracting an output signal of the smpothing nmeans 17 fromthe
r epr oductddra dtapt weighdrialg factepoBer partAmlorrgrporsgnafaptivfe of f set
correction means 4 is inputted to an automatic gain control 5, so that an
anpl i t udeautdmahicr egnadichitdosiaral prevantedt atddt @ phasehiagntyodalse.
The automatic gain control 5 may detect an envel ope of a signal waveform
and per f aqyiven paritomits ot hche neby ffeakhzenpet skebleghas e+l oakgdskoopal ue
and an envel ope signal is zero, for exanple.
- 80- as well as enabling a control which does not lose an accuracy
of the partial response equalization. Further, by employing
the interval control, it is possible to avoid a state out of
control even when an abnormal signal is generated, thereby
obtaining adigital recorded data reproducing device which also
enhances playability.
[0083]
(Embodiment 3)

Hereinafter, a third embodiment which corresponds to a
digital recorded data reproducing device as defined in Claims
3to5, 17 to 20, and 26 to 31 will be described with reference
to figures 13 to 16.

In figure 13, an optical disk reproduction signal obtained
by a reproducing means (such as an optical pickup) not shown
has its output amplitude emphasized by a preamplifier 1, and
is subjected to correction which emphasizes a high frequency
by a waveform equalizing means 2 thereafter. The waveform
egualizing means 2 comprises a filter which. enables an

arbitrary setting of a boost amount and a cut-off frequency.

For example, this is a high-order equalizing ripple filter or



[ 0086] . Next, an output signal of the automatic gain control 5 is
I nputted to a transversal filter 6 and is subjected to a partial response

equal i zati on
system (3, 4,
into five va

Her e, the partial response -equalization enploys a PR
4, 3) which divides a wayeform anplitude after equalization
ues (0, 4XA, T7XA -4XA,‘7?XA) as shown in figure 3(c) in a

DVD- ROM (Read Only Menory) which is capable of digital recording of 4.7G
byte for a layer on a single side, for exanple. There exist diverse types
of partial response other than the PR (3, 4, 4, 3) system and it is not

restricted tQ .a specified system apd it nmakes ng difference to enplo
Other oy e ike b GRADTT & URA b brithe O REPEBF oG iz i AR

The parti al,
of reproducks

response systemwhich_adds a correlativity in a time direction

oPaBRLgdat® A viLgibrldsdanal a¥ibRe Myl tipie bitst bahaR

maxi mum | i kel i hood decodi ng net hods (Maxi mum Likelihoodé whi ch

denodul af8a sy Fgital IRBYRr K| 28S MR EP¥ IRONNRIE

ipgtan analog

correlativity, are conbined, thereby to realize a PRV signal prpceifing

whi ch i ssdégmilddrer t digitaddedenadeoudts dhen time, reberei A§ GaWPSiaye

reduction in

a linear recording direction. [ 0087] Since the PRWML

si gnal proekeskrighightisngenenateddry acddidthandnbasgce erldigly cogponent

characteristi

cs of reproduced waveform or nodul ati on codes as descri bed

above, amsymolomneie with that of the reproduction signal. The

samp

offs

led digital signal with multiple bits is inputted to an

et correction means 4 to correct an offset component

included in the reproduction digital signal.

[0084]

in f

The offset correction means 4 may be constituted as shown

igure 2, for example. That is, it comprises an offset

detecting means 16 for detecting an offset component held by
the reproduction digital signal, a smoothing means 17 for
smoothing the detected offset signal, and a subtracting means
18 for subtracting an output signal of the smoothing means 17
from the reproduction digital signal.

[0085]

An output signal of the offset correction means 4 is

- inputted to an automatic gain control 5, so that an amplitude

of the reproduction signal is adjusted to an arbitrary value.
The automatic gain control 5 may detect an envelope of a signal
waveform and perform a control so that a difference between
an arbitrary set value and an envelope signal is zero, for

example.



-81-. systemis required to be selected for various recording
reproduction systens. The transversal filter 6 is a FIR (Finite Inpulse
response Filter) filter constituted by finite taps, for exanple.
Equal i zation characteristics by the FIR filter can be realized by varying
a weighting factor of a tap. A signal-88bjected to a partial response
equalization by the transversal filter 6 is converted to a signal in a
regul ar sanpling phase by a high-order interpolation filter 7. [ 0088]
The high-order interpolation filter 7 may be based on Nyqui st

I nterpol ati on characteristics as shown in figure 5  for exanple.

| nt heNyqui st M8 @tteristics asshown in figure 5, each anplitude val ue
when a channel rate (1T) is divided into Nparts in a tinme direction is
stored in a rédgxteran gutpuifignahe f &dispatofftcie ga¥naantreb| =4S on
to set a factor of a phase indicated by phase control information is

swi t ched inpu&dest Harm & nainsvarsabifiddemwhtand iisn§ objecited ta ppageial
interpolation is perfornmed. Thereby, a reproduction signal sanpled

asynchr onpesppnise coagenfildzatdan s epr ofiexte pn thegual paatiiad si gespoageal to
a regul ar sanpling phase. [ 0089] The hi gh-order interpolation
filter 7 equabdzathldn fempPoyswai BR sgspemsqs dal ay el 2pewh ichodivdides

mul tiplication elenments 20a-20g, and an addi ng neans 21 as shown in figure
6. a waveform amplitude after equalization into five values (0,

4XA, 7XA, -4XA, ~-7XA) as shown in figure 3(c) in a DVD-
ROM (Read Only Memory) which is capable of digital recording
of 4.7G byte for a layer on a single side, for example. There
exist diverse types of partial response other than the PR (3,
4, 4, 3) system, and it is not restricted to a specified system
and it makes no difference to employ other systems if only what
is equivalent to performance is possible. The partial
response system which adds a correlativity in a time direction
of reproduction data and a viterbi decoder as one of
after-mentioned maximum likelihood decoding methods (Maximum
Likelihood), which demodulates the most probable series
utilizing the added data correlativity, are combined, thereby
to realize a PRML signal processing which is considered to be
advantageous for a high recording density reduction in a linear
recording direction.
| [0087]

Since the PRML signal processing system has various
combinations according to characteristics of reproduced

waveform or modulation codes as described above, an appropriate



-82-. . At this time, when a phase interpolation is perforned, while
filter factors held in registers 22a to 22g as shown in figure 6 are

switched by selectors 23a to 23g based on phase control information as an
output signal of a loop filter 10, tap% actors S1 to S7 are set. Here, the

factors of the registers 22a to 22g have Nyqui st characteristic value for

each phase in figure 5 divided into N parts, such as eight parts froma
tog as shown in figure 5 for exanple, and areas from1l to 7 are stored
correspondingly to respective taps of the FIR filters shown in figure 6.

From the PEBER 18 e TEed san Peraidcted; ol fpERBHs (EPERRAINSL 00
oy 100 propbitlor "y B Bat S S e 6 T, e
phase. contF oRIhEcEHBE ISP PEPRR A ERSEET ) LIRS BPORSHEW SHBY TAPRESds (o
condi 11 ontRRPeh 18 GRETIA 1 oL AR A0c FhATAC SR L 6F B cORBAF I o,
An output ,signal of the high-qrder interpolation filter 7 is inputted to
a tap vwei §HiFRY FaBthe komt +apd Ry ALY 1Rd MEiIhlngfaclrHis RgtPRet or
of the transversal filter 6 adaptively, so as to mninize an equalization
error. A $bgoal subjesdedifond gREtAGY FasponTMtePrakeaAs 189nkY ERFI oy
Heast transversal filter 6 is converted to a signal in a regular
sampling phase by a high-order interpolation filter 7.
[0088]
The high-order interpolation filter 7 may be based on
Nyquist interpolation characteristics as shown in figure 5,
for example. In the Nyquist characteristics as shown in figure
5, each amplitude value when a channel rate (1T) is divided
into N parts in a time direction is stored in a register, and,
while the register which performs a selection to set a factor
of a phase indicated by phase control information is switched
in accordance with the phase control information, a phase
interpolation is performed. Thereby, a reproduction signal
sampled asynchronously 1is converted to a reproduction
equalization signal equal to a regular sampling phase.
[0089]
The high-order interpolation filter 7 may be a FIR filter
which comprises delay elements 19a-19f, multiplication

elements 20a-20g, and an adding means 21 as shown in figure

6.



- 83-, .Mean Square algorithmas shown in figure 7, for exanple. That is,
It conprises an equalization error detector 25 which detects an
equal i zation target value corresponding to the partial response system
fraom the output signal of the high-oiggi interpolation filter 7 by a
tenporary judging circuit 24, and deteCts an equalization error by
subtracting the equalization target value and the output signal of the

hi gh-order interpolation filter 7, a correlator 26 which calculates a
correl ati on between an out put signal of the equalization error detector 25

dth t ' | ,of th | gh- . ' filt , dback
gain regul ar art A Es cdns b BhERS GRS et bF Bertoshefaior
26 by the. .nynb ' X | at feedh [ t
factor USRI TG HARE ZA e A P e i fefe 228 Fo 28 o PPt 2 or
t I ghti fact f, h,t t t t tor. 0Q91
Next, o GGUR st Uit dop a9LeBhRres 232 Pnadd Besashon AT or
det ecti hase f th t put signal f the_high-aqrd
[t or pol FOTSTF A} RFOTRaG1PBoRS | 7Rt GRERBE B19ng0ohPnd O Thitddd & -
signal outputted fromthe phase conparator 9, and a feedhack | Qqop which
control s tRPF FREEPT AT &P Slgﬁrten%eﬁi' ghHeFBerthefachors PEFHS FEILSESKS h t he

out put si%nal of the loop filter as phase confrol information. [ 0092]
22a to 22g have Nyquist characteristic value for each phase

in figure 5 divided into N parts, such as eight parts from a
to g as shown in figure 5, for example, and areas from 1 to
7 are stored correspondingly to respective taps of the FIR
filters shown in figure 6. For example, when phase control
information at the present moment obtained from the loop filter
10 is a sampling phase different from a regular phase by 180°,
filter factors at phases of “@”, that is, e in areas from 1
to 7 shown in figure 5 are set as tap factors of S1 to S7. The
larger the division number N in a time direction is, the higher
the accuracy of a phase control becomes, while an increase in
the division number N leads to an increase in a circuit scale,
and thus the division number is set on condition which allows
performance and a circuit scale to be compatible. An output
signal of the high-order interpolation filter 7 is inputted
to a tap weighting factor control means 8 to control a tap
weighting factor of the transversal filter 6 adaptively, so
as to minimize an equalization error.
[0090]

The tap weighting factor control means 8 may employ Least



- 84+ . A data denodul ation is performed through a maxi num |Ike|lh00d
decoder 12 which perforns decoding according to a type of partial response
enploying a partial response equalization waveformin a regular phase
outputted through a series of the ope?gtlon Here, the maximum |i kel i hood
decoder 12 may be a viterbi decoder, for exanple. The viterbi decoder
perfornms a probability cal culation according to a law of correlation of an
i ntentionally added code in accordance with a type of partial response so
as to reproduce the nost probable series. [ 0093] A neans for

cont rol | e SABHld B8 ool 00iaR st BRowaNhoB Ghob! 7l £ONAIEN S, [ smigal | zed

by a frequency contr ol conpri ses requency error detector 13

as a nmeang, ¢g@gaaWNé§§§11999&Bdﬁef&§yna@%yaeag'gafnjf@ﬁe or

an interval’ at mhlc e synchr zation pattern 1s generate

out put_signale ol Lhed *aong{ipfgap@ on! BESLR Q1L 001 LLo8lednd 00 ERBVELL £ Cvl ©

i nf or mat i on, Mg a uency error requency
Foop fi FERLIATT &}%% St e, PR 2ﬁ2°¥%€°2%18%m Phethe °
15 aphas ST TS aaih ﬁ%fﬁ?ag%wwy e%n&?éraﬁit el 2%t o
| nfor MRt LR QP4 41 HREDSCL 9P e fddt ELat ol LETOL"Ey HEBISIRL A @
the equalization target value and the output signal of the
high-order interpolation filter 7, a correlator 26 which
calculates a correlation between an output signal of the
equalization error detector 25 and the output signal of the
high-order interpolation filter 7, a feedback gain regulator
27 as a means for multiplying an output of the correlator 26
by the same number as.a gain to reuglate a feedback gain, and
a tap factor updating part 28 as a means for adding the output
of the regulator to a weighting factor of each tap to update
a tap factor.

[0091]

Next, a digital phase-locked loop 11 comprises a phase
comparator 9 for detecting a phase error from the ocutput signal
of the high-order interpolation filter 7, a loop filter 10 for
smoothing a phase error signal outputted from the phase
comparator 9, and a feedback loop which controls a filter factor
of the high-order interpolation filter 7 with the output signal

of the loop filter as phase control information.

[0092]



- 85- . conmponent included in the reproduction signal are pulled in to

t he nei ghbor hood, and perforns an up/down control of the clock frequency
so that a phase control signal returns to a normal operating range before
it. reaches an area out of phase syncl 4yﬂ zation control, and a VCO control
means 38 which controls an oscillation frequency of the VCO 40 that
supplies a clock to the anal og/digital converter 3 based on a rough
control signal of the frequency and an up/down control signal. [ 0094]
The frequency control neans 37 may be one which connects the loop filter

14 f f t i tuf] in f]
exarpl e. | That | 82 CAnes SnpRaLREIsHnTh, bhEPBnEs, SEREDuGR 3T Pelnph””
det ect 9 | ch ' f ively d Ly iti
where a LBRbhS8ACAEREBE 327 aTEHH psraIE SR gty B HBOR. or der
interpolation fplter 7.a5]d counting the ag’nl | ng nunber, bej ween

nei ghbor?%eze? - ELeeLt oL REPERSE a€ 310 &g zfndp(tiqJea i fOYRBEPSN 1
which is i I t l, t | i | oci t I f ducti

i gi tal SAYALIEGROR HETSEP TR 10y AcRPGMIAR POR S ORNRRY Cod  HoBaRER Br 31
whi ch conprises a _nmeans for, detecting a maxi num val ue obtai ned by adding a
count i n®%5+68 2o the aPeRasirdygi stex e ohh§ W‘Amrla‘tk%lb}fmoﬂeq%%G?an
zero-cross lengths within a_period established by a franme counter 30 which
conpri ses? Ak ResafoiteshitdecePetif fer eXupbe- ovERe dht ¢FhielecRdeFi es a

rati o of synchronization . . X
performs a probability calculation according to a law of

correlation of an intentionally added code in accordance with
a type of partial response so as to reproduce the most probable
series.

[0093]

A means for controlling a sampling clock of the
analog/digital converter 3 is realized by a frequency control
loop which comprises a frequency error detector 13 as a means
for detecting a pattern length of a synchronization pattern
or an interval at which the synchronization pattern is
generated from the output signal of the high-order
interpolation filter 7 to convert to cycle information, thereby
outputting a frequency error signal, a frequency control means
37 which performs a rough frequency control, comprising a loop
filter 14 for frequency control as a means for smoothing the
frequency error signal outputted from the fiequency error
detector 13, a phasesynchronizationmaintaining means 38 which
monitors the phase control information outputted from the loop

filter 10 after the frequency and a frequency of a clock



- 86-. .pattern, such as 14:4 in a DVD-ROM After belng puIIed into sone
extent by a synchroni zation pattern length, in order to nmake a frequency
closer to a frequency of a clock conponent held by the reproduction clock,
a cycle where synchronization pattern is generated is detected by a
synchroni zation pattern interval dete®%r 32 which conprises a nmeans for
outputting a synchronization pattern flag at a position judged to be a
synmchroni zation pattern by the synchronization pattern length detector 31
and counting an interval until a synchronization pattern flag is detected
next, and a difference fron11448T (T represents 1 channel bit here).in a
DVD-ROW QQWP%&%hﬁléncﬂ§ %ﬂn%ﬂrﬁﬁ?eﬁ?&?@@ECFﬁPGrﬁ&@“@ﬂ-?rﬁvP%%%PﬁI&Plon
clock of the VCO 40 is controlled to a frequency domai n where a phase
synchr oni ¥t @ Reigbksrhoed hadifPeRECTBEpan npédoyn Contrebqaénthe
control . [ 0095] The phase synchroni zati on maintaini ng neans 38 nay
be basedkockhéregnensy ot data spfmmelrhontgeﬂesmnaflorreé;weto Bn a
case where the frequency of the oscillation clock of the VCOis pulled in
to a frequurmyl dypex atdhgrrangghbhsforsynthreachesi an aseposstbd € phasae
frequency synchroni zation control nmeans 37, the phase control signal as
t he out puyrclpnahizativhe daooprél |t endl( agCohowmtino ) imeans148 & ayhpecbvi des
an arbitrary phase maintaining |level in both directions of phase
advancearmmphasele | ay kefoi BT @btbnnfir bgpkasgcofit the VC@i4Q that supplies

a clock to the analog/digital converter 3 based on a rough

control signal of the frequency and an up/down control signal.

