, @3eDIA** +| 2. 3P~868T9% ¢ 2 au~ zooZ 1 DESCRI PTION DI G TAL RECORDED DATA
REPRODUCI NG DEVI CE TEB@HNI CAL FIELD The present invention relates ©@o2aAUG 2002
digital recorded data reproducing deV|&e whi ch reproduces digital data
récorded in a recording mediumand, nore particularly, to one having its

phase- | m mnd of fset correction inproved, and to one | has
reprodllmmm \\\mmm data quality inproved as well as playabi Iwml’mmwmmm ’
under unfavugga e conditions such as a deterioration in a repr
waveformquality due to tilt, a reproduction on condition of bad *l66ice*

si gnal - noi-se-ratio; and a frequerPESERAPTEOMe of defect or the like. As is
generally known, a tilt represents a deviation of an angle nade between a
perpendi cul ar standing on a signal surface of an optical disk and an
optical axis of a Laser beam and a defect represents a disturbing factor

to a reproduced maPéﬁ@ﬂ%&nRﬁFQ&DﬁpsBAEBcRE&RQQQQLﬂﬁHRﬁV¥EEadhe5|on on the
signal surface of the optical disk. BACKGROUND ART A nethod of keeping a
| i near velocity constant to uniform ze recording density on a recording
mediumis comonly enployed as a nethod for recording digital data on an
opticdrECHHICAL FIELD
The present invention relates to a digital recorded data
reproducing device which reproduces digital data recorded in a
recording medium and, more particularly, to one having its
phase-locked loop and offset correction 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.
As is generally known, a tilt represents a deviation of an
angle made between a perpendicular standing on a signal surface
of an optical disk and an optical axis of a laser beam, and a
defect represents a disturbing factor to a reproduced waveform

such as a scratch or a fingerprint adhesion on the signal

surface of the optical disk.

BACKGROUND 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



2-(~ 2 AUG 2042 di sk nedium as seen in Conpact Disk or DVD. Wen digital
data are reproduced based on a reproduction signal of an optical glerMGiﬁWZ
is subjected to mark wi dth nodul ati on an to digital nodulation r di ng
so that linear recording density is conStant, a phase-locked pull-inis
conventional ly perforned by detecting a phase of a clock conponent held by
the reproduction signal and constituting a phase-locked | oop. At the tine,
when the frequency of the clock conmponent held by the reproduction signal
and the, trequency_of a clock. generate he e-l ocked | oop differ
vastly,dFFEierﬁﬁgl?stﬁﬂeﬁikﬁa.%m?%ggeBXEEIP;PE%&§ not conpleted or that a
pseudo pull-in to a different freqguency is perfaqrned. As a neans for . .,

Bvoi di ng t hi ¥hgRosfightatnBatal oik | JobTPaBPERuGATRa| PRedt TEPECREFtIAN o
is detected by a specified | se, length qQr pulse jnterval included in a
repr odu‘é%ﬂﬁﬁlsi%alananﬂPEbﬁgrulol gb?ka%mk‘ﬁ‘ r 3fat ?Bh@ﬁ@@g oFCoftark width
freerunni ng_frequency of a phase-locked_loqgp is perfornmed, thereby_enabling
a nor neMCPRAIEIPPC A php| diglitad, medubption,fecerding; SP rdboddneaF
system as shown in figure 23. A digital recording code as shown_in figure
24(a) iEeFeEELBAd 6nEitdpt idsml ePREtEBLso AhaPhasakotkedr dPRYlddRsi the i s
constant. Recorded _data are supposed to be data regulated to have three to
f our t ecpOpYentioppldyns penfiormed)” hy "detegtings-ac phaseat Pén dyscd@ck or
r' . .2 2 AUG 200Z 3 exanple. A signal obtained by a reproduction at a

r epr oduetmponents B ubl dthen repriosiictiaokugigadali tandnmonside et ivaua ed
in a higher frequency conponent according to an increase in the recording
densi t yplvasehdockedr dedpdata in a linear direction as shown in figure
24(a). This is because an effect of interference is significantly produced
accor di ng t oAtin ther bime,i rwhesortdiengfequiency aaf tths, cilbeksi gamponent
obt ai ned by reproduction is anplified by a preanplifier not shown and is
subj ectleelld obyorthezt repradiuctt immpheatgrai and ghbe ffiregiengy cofpaneatlook a
wavef orm equal i zing neans 2 thereafter. A reproduction signal subjected to
hi gh freemenatednpiasite iphasepledked dodipgidiaffer gwabtiwt, h itul is plékeiltys
by an anal og/digital converter 3 as a neans for converting an anal og signal
to a dithatl asiphesle-dochkednpudlfiguris 2dotbrompitettdd sori whata a pseudo
reproduction clock generated by a VCO (Voltage Control Type Gscillator) 40
i s enplmykEb~ins tosaniifferendcifreqiendyenia peaseraled.he reproduction cl ock
by the VCO 40 and a phase of a clock conponent held by the reproduction
signal by thesreprmdansngforarsrdidimge Smichr probdeém)yi t boezehtdonarlly a
sanpling data as shown in figure 24(c) are obtained. Figure 24(c)

i Il ust reepsodaapiong ldatemrsuvédbtetpardyicie aiby detredtaad | by Resyppesified
Maxi mum Li kel i hood (hereinafter, abbreviated as PRW") signal processing
syst empulee PRMngtilynar prockssi nntsgisean | snobedaeldi cinr eguirepsrodudtgbn
frequency conponent in a reproduction signal by adding a 2 2 au~ 2002 4
wavef orsignd er fasydencenitrodnt ofinad | diskl eohatdesn aspeedororatef o free-
reproduction data by using a maxi num |i kel i hood decodi ng net hod, which
denodulmdrasindefrequepcgballl ea sphase-hycked disdp | isy pealforimed onthereby
considering the waveforminterference, together in a reproduction systemin
whi ch anabiping uadenofmalhipplasie-dgiokey mohpehrnt of a signal deteriorates
and a signalnoise ratio increases wwth an increase in recording density in
a linear recusli agatlpleqt ivhiere hts sangliek dtepricdust gonl syistlemmds i phewhi ts
is inputted to an offset correction neans 4 to correct an offset conponent

i ncl udeigh i Biglaeer ep3 9duchi Aidgliwal alredotitBing TeedecPa9dwHdwan dingi £ dgure
signal subjected to offset correction is inputted to a transversal filter 6
to perfXyMp Pedtivdcd£ELQANSEnCUHA! | 8BLH@A1 AldildK S 99 Mo | ttHft  linear
characteristic that an equalization

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



out put signal is nmultivalued by applying the partial response equalizgéMﬁ$
as shown in figure 24(d).'A weighting factor of a tap of the transvér 2002
filter 6 is supplied by a tap weighting_factor setting nmeans 57 for setting
wei ghting factors enpl oyi ng Least Mean §quare (hereinafter, referred to as
~~LMS~~ ) algorithmwhich mnimzes a nean square value of an equali zation
error. The nultival ued out put signal of the transversal filter 6 is

denodul ated by a viterbi decoder 58 as a kind of nmaximumlikelihood decoder
to obtain binary digital data. A phase-locked reproduction clock used in
sanpl i n§XBPPRe arfhl DYFRRYI PRtadaar k¥ ra3repredictdane Atisar sepspducing
IS, 2 Z AUG 2002 6 a position where an output signal of the offset

cor r ectR8ANFeAfs SACH &5 N RPbiralePirkupy d@sssite| dmpbi baded attenuated
out put signal, a synchronization pattern length in a specified period over
1 frameinsadbighesd I&aIUsAcY) ePMpengot arcerddmg osan| tRgreage: dar dtheao
whi ch counts the sanpling nunber between nei ghboring zero-crosses, and

furt herrecdeddsg densjidiye of theyreapsiedadada pat tarhineareddcect ion as
frequency error detector 13, thereby deciding a frequency error anount to
per f or nshowguenday coigure oR4(he.repr @huts i obscl bekcauper t hem, pfiffleet of
information of reproduction digital data is detected by a phase conparator
9 enpl cimberfhreaceplits Sigral f xdantiyopteducedr mextamhimgpabts dn dndreasese
error amount to perform phase synchronizaiton control of the reproduction
cl ock aiml tbecoegimuctdemsiity}t alndat echwss decthed. shilgnadCO dbtatned by
controlled by a loop filter 14 for frequency control and a digital/anal og
conver teepdaduenpibayi iy bheliifdgdnby @ rpreamplifieut mdt edhiownm &hd is
frequency error detector 13 so as to control frequency to an area where the
r epr odusatb pectedc kt e aredrer exytibdui onwizisch Weniphidei 2epr aduhtigherdi greauency
signal. Meanwhile, the VCO 40 is controlled by a loop filter 60 for phase
contr olcamponedtgbyala/ amatefboreqia iz 17§ fepheyi2naHdregpfeee. error anount
outputted fromthe phase conparator 9 so that the reproduction clock is
synchroni zedawréproectdpmodignal skpfjéstedi gpahighaireguendy ¥Rphdeilas
outputs of the digital/analog converter 42a and the t s 2 2 AUG 2002

di gi taliginad NEpreavetdera42pigivarh fignaddegiby amudddpleblbiltsi Npyt t ag as
its control input. By a series of the operation, a phase of the

repr odugid Dvg £8 96k tand conviaseeof 3 aasl ackmeiponsnt cbav@értiddean analog
reproduction digital data can be synchronized with each other, resulting in
a st ablsi qwgll aceuaat®i g PaDABGGnAN ofs dsBowal ifatMideesr dedbon amepthasl

di sk medi um However, when a phase error detection as a part of the

phase- lwigked hoepprddidineslbaredeneratddnsy) Hefove (WA edé i ebntrol
response equalization processing as descri bed above, phase error

i nf or nEdy g OScilratobegt 402N (diusldyéd 4T aokahnbe iRgRTAdCkesnd ORRen a

i ncreases, under such conditions as the deterioration in the reproduction
si gnal pghifsd oot theadprsdidt LogneleekObyedid ived i o0 ahar aCipHdséi 65 af

t he wavef orm equal i zi ng neans. Thus, a signal sanpled by the anal og/digital
conver t@rodie OdébmpbneatMB hddseppt athe ankbd el ©EOIiEnt NG iRRNAIOT NBPCethe
cannot be sufficiently achieved in a partial response equalization by the
transveiegoducifg - méhasehe ard yfitdhYz88 (hen' eAcHIURINSP, S amplihg
deteriorated and the deterioration in the error rate may be caused.

Furt hegatdtduhshéwhsinl ket PANRSLhE® HSEAPRBUG Phase error detection
based on the output signal "of the transversal filter as a neans for

avoi ding sugygibe, ol @Ot beaghraELECt | Wardypignce daRaNS becouas1a

| oop delay in the phasel’'ocked loop is increased,” and”a range of
phase- %&Jﬁ%&ﬁéfﬁn for? 2 PR 2092 7 Resglifd£aseffaRimbite StPkiiiNo8h
t he phdse synchrontzation is

(hereinafter, abbreviated as “PRML”) signal processing system.