[0094]

The frequency control means 37 may be one which connects
the loop filter 14 for frequency control to the constitution
as shown in figure 9, for example. That is, there is employed
an output of a zero-cross length detector 29 which comprises
a means for successively detecting a position where a signal
crosses zero level from the output signal of the high-order
interpolation filter 7 and counting the sampling number between
neighboring zero-crosses to hold in a register, and cycle
information 1 which is inversely proportional to a linear
velocity cycle of reproduction digital data is obtained by a
synchronization pattern length detector 31 which comprises a
means for detecting a maximum value obtained by adding a
counting value to hold in a register, only when a ratio of
neighboring zero-cross lengths within a period established by
a frame counter 30 which comprises a means for count a specified

period over one frame satisfies a ratio of synchronization



-87-. .and an up control signal is supplied to the VCO control nmeans 39
when t he phase control signal exceeds the phase holding level in the
advance direction, while a down control signal is supplied to the VCO
control neans 39 when the phase controlg.signal exceeds the phase

mai ntaining level in the delay direction. By the up/down control of the
frequency, the frequency of the oscillation clock of the VCO 40 is
controlled to remain in the area where a phase synchroni zation is
possi bl e, thereby enabling a snooth phase synchronization control with no

osci 1t BrcteBflychudh RETRE 3o g Hynlkolt; Pakkal: pElfg PRI il ke

fi 14 : 09 per.f ' | t f
control . SORP; extiens, B3 ALaY ReREIIRE R BEkBsR S 8oBh o di- PSR
[ | ed b I int ai it hi | _of
G gita PPAEE. PolkEAUEon [ POLE: BP s TRERBRBLS, Ohd i ookt TROPRPR nt
t h | zat | : ti ' tabl e.diqi.tal

Fecor ded BELS PE T RGAR U GhOR L FPEluchd SLRCTEF S i bR a8 2eaderbl

be th ht t el t.h li.zj ' it of il at
and o cORFPBPTAoMRIBYSRAL Pt B GORFF BEHAEY oh By ALk H4 BaF RS DRSPS Tar o
secul ar changes and variations in performance in an analog circuit of the
VCO or t hERFEkEalafAgterton Toipehcht FOMPTdSLSUId MeatBokRT OUERBREHES, it

IS possible to sinplify a o .
a synchronization pattern flag at a position judged to be a

synchronization pattern by the synchronization pattern length
detector 31 and counting an interval until a synchronization
pattern flag is detected next, and a difference from 1448T (T
represents 1 channel bit here) in a DVD-ROM, for example, is
obtained as cycle information 2. An oscillation clock of the
VCO 40 is controlled to a frequency domain where a phase
synchronization is possible through the loop filter 14 for
frequency control.

[0095]

The phase synchronization maintaining means 38 may be
based on the control method as shown in figure 14, for example.
In a case where the frequency of the oscillation clock of the
VCO 1is pulled in to a frequency domain where a phase
synchronization is possible by the frequency synchronization
control means 37, the phase control signal as the output signal
of the loop filter 10 as shown in figure 14 (a) provides an
arbitrary phase maintaining level in both directions of phasé

advance and phase delay before reaching the phase control limit,



circuit configuration by enploying the control nethod of the present
I nvention, thereby reducing a cost as well as |lowering power consunption.

[ 0097] A transversal filter 6, a phase conparator 9, a loop filter

10,. and a phase-interpolation-type tap weighting factor control means 33
in figure 10 may be enpl oyed instead e87+he transversal filter 6, the

hi gh-order interpolation filter 7, a tap weighting factor control neans 8,
t he phase conparator 9, and the loop filter 10, and the

phase-interpol ation-type tap weighting factor control neans 33.

[ 0098] The VCO control nmeans 39 nmay be one as shown in figure 15 (a),
for exan@mnd afhatp centinol spigrsak ifs emppicled duyg it MOGicorsinmbimeanput t ed
fromthe frequency control nmeans 37 and a frequency up/down control signal
out put t e ¥ whenttiee phase ceptablonignt il axeoeeds aibd phasednslding level
respectively, to a delta/sigm nodul ator 41, utilizes oversanpling to
perform inpduhat iadvante difectiioact iwniland iddwhs cont ol petignala is

di gital /anal og converter 42 thereafter, thereby to convert a digital

control supaliéd foVvohéageovabmerollifeL0NVES telen vohbaphagal udritsrol
inputted to a low pass filter 43 as a snoothing neans and is reforned to a

smoot h VEQoiTt r ekcwlidsfdeher §shid$é Neraidt Bk DR§ Aevd Nefint NERed qETRYUM
controll ed variable of an

direction. By the up/down control of the frequency, the
frequency of the oscillation clock of the VCO 40 is controlled
toremain in the area where a phase synchronization is possible,
thereby enabling a smooth phase synchronization control with
no discontinuity point of phase existing. At this time, the
control of oscillation frequency of the VCO 40 draws a frequency
curve as shown in figure 14 (b).

[0096]

By performing a series of the frequency control, a
frequency of an asynchronous clock when a reproduction signal
is sampled can be always maintained within an area where a
control of digital phase-locked loop is possible. Therefore,
no discontinuity point occurs at phase synchronization control,
resulting in a stable digital recorded data reproduction, and
a frequency control and a phase control can be thought
separately, thereby realizing a circuit of an oscillator and
a control means by a simple configuration. Specifically,
there are secular changes and variations in performance in an

analog circuit of the VCO or the like, and thus a compensation

circuit is required; however, it is possible to simplify a



oscillati.on frequency originally held by the VCO 40. The

- 89- rel ati onship between the VCO control voltage and the output of
the delta/sigma nodul ator 41 at the time is shown in figure 15(hb).
[ 0099] In a case where a mninum frequency control resolution of an

oscillator is rough and an oscillatiom8&equency varies vastly at up/down
control when a frequency of an asynchronous clock enpl oyed for
reproduction signal sanpling is maintained wthin a controllable range of
the digital phase-locked |oop, there is a risk of disturbance generation
in the phase-|ocked | oop; however, a nodul ation is gerforned inatpnme

di rect i orCLEGUAENEPBEIGNIGIAN RY SREI G RANN@rcontHeLi petbed Rt kPEi ner
resolution than original, whereby there is no disturbance_at up/down and a
successi VRr ¢8pREJLRYEBR1PS pBBETBPY, re@YGRDIINY CATE &F WRPAoFENEPVErANg
reproduction quality. ~[0100] The VCO control nmeans 39 may be one as
shown i n pégerecedsumPtidmsr exanple. That is, it inputs a frequency rough
control signal outputted fromthe frequency control means 37 and a
frequency up/l®®&¥ kontrol signal outputted fromthe phase synchronization
mai nt ai ni ng neans 38, respectively, to a deltal/sigm nodul ator 41,
utilizes over danpansygersagefibter érpauphesencomparaitor i retopbpnfidhdr
inputs its output to a digital/analog converter 42 thereafter, thereby to
convert a0, and a phase-interpolation-type tap weighting factor
control means 33 in fiqure 10 may be employed instead of the
transversal filter 6, the high-order interpolation filter 7,
a tap weighting factor control means 8, the phase comparator
9, and the loop filter 10, and the phase-interpolation-type
tap weighting factor control means 33,
[0098]
The VCO control means 39 may be one as shown in figure 15
(a), for example. That is, it inputs a frequency rough control
signal outputted from the frequency control means 37 and a
frequency up/down control signal outputted from the phase
synchronization maintaining means 38, respectively, to a
delta/sigma modulator 41, utilizes oversampling to perform
modulation in a time direction, and inputs its output to a
digital/analog converter 42 thereafter, thereby to convert a
digital control signal to a voltage value. The converted
voltage value is inputted to a low pass filter 43 as a smoothing
means and is reformed to a smooth VCO control voltage, resulting

in a control finer than a minimum controlled variable of an

oscillation frequency originally held by the VCO 40. The



digittal control signal to a voltage value. The converted

- 90- vol tage value is inputted to a | ow pass filter 43 as a snoot hi ng
nmeans and is reforned to a snmooth VCO control voltage, resulting in a
control finer than a mninmumcontrolleg variable of an oscillation
frequency originally held by the VCOZ0:" At the tine, a cut-off frequency
setting neans 44 as a neans for switching a cut-off frequency of the | ow
pass filter 43 is provided according to a variation anmount of reproduction
speed due to a double speed node of reproduction, a difference between

t he inner ng.out I, ripheries, at ﬂ'sk reprqduction, or_th like.
fot0y]  FelqhalEsiia Batatnnntyeoufionsopiriod Vet s g e iReuL
reproduction c qf freguenc resulting ipn further .i ovenent _i.n
per f or meAE ENEHFT 2 457 BREHABIARLEN L RE VRS TOdIR A5 SPGMIEE SAGUEFe
output of the delta/sigma nodulator 41 at the tinme is as shown in figure
16(b) . WhehPdne cut- of f frequency of the |low pass filter is fixed, a
normal reproduction is performed at doubl e speed, while the VCO control
voltage is di&k2® bed when reproduction is perfornmed at single speed, that
is, a reproduction channel route becones double in |ength. _However, the
cut-of f freqd@ndycagesehergymintmygn fof equency| aentkes reaslBtdodhedd
reproduction is swtched to a single speed reproduction, thereby to
mai nt ai n~AA efgdfliator is rough and an oscillation frequency varies
vastly at up/down control when a frequency of an asynchronous
clock employed for reproduction signal sampling is maintained
within a controllable range of the digital phase~locked loop,
there is a risk of disturbance generation in the phase-locked
loop; however, a modulation is performed in a time direction
to control an oscillation frequency of an oscillator with finer
resolution than original, whereby there is no disturbance at
up/down and a successive reproduction is possible, resulting
in an improvement in reproduction quality.
[0100}]
The VCO control means 39 may be one as shown in figure 16
(a), for example. That is, it inputs a frequency rough control
signal outputted from the frequency control means 37 and a
frequency up/down control signal outputted from the phase
synchronization maintaining means 38, respectively, to a
delta/sigma modulator 41, utilizes oversampling to perform
modulation in a time direction, and inputs its output to a

digital/analog converter 42 thereafter, thereby to convert a

digital control signal to a voltage value. The converted



contorol as shown in figure 16(b). can obtain a simlar effect on a
di fference between the inner and outer peripheries of a

-91- reproducti on speed, which exists in a CAV reproducing nmethod as a
nmet.hod for keeping a rotation nunber of a spindle notor constant at disk
rotation. [0102] Theref ore, ~PR=-a case where plural reproduction

speeds have to be conpensated, or there is a difference between the inner
and outer peripheries, as well as a kind of recording nedium is different,
so that a broad range of frequency control band is provided when digital
recordi ng data are reproduced, response characteristics suitable for each
r epr oducticddit agrd@luapspinpebtrdel a hevarss2dsilterdd asppSMofFnd wi de
variety of reproduction double speed nodes, resulting in a digital,
recor ded MeRNE Addr b FETnrmRd toca dmook cBAOmR MEXe h vqgletpaq@uéteiseﬂtlng
characteristics even under the condition that a reproduction speed changes
vast | y. Hurtsherontwrohnbingretbasng mialisuim adntreyledl vaatiablepradfian ng
devi ce can be decreased, thereby enabling a stable data reproduction even
when a cioscuiltlatihohi frequennyi srdignmlailfliyechelrd sy tilng VGO f40 ¢ hekt ddwe
reducti on. [0103] (Enbodi nent 4) Hereinafter, a fourth enbodi nent
whi ch cortrdssponalsctt-affdifpeqieneyosedd idny aneaps oddciayy alempaasastakef i ned
in Cains

switching a cut-off frequency of the low pass filter 43 is

provided according to a variation amount of reproduction speed

due to a double speed mode of reproduction, a difference between

the inner and outer peripheries at disk reproduction, or the

like.

[0101]
The cut-off frequency can be varied in conjunction with

a reproduction clock frequency, resulting in further

improvement in performance. The relationship between the VCO

control voltage and the output of the delta/sigma modulator

41 at the time is as shown in fiqure 16(b). When the cut-

off frequency of the low pass filter is fixed, a normal

reproduction is performed at double speed, while the VCO

control voltage is disturbed when reproduction is performed

at single speed, that is, a reproduction channel route becomes

double in length. However, the cut-off frequency is set lower

at a point of time when a double speed reproduction is switched

to a single speed reproduction, thereby to maintain a smooth

control as shown in figure 16(b). can obtain a similar effect

on a difference between the inner and outer peripheries of a



6 to-9 and 21 to 32 will be described wth reference to figures 17 to 22.
-92- [ 0104] In figure 17, an optical disk reproduction signa
obtained by a reproducing neans (such as an optical pickup) not shown has
its output anplitude enphasized by a preanplifier 1, and is subjected to
correcti on which enphasizes a high freg@kncy by a waveform equalizing
nmeans 2 thereafter. The waveform equalizing neans 2 conprises a filter
such as a high-order equalizing ripple filter, which enables an arbitrary
setting of a boost anpbunt and a cut-off frequency, for exanple. An out put
signal of the waveformequalizing means 2 is sanpled to a digital signal
wi th nul t rppzodiucs ipn @pesdi ol tflyiexlsteohner tAV Fepradpsdng meithod
converting an analog signal to a digital signal. At the tinme, there is
enpl oyed aschomkthibdcliori keggicvqutaedohationsmumbearor£18 apdndde modioatk
conponent asynchronous with that of the reproduction signal. The sanpled
digital scgnalkantt mtmdiskl eobatdoand an out put signal of a high-order
interpolation filter 7 are inputted to an offset correction neans 4 to
correct an offfesla2 fonponent included in the reproduction digital signal

[ 0105] The offset correction neans 4 nmay be constituted as shown in
figure 18, fomrxeafdee, Tnk ¢Sse vhaiss bdiurm lapebitiodigict i®om speeds have

to be compensated, or there is a difference between the inner
and outer peripheries, as well as a kind of recording medium
is different, so that a broad range of frequency control band
is provided when digital recording data are reproduced,
response characteristics suitable for each reproduction speed
can berealized, thereby easily corresponding to a wide variety
of reproduction double speed modes, resulting in a digital
recorded data reproducing device which can maintain
reproduction characteristics even under the condition that a
reproduction speed changes vastly. Further, an analogelement
held in the digital data reproducing device can be decreased,
thereby enabling a stable data reproduction even when a circuit
configuration is simplified, resulting in further cost
reduction.

[0103]
(Embodiment 4)

Hereinafter, a fourth embodiment which corresponds to a
digital recorded data reproducing device as defined in Claims
6 to 9 and 21 to 32 will be described with reference to figures

17 to 22.



as an offset error signal by a zero-cross position detecting mneans 45
which is constituted by a function of detecting a position where a signal

crosses zero level fromthe output 93
a loop filter for smoothing the phase ?Lror signal to obtain phase
I nformati on; . a tap weighting f a6t setting neans for setting a

wei ghting factor of a tap of the phase-interpolation- type transversal
fitter which makes an equalization error minimum and is for reproducing a
normal sanpling signal fromthe phase information and the out put si gnal

of the pggigl nterpol ati on-type transversal filter; and a maxi mum
i kel i hood 3ér for subjecting the interpolation output signal to a

maxi mum | i kel i hood de ing according.to a t of . partial_response at
equal i 2at | onth ¥ASUTE s S REETCAL ek rRRradyoiot sidnal eiftaTied; <o
as to performa data denodul ati on, erein . the partial respanse

cqual i DB Gn ERRF G GR0 S pRasCoREEkag FBoBRAE Mo RERHE byi T o HaTR
filter. 13. The digi tal recorded dﬁta .reproduci ng device_ as definedq in

cl ai m 118t PutPUt AP LAt HERRRPRGSLEGD PYs &t PERG RIS $Esl a #RF ¢t er
factor for each phase which is divided in a phase direction, updat es
the filiSeSubjacted ofo fAREEeCEIARr BR1igh:BRENAS 128 Re it LLGGFIRRAY i on
outputted fromthe |oop filter, updates a filter factor for partial
respons®YequH3CREPER squad izdng Meane Zhehegeafitani oTha ARVHESER on t he

out put signal of the phase-interpolation- type transversal filter, and
-94- equpkizlng meapei dg COMRIVERE 2hEll&aETe SREhdth 3 nhighop&der

equalizing ripple filter, which enables an arbitrary setting
of a boost amount and a cut-off frequency, for example. An
output signal of the waveform equalizing means 2 is sampled
to a digital signal with multiple bits by an analog/digital
converter 3 as a means for converting an analog signal to a
digital signal. At the time, there is employed a clock which
is generated by an oscillator 15 and has a clock component
asynchronous with that of the reproduction signal. The
sampled digital signal with multiple bits and an output signal
of a high-order interpolation filter 7 are inputted to an offset
correction means 4 to correct an offset component included in
the reproduction digital signal.

[0105]

The offset correction means 4 may be constituted as shown
in figure 18, for example. That is, it performs an integration
as an offset error signal by a zero-cross position detecting
means 45 which is constituted by a function of detecting a

position where a signal crosses zero level from the output



I's selected appropriately, so that an offset error amount can be developed
in atim direction, thereby detecting an of fset ETTUT‘aﬁBunL_MLL__hIgher
accuracy, which could not be obtained only by a ﬁ£ al polarity.