The PRML signal processing system is one which requires no high

frequency component in a reproduction signal by adding a



| ost according to the nethod. The present invention is nmade to solv% the
above-nentioned probllens and has for its object to provide a digitZﬂ AUG 2002
recorded data reproduci ng device which js nost suitable for a parti al
réesponse equalization, is high in phase-|locked pull-in capacity, and is
capabl e of decreasing an error rate even under such conditions as the
characteristic deterioration due to tilt and insufficiencies of anal og
equal i zati on. DI SCLOSURE OF THE | NVENTI ON According to Claim1 of the
present invention, a digital recorded d repr,odugi ng device conprises. an
anal ogM&v& cb%B%Fg?gSnﬁﬁaﬁﬁﬁﬁﬂ %ﬁﬂéﬁfﬂgaEQWﬁﬁhﬁék?§oﬁnsﬁﬁéﬁ%cﬁage
recording nmediumto digital data asynchronously with a phase of cl ock
conmpon&ft FﬁEFBg]BHtilﬁ’nt hdakRgRyY : UEiRgGi falMR “’Borll"e'&g} oﬂgarfge?%ﬁhng
correcting an of fset conponent and an _anplitude fromthe sanpled signal; an
equal | Befdod, t LR sdepedulagesne the r RAH PERBRPLE aS®&dkasal B¥spdnse
equal i zation; _an interpolation filter for reproducing a signal in a regular
sanpl i BEopakdd ¥bnrabeudpgion aansidening the girvehpPrredpdarference,
equal i zation by interpolation; a filter factor control means for adaptively
controtPggkheri i iRed fERRPEHPABELiAR &WANIeR| 45 Whieh 38 tamplipude of a
equal i zation error is mninmmbased on an output signal of the

i nt er pbighi dxrequengy companent of)aasgiig etepirsatesopndoa deigralng a
phase error based on the output signal of the interpolation filter to

updat engisel trat facinereasene vittheraw! dncoeasel tigy ;regerdingxdemaity in

| i kel i hood decoder for subjecting the output signal of the interpolation
filteratdiaeasximagordimgidbovecti@ondi ng according to a type of parti al
response at equalization by the equalizing filter so as to performa data
denodul at i oFheTheampbed, dagitalmesngnade| whbtbdmaddddgiley kiabs béspamfmriteed
based on interpolation data in a regular sanpling phase, resulting in a

di gi t atodamna ofefiseitl avrvectionh meansot 4 atbecpant dnt aanaoEfoein deimgroreeEmt i on
due to tilt of a reproduction signal or the like and is suitable for a
parti aincésgdeds e nreikh eureprrioduicttdach ditgiltal). sAgnaldi ngThe Ceprodhadidme
present invention, a digital recording data reproduci ng conprises: an

anal ogddgdteadl sdgyneck tsulyjeeted ftar cffigét ngozreepimiucis oinpugheld dfo aa
recording nmediumto digital data asynchronously with a phase of a clock
conponepanswersddd fiil ttdre 6i gmaperfodingiat plarddial aoespohsenequaid zhdrion.
correcting an offset conponent and an anplitude fromthe sanpled signal; an
equal i zi ng Aitl tehis otimeyj efti g tbharactectist izt ghhktt am pgubildlzatekponse
equal i zati on; a phase-locked | oop for detecting a phase error based on an
out putostpnal sifgrhdie egualulAiinpiuéd eby applyingf ahieorpanviadl responder
adaptively controlling a filter factor of the equalizing filter so that an
equal i eqaadhzartion ia shown in figure 24(d). A weighting factor of a

tap of the transverse filter 6 is supplied by a tap weighting
factor setting means 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.

A phase-locked reproduction clock used in sampling by the

analog/digital converter 3 is controlled as follows. That is,



rr9 2 2 AUG 2002 m ni nrum based on the output signal of the equal izz'zn 02
filter as well as controlling the filter factor so that there isén 8“@&9
error based on an output of the phase-lgocked | oop; and a maxi mum |ikelihood
decoder for perform ng a maxi mum li kel ihood decodi ng according to a type of
partial response at equalization by the equalizing filter so as to perform
a data denodul ation. Therefore, a maxi mum i kelihood decodi ng can be
performed based on interpolation data in a regular sanpling phase,

Iting in.a.digital data d i Chei Snot ,
e 0 ke SR B el ot sfet b martion
S o B PR oS, TR BB el bep dvaian. shu et |

i U7 scale or cos |'ow power consunpti on,

or decrease in an error rate.. According to i e;pres s e

i nvent PEFPUE i ifAR3q r@cﬁﬁ’d‘é’&’%’azgte’pc?'bdﬁégﬁgrg]eaeg{egéalg ﬁgf ?n%gﬁ?%l ¥m1
or 2 conprises: a clock generating neans fo eneratin o j t _
phase R&yieR ARk i fRa ﬁatlst)f‘i%g%?B%‘E §W§ﬁ89%|%e§“?ﬁﬁ%h§%r \égpr%edg?:ti on
signal of the recording nmedium a frequency control_.nmeans far. cont lipg a
frequemdpsst deagddhoc ReFEFSTK ed"goy“'&ﬂ&?tl 6’&?"3%5nert5ﬁ n&W%’Sg asrcga‘gll‘%‘lﬁgt he
out put of the phase-locked | oop; and a phase synchroni zati on i nt ai ni
means between qyeighper tRGt FEFOSE rOFSESa Me&blrt{‘ﬁs 8 88%353%%%‘6“53%
the clock generating neans maintains a L. Z Z AUG 20%2 i 0

synchr ofi zat spnchrandzBiden dprtherBudsutdetetted physé | HERAYSNGYp 8T Tor
Therefore, an oscillation control of the clock generating nmeans can,be

per f or dedewtior byl3a r sh@reheqeasididnmt ol THRAUEPTYH/ EorfPeRnEn FRe
nei ghbor hood of synchronization frequency, resulting in a phase-| oclsgd | oop
Wi th hipgir facour frgqaenggl coadnal dhsthe repFedustion aﬁéPgﬁ-a htRer
Further, there is no need to performa high frequency operation, %té]%ebg

r equi r phgseo imGonmatsionab fisrepsosaciden Aigitahcdarai A§ AEtEk ¥t he
present invention, a digital recorded data reproducing device as define_in
d ai ns phasenpeosparatotel 2 aLBpdoy ingdut e | @gt@éﬁnssi’-sﬂaéulﬁ%c??‘ﬁg LREEDI
signals fromthe frequency control neans and the phase synchraoni zati on

mai nt aicirieateiors meansdd,t aiRd gan pIBAE BTHAT AMPUDY ohp pRES T PhRJP
renovi ng a high frequency conponent of an output signal of the deltal/sigm
modul atsiyg heansza fben ef cortraldi ofur bhacerepradwedsan oGdRFF opndhehh
rough control is switched to an up/down control can be suppressed and a
snoot h depapianetyidol dbgdpatadate [der fdeaisted whereby a nore stable

phase-1 ocked pull-in can be realized, resulting in_an enhancenent in error
rate of reprrict¢@nsdaia. chatirodledh hywra rkvopf LihEeE ddk I hFERINGTEans

may al so be designed in consideration mainly of an enhancenent in contyol
per f or womtrall tdred r caighddgitadl/analeebyceiverteyi nd2kn SARIRY 19 cubhe

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, the VCO 40 has

outputs of the digital/analog converter 42a and the



~"an anpl

m-2 2, AUG 2002 According to Claimb5 of the present invention, a digital
recorded data reprodicing device as defined in Claim4 conprises aztz r@ 2002
constant varying nmeans for varying a tige constant of the |ow pass®fil gr.
Therefore, when a reproduction speed of a recording nediumis changed, a
time constant can be varied according to the speed, whereby a snpoth
frequency foll owp can be perforned independently of the reproduction speed
in a data reproduction system which has a node of reproducing the recording
medi um I : 100 4trq, Cl a4 t seat Jnv LAN,{N a
di gi tal &%gggggégnag? rcedp??‘g u{gllegg‘1 eVi c‘gﬁg&sﬁdggiene CIPén§C?2I rﬁdz %?Hg? v%ie'n

—-.an offsﬁla‘gg%gat ggné.tiés(#‘ﬂér%fegn%g? digital data correction neans adds

€ conponeén a porn €fe a center line of a sanpled waveform
crosses zero_l evel w.th respect to the point ile t ans_adds, a. .

o esor i bed VAYuE SERATH (RELERE whenit iy 4 PhapBast: e coaB RAnytion
respect _to the qther. points where a code is decided, .Therefore, an accuracy
of of f SEHoGKr 8PS fif BPARS SIF | o7 LaSkeCORRARERE, NAth B TFF oEPEARNG

is mude_ to.respqond to a direct current fluctuation including a high .
frequentydibbonane. ca tie; FroEhroRiaed e hePaEPoR BT oesBRLELng it se
after adjustpent are possible, where a, data_reproduci ng neans avail.abl e
for 1 hed (PFRBLE AP ACTIRATE AFFEROGHFEION of | digitals dpta Begprdedopn
According to Claim7 of the present invention, in a wdigital recorded data
repr od AR nPPELGRLcdAEkIBEHMMin Caim | or 2, when an offset adjustnent is
performed, the digital data correction neans adds an anplitude conponent of
a poi nt wherBowWe¥err eWheme aQof PhagamAPnadetechionsass acpartevef whe
respect to the point, while the neans adds a val ue according to a polarity
of a rphrRcirekedodeR t B-sr eBpEELIMED HeaseReOhoANtSE ebefr the
deci ded, and nakes the additional value different between at seek operation
and at BaetidheraSRANShEeBIHkZakionc ARARSSBENGf Afet dBFEEA-bEsk oARAMSN

i ncreases, and, even when an of fset adjustnent is nade to respond to a

di rect RPRAF@NEIFPHcABOrMRY IRR udf ndNEORILGIS Y r @ nEhusospdidifier .of the
stabilization of the operation and a decrease in noise after adjustnent are
possi bighasgrelepked dheapr epPSTCASESF meamslew aigumh e eRdihEoBFr e86 ciyeent
fluctuation can be realized, and a control according to an operating state
i s. posigtgmiorakieny dnhahbengreppodpsiiian y.signal dideet ct@ atil8 ohndhe
present invention, in a digital recorded data reproduci ng device as defined
in daiinsgufficiengieal ofaeguadrizatiom chansctarisidics wafe thrlivaveipbrm
val ue at seek operation while the nmeans decreases the additional value in a
phase #awhkiopinatineanstat fhukheraefdignal tsagppedsblyl &heo anakembdigital
fol l owmup property during seek operation and to suppress control noise in a
phase SANMNBLERE atisonoytat €F t hermieyl ephbSengsthAtenvsandui therefore? hauG

2UUL
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.

Further, though it is already proposed to perform a phase
error detection based on the output signal of the transversal
filter as a means for avoiding such state, it cannot be an
effective avoidance means because a loop delay in the phase-

locked loop is increased, and a range of phase-locked pull-in



13 offset control. Accordlng to daim9 of the present invention, in

digital recorded data reproducing device as defined in daim1 or 2, Zwﬂﬂhzmu
an of fset adjustnent is perfornmed, the glgltal data correction neans
nonitors a cunul ati ve additional value for a prescribed period of tinme at
each point in a sanpl ed waveform and gi ves feedback of an error anount for

a direct current part discretely to the direct current part. Therefore, it

is possible to performa restoration froma pseudo | ock state as an

abnormal state at hjgh sp ereby enhanci ng pl ayabilit According to
O o 188 oARCRE AT AE 0o Rt O LY EY aOF (ie PRaBs: (e S ERE o0 35

devi ce as deflned in Caimz2, after perform ng a phase-|ocked pull-in, the
filter ¥QEFOP°€Gﬁﬂﬂ&9lﬁﬂﬂﬁﬁ?ﬁﬁ?%@ﬂg-a partial response equalization
successively as well as sets its loop gain to be sufficiently |ow as
conpar ed wi tBhehPreRgsd- | brkewtionp isamadrertor #olyesihehphgveonent ioned
intermttent control operation when the phase error is decreased.
Ther ef opepbdemsi tandf hast ifameitat #hijedthcteagmpvider abyd ighbati rgceredd
of phase-locked pull in. According to Claim1l of the present invention, in
a di gi tdatacompretueingr dewittei whiddyi te mosh i swidabd gr Eampla f partiial
enphasi zi ng an out put anplitude of a reproduction signal froma recording
medi um respaneoeguallig £t OMUG 200Egbqgdal phiase-sxrked oputiphasicapagity,
prescri bed frequency band of the enphasized signal; an anal og/digital
conver tamd nieEancapablmanplifi ndetimeaedny | aed ergoal rate dvenalumdem \&udh
multiple bits asynchronously with a phase of a clock conponent included in
t he si grmahdbyiensl ask tgheechaaddbermisobeci detteariormt idd sdtiecdra etilon and
means for decreasing an offset conponent fromthe sanpled signal; an
aut omatims@if icdientiels rEfarndlug ceusl ingttiba.anpli tude 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
hi gh-order interpolation filter for reproducing a signal in a regular
sanpl i I $CRESUREOCOFt MHES IINVENTIOY ected to the partial response
equal i zation by a high-order interpolation; a tap weighting factor control
means for comécokling &d aplaemgllt io thet preferdtheihventionsala fdligétaly om
the interpolation output signal adaptively so that an equalization error is
m ni NUNteco pdege mafap@bdﬁaﬁnqetmi@e aouiRses€d § oanf romaldg/digital
interpolation output signal; a loop filter for snmoothing the phase error
si gnal ;corent DAY rmaahskeEbErOOdaﬁkgqq foor rapyabicOgohhesighanpobgt i @n
output signal to a maxinumlikelihood decoding according to a type of
parti alré@spding medegmalkioz @i dly ddea t 43¢A¥AFSRoUdlly &Fit0 &Sph&s@ebifor m
a data denodul ation, the asynchronously sanpled signal is subjected to the
parti ala r RS e cimpon&it | olnchiided phasetB¥NCcHignaZati an dsgLeapengatad
by a phase-interpol ation-type digital phase

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-



15 2 2 AWK 2002 | ocked | oop so that a data denodul ation is perfor nzdz .
Therefore, even undef such conditions as a characteristic deterioréatd &UboiﬂUZ
a reproduction signal due to tilt and iisuffi ci enci es of anal og
equalization, it is possible to decrease a fitter in a phase-|ocked |oop as
well as to reproduce the nost suitable partial response equalization signal
by detecting phase error information after partial response equalization,

t hereby enabling a stable digital data reproduction which reduces an error
rate as, wel | ~as has high ase- | ocked |1 -in capacity. According to . Claim
12 of t]rféc'b?‘észﬁt"ﬂ ng‘éﬁt icﬁ“ﬁfe‘?‘?ﬂ"égdiagigﬁ?s?e&f (- o e‘b?oginﬁgnﬁ“a:@ﬂ e
conprising: a preanplifier fqr enphasjzing an output anpljtude of a

r epr od B IRAL sPEnther Apkex Rod &g i of 3R E nf Oa WRERH 0 AN ¥ FagtREams
for enphasizing a prescribed frequency band of the, enphasized, signal; an
anal og/Ehg)i iareEpalationy feRL § oRNdaRpIMaEinwa éé{ﬁgﬁﬂi‘@@dsiwd?S For
digital data with nultiple bits asynchronously with a phase of a clock
conponéitbiertimgdthe (tRIgnELIPR1a of obRegamtierprelayian £ddiieme 6P; aan
of fset correction nmeans for decreasing an of fset conponent fromthe sanpl ed
si gnal ;mapinum odsikel ood colreedingameeardinguste n@ t RypPepPift ugarsialhe
output signal to a required |evel; a phase-interpolation-type transversal
filter regpatsdaat uequadigadfion t bansvhesagqualizgingndf ilhegh-89 d@s to
interpolation filter together, for subjecting the signal .2 2 AUG 2002 16
subj ectpeer ffaxrm hea dapai desedadjaksitorent to a partial response equalization
and reproducing a signal in a regular sanpling phase fromthe signal

subj ect ed t cThércefarej ah mespomse kijkelibeoidordéyodinggkaor der performed

i nterpol ation; a phase conparator for detecting a phase error fromthe

out put Imispdl jom |iopefpolatibor damat hiimg the rehpsElarEr rsamsl ijmgl pbasketai n
phase information; a tape weighting factor setting neans for setting a

wei ght iregdlacimog bh a iddgitfal héaphademodindralcd i whithpdst motsvaf febted
filter which makes an equalization error minimumand is for reproducing a
nor mal wyanmal i wgveforal Getprtioeatizae idufeor wot | tdlandofhea outgpitodughabnof
t he phase-interpol ation-type transversal filter; and a maxi num | i kel i hood
decodersifqrtalsubjrectheg l1ikei rdmd pdsat sadtabilmit forgnal partiabxiresponse

| i kel i hood decoding according to a type of partial response at equalization
by t he nahaistm it tkeDihdbbandeypdingansversal filter so as to performa data
denodul ati on, the partial response equalization and a digital phase-I| ocked

| oop are regldasribygt ke leini bt @f thdhprekent fnventiva,sa digiealand
a high-order interpolation filter, which are supposed to be large in

Ci rcui rexedingan dad L omgpiraeihing bydrprisessveranl faddlesg/dbgith}
realizing reduction in circuit scale and particularly | ow power consunption
at hi gleospveart irepr ankns onfoAcCoafphinygo al arepkdductivn presgmali ne€nt aon,
in a digital recorded data reproducing device as defined in claim 12, | z
, 2 2 Adecilirndanédpumetghtiigd thdcidatsaisymghrenoasligswdth ld gghdset of
for each phase which is divided in a phase direction, updates the filter
factor af Oblbh:dtsecm?b'rﬁnﬁcqﬁfdllidwad 0 iMe fHesaidial jata o pyipalt edataom
the loop filter, updates a filter factor for partial response equalization
SO as terfditicat meamfUZoirZzatbrelitliglig bapedofisklke Oumpohenitgnahdof ahhe
phasei nt erpol ati on-type transversal filter, and superinposes the filter

fact or an@1 iRhAREe €20 Othanksdmpl éd! tetifigd AL} Olanf Okqualizing 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 controlling a filter factor

of the equalizing filter so that an equalization error is



partial response equalization, thereby setting the weighting factor of a
tap of the phase-intérpolation-type transversal filter . Thereforez ;ZaAgEa ?
for setting a filter factor for phase cgntrol and a neans for sett%rfg taE
wei ghting factor for partial response egualization can be operated

i ndi vi dual Iy, whereby even when a partial response equalization and a data
interpolation in a regular phase are communi zed only by the
phase-interpol ati on-type transversal filter, an effective control with high
accuracy.i s_possible w thout | osing both characteristics.., Accordi. to

3 o m HLBEnERG BRASEL R | P08 CRGREY F SO0 4 P the: STHALHATES: Solbatc 3%
device as_defined in ailm12, the_ ta ighting factor, setting nean

conpr i s¥&L aaFeﬁ}S’(B‘rtefro&]detﬂgi cf-H:EF’g %F%@é:t ég{i LrERegs al“i°orPSl'laa§%et
val ue which corresponds to partial response system based on the output

si gnal BFIPRe PagRdyePRal2R | (FWrPUGN ‘éguémezatﬂbtﬁ?ee'r]f%kedz ooREs 23 &
detector for detecting the equalization error based on the equalization

t ar get W%?‘Eu@llﬂnd-ltklﬁehglﬂ%td%gﬁaif diox heeRf9RBiAEr & MastPwumt ldkedijhagd a
correlator for detecting correlation between the equalization error and the
out put degadingr t3RCArahngr deko i ntder pbYRE onofi | tRALt AL cediRERORBEN at
regul ator for multiplying an output of the correlator by the sane nunber as
a gai n eguadtiepsieng Mecthackayaliz ing afilserosaupmt tag RRFEON®r aadii iy
an out put of the feedback gain regulator to a weighting factor of each tap
to updademedudptfigstor; a first register for storing each anplitude val ue
when a channel rate of Nyquist characteristics is divided in a tine

di recti on cofhexpénaienglay maximun flbdkeldhegd f decodingl diary heaperfformed
superinposing each tap stored in the first register as well as a Nyqui st

i nterpdbasedn énct bntermpedaltipmseaatal ainap waredulay fsamplihgr pheatses)
response equalization which factor is outputted fromthe tap factor

updat i noegpaltingl imala délqital edatths denodul attiay whicoht icf nott addlemted
time, to which of the first stage the signal subjected to the partial

r espondey equawiayatficam | detrgmitdcat bonl vdue h @y e tiidtter odnnact eeproduertiien

an nultiplier which is set correspondingly to an input of the delay el enent
in the sigsalstage theondiklee phdralsursditi=h by dianeat spastialll zesponse s
of a connection point between delay elenents and of a delay elenent in the
| ast sStmapeimam likelihood decoding. Further, it is effective for

reduction in circuit scale or cost, low power consumption, or
decrease in an error rate.