Therefore, there is a less increase in control noys ,‘Hﬁﬁkanamgg;ional
even when a |loop gain is increased, '%%ereby S UBIEOEE :
deterioration in reproduction signal quality wh ' s s an of fset
correction as well as ensuring a high foll owp property an vast abl e
operation for an abnornmal signal generated by a DC I|evel fluctuation

havi ng a hi ¢y .co nent | itud | ati,on, rat ch,

or 'the |iRbSuAR GEAHR DIIBTATRK Lot T S eB it Porl ABd R EER At ed
to the automatic gain _control 5, so that an anmplitude of the reproduction
digital 3iZpEA-5%0%8Ilt%darehe- S‘ﬁ”oélsb?l!‘Pbe"uégl %‘étPtFﬁé“%ﬁH%ﬁétWelcgal n
control 5 may detect an envel ope of .a signal waveformand performa
control sbst@apshigutiad &t bEaREEAORN oFr utRI Yt iBGt apapm@ldtmds

envel ope signal is zero, for exanple. [ 0107] Next, an output signal
of the audbhrferengsi (Ecbhtthe Blgure) MREve:n tithe trusm dedeyels andekhe and
is subjected to a partial response equalization. Her e, the partial

response pegudPiPatleviebnphoys anPRigysech? (Bith, rqspsytmhbch ghanpléddg a
wavef orm anplitude after equalization into five values (0, 4XA 7XA -4XA
-7XA) as shomaliat fd gere-3r)ss pas IWien as indicated by “@” in figure
B 19, a polarity value output means 47 which is constituted by
a function of outputting an arbitrary value X or -X according
to the signal polarity with respect to a sampling signal at
a position other than a zero-cross position, and a selector
48 as a means for switching output signals of the zero-cross
amplitude output means 46 and the polarity value output means
47 by a zero-cross flag to output, so as to input to a loop
filter 49 for offset correction for smoothing thereafter.
Finally, an output signal of the loop filter 49 for offset
correction is directly subtracted from an output signal of the
analog/digital converter 3 by a subtracting means 18, thereby
to perform an offset correction.

[0106]

A conventional method of performing a control regarding
only a code of a signal follows a DC level fluctuation of high
frequency component, thereby deteriorating a reproduction
signal quality due to control noise occurring from an

uncertainty of detected offset information when a loop gain

is increased. However, the offset correction means 4 as shown



ROM(Read Only Menory) which is capable of digital recording of 4.7G byte
for a layer on a single side, for exanple. There exist diverse types of
partial response other than the PR (3, 4, 4, 3) system and it is not
restricted to a specified system and é} makes no difference to enpl oy

ot her systens if only what is equival % to performance i s possible. The
partial response systemwhich adds a correlativity in a tinme direction of
reproduction data and a viterbi decoder as one of after-nentioned maxi mum
| i kel i hood decodi ng net hods ( Maxi num Likelihood) whi ch denodul ates the

Ther cby  £b ThAFFSCT8 EE@IP%ZE b SeeliendeTnicn Sotimatis B0 "
i1 oot onts e fad 48 eé?é%isﬁqgﬂﬁé‘é'sé?‘ﬁéeéjﬁ%ﬁ%ﬁ?ehg%?eé#i”aﬁ*ﬁ‘éun‘ceggﬁdi "
ol at | dTF ASKALSEERCHE A FOFGANFESE 180 SR (LE SO LD & PR o
il er eétt?%’réﬁrqqu%{r'n‘é}é%q B gAAE SR se B p IR hF Be T4 LREd b

finite taps, for exanple. Equallzatlon characterlstlcs by the , FIR f||ter
can be re&nivdy By igpal rﬁj’%ﬁ%ﬁéht iTReratese dthegetifa ke§§g‘ﬁ%ffr%%?ect ed

to a partjal response equalization by the transversal filter 6 is |
conver t edi? FAEFGhaNOifea thadu(CONVIHRIPRAY BREGe WBE ahilfiRRrgRin 1s

interpolation filter 7. The high-order interpolation filter 7 may be based
on Nyqui skncreased, thereby suppressing .gg- deterioration in

reproduction signal quality which accompanies an offset
correction as well as ensuring a high followup property and
a stable operation for an abnormal signal generated by a DC
level fluctuation having a higher frequency component, an
amplitude modulation, a scratch, or the 1like. An output signal
of the offset correction means 4 is inputted to the automatic
gain control 5, so that an amplitude of the reproduction digital
signal is adjusted to be an arbitrary value. The automatic
gain control 5 may detect an envelope of a signal waveform and
perform a control so that a difference between an arbitrary
set value and an envelope signal is zero, for example.

[0107]

Next, an output signal of the automatic gain control 5 is
inputted to a transversal filter 6 and is subjected to a partial
response equalization. Here, the partial response
equalization employs a PR system (3, 4, 4, 3) which divides
a waveform amplitude after equalization into five values (0,

4XA, 7XA, -4XA, ~-7XA) as shown in figure 3(c) in a DVD-



I nterpol ati on characteristics as shown in figure 5 for exanple 1In the
Nyqui st characteristics as shown in figure 5 each anplitude value when a
channel rate (1T) is divided into Nparts in atim direction is stored in
a register, and, while the register which perforns a selection to set a
factor of a phase indicated by phase-8Batrol information is swtched in
accordance with the phase control information, a phase interpolationis
performed. Thereby, a reproduction signal sanpled asynchronously is
converted to a reproduction equalization signal equal to a regul ar

sanpl i ng phase. [ 0108] The hi gh-order interpolation filter 7 may be
a FIR fi ROM (Relid @ndghpfennssy Hetlnick| tsrerapabbe-adf digikalprecstding
el enents 20a-20g, and an addi ng neans 21 as shown in figure 6. At

this timef Whde hypkaferi atlaypet ain ansiingier fddesd forwakbapilid + eThfearst or s
held in registers 22a to 22g as shown in figure 6 are swtched by

sel ect or @xd3%a ddvais daypeonppaze iadomeasporisd arutdr drhars e AR pU,
signal of a loop filter 10, tapfactorsSltoS7areset. Here, thefactorsof

t heregi sugrg, Paystelg dmvetNy§nct rdsunidesd o @ ¥pked fixd eystaghase
in figure 5 divided into N parts, such as eight parts froma to h as shown
in figurand itaaleeand difdedeianto eapldyt 6thdraggstemeeif anIespedi ngly

to respective taps of the FIR filters shown in figure 6. For exanple, when
phase cofgr okquivalent to performance is possiBTe. The partial
response system which adds a correlativity in a time direction
of reproduction data and a viterbi decoder as one of
after-mentioned maximum likelihood decoding methods (Maximum
Likelihood), which demodulates the most probable series
employing the added data correlativity, are combined, thereby
to realize a PRML signal processing which is considered to be
advantageous for a high recording density reduction in a linear
recording direction. Since the PRML signal processing system
has wvarious combinations according to characteristics of
reproduced waveform or modulation codes as described above,
an appropriate system is required to be selected for various
recording reproduction systems. The transversal filter 6 is
a FIR (Finite Impulse response Filter) filter constituted by
finite taps, for example. Equalization characteristics by the
FIR filter can be realized by varying a weighting factor of
a tap. A signal subjected to a partial response equalization
by the transversal filter 6 is converted to a signal in a regular
sampling phase by a high-order interpolation filter 7. The

high-order interpolation filter 7 may be based on Nyqguist



i nfaormati,on at the present nonment obtained fromthe loop filter 10 is a
sanpling phase different froma regular phase by 180[err], filter factors
at phases of "[err]", that is, e in areas from1l to 7 shown in figure 5
are set as tap factors of S1 to S7. The |larger the division nunber Nin a
time direction is, the higher the acc@facy of a phase control becones,
while an increase in the division nunber N leads to an increase in a
circuit scale, and thus the division nunber is set on condition which
allows performance and a circuit scale to be conpatible. An output signal
of the high-order interpolation filter 7 is inputted to_a tap weighting
factor cdtIPeRARioB GhARRGtRERsRiCcHAS RdoyH A kRSP of OF IR*a ple.
transversal filter 6 adaptively, so as to mnimze an equalization error
[0109] In Theet NydRdisthteRRrageesistdss AS nRAYNG ifayf EFPF6yY Area®2ChMean
Square al gorithmas shown in-figure 7, for exanple. That is, it conprises
an equal iamgt] ornde Vel whenoa CIRnRelratee( &) siadiastided ARtoN pa¥get
val ue corresponding to the partial response systemfromthe output signa
of the Hingla dridee direcpdbat iisn sftidnest in by wegiesperar pndudgithigle ckheui t
24, and detects an equalization error by subtracting the equalization
t arget valegdsarelr tWielcutpritfermgsa sefladieiohitghsetder faaterpolfaaipmasel t er
7, a correlator 26 which calculates a correlation between an out put signal
of the dodhildazedorbyer rpaslet econtrdd amndfolmadiitquut is gatitothéedie in
- 08-

accordance with the phase control information, a phase

interpolation is performed. Thereby, a reproduction signal
sampled asynchronously is converted to a reproduction
equalization signal equal to a regular sampling phase.

[0108]

The high-order interpolation filter 7 may be a FIR filter
which comprises delay elements 1%a-19f, multiplication
elements 20a-20g, and an adding means 21 as shown in figure
6.

At this time, when a phase interpolation is performed,
while filter factors held in registers 22a to 22g as shown in
figure 6 are switched by selectors 23a to 23g based on phase
control information as an output signal of a loop filter 10,
tap factors S1 to S7 areset. Here, the factors of theregisters
22a to 22g have Nyquist characteristic value for each phase
in figure 5 divided into N parts, such as eight parts from a
to h as shown in figure 5, for example, and areas from 1 to
7 are stored correspondingly to respective taps of the FIR

filters shown in figure 6. For example, when phase control



hi gh-order interpolation filter 7, a feedback gain regulator 27 as a neans
for multiplying an output of the correlator 26 by the sanme nunber as a
gain to regul ate a feedback gain, and a tap factor updating part 28 as a
means for adding the output of the regulator to a weighting factor of each
tap to update a tap factor. [011097- Next, a digital phase-I|ocked
| oop 11 conprises a phase conparator 9 for detecting a phase error from

t hee out put signal of the high-order interpolation filter 7, a loop filter
10 for snoothing a phase error signal outputted fromthe phase conparator
9, and a feedback | oop which controls a filter factor of the high-order

i nt er pol ai h@brhalttien tvihd presant poimesitgoblainfed Beomoripe fliddefidsephase
control information. [0111] A data denodul ation is perfornmed

t hrough aj pexé rai®anp kel 4 ek ¢l eriotis r dt Wht i ) elelgliayr gaead vy agoor,di ng
to a° type of partial response enploying a partial response equalization
wavef or m £ fekegubdlo fNae HUPLE LSF 4 @oudmae 581 €510 akB8sORRLR i1ON.

Here, the maximum Iikelihood decoder 12 nay be a viterbi decoder, for
exanpl e. {He7 WHWPIifGRANe PEFOEBR AsPESPatdtdys Bf B ald 87 .aceakdi ng

to a | aw of

correlationof an intentionally added code in accordance with

figg}/pe of 1 RAGLY A né BPRPIS Lo hdifbeP N SR @ WiGfe K& dBSLo AR highkes

the accuracy of a phase control becomes, while an increase in
the division number N leads to an increase in a circuit scale,
and thus the division number is set on condition which allows
performance and a circuit scale to be compatible. An output
signal of the high-order interpolation filter 7 is inputted
to a tap weighting factor control means 8 to control a tap
weighting factor of the transversal filter 6 adaptively, so
as to minimize an equalization error.

[0109]

The tap weighting factor control means 8 may employ Least
Mean Square algorithm as shown in figure 7, for example. That
is, it comprises an equalization error detector 25 which
detects an equalization target value corresponding to the
partial response system from the output signal of the
high-order interpolation filter 7 by a temporary Jjudging
circuit 24, and detects an equalization error by subtracting
the equalization target value and the output signal of the
high-order interpolation filter 7, a correlator 26 which
calculates a correlation between an output signal of the

equalization error detector 25 and the output signal of the



[0112] . A nmeans for controlling a sanpling clock of the analog/digital
converter 3 is realized by a frequency control |oop which conprises a
frequency error detector 13 as a neans for detecting a pattern length of a
synchroni zation pattern or an interval at which the synchronization
pattern is generated fromthe output-2Bgnal of the high-order
interpolation filter 7 to convert to frequency cycle, thereby outputting a
frequency error signal, a loop filter 14 for frequency control as a nmeans
for snmoot hing the frequency error signal outputted fromthe frequency

error de%ec or 13, and an oscillator 15 which supglies a.clock to the
anal og/ digetaerdshidrierpalation iispr 7, anteedbackngaisr regudétodt or 13

may be constituted as shown _in figure 9, for exanple. That is, there is
enpl oyed24naguplieangs £or; awd-tkpELn@ R oWepett 8f bbewpPERedamt 26 a
means for successively detecting a position where a signal crosses zero
| evel frbth the samguhuBpgiapsof gaénhtghregudatienacfpsiieickn gafin,t and7 and
counting the sanpling nunber between neighboring zero-crosses to hold in a
regi stera tap tgeteriypdatingopart dBiah 4 neansefod pddimpthiconatpus a
l'inear velocity cycle of reproduction data is. obtained by a
synchr onpfathenrpguilateor [tendgt welghicing SBdctwbircbfceaphi tep Gonvapds tfeor
detecting a rmaximum val ue obtai ned by adding a count value to hold in a
a tap factor.
[0110]
Next, a digital phase-locked loop 11 comprises a phase
comparator 9 for detecting a phase error from the output signal
of the high-order interpolation filter 7, a loop filter 10 for
smoothing a phase error signal outputted from the phase
comparator 9, and a feedback loop which controls a filter factor
of the high-order interpolation filter 7 with the output signal
of the loop filter as phase control information.
[0111]
A data demodulation is performed through a maximum
likelihood decoder 12 which performs decoding according to a
type of partial response employing a partial response
equalization waveform in a regular phase outputted through a
series of the operation. Here, the maximum likelihood decoder
12 may be a viterbi decoder, for example. The viterbi decoder
performs a probability calculation according to a law of
correlation of an intentionally added code in accordance with

a type of partial response so as to reproduce the most probable

series.



- 100- . register, only when a ratio of neighboring zero-cross | engths
within a period established by a frane counter 30 which conprises a neans
for counting a specified period over one frame satisfies a ratio of
synchroni zation pattern, such as 14:4 in a DVD-  ROM After being pulled
in to some extent by a synchronizatiotPpattern length, in order to nake a
frequency closer to a frequency of a clock conponent held by the
reproduction clock, a cycle where synchroni zation pattern is generated is
detected by a synchronization pattern interval detector 32 which conprises
a nmeans for outputting a synchronization pattern flag at a position judged
to be a syﬂ@ﬁr zation pattern by the synchronization pattern | ength
detector 31 and counting an interval until a synchronization pattern flag
i s detected RexMeadfd LK f feerhEellinm 1248samplimgr 2kogk 10€nhakhel bit
here) in a DVvD-ROM for exanple, is obtained as cycle information 2. An
osci | | atanalegddigdt alheonysgitenBois1send iced: byl & sireguantyeg@ehc9ldonai n
where a phase synchronization is possible by the cycle information 1 and
the cycleoprwhbicht¢onpeises a[ftedpency enrohli detegtadyy 18npkofi mganke
met hod of developing the offset error signal in a tine direction, it is
possi bl efen deteettingn aofpladdtern rengbibbuof ai shnbhgloeerizadciomcyatheicoh
could not be obtained only by a signal polarity. Therefore, there is
a | ess ioxr @seintexwal okhtnowhéchhabhe synchronization pattern is
generated from the output signal of the high-order
interpolation filter 7 to convert to frequency cycle, thereby
outputting a frequency error signal, a loop filter 14 for
frequency control as a means for smoothing the frequency error
signal outputted from the frequency error detector 13, and an
oscillator 15 which supplies a clock to the analog/digital
converter 3.
[0113]
The frequency error detector 13 may be constituted as shown
in figure 9, for example. That is, there is employed an output
of a zero-cross length detector 29 which comprises a means for
successively detecting a position where a signal crosses zero
level from the output signal of the high-order interpolation
filter 7 and counting the sampling number between neighboring
zero-crosses to hold in a register, and cycle information 1
which is inversely proportional to a linear velocity cycle of
reproduction data is obtained by a synchronization pattern
length detector 31 which comprises a means for detecting a

maximum value obtained by adding a count value to hold in a



-101- s conventional even when a |oop gain is increased, thereby
suppressing a deterioration in reproduction signal quality which
acconpani es an offset correction as well as ensuring a high followp
property and a stable operation for an abnormal signal generated by a DC
| evel fluctuation having a higher fredqW®cy conponent, an anplitude

nmodul ation, a scratch, or the like. Thereby, it is possible to enhance

pl ayability even at reproduction under an abnormal condition. [ 0115]
That is, in a digital data reproduction of an optical disk systemin which
asymmetry exists in a signal waveformas well as which has the possibility

that a rapedismen t oad ynwiienati vat ioamf aid¢ sghborialh Zénetgapissn)lemgthise

| i ke which is caused by a scratch, a defect, or the |ike should occur, a

rati o of wihthdfbf s®t pearireett eetabyl iz heatlebyol ar frpmeonpoweherws € h wirgwloy s

characteristics of a recording nodul ation code to an offset correction by

an anpl i t admpediEeenaniedns & oyaopuintgnghaseeafif izat peciossoner ghbe firame i s
altered adaptively, so thatthenost suitable offset correction is possible

accordi ngsheis fdey aokatdiab€, syheheby ieatitm patetdod ) emgh @oReri4y iand
restoration performance for an abnormal signal caused by a scratch, a

defect, &r pyre-kRoKe. Fuftker béings puil Bdganirageeusssnat eetentf as 5{

control of frequency pull-in or phase-locked pull-in, thereby enabling a

hi gh speegypbasenlidaketbpdttdraf18hgeReKin ordb®lEblmake a frequency
closer to a frequency of a clock component held by the
reproduction clock, a cycle where synchronization pattern is
generated is detected by a synchronization pattern interval
detector 32 which comprises a means for outputting a
synchronization pattern flag at a position judged to be a
synchronization pattern by the synchronization pattern length
detector 31 and counting an interval until a synchronization
pattern flag is detected next, and a difference from 1448T (T
represents 1 channel bit here) in a DVD-ROM, for example, is
obtained as cycle information 2. An oscillation ¢lock of the
oscillator 15 is controlled to a frequency domain where a phase
synchronization is possible by the cycle information 1 and the
cycle information 2.