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



adder ,for obtaining the sumtotal of outputs of the nmultiplier to generate
an output of the tap'weighting factor setting 2 2 AUG 2001 19 ngh@sAUB 2002
second register which is set correspondingly to the nultiplier; a register
val ue updating neans for updating a val 48 of the second regi ster based on
an output of the tap factor folding neans; and a selector which is set
according to the second regi ster and selects an anplitude value stored in
the second register to output to the corresponding nmultiplier, according to
t he out put phase,information of the loop filter. Therefore, there is
provide&ﬂf%ﬁiﬂﬂ%#%ﬁ%%ﬂs?Fﬁﬁﬁ(P??%# P&al B8 nguiPlLy dhicEBe RhaR el arked
enabl es _.an effective control with high accuracy w thout |osing both
char act 99+ cs even when a partial response equalization and a data
interpolation in a regular phase are comuni zed only by the .
phase- i nt er pAhRTFREGpeanr g58idrlatiion | ceptradc Ofdi BHRet 6lock gamewAating
present invention, in a digital recorded data reproduci ng device as defined
in C ai meahscoqn ike performedquendy &y & xhkughtfrequengyt eomtrpla and an
frequency error fromthe output of the traversal filter; and a loop filter
for fregpddowrcontootrodr simot Hilng t meidghlerkeodr eqfencgyachoromigagionng
the sanme to the oscillator as a control signal, a gain of a |loop for
f r equenyreguenay, wheshltingudes & hehasepldckedr lomp fwighehdghc mdcwtacy
reduced in a state where the frequency error is under a prescribed val ue,
so t hat ashevgdtcassiimg drast e f reduatiiceguemcgnplbly- ielement®l t Further,
phase-| ocked pull-in control, a loop gain of a |oop for phase control which
i ncl udeshelre [dlsase qoegdirtd operformdacddgh freq@énéy 20peiEatod ,c adeemdtey e
the prescribed nunber of synchronization pattern is detected, so that the
pr ocessreguiltiiiie o megmutes| againsns aocddaptgemerat Domt i ¢ equal i zation
control by the phaseinterpolation-type tap weighting factor control neans,
and the procestiowglialy fts teadm it 6FvalheOptesbntydrvid@itiion, r as@inpiccal
adaptive automatic equalization control which discretely reflects a
cunul at rgeozddd | alta varegprotuaingiualévi¢é Onasr r defdfiwint i®n @lhdms 3
wei ghting factor in a state where an equalization error by the parti al
r esponseongafiisioss aud ondélea¢gigmazatmedulatingl meawsderfox pr eadjideatding
val ue. Therefore, it is possible to realize a stable phase-|ocked | oop and
to preveshteoll igyralis ofrédnthel fafdfieddy PoAELDBII MEaH fdndf the pHaHh
control to a phase synchronization state. According to Claim16 of the
present syfivBRbndzatibrd mh thtainifAgonthglate &e@eddis/ igmeVvneduda tdefn ned
in Caim12, the tap weighting factor setting nmeans sets a feedback gain
when thgndi lat elow aphek Al HdiSLo £ ORemv iy URAALGH FrafudicPecomponent
sufficiently larger than a feedback gain when the filter factor for the
parti al ofegpobRt pRdu gl Qi iShelpdal ed/ sarmhal b asat f1eg fmeaas .factor for
the partial response equalization discretely.

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.



Therefore,, a conpetition between a control of a filter factor for phase
control and a control of a tap weighting factor for parti al respoefg
equal i zation are prevented, and a phasEkfontrol is given priority & ,AUG 2002
thereby realizing a stable 21 ~2 2 AUG 2002 phase-|ocked | oop as well as
enhancing a playability because an i accuracy of a partial response
equalization is not lost, and an out-of-control state does not occur

agai nst an abnormal signal. According to Caim1l7 of the present invention,

a digital recorded. data r oducizn eyice conprises: a preanmplifier for
enphasi zi ng oo’iéjﬁﬂ gﬁ*ple(ﬁauh‘g Sf %aprngo&Fc‘??%rh silé‘ﬁ'ﬁ TG a?r & Jd‘i"?\b
medi um _a_wavef or ual i zi ng oeans. for enphasizin prescribed frequency
band of TEREXOGShad Tt sFERAPIEI S AT G (2P OGS Rg tBanS Al 4
sanpling the.e%%flizqg.signal to a digital data mﬁthfnultigle.bits .
asynchr BRBRELPSH (A &8 PREs EYSLARY o TR n BN S c E9FedVRARY RS s? gt ™By
a cl ock generated py .an oscillator; _an offset correction neans for
decr easFRYSEANG Pfeit RS kMR BSFr EALERE *sanpl ed signal ; an automatic gain
control neans for adjusting the anplitude of the output signal to a _,
required | ev@herefiorg,s when| as repEPANgtionsRaghPind eEREALNDGMEI M o
the anplitude adjustnent to a partial response equalization; a high-order
i nt er pol&t iYARgeder ¥ of 1MereanEtARta GARYnHe | HAF1ledguRaFCsadkHIg nEopHdie
fromthe signal subjected to the partial response equalization by a
hi gh- or @8Peernt eWperebyor? Smofthefyrauegcyacfollewipr ofanehes Performed
controlling a tap weighting factor of the transversal filter fromthe
i nt er poLladependentdy fNGHnkheadgpriodaigtinn tspeedn iagamldatai sepaodmclion
m ni munm a phase conparator for detecting a phase error fromthe
i nt er pos¥sten shigk hagnal mogied of | xeproducingf shesmredradgnghmediipe at
error signal; and a

double speed.

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
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.



.2 2 AUG 2002 22 maxi mum |i kel i hood decoder for subjecting the
i nterpol ati on output 'signal to a maxi num |ikelihood decodi ng according to a
type of partial response at equalizatigg by the transversal filte2 goAds 2002
pérform a data denodul ati on, as well as“conprises: a frequency contro
means for performng a control based on a cycle of a synchronization
pattern included in recording data and a tine wwdth with which the
synchroni zation pattern is detected; a phase synchronizati on maintaining
means for nonitoring a control ,range of the loop filter .after a frequency
and a frequeRSPER1IBIc| bRk G%ﬁﬁ@neﬂt Phicl thed PREERBY cANYERLIUH silghald
~.are pulled in to the neighborhood and perform ng an up/down control of a
~—¢cl ock fHhitenkyresordad Pherpredueing deyige ras ydafingda préhpim 1
operating range before the signal reaches an area out of phase
synchr ®@% z&t i eheBoalr OLLasld adjvstmeni: dis @erfeormedantheodicpitabl Hatg
the oscillator based on an output signal of the frequency control neans and
an out pRrrgqfiien gieans pddse agy @gipbitiude | companansi nifn@ mexint Wheref ar e,
a frequency of an asynchronous clock at reproduction signal sanpling can be
al ways ceitemi dddeni oifi naa samplel| awhvefanpe ofoasesgi saerophhewellockéth
| oop. Thereby, a snoboth digital recorded data reproduction is possible with
no di scespenti tho pohet point;r whg l& tlemsesyscaddai aavadmec @dcaddingdta
frequency control and a phase control can be thought separately, resulting
in a siamppelapityi tafi i an wéprdducvhbnolcod@3withnsrespaeatosto | ithieor ot h2r2
AUG 2002 According to Caim 18 of the present invention, in a digital
r ecor dpo idvtisa wheer@dacicodedeis cdeatdddf, f ameld makesd athe 1dddtitdoascl | valae
control neans conprises: a delta/signma nodul ator for nodul ating the contro
si gnal ddif felyedmvbetindéen| abyskekk ppaaatslor dmdi 28t the 68heraivinkg. means;
and a low pass ffilter for snpbothing the output signal, thereby to control
the oscill atied®fdhe, oubput stgaphcyThes®f ObEfset a €RF6r WdEFf drmabishm
frequency control resolution of an oscillator is rough, and an oscillation
frequengy reasieds, vasiid,y even)/ ¢hen cant rerrueen ad]f;ﬁgﬁmenty 2k amade to
asynchronous cl ock enpl oyed for reproduction signal sanpling is maintained
Wi t hi nrespemid oldoablee idings©f cuti@ntal fphasaheibad igeludin®dud athdghi s
performed in a time direction to control an oscillation frequency of the
osci | | #reguendy f componesd) Ut honstdBDl 9Ea8iBal . ofhamrRbyopbeat ioch Nand a
di sturbance at up/down and a successive reproduction is possible, though

there Héeczehisek igf rbiderdppee gajastment idrd HoPdastel OGkeddbiom ddea
t hus reproduction quality is enhanced. According to Claim 19 of the present

i nvent reprodudidid dheans available for the direct current fluctuation
can be realized, and a control according to an operating state
is.possible, thereby enhancing a playability.

According to Claim 8 of the present invention, in a
digital recorded data reproducing device as defined in Claim 7,
the digital 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



recorded data reproducing device as defined in Claim18 further conprises a
cut-off frequency varying means for switching a cut-off frequency gf2tngg 2002
| ow pass filter according to a reproduq%ion speed of digital recording
data. Therefore, in a case where plural “reproduction speeds have 24 :Z 2
AUG 2002 to be conpensated, or there is a difference between the inner and
outer peripheries as well as in a kind of recording nmedium 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 be‘?%%??%éﬂgnﬁﬁeieby reproduction characteristics can be nmaintained
even under the condition that a reproduction speed changes vastly.
Accor di ng t REFArding ofot helaiBseht PHverR® orPreReRtdi NVERLABRGr dd# d&t a
reproduci ng device as defined in any of Clains 11, 12, and 17, the_ offset
cor r ectdmitdhnEecangeds é@taarﬂ-”%P¥§éPCélége@ﬁVHg—'%$nsdﬁéllr‘&é‘t ddt i hhasm 1

of fset conponent held by the sanpled signal; a snoothing neans for

snoot higky 2 hewhencaned®ifget adinpbnent; ighdertesnedet ithe igiktabrdata
subtracting the snoothed signal fromthe sanpled signal. Therefore, the
conf i guranrect ien ppebasmuen btéxet acrurelabihveamdsbitienakevaluea towi e
which is capable of performng a stable digital data reproduction that
reducepreserilmedr periad wef | tamehat headh ppadet| diokead samplied cepuefoym
even under such conditions as a characteristic deterioration of a

r epr oduaid opiweg nféedbackooifi lan axkomsaméustefiorea direaed apmeprt i parton.
According to Caim2l1 of the present invention, in a digital recorded data
repr odudisuretelyctohthe dimectseurrent geaptifier for enphasi zing an

out put anplitude of a 25 .~ 2 AU 2002. reproduction signal froma
recordi ng nerhemrefereavétorina qpss izl agtoeper form eaphesitpiradg iwmresemi bed
frequency band of the enphasized signal; an anal og/digital converting neans
for sapdeudb theckgsalatzedasi gnalabmormall gstakedaita high spleleidyl etivetreby
asynchronously with a phase of a clock conponent included in the signal by
a cl oclergeiint g da byl apabstiiklyat or; an of fset correction neans for
decreasing an offset conponent fromthe sanpled signal; an automatic gain
control meanscddrd g uste N ldim amo | bifdethe tpeesehput iAvgAaliony ain a
required level; a transversal filter for subjecting the signal subjected to
the andidiwla atkesiaeat dheaa repriodiic imhy pesiceqds! degined im [dlimr 2er
interpolation filter for reproducing a signal in a regular sanpling phase
from t ket nplerFdiintiaied d 0 phasepdiddleed I gafisen pqueté zai e by factor

hi gh-order interpolation; a tap weighting factor control neans for
controlddnirdl t apea@isght pegfoamisor 8f thwrtifhsvalesPoriset eleduaiiidreion

i nterpol ati on out put signal adaptively so that an equalization error is

m ni NUguctgivisfe BPNRS! ledl foHs gdetectiti Boppagaial res beomdfificiently
interpolation output signal; a loop filter for snoothing the phase error

si gnal ;1oadas rEompaied kelthoathe epadeeS10c ket Q.@ngﬂg bhha i péeroomat i gn
out put signal to a maxi mum i kelihood decodi ng according to a type of

parti alswiediife 86 Q@UaAhEeimebtbitt bt PsBvepezhtiiion afhen &het ?mé orm
a data denodul ati on, the asynchronously sanpled signal is subjected to the

parti aledr@P A dested s&@f 1 on, and a phase synchroni zation
Therefore, quality of attitude data is increased, thereby
enhancing a speed of phase-locked pull in.
According to Claim 11 of the present invention, in a
digital recorded data reproducing device comprising: a

preamplifier for emphasizing an output amplitude of a

reproduction signal from a recording medium; a waveform



z-Z auc 2002. 26 is conpensated by a phase-interpolation-type digitzl

phasel ocked | oop so that a data denodul ation is perforned, as vvele s‘\U[hQﬂgz
of fset correction nmeans perforns an offfgt correction with reference to the
out put of the high-order interpolation Tilter. Therefore, an offset
detection with higher accuracy than an offset correction only by a polarity
of a reproduction signal code can be perfornmed, whereby control noise after
of fset correction is reduced and a | arger feedback gain can be set.

Tt DY ki S50 O ok ChuBHaRARSHR, L AR B B E AR i, o

reproducti on under, an_abnornal conditiaqn such a defect. According t

O ai m 25061 §PRNZE HEEH( SHARARA AR ARSIRH (1% L bc SRMNELEANS r BERBRcER
device as defined in Caim.21, the offset correctio ns conpri ses:. a
ot o cr BABEI IR (A SHRALH AR RLRRL o B A | PRGLE oo BN VLFR BRItisle
anplitude directigon with respect to a sanpling signal at a positi.on where
the out PatsSsidfvacionarsly gisha& Rhage pBI“-a%i &qu’Ft‘é?mE?BQE‘Es ingipded
pol arity val ue output nmeans for outputting_a certain appunt of values wth

di ffer eAR Jdi€arsi9nak BY dAn§ioSk %’P%F‘?F?dopl’t ik s‘?%’alléB‘EIEPV\PPh afEsrbt
to a sanpling signal at a position other than the zero-cross position; a

| oop fi FPEXELEHLOH fB@ANSor: t AeeTras iftbodRi MEfIRt ogopRPONSENghafrem thhe
zero-cross anplitude output neans and the output signal of the 2 2 AlJG
2002 27spupaed: signak; oanpautamatic agaim odntrelr aeansmgferandjuating
perform ng an offset renoval by directly subtracting the output signal from
t he out pbe samphitedet lef arftdlegoditgiutal sdgnadr t 0. Fheredqwiredanlenelet a
correction according to a recording nediumis possible even when a

di f f er ehransyersiadg et emn iforr egnbiiectingAdde dé hgnad Gudijectdf tohethe
present invention, in a digital recorded data reproduci ng device as defined
in Cai amp2itude oadjustoemtecticonanepartiadpr responsepoleguiatlyi 284 ion putput
varying neans for varying the output value of the polarity val ue out put
means tbigliogdex riztterpdlahioparfiiltter hfovutqrpradicingf at lsigmab- dnoss
anpl i tude output neans. Therefore, the nost suitable offset correction
accor di nggudasusampilings pghase afcomt the sdgpexdf gulejecked| of bheapaodeial
polarity at seek when a followup property to a level fluctuation is

requi r edlespoasehaeqaatirzatyiosf »yr eprobiighorder 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, the asynchronously sampled signal is subjected to
the partial response equalization, and a phase synchronization

is compensated by a phase-interpolation-type digital phase-



signal, while a control is performed mainly for a zero-cross anplitude at
reproducti on of successiVe data when accuracy of a reproduction signal is
required, is possible, and further, it jnvolves convergency of cor 20AUG 2002
t hereby enabling a high speed phase-|locked pull-in after seek. According to
Claim 24 of the present invention, in a digital recorded data reproducing
device as defined in Claim?22, the offset correction neans conprises an

out put val ue switching neans for switching an output value according to an

| g an out 1o
devi ce, 15 el egR e dhtl ¥\ drfa aphfatabich P IRAESRRANT, T TEine "
I th t put I f.th - |i tud t t
Seck.  and naBPRESLAE St U, APdE oS A0 FORALFLPRgalate Dut DAEFEEAStLC
|1 than.th t put | f th . . itud t put t
CUecoscHFECRAPRSEARDARY | of FREFBRSEFLAD oonbIlBFon B o thashiphasend

synchroni zation,is gvoided, and, even when, the, quasi-phase synchroni zati on
i s genelBFRELLAAENCASS oif cARALIDNLIUML £23T§ORe| f-—‘-Eesl‘-ﬁri Bs?s}?’g@ssibﬁﬂ e,
t her eby _enhanci ng plagyability. According to O aim25 of the present

i nvent | ®RCTRASE dRgi d&tYedcorided WaPhasgrlRekedy 4@OPce28s WEAdnedsi nto
Claim 22, the offset correction peans conprises: a counter for counting a
certai nCBRFPEHCEf tihee; MPTUMFRtIRIGdIPAG tiddns HRFPNFRI aBAYRL§Za%d00y

t he output value of the palarity value output neans and the output val ue of
the zer®ighass B¥pl detgetddGuPhasss excieeniniegrabieput 2E8err opaLkdal
counter; and a cunulatjve adding result nonitoring means for_ nonitoring the
out put E?@h@ﬂsefqgﬂ?liﬁﬁﬁb?ﬂve%&&ﬁQRyr@%ﬁblaﬂgaQiﬂﬁﬁgléf41E#¢¢hgdmkﬂe
the output signal is outputted fromthe counter, and, when being judged as
a quasi repreedusyienr othich i sedéicese apertsom MR tesaist wehh s dhawnhdgh jn
which a ratio of the polarity value output neans is high, so as to restore
t he st apkase-hoakednpPudld i ctapagitn. state. Therefore, the configuration

to performan offset
According to Claim 12 of the present invention, in 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



29 2 2 AUG 2002 correction can be realized in a device which is capabl e of
perform ng a stable 'digital data reproduction that reduces an ergﬁz éﬁ%ﬁgﬁf
wel | as has hi gh phase-locked pull-in capacity even under such c i

as a characteristic deterioration of a reproduction signal due to tilt and
insufficiencies of anal og equalization. According to Caim26 of the
present invention, in a digital recorded data reproduci ng device as defined
in any of dainms 11, 12, 17, and 21, thggtransversal filter conprises:
plural delay el enents having delay anount of unit delay tinme, to which of

the first stage the signal ,subjected tq the agnplitude adjustnent .i.s
i nputt ed ardRAEEREd, eg? ntté’r%oﬁﬁ'@é’ﬁéﬁuaﬁ s@fji-]é’ss,tnéﬁnrfulﬁ pl& ePaftied is set

cor respondi el ¥o bt ANe bRt zalki b e dRlPYrepeBRlichig! e {1di3h1Siagcaanong
the plural "uni el ay €lenents as well as outputs of a connhection point
bet ween delmygelanesdtmphih @fphadel dyoeh erteatsignahesibgecsedgbe tAmeadder

for obtai ni ng the sumtotal of o\l;gté{)uti. of .t he rru{)ti plier ta generate an
output of tR8rtiaker TEIRPBSE a RE1ZRLHORt or PV npuft ed HERTRI SEher

(nput of TN {BYSAMYn] 9 PEASE: chifpebald: 183 HedebRfip RUptMGL! zal | on
characteristics. erefore, 'the configuration to performa-partial response
equal i zat i cgr e fremethezetitiput sigrialk whlobp filtapabide ssthopetlimigi ng a
stable digital data reproduction that reduces an error rate as, well as has
hi gh phase-iR@KkBRFRE| EFROEaFi8l tO Dbtals $8oiBYRRMAHAN 5 RN

condi ti ons chal; isti eriaratign reprduct Loy .signal due
to tilt anmguf%ggﬁﬁ g%cf}ﬁ’m oé‘gé‘gyégi zg‘i?%ﬁ.s Aéggrdlglﬁgﬁtrgéﬂ %i m 27
of the preseeighnyagt faotornof aitgig alf theopdeds elairat ¢ 1gpo hitioimatydewi ce as
defined in any of Clainms 11, 17, and 21, .the hi gh-ordey, i nterpol ation
filter conpfidegveppadalfiligny vdrishnBakss n@HeCAR AR08 GRIPTdel ay

time 10 Winihidhude dabP LS AP LR Y dNRingPhCH S | O8,PBIIME]
response equalization i's inputted an ich are interconnected Tn s@ries;
an mul ti pl isigmhl drom tlee phrasspmfoirmghyion amd e caitphe siggmnlel enent

in the first_stage anong.the plyral unit delay el enment wel | as outputs
of a connec®f & ep(ﬂhﬁsﬁéﬂ%ééﬁpﬁglaéyoél'ém stré‘ﬁbs%?r%taﬁéﬁgﬂﬁrél éﬁ’e‘itai n the

| ast st age; ; f oy al niaAg t ot of &L Bi t

mul tiplier T%@ﬂgfrgt e glr?%%?ipét}wof c?'ﬁgﬁ;dﬁrt er?b\l/’\herée)l?%?ae\ﬁlel? ht ih%(f:]ef act or

i nputted tartferwéletiompougbuthesigwlidl ptoem | marimadm t hdrediiraadreal i ze
requi red equalization characteristics. Therefqre, the configuration to

i nt er pol at acgﬂdﬁlg agcording 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.