[0114]

In this way, by employing the method of developing the
offset error signal in a time direction, it is possible to
detect an offset error amount with higher accuracy, which could
not be obtained only by a signal polarity.

Therefore, there is a less increase in control noise than



-102- . A transversal filter 6, a phase conparator 9, a loop filter
10, and a phase-interpol ation-type tap weighting factor control neans 33

may be enpl oyed instead of the transversal filter 6, the high-order
interpolation filter 7, a tap weightigg factor control neans 8, the phase
conparator 9, and the loop filter 10. [0117] The of fset

correction means 4 may be constituted as shown in figure 20. That is, it
comprises a zero-cross position detecting means 45 which is constituted by
a function of detecting a position where a signal crosses zero |level from

the outpuloRidifielofh1® M dH Slngnded 1BbS  RA1AH 68 findfeadeand timtanyting

20ﬁ§[p£c:ogsb ag, a zero-cross anplitu utput neans 46 which is
i gur Le>h U?S‘L%%Tgf ﬁégf%?@ﬁl@%ﬁ%ﬁﬁ%ﬁpﬁgeﬁ?ﬁ SR
VR L R e S S i AR T i R S i
e o i A SPapbe Y RN IR AN S RN P b finohay
PO 1 o Aty BRR A S PP T A SRR Lo e
by a gai%éﬁﬂé@ﬁéQchﬁggienQQ'an a&é?f%%de modulation, a scratch, or
the 1ike. Thereby, it is possible to enhance playability even
at reproduction under an abnormal condition.
[0115]
That is, in a digital data reproduction of an optical disk
system in which asymmetry exists in a signal waveform as well
as which has the possibility that a rapid amplitude modulation,
an offset level fluctuation, or the like which is caused by
a scratch, a defect, or the like should occur, a ratio of an
offset correction by a code polarity component which employs
characteristics of a recording modulation code to an offset
correction by an amplitude component in a sampling-phase of
zero-cross neighborhood is altered adaptively, so that themost
suitable offset correction is possible according to a control
state, thereby enhancing a followup property and restoration
performance for an abnormal signal caused by a scratch, a defect,
or the like. Further, it is an advantageous state also for
a control of frequency pull-in or phase-locked pull-in, thereby

enabling a high speed phase-locked pull-in after seek.

[0116]



-103- . That is, X shown in figure 19 can be set to an arbitrary

val ue, whereby it is possible to adjust whether an offset correction
control is perfornmed chiefly for an output signal of the zero-cross
anpl i tude out put neans 46 or of the polarity value output neans 47. In a
case where it is done mainly for th€10Grput signal of the zero-cross
anpl i tude output neans 46, a control which is advantageous for a DC | evel
fluctuation after phase-locked pull-in can be perforned, though, when a
phase-1ocked pull-in falls down, an offset correction control also falls

down at the gﬁge tine. th%hi con%rarg in a case where it is done mainl
for the out pdt “SABAXETSRY Rd1L6TaPr 13 Phagie eoBRRFatoFedns? 4Pon FdlorTset
correctifg cont ¢ ol cag be perforned reliably at high speed, though control
noi se is rn@¥hs@d Phasgriffierpolahiopatype stgpalwebghthrngzefackrsss
anplitude output neans 46 and the gain adjusting nmeans 50 obtained as
descri beﬁonﬁﬁeiem%"’@si Rlediadt Re Anphovedsdnsseask off gihe tansieessrdct or
48 as a neans for switching the output signals by a zero-cross flag to
out put, Bhiteri i s thpubish-arder liaderndlatiag fhilteff skt @orkeption
for snnothing t hereafter. Finally, an output signal of the loop filter
49 for ofeightineréacten fentgiodenehanss8hbt thet phlaseorompavatput 95i gndl  of
the anal og/digital converter 3 by a subtracting nmeans 18, thereby to

per f orm&lte beppefidderedta.on.

[0117]

The offset correction means 4 may be constituted as shown
in figure 20. That is, it comprises a zero-cross position
detecting means 45 which is constituted by a function of
detecting a position where a signal crosses zero level from
the output signal of the high-order interpolation filter 7 and
outputting a zero-cross flag, a zero-cross amplitude output
means 46 which is constituted by a function of outputting an
amplitude difference (E in the figure) between the true DC level
and the pseudo DC level shown in figure 19 with respect to a
sampling signal at a zero-cross position as indicated by “@"”
in figure 19, and a polarity value output means 47 which is
constituted by a function of outputting an arbitrary value X
or -X according to a signal polarity with respect to a sampling
signal at a position other than a zero-cross position, and is
capable of setting an arbitrary gain for an output signal of
the polarity value output means 47 by a gain adjusting means
50.

[0118]



-104- X [ 0120] In this way, according to which of the out put
signals of the zero-cross anplitude output neans and the polarity val ue
out put nmeans is nade nmain, a control can have diverse variations in
response speed or control noise, therepys;enabling an offset correction
suitable for the condition such as the reproduction of different recording
nmedi a or a waveform [0121] The offset correction neans 4 may be
constituted as shown in figure 21. It conprises a zero-cross position
detecting neans 45 which is constituted by a function of detecting a
post L1 on wher gy g5t gnak ghORACInZPiQniRY ey LAMHNE UGN Sl r ofyt he
fion frlter *7 add b4

hi gh- order i nterpola outputting a zero-cross ag,

out purt ?’Eéaliﬁe“ék%ﬁ??ﬁﬁgt " {Er BRI e s B ek okl e "
evel an

camp i ng P SoTbraf o BeRERrhtsh R ohaY B dn, iy fidns)

figure 19 nd a polarity value optput neans 47 ich i onstituted by a

funct i on O tHe: BEFPLAGORS APE PRCRHEGANS 4888, %F HT BP LA hal
olarit i.th respect to a sanmpling signal at a position other fhan a

Dot o o1 SYALRR (A LRAT BRPRS EADatifE PSR MISHP Al drbiddns PR TY (9T an

out put signal of the polarity  val ue output nmeans 47 by a gain adjusting
means 50tDE pPPkeut sigapd ¢§ W%ﬁ%‘%&%ﬁé%’r?%ﬂer%‘émgﬁ1“‘%%“% %ans

For acontrol which is advantageous for aDC level fluctuation after
phase-locked pull-in can be performed, though, when a
phase~locked pull-in falls down, an offset correction control
also falls down at the same time. On the contrary, in a case
where it is done mainly for the output signal of the polarity
value output means 47, the offset correction control can be
performed reliably at high speed, though control noise is
increased

[0119]

The output signals of the zero-cross amplitude output
means 46 and the gain adjusting means 50 obtained as described
above are integrated as an offset error signal by the selector
48 as a means for switching the output signals by a zero-cross
flag to output, and this is inputted to the loop filter 49 for
offset correction for smoothing thereafter. Finally, an
output signal of the loop filter 49 for offset correction is
directly subtracted from an output signal of the analog/digital
converter 3 by a subtracting means 18, thereby to perform an

offset correction.



- 105- . controlling the gain adjusting neans 50. By the node control
means 51, it is possible to set a node of performng a control mainly for
the output signal of the polarity value outputting value 47 to enhance
response performance at seek, for exanple, and to switch the node to a
nmode of performng a control mainly <4+ he output signal of the
zero-cross anplitude output neans 46 when a phase-locked pull-inis
perfornmed. The output signals of the zero-cross anplitude output neans 46
and the gain adjusting neans 50 obtained as descri bed above are

I ntegrated as an offset error signal by the selector 48 as a neans for
switching t hEO®&Pput signals by a zero-cross flag to output, and this is
inputted to the loop filter 49 for offset correction for snoothing
thereafter. IFitialisywanpn accpundingi gpawhatht bé thepohitpudr s4yrfaks offf set
correction is directly subtracted froman output signal of the

anal og/ dithiet alerccammss eaam3l byudesobtpatt mnegnseand tle pbdwmetityt ovglard or m
an offset correction. [0122] In this way, characteristics of the
of f set comrtpatt meansois maldd madni, t€ ben tawdocdnrita vo diilve ramtraali amidm s

t hereby enabling the nost suitable offset correction according to state,

such thatinarespbhele spepdrdpramst el Myide) thaosiey RAlabilivg i oXedetwhere
a followp property to a level fluctuation is required nore than the

accur acy cofr r2 dteyw duditi 61 S ifgFat heWo h @it 2oaoi¢Rlad Sheerbproaddtiod y for
a zero-cross anplitude at

of different recording media or a waveform.

[0121]

The offset correction means 4 may be constituted as shown
in figure 21. It comprises a zero-cross position detecting
means 45 which is constituted by a function of detecting a
position where a signal crosses zero level from the output
signal of the high-order interpolation filter 7 and outputting
a zero-cross flag, a zero-cross amplitude output means 46 which
is constituted by a function of outputting an amplitude
difference (E in the figure) between the true DC level and the
pseudo DC level shown in figure 19 with respect to a sampling
signal at a zero-cross position as indicated by “@” in figure
19, and a polarity value output means 47 which is constituted
by a function of outputting an arbitrary value X or —-X according
to a signal polarity with respect to a sampling signal at a
position other than a zero-cross position, and is capable of
setting an arbitrary gain for an output signal of the polarity
value output means 47 by a gain adjusting means 50. Further,

there is provided a mode control means 51 as a means for



- 106- ~ reproduction of successive data where the accuracy of a

reproduction signal is required. Further, it involves convergency of
control, thereby enabling a high speed phase-locked pull-in after seek.
The offset correction means 4 may be_gg@gstituted as shown in figure 22.
[0123] It conprises a zero-cross position detecting nmeans 45 which is

constituted by a function of detecting a position where a signal crosses
zero level fromthe output signal of the high-order interpolation filter 7
and outputting a zero-cross flag, a zero-cross anplitude output neans 46

whi ch 1 Soof2P8hLARD 03 5HU0AY AR 10 Ay ong 89 2B hbHdecdhtisnence

(Ein the Tigureé) tetwee eve t he“pseu evel shown
LR L7 LR Yol BR3P R ol poPed Pt oaROSEN O o
BN S S T T R e T R e oo
203! ) SryRLETa RS SRR bl RPRER 0k e REhE R, "
oy 2, 9% B TR e BSF o B £ ka0l 8RR Bt o
normal PhasS nd et sinaT oF 2hé 28r§UiYol 4RpYThaL SRR AdanE

46 when a phase-locked pull-in is performed. The output

signals of the zero-cross amplitude output means 46 and the

gain adjusting means 50 obtained as described above are

integrated as an offset error signal by the selector 48 as a

means for switching the output signals by a zero-cross flag

to output, and this is inputted to the loop filter 49 for offset

correction for smoothing thereafter. Finally, an output

signal of the loop filter 49 for offset correction is directly

subtracted from an output signal of the analog/digital

converter 3 by a subtracting means 18, thereby to perform an

offset correction.

[0122]
In this way, characteristics of the offset correction

.control is switched according to the control mode, thereby

enabling themost suitable offset correctionaccording to state,

such that a control is performed mainly for a code polarity

at seek where a followup property to a level fluctuation is

required more than the accuracy of a reproduction signal, while

a control is performed mainly for a zero-cross amplitude at



107 . the frequency error detector conprises: a zero-cross length
detector for detecting an interval at which the output signal of the

hi gh-order interpolation filter crosses zero |evel; a synchroni zation
pattern length detector for detecting mgether a ratio of neighboring
zero-cross lengths coincides with a ﬁﬂ@ Cri bed synchroni zation pattern

| ength on the basis of the ratio or not to obtain first cycle information
which reflects a reproduction speed of the recording nedium and a
synchroni zation pattern interval detector for detecting an interval until

the synchroni zation pattern is detected to detect cond [ rgation
based onr?Hng&ﬁd'-lé’npr8§cr£’l‘{fé‘aef)§ﬂ’8d.‘9ata WHSEE RREOMeSUENEy UPTH
-108- whi ch enhances playahility. . [012 Effect of_t

| nvent i ohpproductifn ¢&8danajed 18oFEIHIES Ui ngl§ ‘}‘BtE[eﬁi'm i;:of l?ﬂgib’regsent

I nvention, a digital recorded data reproducin deiLce congniges: an
anal og/ dFQRVErgedeYer Ofng SRR ¥ or WheEePRg EnabLipgddutti BAIR gRRFSS a

recording mediumto digital data asynchronously with a phase of a cl ock
conponenphasetldgekead puhk-Epgafiteras@ali<al data correction means for
correcting an offset conponent and an anplitude fromthe sanpl ed, si gnal;
an equal i zi mpe olftfsretf corads een mgeamrza\rar}'eéﬁeaogﬁgﬁauw as san“?‘m
response equalization; an interpolation filter for
in figure 22.
[0123]
It comprises a zero-cross position detecting means 45
which is constituted by a function of detecting a position where
a signal crosses zero level from the output signal of the
high-order interpolation filter 7 and outputting a zero-cross
flag, a zero-cross amplitude output means 46 which is
constituted by a function of outputting an amplitudedifference
(E in the figure) between the true DC level and the pseudo DC
level shown in figure 19 with respect to a sampling signal at
a zero-cross position as indicated by “@®" in figure 19, and
a polarity value output means 47 which is constituted by a
function of outputting an arbitrary value X or -X according
to a signal polarity with respect to a sampling signal at a
position other than a zero-cross position, and is capable of
setting an arbitrary gain for an output signal of the polarity
value output means 47 by a gain adjusting means 50. When a
control is stabilized in a quasi-phase synchronization state,

as a means for restoring the state to a normal phase

synchronization state, a cumulative adding means adds the



reproduckng a signal in a regular sanpling phase fromthe signal subjected

to the partial response equalization by |nterpola‘“Un-a~iL\Ler factor
control neans for adaptively controlling a filt actor of t“\équaI|2|ng
fitter so that an equalization error 0§ m ni mum ut signa

C

of the interpolation filter; a phasé- 193cked | oop _J H a phase
error based on the output S|gnal of the interpola 0 update a
filter factor of the interpolation filter; and a WHXIWU i hood

decoder for subjecting the out put S|gnal of the interpolation filter to a

' |i kel i hoad di f I
caual | 2P PBRUSy SCRBTE R | DIRGBPLATG s e YO REPHS AepT el and o

denDduIatlon Therefore n1l|kel hood decodlng can . .

“l09-  augs pg S B BEAR SR Sl poRATLOH BAARE NS4 MORALATS aRbRi ng
phase, resultin I tal data denodul ation which is not affected by a
wavef or P YEPBE; Qa;h &gé'etlo t9| guggey whephegudh oks siagritasi-Phase ke

and is suitable for a partial response maximum |ikelihood decodi ng.
[0126] SYNChZEBAdATEQD Lhaken or olfloi:hénpﬁ@séﬁblltmﬂéiﬁ iaprtalini perapd
recordi ng_data reproduci ng conprises: an analog/digital converting neans
for sanpPfidme peproviacovnterPial #hen judeedhrs@ geasinprhese gtate, dat a

asynchronouslg with a phase of a clock conponent included in the signal; a
digital ¥atLffset correction by a code polarity component is

strengthened employing the gain adjusting means 50, thereby
to restore the state to a normal phase synchronization state.
The output signals of the zero-cross amplitude output means
46 and the gain adjusting means 50 obtained as described above
are integrated as an offset error signal by the selector 48
as a means for switching the output signals by a zero-cross
flag to output, and this is inputted to the loop filter 49 for
offset correction for smoothing thereafter. Finally, an
output signal of the loop filter 49 for offset correction is
directly subtracted from an output signal of the analog/digital
converter 3 by a subtracting means 18, thereby to perform an
offset correction.

[0124]

With such confiqguration, even when a quasi-phase
synchronization is generated due to a rapid offset level
fluctuation or amplitude modulation which occurs by a scratch,
a defect, or the like, a self-restoring can be performed early
So as to be returned to an original phase synchronization state,

thereby obtaining a digital recorded data reproducing device
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correction neans for correcting an offset conponent and an
the sanpled signal; an equalizing filter for subjecting the corrected

si gnal
det ecti
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t he phasgnlieekeshi ésagﬂa apTaX%igum i kel i hood decoder for performng a
maxi mum |1 kel i hood deco |na

to a partial response equalization; a phase-locked |oop for
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a filter factor control neans for adaptively controlling a filter
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of the equalizing filter so that an equalization error is mninmum
based on the output signal of the equalizing filter as well as controlling
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[.0127] didi According, t égaﬂ m 3_of the present invention,
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digital

si gnal

like a or d parti esponse

of the recording, nediu a frequepgc .
reproduction gignai gk a rea%r 135 medium to digital data

asynchronously with a phase of a clock component included in
the signal; a digital data correction means for correcting an
offset component and an amplitude from the sampled signal; an
equalizing filter for subjecting the corrected signal to a
partial response equalization; an interpolation filter for
reproducing a signal in a regular sampling phase from the signal
subjected to the partial response equalization by
interpolation; a filter factor control means for adaptively
controlling a filter factor of the equalizing filter so that
an equalization error is minimum based on an output signal of
the interpolation filter; a phase-locked loop for detecting
a phase error based on the output signal of the interpolation
filter to update a filter factor of the interpolation filter;
and a maximum likelihood decoder for subjecting the output
signal of the interpolation filter to a maximum likelihood
decoding according to a type of partial response at
equalization by the equalizing filter so as to perform a data

demodulation. Therefore, a maximum likelihood decoding can

of

at

a



control ,means for controlling a frequency of the clock generated by the

cl ock generating neans based on the output of the phase-locked | oop; and a
phase synchroni zati on maintaining nmeans for performng a control so that a
phase of the cl ock generated by the&ﬁlock generating means maintains a
synchroni zati on state based on the o Bﬁt of the phase-1ocked | oop.
Therefore, an oscillation control of the clock generating neans can be
performed only by a rough frequency control and an up/down control in the
nei ghbor hood of synchronization frequency, resulting in a phase-Iocked

| 0o i th high_accuracy.as well as jn drastic r.eduction,in anal

el ement B¢ PHEFTREFD PREFE 0 IRF SRRl 50 9oLl A HRIUFRE S eRRI g
operatio t her eby .requi r.i n Q Nneasur es. agai ns noi,se ner at.i on.

[05%8] BhasencreRlitahe, 6 & Alaihel taes Heman ko BAPoRn et s ARt
recorded ggt repr oduci n ﬁevic as define, in Clainms 3..co i ses: a
del t a/ sf§REC i%mﬁﬁgﬁ QIR AELETIOLA P cdWer 5P §F&ﬁagg}§on1the
frequency control, means and t he phase synchroni zation maintaining neans to
a del t aF SPERAUCHIAN SLBRL &7 tha dhkSaddds st BR1EAP Lk AgPATRigH

frequency conponent, of an, output signal of the delta/sigm nodul ating
nmeans. qﬁé?@ﬂ§ﬁeﬂﬁ¥kﬂ%ﬁL#b%ﬂééhpﬁdaaﬁﬁﬁgiﬂ%cked | oop when a rough

control is switched to an up/down control can be
[0126]

According to Claim 2 of the present invention, a digital

recording data reproducing comprises: an analog/digital
converting means for sampling a reproduction signal of a
recording medium to digital data asynchronously with a phase
of a clock component included in the signal; a digital data
correction means for correcting an offset component and an
amplitude from the sampled signal; an equalizing filter for
subjecting the corrected signal to a partial response
equalization; a phase-locked loop for detecting a phase error
based on an output signal of the equalizing filter; a filter
factor control means for adaptively controllinga filter factor
of the equalizing filter so that an equalization error is
minimum based on the output signal of the equalizing filter
as well as controlling the filter factor so that there is no
phase error based on an output of the phase-locked loop; and
a maximum likelihood decoder for performing a maximum
likelihood decoding according to a type of partial response
at egualization by the equalizing filter so as to perform a

data demodulation. Therefore, a maximum likelihood decoding



suppressed and a snooth frequency foll owmup can be perforned, whereby a
nore stabl e phase-|ocked pull-in can be realized, resulting in an
enhancenent in error rate of reproduction data. Further, a control of the
cl,ock generating neans nmay al so be g?§bgned in consideration mainly of an
enhancenment in control performance of the rough control, thereby
sinplifying an analog circuit. [0129] According to Caimb5 of the
preesent invention, a digital recorded data reproduci ng device as defined
in CCaim4 conprises a tinme constant varying neans for varying a tine

ConSta“tcaﬂfbetP%rfd?%eﬁ“ﬁ%%e&ihheinaeﬁ§§¥rnfﬁﬁ’daﬁﬂe@n 4 deRpoghiction

speed of "a‘recofding nmediumis change constant can be varied
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reproduction e ' t r fi | C ag a4 ;s md
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According to aim6 of, th resent.i.nvention, InN. L Qi r dat a
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Is perforned, the digital data. .correction .reans adds an anplitude
congonen?e%?oﬁsEoﬂﬁ?%mﬂﬂw}fkﬁiéﬁ?gp Fﬁgaﬁn%fsanpled wangornycrosses
zero level with _ respect to the point, while the neans adds a prescribed
val ue accoﬂ&yﬁflo a polarity of a reproduction code with respect

According to Claim 3 of the present invention, a digital
recorded data reproducing device as defined in Claim 1 or 2
comprises: a clock generating means for generating a clock with
a phase asynchronous with that of a clock signal included in
the reproduction signal of the recording medium; a frequency
control means for controlling a frequency of the clock
generated by the clock generating means based on the output
of the phase-locked loop; and a phase synchronization
maintaining means for performing a control so that a phase of
the clock generated by the clock generating means maintains
a synchronization state based on the output of the phase-locked
loop. Therefore, an oscillation control of the clock
generating means can be performed only by a rough frequency
control and an up/down control in the neighborhood of
synchronization frequency, resulting in a phase-locked loop
with high accuracy as well as in drastic reduction in analog
elements. Further, there is no need to perform a high
frequency operation, thereby requiring no measures against

noise generation.



to the other points where a code is decided. Therefore, an accuracy of

of fset error information increases, and even when an offset adjustnent is
made to respond to a direct current fluctuation including a high frequency
conponent, a stabilization of the operation and decrease in noise after

adj ust mrent are possi bl e, whereby a dar51¥Eproducing means avail able for
the direct current fluctuation can be realized. [ 0131] According to
Claim7 of the present invention, in a digital recorded data reproducing
device as defined in Claiml or 2, when an offset adjustnent is perforned,
the digital data .correction neans adds an anplitude conponent of a point
where a cent@28le of a sanpl ed waveform crosses zero level wth respect
to the point, while the neans ,adds a value according to a polarjty of a

reproduct i on d6@eT@iNY tesfd@in 4 Phethenpresent invention, a digital
-113- points where a code is decided, and makes the additional value
di f f er entrérayged doatsediepginduding devige e daifHare tineClamsréfore, an
accuracy of offset error information increases, and, even when an of fset
adj ust rerfonpriges:t 8 dedped® tana nedudatiagr meang |fiex udubircti®@dudi ng a
hi gh frequency conponent, a stabilization of the operation and a decrease
in noi seafteel adigsalefiream & hsofreguenoshepralty od nesasr apdotheiphaseeans
avai l able for the direct current fluctuation can be realized, and a
control aywhiromyizatannoperdatiainnqteeans to a delta/sigma
modulation; and a low pass filter for removing a high frequency
component of an output signal of the delta/sigma modulating
means. Therefore, a disturbance in a phase~locked loop when
a rough control is switched to an up/down control can be
suppressed and a smooth frequency followup can be performed,
whereby a more stable phase-locked pull-in can be realized,
resulting in an enhancement in error rate of reproduction data.
Further, a control of the clock generating means may also be
designed in consideration mainly of an enhancement in control
performance of the rough control, thereby simplifying an analog
circuit.
[0129]
According to Claim 5 of the present invention, a digital
recorded data reproducing device as defined in Claim 4
comprises a time constant varying means for varying a time
constant of the low pass filter. Therefore, when a
reproduction speed of a recording medium is changed, a time

constant can be varied according to the speed, whereby a smooth

frequency followup can be performed independently of the



possi bl e, thereby enhancing a playability. [0132] According to
Claim8 of the present invention, in a digital recorded data reproducing
device as defined in daim7, the digital data correction nmeans increases
the additional value at seek operati whil e the means decreases the

addi tional value in a phase synchroniz#£tion state. Therefore, it is
possible to increase a foll owup property during seek operation and to
suppress control noise in a phase synchronization state, thereby enabling
the nost suitable offset control. [ 0133] According to daim9 of

der i ned FRREPRH 1 O 2P EefEh a e ERPEARRSE AGR: 1S 38 FOFTEY P
digital data éfrrectl Qn nean? noni tors,a cumnul.ative addit.i naI value for
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-114- and flves feedback of an error anmount for a dlrect current part
di scretely tlPtH@1di rect current part. Therefore, it is possible to
performa restoration froma,pseudo | ock state as an_abnormal state at

hi gh speed, %ﬁ@PW%HSn%H@maG o *a'%bﬂ?%?nt inveptiap., 1n nddGidiady to
Caim210 of t invention, in a digital recorded data reproducing

he present
devi ce a§eﬂéﬁ"ﬁﬁéﬁ dat aoaREOuC ApgefeFidrrorRi Aglanaddd (Cdadd @Y 4n, the

filter factor . ) o
when an offset adjustment is performed, the digital data

correction means adds an amplitude component of a point where
a center line of a sampled waveform crosses zero level with
respect to the point, while the means adds a prescribed value
according to a polarity of a reproduction code with respect
to the other points where a code is decided. Therefore, an
accuracy of offset error information increases, and even when
an offset adjustment is made to respond to a direct current
fluctuation including a high frequency component, a
stabilization of the operation and decrease in noise after
adjustment are possible, whereby a data reproducing means
available for the direct current fluctuation can be realized.

[0131]

According to Claim 7 of the present invention, in a digital
recorded data reproducing device as defined in Claim 1 or 2,
when an offset adjustment is performed, the digital data
correction means adds an amplitude component of a point where
a center line of a sampled waveform crosses zero level with
respect to the point, while the means adds a value according

to a polarity of a reproduction code with respect to the other



control neans perfornms a partial response equalization succe55|vely as
well as sets its loop gain to be sufficiently |ow as conpared with the
phase-1 ocked | oop, and perforns a switching to an intermttent control
operation when the phase error is degrgased. Therefore, quality of
attitude data is increased, thereby énhancing a speed of phase-|ocked pul
I n. [ 0135] According to Caim1ll of the present invention, in a
digital recorded data reproduci ng device conprising: a preanplifier for
enphasi zi ng an output anplitude of a reproduction signal froma recording

medi um ﬁﬂmgf\gﬁé’}é%@dﬁ ri% Fedladd ?{”Bgﬁéhz’cﬂg é‘d&{&i%hﬁega&p%q“e”cy

band of € enphasi zed an andlo tal conver neans
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noise after adjustment are possible, whereby a data reproducing

means available for the direct current fluctuation can be
realized, and a control according to an operating state is
possible, thereby enhancing a playability.

[0132]

According to Claim 8 of the present invention, in a digital
recorded data reproducing device as defined in Claim 7, the
diéital data correction means increases the additional value
at seek operation while the means decreases the additional
value in a phase synchronization state. Therefore, it is
possible to increase a followup property during seek operation
and to suppress control noise in a phase synchronization state,
thereby enabling the most suitable offset control.

[0133]

According to Claim 9 of the present invention, in a digital
recorded data reproducing device as defined in Claim 1 or 2,
when an offset adjustment is performed, the digital data
correction means monitors a cumulative additional value for

a prescribed period of time at each point in a sampled waveform



a tap weighting factor control nmeans for controlling a tap weighting
factor of the transversal filter fromthe interpolation output signa
adaptively so that an equalization error is mninmum a phase conparator
far detecting a phase error fromthejppterpol ation output signal; a |oop
filter for snoothing the phase error signal; and a maxi nrumli kel i hood
decoder for subjecting the interpolation output signal to a naxinmm

| ikel i hood decodi ng according to a type of partial response at
equalization by the transversal filter so as to performa data

dermodul agh@ry i ¢ rRRdEdERRAUEhYe 528P! fflosh8NBdr o aipebiteehedent phet
partial response equalization, and a phase synchronization is conpensated

by a pha&fsbf&%é@?' 3\{6 Oﬂhte,yﬂﬁrédég' tRlr fdrpsepheeked tropesorkhativ data

denodul ation 1s perforned Therefore, even under such conditions as a
char act 6§£iﬁl@e?8 ag?]é’f%kﬁ“ O%eé"téfﬁ'iﬂ@‘ﬁmfk%\ §'§Eé{1dgufoE‘R sthitle agd
|nsuff| encies o og equalization I S pos e to decrease a
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-116- reproduce "t he nost sui respons equa |zat| signa
by detegé%%g ﬁhii% error information after partial response equallzation

t her eby f ﬁg a¥st abl e digital data reproduction which reduces an error
rate as wel | g s high phase-locked pull-in capacity. [ 0136]

Accor di ng td 12 of the present invention, in a digital recorded data

reproduci ng QE%U% 1néW)ISbT%ifilo of the present invention, in a

digital recorded data reproducing device as defined in Claim
2, after performing a phase-locked pull-in, the filter factor
control means performs a partial response equalization
successively as well as sets its loop gain to be sufficiently
low as compared with the phase-locked loop, and performs a
switching to an intermittent control operation when the phase
error is decreased. Therefore, quality of attitude data is
increased, thereby enhancing a speed of phase-locked pull in.

[0135]

According to Claim 11 of the present invention, in adigital
recorded data reproducing device comprising: a preamplifier
for emphasizing an output amplitude of a reproduction signal
from a recording medium; a waveform equalizing means for
emphasizing a prescribed frequency band of the emphasized
signal; an analog/digital converting means for sampling the
equalized signal to a digital data with multiple bits
asynchronously with a phase of a clock component included in

the signal by a clock generated by an oscillator; an offset



preanplifier for enphasizing an output anplitude of a reproduction signal
froma recordi ng nedium a waveform equalizing neans for enphasizing a
prescri bed frequency band of the enphasi zed signal; an anal og/digital
converting nmeans for sanpling the egﬁgnged signal to a digital data with
mul tiple bits asynchronously with a phase of a clock conponent included in
the signal by a clock generated by an oscillator; an offset correction
nmeans for decreasing an offset conponent fromthe sanpled signal; an
automatic gain control neans for adjusting the anplitude of the out put

si gnal tgof'féSGﬂ)ﬁeﬂea#x%V?b'r ae@}%%%'iirﬁ AP Y Ad a'c%ﬁ’%%%ggff%ﬁ%héi Iter,

which has Tfunctions of a transversa [ter an
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anpl it uc justne 6 a par response ~equalization an ing a
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ohace. orVERRPYBREPRCTMERE: TOF AUPICGHBGL R F18PaRoPubABELRIT GOt REDhase
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|1t er ool ot S9TeLBE Sosnsiersals L LLer i g ks an  sval Lzathon eor o
i”fo”““éogeSQ?aEhiéﬁﬁfﬁﬁg phase from the signal subjected to the
partial response equalization by a high-order interpolation;
a tap weighting factor control means for controlling a tap
weighting factor of +the tramnsversal filter from the
interpolation output signal adaptively so that an equalization
error is minimum; a phase comparator for detecting a phase error
from the interpolation output signal; a loop filter for
smoothing the phase error signal; and a maximum likelihood
decoder for subjecting the interpolation output signal to a
maximum likelihood decoding according to a type of partial
response at equalization by the transversal filter so as to
perform a data demodulation, the asynchronously sampled signal
is subjected to the partial response equalization, and a phase
synchronization is compensated by a phase-interpolation-type
digital phase-locked loop so that a data demodulation is
performed. Therefore, even under such conditions as a
characteristic deterioration of a reproduction signal due to

tilt and insufficiencies of analogequalization, it is possible

to decrease a jitter in a phase-locked loop as well as to



signal of the phase-interpolation-type transversal filter; and a maxi mum
| i kel i hood decoder for subjecting the interpolation output signal to a
maxi mum | i kel i hood decoding according to a type of partial response at
equal i zation by the phase-interpolatjon-type transversal filter so as to
perform a data denodul ation, the paT%*%ﬂ response equalization and a
digital phase-locked |Ioop are realized by the sane filter. Therefore, a
transversal filter and a high-order interpolation filter, which are
supposed to be large in circuit scale, can be conmunized only by the

transversal filter, thereby realizin reduction in circuit sc
parti culGZAREPHRGL p&RE MRS sﬁHﬂ‘ttiaé’r}egtpﬂF fra p&%?%ﬁ?%d&&ﬁa}fﬂ&fgﬁowﬂ
According to Claim 13 of the present invention, in a diﬁital recordfd dat a
r epr odudi ¥gpaibybe oL eRFIBEIPNASE HTF 042 indpamatioRi gRtehg RALTHF
setting neans has a filter factor for each_phase which hf,dlvigqg %n a
phase dineapowrse egurlbzatipg fthesebyagnaPligg anakaPe8M+9ttac i trng to
t he phase ) ) -118- i nformati on,
out put t etereduchéonowhith reducafdane €L gy |ake FHMklidf Basihigh
response equalization so as to mnimze the equalization error based on
t he out phaseghbatkefl phdl-dimsrapaceipel ation-type transver sal
filter, and superinposes the filter factor for phase control and the
filter fac{Od3féedr partial response equalization, thereby setting the
wei ghting factor of a tap of the phase-interpolation-type )
According to Claim 12 of the present invention, 1n a
digital recorded data reproducing device comprising: a
preamplifier for emphasizing an output amplitude of a
reproduction signal from a recording medium; a waveform
equalizing means for emphasizing a prescribed frequency band
of the emphasized signal; an analog/digital converting means
for sampling the equalized signal to a digital data with
multiple bits asynchronously with a phase of a clock component
included in the signal by a clock generated by an oscillator;
an offset correction means for decreasing an offset component
from the sampled signal; an automatic gain control means for
adjusting the amplitude of the output signal to a required
level; a phase-interpolation-type transversal filter, which
has functions of a transversal filter and a high-order
interpolation filter together, for subjecting the signal
subjected to the amplitude adjustment to a partial response
equalization and reproducing a signal in a regqular sampling .

phase from the signal subjected to the partial response

equalization by a high-order interpolation; a phase comparator



transversal filter. Therefore, a neans for setting a filter factor for
phase control and a neans for setting a tap weighting factor for partial
response equalization can be operated individually, whereby even when a
partial response equalization and a datig-interpolation in a regular phase
are comuni zed only by the phase-interpol ation-type transversal filter,
an effective control with high accuracy is possible wthout |osing both
characteristics. [ 0138] According to Caim 14 of the present
invention, in a digital recorded data reproducing device as defined in

G aim 12forhactaiztimighd i plakactediraetirsy tReNBuePHY isStgnaR; helpAry
judging circuit for detecting an equalization target value which

correspongdsiterP&Folr ImoRASHDNG et B¥SpARLRASLF AN sildita PUEPUsbERFAAPhalsd he
transversal filter; an equalization error detector for detecting the

equal i zat { RRo2Ma®idiBsadtap wbhighednd Faakioanskaidly Hehwd &o¢ sBetqngout
signal of the high-order interpolatiion filter; a correlator for detecting
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atap
sampling signal from the phase information and the output

signal of the phase-interpolation-type transversal filter;
and a maximum likelihood decoder for subjecting the
interpolation output signal to a maximum likelihood decoding
according to a type of partial response at equalization by the
phase-interpolation-type transversal filter so as to perform
a data demodulation, the partial response equalization and a
digital phase-locked loop are realized by the same filter.
Therefore, a transversal filter and a high-order interpolation
filter; which are supposed to be large in circuit scale, can
be communized only by the transversal filter, thereby realizing
reduction in circuit scale and particularly 1low power
consumption at high speed reproduction.