According to claim 13 of the present invention, in
a digital recorded data reproducing device as defined in

claim 12,



regul ar sanpling phase can be realized in a device which is capabl e of
performng a stable digital data reproduction that reduces an error rate as
wel | as has hi gh phase-1locked pull-in pacity even under such co#dj ty
as a characteristic deterioration of a(i?epr oduction signal due toﬁﬂ AUEQZ%DZ
insufficiencies of anal og equalization. _, 31 Zz 2 AUG 2002 According to
Claim28 of the present invention, in a digital recorded data reproducing
device as defined in Caim27, the high-order interpolation filter perforns
an interpolation base.on ist characteristics. Therefore, the
cont | o bR 1P  BeRARELRG HALLPS SREF Ihn eRDS iaS dhrBLLhE o EARE RGN TS
realized in a device which is,.capable of performng a stable digital data
repr od ®ASHbPRASE WhdGdesisinddviged: An asPh@se fALFeGCtHPRn -¢%ckB&
pull -in capacity even under such conditions as a characteristic
det er i ddii®hn ofFaGtPEpr §@%ct iIRIASS gnaPDYES Lt 0 AGARr BT | nkaf f it ncPBasSEf
anal og equalization. According to Claim?29 of the present_invention, in a
di gi t a|1m(1’&!@r%kplaa9&tpéﬁmm&ﬁgmdémeeelagpdehh%%lr'r nugdate7a thelter
hi gh-order interpolation_filter conprises: a register which is set
cor r esg@¢HAT | §0X¥ oPRKE LA HYARAISANEIYRSAEITABN SRS t e A iRLZMR kb
channel rate of Nyquist characteristics is divided in a tinme direction; and
a sel ecawalitgathion eswogorbaspend@mgithe conhputedgnal aef sthectphage-
anplitude value stored in the register to output to the correspondi ng
mul ti plingrerped@tion-type het vanpuerghdse fildftemat aod osuper inppsées| t the
Therefore, the configuration to interpolate a signal in a regular sanpling
phase ¢ddtlesr r fakitoed ifpnra phasee @hntiroills aagabtike off pkténr nfagtarst fbre
digital data reproduction that reduces an error rate as well as has high
phase- pacitdélpukrkesponse32equidlBZa@tieiy, chhereby esettindertbeciweibghitingns
as a characteristic deterioration of a reproduction signal due to tilt and
i nsuf f faicéwal eefofa at@pgodqubhez gphase-Antergpigtiondtyipe 3k mEnsgnersal
present invention, in a digital recorded data reproducing device as defined
in anyfaflt@rains 11, 17, and 21, the tap weighting factor control means
deci des the weighting factor of the transversal filter by Least Mean Square
al gorithm Therdffome, tacmeans giioat setttimgad fAilkeghtiagtdactfor guhaset o
realize a function of partial response equalization which should be
perf or vedtlrpla Andnsvemeansf i foer settbrgr eal tapd weighténgcefabtob ifor
capabl e of performng a stable digital data reproduction that reduces an
error partialdl weekpaasleaseluall ipaasion odad pel | eperasedci inddwaduaidey,
such conditions as a characteristic deterioration of a reproduction signal
due t owhelrebgndevers uivhieti eacpastdfalanabsgoagealediedl Drat denorahdigat ddtai m
31 of the present invention, in a digital recorded data reproduci ng device
as def intdrppl@tdion 3iin tdheregmlwa ghhase faré orommumicdedreandycobpritdes: a
tenporary judging circuit for detecting an equalization target val ue which
corr esphade-tintenpuoldtaion-esypase tysisvebsatd dilter put @ siePfdctaivé he
hi gh-order interpolation filter; an equalization error detector for
det ecttogtiba ewiighi Zmighn asrewradpseis opddwi kipiakiizdiown tlaygiig vaotch and
t he output signal of the high-order interpolation filter; a correlator for
characteristics.

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



_", 33 2 2. AUG 2002 detecting correlation between the equalization error
and the output signal of the high-order interpolation filter; a ffngBGKZUUZ
gain regulator for nultiplying an outpujgof the correlator by th ane
nunber 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
equal i zgt.l j C ho, -ner f d . er il an_he
R L B A R RO AR e e T
" epr odughlan {6l edUees N BITEL LAL ekt NEEahh N 4= PRRRC-A PGk
pul | -i n~¢apacity even under such conditi ons as EChat a3t eri sti ¢
det eri oration of g regéoguction s& nal due to_tilt,insufficienci of
RTPAcE £3

anal og 2§48Fi zath Mg i"m 33 ofCIHeE R EEnt '%entcf% gCring
digital recorded data reproducing device.as defined in Caijn 15, the
frequenEQIEFﬁé JﬁE&e%ﬁ&d%ﬁﬂnnqggs:e%PQgFﬁgﬁFBQS PLROCh ABfecilie f futput
detecting an_interval at i ch the, output_signal qf the high-order .
"t or poP 38PBR 1 1ihe Rbghaotaar, ARVERPOLAL RN N tAT oh PERBATN GRAR
detector for detecting ether a ratio of nejighboring zero-cross | engths
coi nci dEEILakox p‘ir%’écf“f‘ 1“3}?1’6?‘!:7olafi“za‘i"?'ﬁ‘hu"oaf’tfer‘ﬁ1 eRGER IRt He BYsithef
the ratio or not to obtain first cycle informatign which reflects a

r epr oduBBMENNEPREF &S thI3 bR oA FEINGitEma diredback gaimg aosapzfactor
synchroni zation pattern interval, detector for detecting an_interval untjl

t he synBRABKILAGt | BALFat oI ARAHARCt Y t%“HEFEctogecBgE cferdbagkor @R inn
based on this and a prescrjbed period. Therefore, the configuration to

det ect Beguéabercyteraowekghbingeflacker | ffa @RGSR cEakhith updafshbRe AP
realizing a stable phase-locked |oop and preventing a state out of control
after thacpediedsifigsthi Fegistem £angkoEdngr sRcho amplHidatde yviakueniwhen on
state. BRI EF DESCRI PTION OF DRAWNGS Figure 1 is a block diagram '

i 11 ust rat fhgnaedomatyuraf i Bpquisi whpracteristica dst divdsiediuinng ddiee
according to a first enbodi ment of the present invention. Figure 2 is a

bl ock diageahipnl ReFEeFRONA1804Y glirateadh oftads off f@p cdactay ok okstimg 4
in the first enbodinent. Figure 3 is a schematic diagramof a difference
bet weerm@@ng 3 for supsyimpesingateagh syspemtaniaesh in tbel ifbxshyrggister
transversal filter 6 in the first enbodi nent and a typical binary

di scri m@awedd astanlNygudste interpodatgoamfadtuen roni agchr mhaseyand a
characteristics of various partial response systens realized by the
transvetapl weightrimgy | facker i for pavtiabniresiquae &quald zedhiamt Wwhich
di agram of Nyqui st characteristics relevant to a filter factor setting by a
hi gh- orfRetor 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



2-2 AUG 2002 35 interpolation filter 7 in the first enbodinent. Figure 6 is
a block diagramillustrating a configuration of the high-order 2 2 AUG 2002
interpolation filter 7 in the first enbadi nent. Figure 7 is a bl ock di agram
iI'fustrating a configuration of a tap weighting factor control nmeans 8 in
the first enbodinment. Figure 8 is a schematic diagramof a principle of a
viterbi decoder as one of maxi mumlikelihood decoders 12 in the first

enbodi ment. Figure 9 is a block diagramillustrating a configuration of a

frequengyafEkorla deb86HAT refidtdPevhiic £8DeETTERbrrEspuhai b1y foblafk
diagramillustrating a configuration of a digital recorded data’reproduci ng

devi ce i dh Ag Lo §§g$g§k | t r | gt i i Ol ey 11
is a b|’g‘gﬁeﬁp%§§§m i?l ust atlﬁgbg%:ﬁ i g r%%?grrlleof a p?lase | nt rpaotl[:jél??loﬁa
type t Lohi¢ n a n -g@@ﬁs | e C odi Ri_gure
12 is Z’p#% E#ar tthreI %%E?g% ngéaal met oé%c%féé]rggue%%y%c'ﬁ% trol ?Egﬁ%‘é tap

s a 1o TP 4 _ i rol. |
he. socohaeakoEataine nediy qRar R  MELLE, B3R R0Ag-AtHE T 10

t he second enbodi nment’. i S a Bblock diagram i

hi v rbearseand fedkb Ber i [ ROARES, &R IneT IS heTuR AEEHEd 4% S
a schenﬁéic diaﬂran1ot n opgration principle of a phase. synchr t.i on

ot nt 2l RS RERRE T LRreH EoveEtRah o FBanEosd R PalE B detn
O e d8shRatal' 08 HRUATI RIAS LA BRSO ENRY PloL RS, |
thereofir1t£§e}2%5ge?m¥§g£§nas provided a specific constitution for
realizing a tap factor folding which enables an effective
control with high accuracy without losing both characteristics
even when a partial response equalization and a data
interpolation in a reqular phase are communized only by the
phase~interpolation-type transversal filter.
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



Fi-gure 16 is a block diagramillustrating a configuration of the VCO

control neans 39 as well as a schematic diagram of an operation principle
for a different reproduction speed in Hiae third enbodi ment. Figure %VMUE 2002
bl'ock diagramillustrating a configuration of a digital recorded data
reproduci ng device according to a fourth enbodi nent of the present

i nvention. Figure 18 is a block diagramillustrating the configuration of

an offset correction neans 4 in the fourth enbodinment. Figure 19 is a

310 TS PRRRE B DARREIL0d R Or P OfirBhi 8 (o ffLL SR TR

cont! SWALLNeR! 38 UHSE! 8! LML IFEEE A Wle Lot SO IR e

COT I CUPILIRAS A opEL O TR TRO IR Fofie®2 b @ Bheck dhagean

enbodi e UL €023 e (0 SRR AT oY AL 00,8 SO ALl g 3T
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 1in 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 from a rough control to a phase synchronization state.

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 contrel 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



of” a conventional optical disk reproducing device. Figure 24 is a diagram
illustrating recorded data as well as an output signal waveform at) @aaic 2002
function block in the conventional optbqal di sk reproduci ng device. BEST .
MODE TO EXECUTE THE | NVENTI ON ( Enbodi nmeént 1) This first enbodi nent
constitutes a digital phase-locked | oop which enploys an asynchronous cl ock
for sanpling by an anal og/digital converter, reproduces a signal in a
regul ar sanpling phase, which is subjected to a partial response