[0137]

According to Claim 13 of the present invention, in a
digital recorded data reproducing device as defined in Claim
12, the tap weighting factor setting means has a filter factor
for each phase which is divided in a phase direction, updates

the filter factor for phase control according to the phase



factor; a,first register for storing each anplitude value when a channel
rate of Nyquist characteristics is divided in atinme direction
correspondingly to each tap; a tap factor folding mneans for superinposing
each tap stored in the first register wel |l as a Nyqui st interpolation
factor in each phase and a tap meighf}ﬂg'factor for partial response
equal i zation which factor is outputted fromthe tap factor updating part;
plural delay el enents having delay anmount of unit delay tinme, to which of
the first stage the signal subjected to the partial response equalization

IS inputted L.¢ch N{AL ected i H,es. a Lpli Lch is
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adder for_ obtaj ni the sumtotal of outputs of the nultjplier 0 generate
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which is set correspondingly to the nultiplier; a register value updating
means forP TR PogéﬁiQWﬂtXP% sec&ﬁf¢g¥ﬁ§§%} basgii%eﬁn mﬂpéhgof
the tap factor, . -120- f ol di ng neans;
and a saﬁﬂﬁ%ﬁlmh?ﬁﬁﬂgﬁ%éﬂk%%%ﬁéFﬁ?qSOFW$3%%GQRFP%5P&Qﬁhﬁﬂﬁiﬁﬁ%cts
an anplitude value stored in the second register to output to the
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| oop filter. Therefore, there is provided a specific constitution for
real i zi ngrelighdpingcfactod hgawhamh ehabhes phreetéptpypolation-type

transversal filter. Therefore, a means for setting a filter
factor for phase control and a means for setting a tap weighting
factor for partial response equalization can be operated
individually, whereby even when a partial response
equalization and a_data interpolation in a reqgular phase are
communized only by the phase-interpolation-type transversal
filter, an effective control with high accuracy is possible
without losing both characteristics.

[0138]

According to Claim 14 of the present invention, in a
digital recorded data reproducing device as defined in Claim
12, the tap weighting factor setting means comprises: a
temporary judging circuit for detecting an equalization target
value which corresponds to partial response system based on
the output signal of the transversal filter; an equalization
error detector for detecting the equalization error based on
the equalization target value and the output signal of the

high-order interpolation filter; a correlator for detecting



control
parti al

[ 0139]

frequency error detector for detecting a

W th high accuracy wi thout losing both characteristics

even when a

response equalization and a data interpolation in a regular phase
are communi zed only by the phase-interpolation-type transversal filter.
According to Caim15 of the present invention, in a digital
recorded data reproduci ng device as Hefdhed in daim 12 conprising: a

of the traversal filter; and a loop filter for frequency control for
snmoot hing the detected frequency error and giving the sanme to the

oscillator as a  control signal, a gain of. a loop _for frequency contyrol

whi ch  ioeanpiatier pssyean teher Sﬂ%@rlétﬁl’etifc?/nc8ﬁff’5l af%grgg&ceodﬂl%&{a

state where the frequency error |is under a,presciibed v
i

pr ocessisignhk Psthedii gl r PEAEENEYLBEPP AL 10 E

8% At e dnalR Atk

frequency error fromthe output

sg t hat the

pull-in control, a | oop fain of a loop for phase control_ which includes

t he phasegumteatHerimu

synchroni zation pattern is detected, so that the processing shifts to

parti al

same number as a gain to regulate a feedback gad@gpdnkaP fRHkINe

automatic equalization control by the phase-interpolation-type tap,
wei ght i npdaicimg pamtr of oreaddingnadnt heupposesst nheni fegdbgckn gain

i nterval -control -type parti al

control

rdyicha tali stoeaetrg igaftliect < acwemue it eéachatigpt itonaPdalieicd oFaRn
factor; a first register for storing each amplitude value when
a channel rate of Nyquist characteristics is divided in a time
direction correspondingly to each tap; a tap factor folding
means for superimposing each tap stored in the first register
as well as a Nyquist interpolation factor in each phase and
a tap weighting factor for partial response equalization which
factor is outputted from the tap factor updating part; plural
delay elements having delay amount of unit delay time, to which
of the first stage the signal subjected to the partial response
equalization is inputted and which are interconnected in
series; an multiplier which is set correspondingly to an input
of the delay element in the first stage among the plural unit
delay elements as well as outputs of a connection point between
delay elements and of a delay element in the last stage; an
adder for obtaining the sum total of outputs of the multiplier
to generate an output of the tap weighting factor setting means;
a second register. which is set correspondingly to the
multiplier; a register value updating means for updating a

value of the second register based on an output of the tap factor

biDdFANY ANaOBAPE WS EDEn EOFR AT RRPHUNBRI of

a

response adaptive autonatic equalization



equal i zatjon error amobunt on a tap weighting factor in a state where an
equalization error by the partial response adaptive automatic equalization
control is under a prescribed value. Therefore, it is possible to realize
a stable phase-locked loop and to prevent a state out of control after the
processing shifts froma rough control2@e a phase synchronization state.
[ 0140] According to Claim16 of the present invention, in a digital
recorded data reproduci ng device as defined in Claim 12, the tap weighting
factor setting neans sets a feedback gain when the filter factor for phase
control is updated so as to be sufficiently larger than a feedback gain
when the falding magansr Add ehégdaatar wkipbnis sgtaPceanding stepeleed,
and wupdates the filter factor for the partial response equalization
di scret elsecomdre¢oietes aodpeelecsds bat andd ifudsmivadiuefstored| irrtheact or
for phase control and a control of a tap weighting factor for partial
response sEpend zoegbs tare 4o eveppet, tandhea qursespondiol mulgivphieriority
to, thereby realizing a stable phase-locked |oop as well as enhancing a
pl ayabi | izgcdaeting et o arhacourmcy pifase pgarfioatat esponf e leguadop adiiloers not
| ost, -122- and an out-of-control
state doahexdfore)r tdgatastsapmadinbdedl a sspeaific copdidthtion for
According to Caim1l7 of the present invention, a digital recorded data
repr oducireaXeying aorgup seacterprfeddind i ehithr enables an effective
control with high accuracy without losing both characteristics
even when a partial response equalization and a data
interpolation in a regular phase are communized only by the
phase-interpolation-type transversal filter.

[0139]

According to Claim 15 of the present invention, in a
digital recorded data reproducing device as defined in Claim
12 comprising: a frequency error detector for detecting a
frequency error from the output of the traversal filter; and
a loop filter for frequency control for smoothing the detected
frequency error and giving the same to the oscillator as a
control signal, a gain of a loop for frequency control which
includes the loop filter for frequency control is reduced in
a state where the frequency error is under a prescribed value,
so that the processing shifts from a frequency pull-in control
to a phase-locked pull-in control, a loop gain of a loop for
phase control which includes the phase comparator is reduced
in a case where the prescribed number of synchronization

pattern is detected, so that the processing shifts to a partial



enphasi zi pg an output anplitude of a reproduction signal
medi um awavef or mequal i zi ngneans for enphasi zi ng

band of the enphasi zed signal; an analog/digital converting neans for

sanpl i ng

the equalized signal to a digital data with nmultiple bits

asynchronously with a phase of a cloc %55nponent I ncluded in the signal

a cl ock

generated by an oscillator; an offset correction neans for

from a recording
a prescribed frequency

by

dectreasi ng an of fset conponent fromthe sanpled signal; an automatic gain

control neans for adjusting the anplitude of the output signal to a
o the anbEPEORS BaPASEIBTE A3 LOTRT st T Ay Ste on o cire ¢
canpl  ng. PHASE- IFRShRSER & GRaf YRS 8B BB HIAD BAFERH CPEssooeans

equalization by a high-0 . :
rrgans foraeenWém%ﬁgaS%ag WREGKE hY dhdnFeorat neoRt

i nterpol ati on out put signal adaptively so that an equalization

fromthe
error is

error Sigﬁésgrgﬁgly reflects a cumulative additiona} g3va

Y28 pafit

rder_interpolation; a tap meigh I ng factor .cqntrol
ﬂév g’ Jtaglr

FEAPROFE a ANRRIEL ¥R rpan hPBAtAG edaiadchs el an phaQBtEPLor WiIGH t he

i nterpol ation output signal; and a loop filter for snnothing t he phase
u

| i kel i hood decoder for subjecting the interpolation output signal to a
maxi mum | €GBRLAGAE IRdL IR ATONN 0F actap wedghbingafacherriRposiata
equal i zation by the transversal filter so as to performa data

denodul atwhareaanyeffhadgzation error by the partial response adaptive

automatic equalization control is under a prescribed value.
Therefore, it is possible to realize a stable phase-locked loop
and to prevent a state out of control after the processing
shifts from a rough control to a phase synchronization state.

[0140]

According to Claim 16 of the present invention, in a
digital recorded data reproducing device as defined in Claim
12, the tap weighting factor setting means sets a feedback gain
when the filter factor for phase control is updated so as to
be sufficiently larger than a feedback gain when the filter
factor for the partial response equalization is updated, and
updates the filter factor for the partial response equalization
discretely. Therefore, a competition between a control of a
filter factor for phase control and a control of a tap weighting
factor for partial response equalization are prevented, and
a phase control is given priority to, thereby realizing a stable
phase-locked loop as well as enhancing a playability because

an accuracy of a partial response equalization is not lost,

€ LHa@hum



conprises: a frequency control neans for performng a control based on a
cycle of a synchronization pattern included in recording data and a tine
width with which the synchronization pattern is detected; a phase
synchroni zati onmai ntai ning neans for nonitoring a control range of the
loop filter after a frequency and a-¥42quency of a cl ock conponent

i ncluded in the reproduction signal are pulled in to the nei ghborhood and
perform ng an up/down control of a clock frequency so that the phase
control signal returns to a normal operating range before the signal
reaches an_area out of phase synchronization control; and an _oscillator

control anshad PBE-eSncoNtndly stiate do€is| pat RCPRE B HENSH FFRAACENYhal of
the frequency control neans and an output signal of the phase
synchroiigtdlon nmai ntai ni ng neans. Therefore, a frequency of an
asynchronous clock at reproduction signal sanpling can be al ways

mai nt ai ned [0 #&hiln a controllable range of a digital phase-Ilocked | oop.
Thereby, a snooth digital recorded data reproduction is possible with no
di sconti nui By aquaidingdourdliangn dt7 pfashe pyesendniinatemniaonta digital a
frequency control and a phase control can be thought separately, resulting
in a si meodrdahsaitiair eprodfuctimgy denticel comprisefs :aa poAanphi fier for

-124- [0142] According to Caim 18 of the present invention

in a diegiphsietng denl cdedput epiditc deg cf\w eepaddirft ied s igidhifworl7, the

oscillator control neans conprises: a deltal/signm
arecordingmedium; a waveformequalizing means for emphasizing
a prescribed frequency band of the emphasized signal; an
analog/digital converting means for sampling the equalized
signal to a digital datawithmultiple bits asynchronously with
a phase of a clock component included in the signal by a clock
generated by an oscillator; an offset correction means for
decreasing an offset component from the sampled signal; an
automatic gain control means for adjusting the amplitude of
the output signal to a required level; a transversal filter
for subjecting the signal subjected to the amplitude adjustment
to a partial response equalization; a high-order interpolation
filter for reproducing a signal in a regular sampling phase
from the signal subjected to the partial response equalization
by a high-order interpolation; a tap weighting factor control
means for controlling a tap weighting factor of the transversal
filter from the interpolation output signal adaptively so that
an equalization error is minimum; a phase comparator for

detecting a phase error from the interpolation output signal;

and a loop filter for smoothing the phase error signal; and



nodul at or; for nodul ati ng the control signal at up/down control by t he
phase synchroni zati on mai ntai ning neans; and a |low pass filter for
snoot hi ng the out put signal, thereby to control the oscillator by the
out.put signal. Therefore, in a case where a mninmm frequency control
resolution of an oscillator is roughl2id an oscillation frequency varies
vastly at up/down control when a frequency of an asynchronous cl ock
enpl oyed for reproduction signal sanpling is maintained within a
controll able range of a digital phase-locked |oop, a nodulation is
performed in a time direction to control an oscillation frequency of the
osci | | at ermakimum hakelddoiog desodean Lok guhaectmgetésymhémoll@tﬁ@n
di sturbance at up/down and a successive reproduction is possible, though
there i somtipiudk sofgni bt e banmaxiguneldkiediliapd hteprdingl acked digwp,tand
thus reproduction quality is enhanced. [ 0143] According to Caim
19 of the pypeeof pavtinailonespodsg atl equatdzdéd cdaby tbpr btecsvgrda@ld ce as
defined in Caim118 further conprises a cut-off frequency varying neans
for swt€hilngra soutasof tof pepfowmy af ddieal dempaheldtioe; ascowelbg das a
reproduction speed of digital recording data. Therefore, in
-125- comprddsss Waefe eguendy comtatilc iean s feadperfoaninda comandat ed,
or there is a difference between the inner and outer peripheries as well
as in a phsedofor egoegicn@ retli aMsyhenraii fabionadphan@grn included in
recording data and a time width with which the synchronization
pattern is detected; a phase synchronizationmaintaining means
for monitoring a control range of the loop filter after a
frequency and a frequency of a clock component included in the
reproduction signal are pulled in to the neighborhood and
performing an up/down control of a clock frequency so that the
phase control signal returns to a normal operating range before
the signal reaches an area out of phase synchronization
control; and an oscillator control means for controlling the
oscillator based on an output signal of the frequency control
means and an output signal of the phase synchronization
maintaining means. Therefore, a frequency of an asynchronous
clock at reproduction signal sampling can be always maintained
within a controllable range of a digital phase-locked loop.
Thereby, a smooth digital recorded data reproduction is
possible with no discontinuity point occurring at phase
synchronization control, and a frequency control and a phase
control can be thought separately, resulting in a simple

constitution of the control means of an oscillator.



of frequency control band is provided when digital recording data are
repr oduced, response characteristics suitable for each reproduction speed
can be realized, whereby reproduction characteristics can be naintai ned
even under the condition that a reproduction speed changes vastly.