filter lation filter

equal i zgti on ransversal , a_hi gh-order __interpo ,
per f or B3F P %ﬁ%‘ﬁrg?%eﬁécf".e&& @%eﬂ‘%ﬂn?%ggoﬁt Bgﬁyﬁbd'r}ai‘ttpy ICRBAE &% a
~Jfilter factor of the highqorder interpolation,filter so as taq decrease a
“phase. AGHAGE et s PaFLiate raSRIR AR S L AE A b 1o RRts SR, (B0 30
digital recorded datf regrodgﬁjng device as defined in mlﬂsé; 11, 20,
and 26 A4FFEWIRTERL 4BERFELEPER NPT AT ERCRIRINEFgARe dbRATRL %gﬂﬁgure
1, an optical disk, reproduction signal obtained by a reproducing neans
(such as an A§539%¥dingi ERuSLaiR Lhooh khe inzespabuin¥ppriofde &nphgdtadd
by a preanplifier 1, and is subjected to correction which enphasizes a high
frequed@randed \@3baorRREQRIg i gdarine Tomptiagd era pPreampldifoier for
equal i zing neans 2 conprises a filter such as a high-order 1138 ~ 2 AUG
2002 e@muhasiging pah contputeampitiitatde bl @srepradpctiony ssgnahgfoemga
boost anmount and a cut-off frequency, for exanple. An output signal of the
wavef orecaysEing ingd hetihs a2 wayefony @gual bz ingi neans| Joal empliasizingl e
bits by an analog/digital converter 3 as a neans for converting an anal og
si gnal pressribgd al freguencyAt bardti of thhee iemphasiged asdlaadd whieh is
generated by an oscillator 15 and has a cl ock conponent asynchronous wth
t hat omnaleg/digital | cPoRVEgHEingThmedngi t £orsi gamipldinch mie i ppqualiged
which is sanpled by the analog/digital converter 3 is inputted to an offset
corr ecsiigmaiedis & digibaledatanwiftihs etu tnipbeebitsnabydetirionadsly with
reproduction digital signal. The offset correction neans 4 may be
const i autpdhsas shoancilock guomgpdherdor irednded. ithathe nsignaile by @nplosks
an of fset detecting neans 16 for detecting an of fset conponent held by the
repr odgeneaataéid)yi bgl sngnasciilanoat;hi ag nefifiset7 dorrscvbdohi ngeahs for
detected of fset signal, and a subtracting nmeans 18 for subtracting an
out put decgeals iofg t ba sofidsetngcomposeht f fgomt heheepsamprédons ilgnalal an
signal. An output signal of the offset correction neans 4 is inputted to an
aut omabutogatic gaimlcdntsolt metnsn fadj i jesting thdeamplixude anf the
anplitude of the reproduction signal with a required value. The autonatic
gai n contpait Ssigpallettsrt aanrequiétrede Idvel si gnat rangeeasamlanflipeetor fion
control so that a difference between an arbitrary set value and an envel ope
39 .2 Bubjecziny sthmasigaalersmb fertekatpl ehew dngxd itwdie oatpjus tuiegrtal tof
the automatic gain control 5 is inputted to a transversal filter 6 and is
subj ecaedpaptiaparteaponsepoagaatdualtiizai; oa. hegh-oriderpaint@rpcispoise
equal i zati on enploys a PR system (3, 4, 4, ~) which divides a waveform
anpl i t fdetakt eforquapradioingntao &igaalal ixes a( OreduPar7/dampBikig -phadgeas
shown in figure 3(cj in a DVDROM (Read Only Menory) which is capabl e of
di gi t afromcamd gigall. §Gbljgictddrta thgepagitialsirgsPonsde equarl it b e.
Conventionally, a digital data denodul ati on was perfornmed froma wavef orm
equal i pat iaofhpg‘mpﬂfdékgfi&it@ﬁpﬁf@wﬂoh? ld gtap wedghiny biaetyr control
discrimnation enploying a slice level in a read channel. Al so, when
sampl i fgahs EoIf Q:rdiﬁ}:oﬁﬁ.f@éiagthg elilgdr Fa SO0 £ Nt hkg e ndver sS4
its digital signal with multiple bits was subjected to the binary
di scri gf nakir0F 1P| ©lvé NingeHpoda t i cutPut he igpRall Adapt Pee PR svstiiat 3)
4, 4, 3) has characteristics (3+4*D+4*D2+3*D3) of sanpling data of four
differght byiRsi3dRebm! errdie o Jnfnfindn; aNd adHEsENALBEPAIAYYCS Mra

| ow pass fil'ter as shown in figure to the reproduction si

detecting a phase error from the interpolation output signal;

and a loop filter for smoothing the phase error signal; and a



In figure 4, MIF indicates optical reproduction characteristics in a
DVD-ROM and it can be said that the nearer to this frequency %2 AUG 2002
characteristics the systemis, the norgaqadvantageous a partial reSponse
systemis. There exist | t 40 ~ 2 AUG 2002 diverse types of parti al
response other than the PR (3, 4, 4, 3) systemin addition to the system as
shown in figure 4, and this is not restricted to a specified systemand it
makes no difference to enploy other systens if only what is equivalent to
require I ITRE r : e N L £SPQRSEe

BB MIRRELERBTRE, RRAT, Bhe BaElosl reenatac sYeksBalieley

adds a cofre i Vi lrection o i on da

decoder e of afte ti Xi l.i.kel { h ecodi ds

(Vo muAERe: it G ch HeREaiRs IRt 87 SR8, R ez 2
t he added_data_correl.ativity, are conbined,.thereby to realize a PRV

si gnal §?’88es%¥ ng’ﬁﬁ%l%‘ll i §%<§’r?sqsaeer 5 t%q‘biléﬁeéﬁf)ége@‘ﬁs%?ber grﬁ‘in&ﬁ'ersal
recor di ensity reproduction_in a lLinear recordin irectign. Since the
PRVL siggéleﬁroﬁéss?%g g?stBﬁFﬁ8§mVa?ioggééongFﬂggp Jégbbrﬁﬁngqéii as
characteristi.cs of reproduced waveform or nodul ati on caodes .as descri hed
above, SAMESHEESS A& cEFORERCY: SRREFILATEG Ne EOF oBEEd RN A oGontrol
recordi ng reproduction systens. The transversal, filter 6 is g FIR (Finite

| mpul sePREEFORR M | C31919 | 1Q%er 3 oR¥PFREPBA ZRF IQThi PaLEEIN AdC | et
Equal i zati on characteristics by the FIRfilter can be realized by varying a
wei ght | RECPEELBT drta tapd A SHigieavwidi) c¢ith wWhighthe ofYpeBpepd@ation
equal i zation by the transversal filter 6 is converted to a signal in a

r egul ar P3EEEEPnd Spiatested: hagmhasrrsYREBFpBLZALIPY iRaihtyinipg means

hi gh-order interpolation filter 7 may be based on Nyquist 41 ~ 2 AlJ G
2002. i RPEr PR RRLRGarhc N WL s TANIhoRE | RDE SZ‘P@PS,fJFJO‘FGJéxa?ﬁﬂ%F 13
the Nyqui st characteristics as shown in figure 5, each anplitude val ue when
a channfregueacy1and & dixedugncit @ INpHFiack ncamponendi ricieluded sint dhey
in a register, and, while the register which perforns a selection to set a
factor BepHoguaséopndséanad bprghapuldedt r an | iPor Fhei oneighbarheesy iamd
accordance with the phase control information, a phase interpolation is

per f or npErLIRBAREY aNa UfAPMCcEPBRLrolgedl amdrel frpduensiyos? ythat the
converted to a reproduction equalization signal equal to a regular sanpling
phase. phasfi ghntrddr siign@lporetuons ftot ar nprmayl speraying rargenhediore
connects delay elenents 19a to 19f in series, and conprises nultiplication
el enentthe@0asignadf xeach®s warh axeai ppytt apf ephass edsyrohrondzasion

el enents, that is, inputs of the delay elenments 19a to 19f and an out put of
t he delegntrehentantdf apy aspilbators continelSemeansS7fonngoat reddi ing ntdues
21 which adds outputs of the nmultiplication elenments 20a to 20f and 20g as
shown ies¢ijlatos. basediant iame owliput aspansd iaf ethel firieguancypecdotmred,
while filter factors held in registers 22a to 22g as shown in figure 6 are
swi t cheteays seandt oas 29atpu3geignal onfphhibe cehass isyrnehwenbragdoan
out put signal of a loop filter 10, tap factors S1 to S7 are set. Here, the
f act or Snaintadningi means.22a to 22g have Nyqui st characteristic value for
each phase in figure 5 divided into N parts, for exanple, each 2 2 AUG
2002 42 chanbeerefore,T ias dfvegeencyt oodi glan paasynthaensuso checkhoart in
figure 5, and areas from1l to 7 are previously stored correspondingly to

r espectreprodpst bbnt sdghlaR fsampl snghoan ibe faluaps 6makEartacmeplwitivbena
phase control information at the present nonent obtained fromthe | oop
filter dédntsobhlabbpl ragpgehast di Higieal fphave-Xegkédr 1pbase [MhdBékyfi ht er
factors at phases of ~~~~~ , that is, ain areas from1l to 7 show in figure
5 are smioatsht @hglitalorseodbrdédt datéd dJéprobdugeionheigli possdbleunhith Nnon a
time direction is, the higher the accuracy of a phase control becones,

whil e anisesrietseity pbintdi \Gcourringhet phhcedsynehaoniaicise ¢ondrol,
circuit scale, and thus the division nunber is set on condition which

al I ows 53 f ar "eréguendya Eoherbl Sl eal ophesE0RMtPOE. oh OBePUEh&ugRE!

of the high-order interpolation filter 7 1s inputted to a tap wei ghting
f?Ctoré%ﬁﬁfé%eﬁ?a”%e§dwtfﬂ@tiﬂ'a@éfﬁbﬂ@'ﬁBhb@lﬂﬁ%ﬁdH 8t &he teésneyeisal
filter 6 adaptlveTy, So as to mnimze an equalization error. The tap

wei ghting factor control nmeans 8 nay enpl oy Least Mean Square al gorithm as
shown in figure 7, for exanple. That is, it conprises an equalization error
detector 25 which detects an equalization target val ue corresponding to the
partial response systemfromthe output signal of the highorder
interpolation filter 7 by a tenporary judging circuit 24, and detects an
equal i zation error by subtracting the equalization target value and the

out put signal of the high



43 ,2 2 AUG 2002 order interpolation filter 7, a correlator 26 which

cal cul ates a correlation between an output signal of the equalization error
detector 25 and the output signal of thegghi gh-order interpolat?ggxﬁkizﬁk 7,
a feedback gain regul ator 27 which nmultiplies an output of the r
26 by the sanme nunber as a gain to regulate a feedback gain, and a tap
factor updating part 28 which adds the output of the regulator to a

wei ghting factor of each tap to update a tap factor. Next, a digital

phase"?&kﬂﬁ%HRPpaﬁloEQER&E%%§.a phase conparator 9 for detecting a phase

error fromthe output signal of the high-order interpolation filter 7, a

| oop filter othin a eryor .si.gn ut t he .phase
conpar at or 9%%%%%§$§ed€%c%fao%€ |ck§fgor11: regl gkgggl IQ't e%‘ﬁgggl{tg;gr}df tlﬁlg 3
hi gh- ordgr_. r i Llter | y Lgnal: .of I filter
as phasg%'c%lrﬁr%]glplé)#\%?%ét ?é% Ke}a%% é‘&%@%u&%ggé ?‘é égﬁfl‘girer#egsi ht % 29'
maxi mum_l.i kel i h ecoder .12 whi ch perforns_decodi ccar.ding to.a type
of part e RAGRREER PBhERE 1 e FORRETRREE B ARt LAl S Ra SHATPE
regul ar phase_qut put.t ed rough a series of. the operation. Here,. the

o mum Ot RPADOE b dbhe T FEREraE B iimak bRt lrvRT SOTRERbI BY Thbe
viterbi decoder perforns a.probabjlity cal culation acgording to a | aw of
cor r ol aBEE e EXRCRROBAEAGHAN MEARIALRERS 5283 Forh e 3 peo; BR8R | BiLter
response so as to reproduce the nost probable series, For exanple, in a
case WhéPE afMPERERg pabPral OPERsE19RRL, otBeReRyY2 0§59 4FqREEHE PRIE 3
, 4, 4, 3). system a state is changed based on a state transition

di agr anPESdHAKPT PY i EReeOBERPE Fdi9Nadarticul arly considers an 8-16
nmodul ati on code enpl oyed for a DVD, also involves Ilimting a run length to
2, and enabl EEELIEOFR esdibndi (£25er IHGES 0R JPLRINUE: £ XRIBENFEpIRAEEAL
series SOto S5. In figure 8(a), X Y is such that X represents a transition
of a re&EFPLVFIQMe ehd anr RFLELEALOE signakouapli t @& a@nt h@agielapion
certain state is represented by codes of different three tines. For

exanpl e fregueNaYatEAXE@fisVASEA Y ridm W/ dewn” coatgpl mren a E@guency sof
added to "110" to performshifting to the left, thereby meaning that "1" on
t he | ef BNe@§yNAlEPARS scleckegaplpyes fiaxr Sepnoductipr sdgpadalsammhiRdi s
illustrated by a trellis diagramas shown in figure 8(b). Wen a

pr obabi Epsmainiehiped| wikhdnerai gaptaclladrle reange &F "drdaghtadt Bhageof

each path is . )
locked loop, a modulation is performed in a time direction to

control an oscillation frequency of the oscillator 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 quality is enhanced.