[ 0144] According to Caim20 of rthé4present invention, in a digital
recorded data reproducing device as defined in any of Cdains 11, 12, and
17 the offset correction neans conprises: an offset detecting neans for
detecting an offset conmponent held by the sanpled signal; a snopothing
means for smoathing the detected offset conponent; and a subtracting neans
for subtraCQQif% e snoot hed signal fromthe sanpled signal. Therefore,
the configuration to perform.an offset correction can be realized in a

devi ce which ASCOLSHHI® BP Sk niBgof BhappPEegiegit altBERE1PBpr oRiICRi on
that reduces an_error rate as well as has high phase-locked pull-in,
capaci ty @vghtahdepcogzdeld dondi Tepredcingieatterastdef inedrinr@liasm of a
reproduction signal due to tilt and insufficiencies of anal og )
equal i zat3dn. the dsmiblator segdratilhgneanel siomprlisgst he plekenl{sigma
I nvention, in a ) -126- di gi tal
r ecor ded med @l adprofior imedufeat trg e kondmnl ségnad aprep/pbivhicentoel
enphasi zing an output anplitude of a reproduction signal froma recording
medi um s wdbhef phmse synchronization maintaining means; and a low pass
filter for smoothing the output signal, thereby to control the
oscillator by the output signal. Therefore, in a case where
a minimum frequency control resolution of an oscillator is
rough, and an oscillation frequency varies vastly at up/down
control when a frequency of an asynchronous clock employed for
reproduction signal sampling is maintained within a
controllable range of adigital phase-locked loop, amodulation
is performed in a time direction to control an oscillation
frequency of theoscillatorwith finer resolution thanoriginal,
whereby there is no disturbance at up/down and a successive
reproduction is possible, though there is a risk of disturbance
generation in the phase~locked loop, and thus reproduction
quality is enhanced.
[0143]
According to Claim 19 of the present invention, a digital
recorded data reproducing device as defined in Claim 18 further
comprises a cut-off frequency varying means for switching a

cut-off frequency of the low pass filter according to a

reproduction speed of digital recording data. Therefore, in



equal-i zi ng means for enphasizing a prescribed frequency band of the
enphasi zed signal; an anal og/digital converting neans for sanpling the
equal i zed signal to a digital data with nultiple bits asynchronously with
a phase of a clock conponent included in the signal by a clock generated
by an oscillator; an offset correcti ohZPeans for decreasing an of fset
conponent fromthe sanpled signal; an automatic gain control means for
adjusting the anplitude of the output signal to a required Ilevel; a
transversal filter for subjecting the signal subjected to the anplitude
adjustnment to a ﬁarti response equalizatioqé I gh-order interpolation

| a hi
filter fdtCRESPRBEPRIYRL FRRTIFChiPRFARGRIS HAYe gg b goBpaTsia ted,
si gnal sug%ected to the_  partial response equalization by a high-order
i nt er pol &% bReresls dhEfgrense Patveenche Asnerand quer perimhentes tap
wei ghting factor of the transversal filter fromthe interpolation output
si gnal addpiedd] fSsénthdiingh ofqhgrioratinghmegigr, so thatnarbreaghearge
conparator_for detecting a phase error fromthe interpolation output
signal ; &1 depqueney qortrehvbaningst peophded whear diggrall ramwbrad imegi mum
| i kel i hood decoder for subjecting the interpolation output signal to a
maxi mum Idakd | 309 dr eprodiucgdac coesiPonys o chaingpd exfi plat ¢ § abu itadlenstoat
equal i zation by the transversal filter so as to
-127- eaedry repmod wixt tonlemehd atarobe rhaldswd;hwheredlyy repipldedt sigmal
I's subjected to the partial response equalization, and a phase
characteristics canbemaintained even under the condition that
a reproduction speed changes vastly.
[0144]
According to Claim 20 of the present invention, in a
digital recorded data reproducing device as defined in any of
Claims 11, 12, and 17, the offset correction means comprises:
an offset detecting means for detecting an offset component
held by the sampled signal; a smoothing means for smoothing
the detected offset component; and a subtracting means for
subtracting the smoothed signal from the sampled signal.
Therefore, the configuration to perform an offset correction
can be realized in a device which is capable of performing a
stable digital data reproduction that reduces an error rate
as well as has high phase-locked pull-in capacity even under
such conditions as a characteristic deterioration of a
reproduction signal due to tilt and insufficiencies of analog
equalization.

[0145]

According to Claim 21 of the present invention, in a



synchroni zation is conpensated by a phase-interpolation-type digital
phase-| ocked | oop so that a data denodulation is perfornmed, as well as the
of fset correction neans perforns an offset correction with reference to
the output of the high-order interpolation filter. Therefore, an
of fset detection with higher accuracy2fhan an offset correction only by a
polarity of a reproduction signal code can be perforned, whereby control
noi se after offset correction is reduced and a |arger feedback gain can be
set. Thereby, it is possible to follow a | evel fluctuation having a higher
frequency conponent, resulting in an enhancenent in playability even at
repr oduclightahdsecardssholatd repEedneingudevisen Wit (COmPrisgsacp
According to Caim22 of the present invention, in a digital recorded data
r epr oducpngampilifdeas dof nedphasdzimg 2d4n tdetputseampditude orfneadns
conprises: a zero-cross anplitude output neans for outputting a component
in an angproddetdionecsignali t iremspectreco raigygpmeddugi;gnal wavaiopdsition
where the output signal of the high-order interpolation filter crosses
zero; a ¢gtalizjyngamreensufpot empbarss Ziorg euipmestdmip ed chreguenagobandof
values wwth different polarity according to a polarity of the signal code
W th resgecihe teamphaaipbdngigngdal aat anapogi/tdiei tdhevorivent ihg meanscr 0SS
-128- position; a loop filter for offset correction for snoothing the
out put sf@nakampltitry zehe- @qssl bred | sidmadut poit areiigitall data with

multiple bits asynchronously with a phase of a clock component

included in the signal by a clock generated by an oscillator;

an offset correction means for decreasing an offset component

from the sampled signal; an automatic gain control means for

adjusting the amplitude of the output signal to a required

level; a transversal filter for subjecting the signal subjected

to the amplitude adjustment to a partial response equalization;

a high-order interpolation filter for reproducing a signal in

a regular sampling phase from the signal subjected to the

partial response equalization by a high-order interpolation;

a tap weighting factor control means for controlling a tap

weighting factor of the transversal filter from the

interpolation output signal adaptively so that an equalization

error is minimum; a phase comparator for detecting a phase error

from the interpolation output signal; a loop filter for

smoothing the phase error signal; and a maximum likelihood

decoder for subjecting the interpolation output signal to a

maximum likelihood decoding according to a type of partial

response at equalization by the transversal filter so as to



the output signal of the polarity val ue output nmeans; and an offset
renovi ng neans for performng an offset renoval by directly subtracting
the output signal fromthe output signal of the analog/digital converter.
Therefore, an offset correction according to a recording nediumis
possi bl e even when a different recortid¥y nediumis reproduced. [0147]
According to Caim23 of the present invention, in a digital recorded data
reproduci ng device as defined in Claim 22, the offset correction neans
conprises: a polarity value output varying nmeans for varying the output
value of the polarity value output nmeans to adjust a ratio of the same to

the out pReLfALReagiathdemadnlatian o fiie pSYRHHMNAUSFERSAMP el SdGH%! t he
most suitable offset correction according to such states that a control is
per f or medsnérhigcted hocHhr Paot b2l mesRoRRR ledtthi 22t bPRovRRd t BP&SS to a
l evel fluctuation is required nore than accuracy of a reproduction signal,
while aSyaShISINizahien cksPRRERFJtedrby & dhasg-vkRterpPlatidenatype
reproduction of successive data when accuracy of a reproduction signal is
requi r eddigd tgdssphaee-angkieg t heep isio | hhatvas dabavelepadylatiensntisol ,
t hereby enabling a high speed phase-locked pull-in after seek. [ 0148]
-129- perfoxeshyr disnyetld a@sathe2dffsetheopresdrion meams perfiorme an
offset correction with reference to the output of the
high-order interpolation filter. Therefore, an offset
detection with higher accuracy than an offset correction only
by a polarity of a reproduction signal code can be performed,
whereby control noise after offset correction is reduced and
a larger feedback gain can be set. Thereby, it is possible
to follow a level fluctuation having a higher frequency
component, resulting in an enhancement in playability even at
reproduction under an abnormal condition such as a defect.
[0146]
According to Claim 22 of the present invention, in a
digital recorded data reproducing device as defined in Claim
21, the offset correction means comprises: a zero-cross
amplitude output means for outputting a component in an
amplitude direction with respect to a sampling signal at a
position where the output signal of the high-order
interpolation filter crosses zero; a polarity value output
means for outputting a certain amount of values with different

polarity according to a polarity of the signal code with respect

to a sampling signal at a position other than the zero-cross



digi.tal recorded data reproducing device as defined in Caim 22, the

of fset correction neans conprises an output value sw tching neans for
swi tching an output value according to an operating state of the digital
recorded data reproducing device, by naking the output value of the
polarity val ue output means |arger tH&8-the output value of the zero-cross
anplitude output neans at seek, and neking the output val ue of the
potarity value output neans smaller than the output value of the
zero-cross anplitude output nmeans at successive data reproduction.
Therefore, a generation of_ a quasi-phase synchronization is avoided, and,

even wheBOEAE19BHsia JieaR Lided¥ ofPEaPfEaelts CoFaRGEr PR fReethadng
conditions, an early self-restoring is possible, thereby enhancing
pl ayabi | the cutputEiugpal of ghozerRg e Ss amplis-usie ORERIte B&ANS ARENt i on,
ina digital recorded data reproducing device as defined in daim 22, the
of f set cbheeentpitmedgsadodr itdss pod agoMH efaiwe oebpnti mgaasg¢eang Alperi od
of time; a cumulative adding nmeans for cumulatively adding the output
val ue ofofligepolranaywingl neansutfnn peafioraiaa hen oaffsetyvaterovilt by
zero-cross anplitude output nmeans between flags outputted fromthe
count er ; dandc&lycanbltaiaiotd regl diheg ondpultt sigmiatlofreqm tbensutpntnengnedi ng
the output signal of the cunulative adding neans at a timng of the flag
where thefoutlpeit anagbag/digataiut tedvexrdran he cbhetefpre, an offset
- 130- and, when being judged as a quasi-phase synchroni zation state,
correction according to a recording medium is possible even
when a different recording medium is reproduced.
[0147]
According to Claim 23 of the present invention, in a
digital recorded data reproducing device as defined in Claim
22, the offset correction means comprises: a polarity value
output varying means for varying the output value of the
polarity value output means to adjust a ratio of the same to
the output value of the zero-cross amplitude output means.
Therefore, the most suitable offset correction according to
such states that a control is performed mainly for a code
polarity at seek when a followup property to a level fluctuation
is required more than accuracy of a reproduction signal, while
a control is performed mainly for a zero-cross amplitude at
reproduction of successive data when accuracy of a reproduction
signal is required, is possible, and further, it involves
convergency of control, thereby enabling a high speed

phase-locked pull-in after seek.

[0148]



performng a switching to a control in which a ratio of the polarity value
output neans is high, so as to restore the state to a nornal

synchroni zation state. Therefore, the configuration to perform an

of fset correction can be realized in a device which is capable of
perfornming a stable digital data reprb#lrction that reduces an error rate

as well as has high phase-locked pull-in capacity even under such
conditions as a characteristic deterioration of a reproduction signal due
to tilt and insufficiencies of anal og equalization. [ 0150]

According to Claim26 of the present invention, in a digital recorded data
reproduci ng d@9Fesdifddeio nedaim A4 of theipresenti1Znvientien, 24N tde
transversal filter conprises: plural delay elenents having del ay anpunt of
unit del sfigiital reeoy@eddatat heprpdycisdhdevine Asgdfingd e &llamt he
anplitude adjustnent is inputted and which are interconnected in series;
an nul ti @l2i,ertivdi off fisetsetoxvecbipondiasyis comprisiespan oputpytdeialue
el enent of the first stage anong the plural unit delay elenments as well as
out put s efwid aloimgqieams pin ntswitst verg ake |t i ement se @ntefdandetayan
el ement of the last stage; an adder for obtaining the sumtotal of outputs
of the oplergtiny sttatgeofridteeddgitatlpoécotdededdtd reprodher Eng device,
wei ghting factor inputted to the other input of the nmultiplier is varied,
t hereby by malinze theqoutetteqadluez @i the polarity value output means
-131-
larger than the output value of the zero-cross amplitude output
means at seek, and making the output value of the polarity value
output means smaller than the output value of the zero-cross
amplitude output means at successive data reproduction.
Therefore, a generation of a gquasi-phase synchronization is
avoided, and, even when the gquasi-phase synchronization is
generated under certain conditions, an early self-restoring
is possible, thereby enhancing playability.
[0149]
According to Claim 25 of the present invention, in a
digital recorded data reproducing device as defined in Claim
22, the offset correction means comprises: a counter for
counting a certain period of time; a cumulative adding means
for cumulatively adding the output value of the polarity value
output means and the output value of the zero-cross amplitude
output means between flags outputted from the counter; and a
cumulative adding result monitoring means for monitoring the

output signal of the cumulative adding means at a timing of

the flag where the output signal is outputted from the counter,



characteristics. Therefore, the configuration to performa partial
response equalization can be realized in a device which is capable of
perform ng a stable digital data reproduction that reduces an error rate

as. wel |l as has high phase-locked pull-in capacity even under such
conditions as a characteristic deterild%tion of a reproduction signal due
to tilt and insufficiencies of anal og equali zation. [ 0151]

Actording to Caim27 of the present invention, in a digital recorded data
reproduci ng device as defined in any of Cdainms 11, 17, and 21, the
hi gh-order interpolation filter conprises: plural delay elenments aglavi ng

del ay angddy whenrbeingciwdoed @ aiguahicRhaf e RERFRronigAlydPR fEadiSymal
subjected to the partial response equalization is inputted and which are
i nt er conpectedningea i seitahingl topki eongnch in weichcar rasgon@ihdihe to an
i nput of the delay elenent in the first stage among the plural unit delay
el enent spad awdltly x2lust putputoheansohsdridlbn Sroast toaisRlepredig s&adifent s
and of a delay elenment in the |ast stage; an adder for obtaining the sum
total otooutput nowmmailhe sy¢chpbnéeatdogenesbatean outfharefor@e fither,
wherein a weighting factor inputted to the other input of the nultiplier
i s vari edonifieyuiat 1 on rtesipiezef oemwin ed femiakiozateéatri on e dee regtliiged
Therefore, the configuration to interpolate a signal in a regular sanpling
phase cafanba dexicediiickh tievéapablei off iperfapabimgod ptabdendigidash abl e
digital data -132-

data reproduction that reduces an error rate as well as has

high phase-locked pull-in capacity even under such conditions

as a characteristic deterioration of a reproduction signal due

to tilt and insufficiencies of analog equalization.

[0150]
According to Claim 26 of the present invention, in a

digital recorded data reproducing device as defined in any of

Claims 11, 12, 17, and 21, the transversal filter comprises:

plural delay elements having delay amount of unit delay time,

to which of the first stage the signal subjected to the

amplitude adjustment is inputted and which are interconnected

in series; an multiplier which is set correspondingly to an

input of the delay element of the first stage among the plural

unit delay elements as well as outputs of a connection point

between delay elements and of a delay element of the last stage;

an adder for obtaining the sum total of outputs of the

multiplier to generate an output of the filter, wherein a

weighting factor inputted to the other input of the multiplier

is varied, thereby to realize required equalization



repraqducti,on that reduces an error rate as well as has high phase-Iocked

pull -in capacity even under such conditions as a characteristic
deterioration of a reproduction signal due to tilt and insufficiencies of
anal og equal i zati on. [ 0152] According to Claim28 of the present

invention, in a digital recorded datalBdproducing device as defined in
Claim 27, the high-order interpolation filter perfornms an interpolation
basé on Nyqui st characteristics. Therefore, the configuration to
interpolate a signal in a regular sanpling phase can be realized in a
device which is capable of performng a stable digital data reproduction
that redutRarafterdsticie Therfforas hhe RPHh igndakIRKed PRFEorR a

capacity even under such conditions as a characteristic deterioration of a
repr oductPahtspdregspeBserqialianbirascdring spaildgest iampAgyice which
equal i zati on. [ 0153] According to Caim?29 of the present
i nvent i onis i papabdegpfalpardegmicrd dat st abprodigiitg ldddtee repreduatdonn
Caim 27, the high-order interpolation filter conprises: a register which
i s set cothatpoeduagsy amno enrorutatel asrvahd ssohes ddgh phsée+lideked| ue
when a channel rate of Nyquist characteristics is divided in a tine
di rect i orpubhdin cappaciby esenctnde rssychommdspbons af § clmtdeterystior and
selects the anplitude value stored in the register to output to the
corresponietgrioration of a reproduction signal33iue to tilt and
insufficiencies of analog equalization.
[0151]
According to Claim 27 of the present invention, in a
digital recorded data reproducing device as defined in any of
Claims 11, 17, and 21, the high-order interpolation filter
comprises: plural delay elements having delay amount of unit
delay time, to which of the first stage the signal subjected
to the partial response equalization is inputted and which are
interconnected 1in series; an multiplier which is set
correspondingly to an input of the delay element in the first
stage among the plural unit delay elements as well as outputs
of a connection point between delay elements and of a delay
element in the last stage; an adder for obtaining the sum total
of outputs of themultiplier to generate an output of the filter,
wherein a weighting factor inputted to the other input of the
multiplier is varied, thereby to realize required equalization
characteristics. Therefore, theconfigurationto interpolate

a signal in a regular sampling phase can be realized in a device

which 1is capable of performing a stable digital data



mul tiplier according to the output phase information of the
Therefore, the configuration to interpolate a signal in a regular sanpling
whi ch is capable of perform ng a stable
data reproduction that reduces_an error rate as well as has high

phase can be realized in a device

di gi tal

phase-| ocked pull-in capacity even untk?23uch conditions as a
characteristic deterioration of a reproduction signal due to tilt and

i nsufficiencies of anal og equalization. [ 0154] According to Caim
30 of the present invention, in a digital recorded data reproduci ng device

as defined in any of aims 11, 17, and 21, the tap wei.ghting factor
control rﬁa%Eﬂ'sOd‘éléEilﬂés%ﬁé EGRRGHP,D a%’f%‘?foFagﬁeagr gﬁga'eralssalqlﬁ 1398 by

Mean Square al gorithm Therefore, the cogfigura ion to set _a

Least

wei ght i nPhage otoskedsPlid Irdd) CAPAF ¥thcRYSR BR

BEr figh CPAGdnkeps as

equal i zati on which should be perfornmed by a transversal, filter %fn be

real i zed @ rchaxRetesiakich det exdpiiaeloniober f BRRFAGUS T IS

reproduction that reduces an error rate as well as has hi gh phase-| ocked

pul | -i n dapaeily andednguddicsienciendefi sA3leg £aumkb2aLIPBtic

deterioration of a reproduction signal due to tilt and insufficiencies of
anal og equal [2a6i2dn. [ 0155] According to Caim31l of the present

invention, in a digital recorded data reproducing device as defined in

Clam

According to Claim 28 of the34present invention, in a
digital recorded data reproducing device as defined in Claim
27, the high-order interpolation filter performs an
interpolation base on Nyquist characteristics. Therefore,
the configuration to interpolate a signal in a regular sampling
phase can be realized in a device which is capable of performing
a stable digital data reproduction that reduces an error rate
as well as has high phase-locked pull-in capacity even under
such conditions as a characteristic deterioration of a
reproduction signal due to tilt and insufficiencies of analog
equalization.

[0153]

According to Claim 29 of the present invention, in a
digital recorded data reproducing device as defined in Claim
27, the high-order interpolation filter comprises: a register
which is set correspondingly to the multiplier and stores each
amplitude value when a channel rate of Nyquist characteristics
is divided in a time direction; and a selector which is set
correspondingly to the register and selects the amplitude value

stored in the register to output to the corresponding

| oop filter.

t3€dat a



30,.the tap weighting factor control means conprises: a tenporary judging
circuit for detecting an equalization target value which corresponds to a
partial response system based on the output signal of the high-order
interpolation filter; an equalization error detector for detecting the
equal i zation error based on the equaltf2ation target value and the output
signal of the high-order interpolation filter; a correlator for detecting
correl ati on between the equalization error and the output signal of the

hi gh-order interpolation filter; a feedback gain regulator for nultiplying
an output of the correlator by the same nunber as .a gain tp regulate a

f eedbacktueipligrgagcesdingil? thalvhBupaPhass mpekoBuPbuthsr  the
feedback gain regulator to a weighting factor of each tap to update a tap
factor. lorPefdlEert-heThgrriloT 101 tPRELJUEARA LG HNG FERERPL3B€ad to
realize a function of partial response equalization_which should be
per f or negii®yad in rragegylad sEmpleng phafe Ccadl beeyepd igatelinca dpVERe s
capable of performing a stable digital data reproduction that reduces an
error rafleick we$| eapabdehi gfi phezdorodker pul Istiablapatigiytadvedatiader
such conditions as a characteristic deterioration of a reproduction signal
due to tiéprodsatiipoi dhcitey eafuces oy ecyoxl rase as. well [55963s high
According to Caim32 of the present invention, in a digital recorded data
r epr odug@has eleYockeds paudfli~igd dapa® &iyn even under such conditions as
-135-
a characteristic deterioration of a reproduction signal due
to tilt and insufficiencies of analog equalization.
[0154]
According to Claim 30 of the present invention, in a
digital recorded data reproducing device as defined in any of
Claims 11, 17, and 21, the tap weighting factor control means
decides the weighting factor of the transversal filter by Least
Mean Square algorithm. Therefore, the configuration to set
a weighting factor so as to realize a function of partial
response equalization which should be performed by a
transversal filter can be realized in a device which is capable
of performing a stable digital data reproduction that reduces
an error rate as well as has high phase-locked pull-in capacity
even under such conditions as a characteristic deterioration
of a reproduction signal due to tilt and insufficiencies of
analog equalization.
[0155]

According to Claim 31 of the present invention, in a

digital recorded data reproducing device as defined in Claim



15, .the frequency error detector conprises: a zero-cross Iength detector
for detecting an interval at which the output signal of the high-order
interpolation filter crosses zero level; a synchronization pattern | ength
detector for detecting whether a ratio of neighboring zero-cross |engths
coincides with a prescribed synchroni34tion pattern'length on the basis of
the ratio or not to obtain first cycle information which reflects a
reproducti on speed of the recording nmedium and a synchronization pattern
i nterval detector for detecting an interval until the synchronization
pattern is detected to detect second synchroni zation informati on based on
this and0a ﬁb@sc‘tabedﬂmhb@lngﬂ'@r@w eCOthé?QiontQmSatq:@mptCéSG@t eck a
frequency error can be realized in a device which is capable of realizing
a st abl egiperaryckedging et Seendehgetiogarar equal piatbonrtargéter the
processing shifts froma rough control to a phase synchronization state.

[ Brief deslreé pthioh afoxhespradenys]a paftHalrmedijonse systemrizagedsom bl ock

diagramillustrating a configuration of a digital recorded data
repr odudirg cdetw e sigoalli of the chidhrstderbddieepo laft idre fiiksent an
I nvention. [ Fi gure 2] Figure 2 is a block diagramillustrating a

cg_nf i guraéjdamiza)fian efrfrod doteccdrofioredetetbting hehéi estuadnivost tent .

[ Igureer]ror based on the equalization target value and the output
signal of the high-order interpolation filter; a correlator
for detecting correlation between the equalization error and
the output signal of the high-order interpolation filter; a
feedback gain regulator for multiplying an output of the
correlator by the same number as a gain to regulate a feedback
gain; and a tap factor updating part for adding an output of
the feedback gain regulator to a weighting factor of each tap
to update a tap factor. Therefore, the configuration to set
a weighting factor so as to realize a function of partial
response equalization which should be performed by a
transversal filter can be realized in a device which is capable
of performing a stable digital data reproduction that reduces
an error rate as well as has high phase-locked pull-in capacity
even under such conditions as a characteristic deterioration
of a reproduction signal due to tilt insufficiencies of analog
equalization.

[0156]

According to Claim 32 of the present invention, in a

digital recorded data reproducing device as defined in Claim



- 136- Figure 3 is a schematic diagramof a difference between PR
(3, 4, 4, 3) equal i zati on systemwhich is realized by a transversal filter
6 in the first enbodiment and a typical binary discrimnation system

[ Fi.gure 4] Figure 4 is a diagram illustrating frequency
characteristics of various partial reSpdhSe systenms realized by the
transversal filter 6 in the first enbodi nent. [ Figure 5] Figure 5

is-a schematic diagram of Nyqui st characteristics relevant to a filter
factor setting by a high or der interpolation filter 7 in the first

enbodi nment . qmée 6 is a block diagram.il |l us rat{Hg a
conflgw%ﬁ5oﬁh%)r?ﬁ8eﬁprPBFBE@? %ﬁ%BP&ﬂHﬁF%?ﬁtér TPRCERESt+FRE

enbodi nment . ure %ﬁ gure 7 is_a block dhggran1lllustrat|9g a
confi gur afiﬁ?wtﬁi °3€aciﬁ ?Ehpﬂnﬁnfh’é‘t:%FVéén?Fthh%}é B} QHERRE F19R¢%
enbodi nment . [ Figure 8] Figure 8 is a schematic diagramof a
pr|nC|m(Pfﬁthﬁ\hlghtﬁrd§§cb§§PIQ§LﬁQ§Qﬂ THebG SR TIKREF RO JLe¥8ers212 in

the first enbodinent. [ Figure 9]
synchronization pattern length detector for detecting whether

a ratio of neighboring zero-cross lengths coincides with a
prescribed synchronizétion pattern length on the basis of the
ratio or not to obtain first cycle information which reflects
a reproduction speed of the recording medium; and a
synchronization pattern interval detector for detecting an
interval until the synchronization pattern 1is detected to
detect second synchronization information based on this and
a prescribed period. Therefore, the configuration to detect
a frequency error can be realized in a device which is capable
of realizing a stable phase-locked loop and preventing a state
out of control after the processing shifts from a rough control
to a phase synchronization state.
[Brief description of the Drawings]
[Figure 1]
Figure 1 is a block diagram illustrating a configuration
of a digital recorded data reproducing device according to a
first embodiment of the present invention.
[Figure 2]
Figure 2 is a block diagram illustrating a configuration

of an offset correction means 4 in the first embodiment.

[Figure 3]



-13.7- Figure 9 is a block diagramillustrating a configuration of
a frequency error detector 13 in the first enbodi nent. [ Fi gure 10]
Figure 10 is a block diagramillustrating a configuration of a digital
recorded data reproducing device according to a second enbodi nent of the
present invention. [ Figure 11] -13frgure 11 is a bl ock diagram
illustrating a configuration of a phase interpolation type tap weighting
factor control means 33 in the second enbodi nent. [ Figure 12]
Figure 12 is a flow chart illustrating a method of frequency control,
phase synchroni zation control, and LMS adaptive automatic equalization
control in tBég¥&€oRdisempsFhaatic dizggamecfap diffemenpe hatveen pl ock
diagramillustrating a configuration of a digital recorded data
repr odu@hg( Aevitcedacdor datpt bzationi sysadodiheph &F TRalizadnby a
i nvention. | [ Fi gure 14] . Figure 14 is a schematic diagram of an
oper at i diram$vierphd fofltemptfasin syhehfdaistatemrodinansi andg arctyeic8land of
a VCO control nmeans 39 in the third enbodi nent. [ Fi gure 15] Fi gure
15 i s a himaky dd agcanmiinakstomats gt emeonf i gurati on

[Figure 4]

Figure 4 is a diagram illustrating frequency
characteristics of various partial response systems realized
by the transversal filter 6 in the first embodiment.

[Figure 5]

Figure 5 is a schematic diagram of Nyquist characteristics
relevant to a filter factor setting by a high-order
interpolation filter 7 in the first embodiment.

[Figure 6]

Figure 6 is a block diagram illustrating a configuration
of the high-order interpolation filter 7 in the first
embodiment.

[Figure 7]

Figure 7 is a block diagram illustrating a configuration
of a tap weighting factor control means 8 in the first
embodiment.

[Figure 8]

Figure 8 is a schematic diagram of a principle of a viterbi

decoder as one of maximum likelihood decoders 12 in the first

embodiment.

[Figure 9]



-138- ~of the VCO control neans 39 as well as a schematic diagramof an
operation principle thereof in the third enbodi nent. [ Fi gure 16]

Figure 16 is a block diagramillustrating a configuration of the VCO
control nmeans 39 as well as a schematic diagram of an operation principle
for a different reproduction speed ir137Me third enbodi nent. [ Figure 17]
Figure 17 is a block diagramillustrating a configuration of a digital
recorded data reproduci ng device according to a fourth enbodi mrent of the
present invention. [ Fi gure 18] Figure 18 is a block diagram
illustrating the configuration of an offset correction neans 4 in the
fourth enbodieute 9 i ki Pliock Hiagram Hljlust 19tingaaschphidgheadiisgy am of
an operation principle of the offset correction neans 4 in the fourth
embodi negif. a frdqwerey 28k ror deftieguyoxr 213 i snathkodk rditaggmbodinestrating a
configuration of an offset correction neans 4 in the fourth enbodi nent.

[ Figure 21] Figurgig@qe 21 is a block diagramillustrating a configuration
of an offse{ correction nmeans 4 in the fourth enbodi nent. [ Fi gure 22]

Figure 10 is a block diagram illustrating a configuration
of a digital recorded data reproducing device according to a
second embodiment of the present invention.

[Figure 11] ”

Figure 11 is a block diagram illustrating a configuration
of a phase interpolation type tap weighting factor control
means 33 in the second embodiment.

[Figure 12]

Figure 12 is a flow chart illustrating a method of
frequency control, phase synchronization control, and LMS
adaptive automatic equalization control in the second
embodiment.

[Figure 13]

Figure 13 is a block diagram illusfrating a configuration
of a digital recorded data reproducing device according to a
third embodiment of the present invention. ]

[Figure 14]

Figure 14 is a schematic diagram of an operation principle
of a phase synchronization maintaining means 38 and of a VCO
control means 39 in the third embodiment.

[Figure 15]

Figure 15 is a block diagram illustrating a configuration



-139- Figure 22 is a block diagramillustrating a configuration of
an of fset correction neans 4 in the fourth enbodi nent. [ Figure 23]
Figure 23 is a block diagramillustrating a configuration of a
conventional optical disk reproducing device. [ Fi gure 24] Figure 24
is a diagramillustrating recorded datB%s well as an output signa
waveform at each function block in the conventional optical disk
reproducing device. [Description of the Reference Nuneral s]

.preanplifier 2...waveformequalizing neans 3...anal og/digital
converter 4...offset correction means 5...automatic gai h control
6...transverde VIGQ control meaps GUAS Wald 5@ & FSlli‘eF‘r"‘lttJe‘r agram of

welghtlng factor control neans 9.. .phase conparator Ioog filter
. di giamloptmatibockednicd@le hereaki mﬁrhﬁk&h%cﬁ%%a’@ﬁ
13 .frequency error detector 14...loop filter for frequency control

15...osciIIangure 16]

Figure 16 is a block diagram illustrating a configuration
of the VCO control means 39 as well as a schematic diagram of
an operation principle for a different reproduction speed in
the third embodiment.

[Figure 17]

Figure 17 is a block diagram illustrating a configuration
of a digital recorded data reproducing device according to a
fourth embodiment of the present invention.

[Figure 18]

Figure 18 is a block diagram illustrating the
configuration of an offset correction means 4 in the fourth
embodiment.

[Figure 19]

Figure 19 is a schematic diagram of an operation principle

of the offset correction means 4 in the fourth embodiment.
[Figure 20]

Figure 20 is a block diagram illustrating a configuration

of an offset correction means 4 in the fourth embodiment.
[Figure 21]

Figure 21 is a block diagram illustrating a configuration

of an offset correction means 4 in the fourth embodiment.

[Figure 22]



- 140- ,16...of fset detecting neans 17... snoothing neans 18..
.subtracting neans 19a, 19b, 19c, 19d, 19e, 19f. .. del ay el enent
20a, 20b, 20c, 20d, 20e, 20f, 20g.. .multiplication elenent 21...adding neans
22a, 22b, 22c, 22d, 22e, 22f, 22g. . reglster
23a, 23b, 23c, 23d, 23e, 23f, 23g. . .sel ectorl3da. . .tenmporary judging circuit
25...equalization error detector 26...corre|ator 27...feedback gain
regulator 28.. .tap factor updating part 29... zero-cross length
30...frame counter 31...synchronization pattern | engt h det ect or
32 .synchronj zati on attern i nterval detecto

. phase- i nf éﬂb‘(ﬂeatzsohst%/ - qcdp @ gram H&lf‘%fcﬁ%‘?t%ﬂt% Qonfigpratign
factor f ol di ng neans regi ster 36...register_value updating neans

frecﬂx%n%‘} SEEBRSI CRERASTIRD megRgsd s‘ihé?ﬂ%nﬁ%‘é??%neﬂbpdlllﬁlf%ans

39 .vcO control neans
[Figure 23]

Figure 23 is a block diagram illustrating a configuration

of a conventional optical disk reproducing device.
[Figure 24]

Figure 24 is a diagram illustrating recorded data as well
as an output signal waveform at each function block in the
conventional optical disk reproducing device.

[Description of the Reference Numerals]
l...preamplifier
2...waveform equalizing means
3...analog/digital converter
4...0ffset correction means
5;..automatic gain control
6...transversal filter
7...high-order interpolation filter
8...tap weighting factor control means
9...phase comparator
10...lo00p filter
11...digital phase-locked loop
12...maximum likelihood decoder
13...frequency error detector
14...1lo0p filter for frequency control

15...08cillator



-141- 40...VCO 41...delta/sigm nodul ator 42a,42b... digital/anal og

converter 43...low pass filter 44...cut-off frequency setting means
45...zero-cross position detecting nmeans 46...zero-cross anplitude output
means 47...polarity value output nmeans 48... selector 49...loop filter

for offset correction 50...gain adjusfl4fg neans 51...node control neans
52.. counter 53...cunulative adding neans 54...quasi-phase
synchroni zation judgi ng neans 55...optical disk 56...reproduction nmeans
57...tap weighting factor setting neans 58...viterbi decoder

59...zero-cross length detector 60...loop filter for phase control
16...0ffset detecting means

17...smoothing means

18...subtracting means
19a,19b,19¢,19d,19%e,19f...delay element
20a,20b,20c,20d,20e,20£,20g...multiplication element
21...adding means
22a,22b,22c,224,22e,22f,229...register
23a,23b,23c,23d,23e,23f,23g...8elector
24...temporary judging circuit
25...equalization error detector
26...correlator

27...feedback gain regqulator

28...tap factor updating part

29...zero-cross length

30...frame counter

31...synchronization pattern length detector
32...synchronization pattern interval detector
33...phase-interpolation-type tap weighting factor control
means

34...tap factor folding means

35...register

36...register value updating means
37...frequency control means

38...phase synchronization holding means

39...VCO control means



-141-

40...VCO
41...delta/sigma modulator
42a,42b...digital/analog converter
43...1low pass filter

44...cut-off frequency setting means
45...zero-cross position detecting means
46...zero-cross amplitude output means
47...polarity value output means
48...selector

49...loop filter for offset correction
50...gain adjusting means

51...mode control means

52...counter

53...cumulative adding means
54...quasi-phase synchronization judging means
55...optical disk

56...reproduction means

57...tap weighting factor setting means
58...viterbi decoder

59...zero-cross length detector

60...1loop filter for phase control