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 1low pass filter according to a
reproduction speed of digital recording data.

Therefore, in a case where plural reproduction speeds have



calculated to performa transition to each state, the branch netric is
added. Here, k represents a tenporal transition and ab representsuzijrfjgczw
metric at a transition fromthe state spto Sh. An additional valvu |A a 2
state of the branch netric is referred to as netric, and a path in which
the netric is smallest is outputted sequentially as a survivor path,
thereby perform ng a denodulation to binary digital data. That is, provided
that a denodul ation is performed according to a recording code in figure
8(b), ath indj i ful ' [ 2 2 s i V.

a, pagly %ﬁé”ﬁgﬁ:g?r. oY {AdE isga dgﬁf%?eﬁgg é:%v% ! Lhe Vihner

pat h. A means con ing a sarr%l ing cloc di gital

converter .3 is._realize . g f y.contraql 0 i i .
f requen%?de?}‘%?rd teé%jtpg]req%:%easaségqan%g%sa% op‘tnd(e%t eﬂcft}}cggg@a %§?§g§2592§§?{1%?' a
synchroni zati Qn pattern.or._an intery at_whjch, t ynghrani zation pattern
IS gene?%t &tjha%r 051 :kH"eo %tﬁ 9§ gﬂgl %eqth%ntﬁ-o&r{ggﬁ i ﬁ?ggpd‘%t ip§n°‘?+ﬁs?‘gr
7 to convert tq.cycle informatj.on, thgreby outputting a.frequency error
si gnal ,¥ epoopgf'ﬁﬁgéi 14IF8|QIA¥EHJencc§a%%nt r?ﬁgas LeRERAECESr snERTRMPE he
frequencg error signal out t&ﬁgfromthe requencg error detector 13) and
an osci FPAFBFEerasiitsn SHPERPIE afbFockaEh (HEPEPANGhEARg TRFSortaRt dve 3
The frequency error detector 13 may be constituted as shown in figure 9,
for exahPRelizefat | ¥hanehwe | STeRFPAVERILR ouCGhATARTEr 18F1C8r 0sSAMngthe
detector 29 which conprises a neans for successively detecting a position
wher e ataiphafinedoavan supderedie f F8RALR OBut AT sRgFREPTAYRRLIARg IRR]RG
interpolation filter 7 and counting the sanpling nunber between nei ghboring
zer o- croB3RIEBoVASILAYi-n a registered, and cycle information 1 which is
inversely proportional to a |inear_velocity cycle of reproductjon digital
data i s obt aRREArBYNg stAchFdAiRatZ20n Dht e RERAINGetldMRRt IANWH| EH 2
conprises a neans for_detecting a maxi num val ue obtai ned by adding a count
val ue tdigbrali Fegardadidataomeprgiiiring adeyice ms gABsinggd At oadyof
lengths within a period set by a frame z z au~ zooz 46 counter 30 which
conpri sebaimsedds o, candt iy atBeece@ififisar peervactien MRANT aAEMPAISHS s
a ratio of synchronization pattern, such as 14:4 in a DVD-ROM After being
pul | ed am Efswte detesting ameanshr farzadebechingeran | edfsiet | gompgnento
make a frequency closer to a frequency of a clock conmponent held by the
r epr oduzeladnby| bbe, samplede signal syacsronthingomesns ofor | smgehbiagedhss
detected by a synchronization pattern interval detector 32 which conprises
a neansdd¢tecbedpufifisgpta sgaBbeoSntst | candat Ber svbbgaatingponeansd | fqyed
to be a synchronization pattern by the synchronization pattern | ength
det ect FuBiraptinguthengmeetihadrskgnaht from theclseaplead imigpaleern flag
is detected next, and a difference from 1448T (T represents 1 channel bit
here) in a [NeRefPreer ckhepl contigpration asteyclperfdmm m@on 2Lfiget
oscillation clock of the oscillator 15 is controlled to a frequency domain
wher e qwecttgnciaami bst i vaalizgdssinbl & bdemicecywhachnfbs napablie amf
the cycle information 2. The digital recorded data reproduci ng device which
subj ectpexfermhng sargtabl asdigit@iloudaat cepyrdudtaion espatsereduces an
equal i zati on, conpensates a phase synchroni zation by a phase interpolation
type digrtet phiec-a®cikedl ocap, hasd pighopimse-deked npdlllatimncapacity
enpl oyed, and phase error infornmation is detected after partial response
equal i =atemmndert Authacoadiddsmsfagi 4t eharactier istdse -detodeitiorabpoas ofel |
as the nost suitable partial response equalization signal can be
repr odearkpro@udt Abs 84ghad’ duerntantkltsanald dasdifffimiserasieseof analog
characteristic deterioration

equalization.

According to Claim 21 of the present invention, in a
digital recorded data reproducing device which comprises: a

preamplifier for emphasizing an output amplitude of a



of a reproduction signal due to tilt and insufficiencies of anal og;g ABP 2002
equal i zation, thereby reducing an error rate as- well as enabling & Stable .
digital recorded data reproduction w thghi gh phase-locked pull-in capacity.
That is, the digital recorded data reproduci ng device which subjects an
asynchronously sanpled signal to a partial response equalization,

conpensates a phase synchroni zation by a phase interpolation type digital
phase-1 ocked | oop, and perforns a data denodul ation is enployed, and phase

i of Conis d q ) : )
Sréiér:e%s%?*%%f? T Iofi 28k?%s%ﬁii@%éﬁ@%%héa‘%iﬁ'ﬁ%%%@é
t . ,

Cone ) SRS ML PP B30 jéﬁ%&gﬁgépgﬁéﬁ B 296
to tilt 4d Lhs L CLENCI.€ I, apal g i zat o, JERHAL NG T D Slg&a

deliiTa PRRATHERT] B RN ic ot e Yoy A e bR AELEWLTF R3S
;ﬁ;g[eg a 2table% i itgld}ecorcgd.d;t reprodycti. ﬁraﬁr rhi h Shas -Igc ed
CUTT § nsEmbaang, Ehe BRI R P LaReE o dLoERIn ALk A RS
correspgg%s to a digital econgﬁd dat.a reprqduci evice as define

; 3

i i
& o e 8148, ARy hihrbadusty HiERG 2 it B0 g b i v SRPPBEBE. A bided
figures,10 .to 12, In fjgure 10, .an optical .disk reprodugction_ signal
obt ai ned? t&’@ flzgré‘%}bb u? Gy-ofk FPRENRFRY hé'aﬁg’ (%%‘(‘:ﬁfi@tﬁﬁ;o%ﬂ Qffset
pi ckup) not shown has its outpuyt anplitude enphasi zed 2¥$ﬁ preanglifier 1,
and i s SOBFEStIPN MRBRFedEndRFrERSdfthadRz &ELE e, gFoMPORFRcy LEPm, the
wavef orm equal i zi ng neans 2 thereafter. The waveform equalizi ng neans 2
conpri s83mpled (igRath A8 RAUHEYMRBEGedadquFPRTRYLr MeANS f fPEeRAINF T
enables an arbitrary settinq}of a boost ampbunt and a cut-off frequency, for
exanmpl eth@n ymppitudpgaf dthe heutR ofhdsRial £2i n§ reeddiveds Laveled 2o
a digital signal with nultiple bits by an analog/digital converter 3 as a
neans fBFaBEN@&EAIngt bhtaRalfoF sFypdecting dihp tai98pdnAubigced tengdhe
there is enployed a clock which is generated by an oscillator 15 and has a
cl ock cempdatENdespAINEEMER: witoh BhaPastiple FEFPORS@ | SAUAlGRAtiOM: a
digital signal with nultiple bits which is sanpled by the anal og/digital
conver t BigB-prdespuinterpelanionf el by r feri GiepRQMICUNg oacdTigral adn a
of fset conponent included in the reproduction digital signal. The offset
corr ect reguiaznsampldynhphase t frometihgs ssignad isnbjegked 2tof Sheepariial
That is, it conprises an offset detecting neans 16 for detecting an of fset
conponehesnengepyeqgnaligptd@uct byn &i ghigh-orges , iaterpaldtipmear®s TAM or
snoot hing the detected offset signal, and a subtracting neans 18 for
subt r acvehghsdngutfiaatan geentselt meandofawr ngontaad 1ing rdntapeweighting

reproduction digital signal
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, the asynchronously sampled signal is subjected to

the partial response equalization, and a phase synchronization



An out put signal of the offset correction neans 4 is .2 2 AUU 2002 49
inputted to an automatic gain control 5, so that an anplitude of 2t ReAUG 2002.
reproduction digital signal is adjuste g0 an arbitrary val ue. The
automatic gain control 5 nmay detect an envel ope of a signal waveform and
performa control so that a difference between an arbitrary set val ue and
an envel ope signal is zero, for exanple. Next, an output signal of the
automatic gain control 5 is inputted to a transversal filter 6 and is

subj ect t i.nt gr pol at | 0. L .phase syvnchroni zati d a
parti al Eges%%ﬁggggéﬁgﬁ zgﬁ'i o‘Jlr\\. #ﬁ?%%'%hggkkﬁﬁﬁglﬁ?lééﬁ nés/e Jéq%%%gatﬁgﬁgﬁﬁy
enpl oy the, PR system (3, .4, 4 as fdescribed.in the first _enbodi_nent..,Jhe
Cr anvelSSKer HARE cho k14 dond: dTRAIREion 18 PRATORg pe ar Medl
(Finite I nmul se response Filter) filter as shown in figu 6, for_ ex | e.
Equal | 7381 G NAEEEES | SOFERC LN, IMRENT NPEEIALS oRPC R LRT br CORRAC PR he
FIR filter can be realized by varying a weighting factoy of .a tap. A .
phasei if&EBoIzafFERGBe W pthRi GHERIE 1 8&t 0 %oﬁgﬂé‘l'%'é%f% 3~§ti?pﬁ9r]tﬂﬁ%%’a
as a nmeans for controlling the weighting factor of a tap. That is, the
transvefdkFeFilter 6 is controlled by two kinds of control |oops, that is,
an adaptive control |oop which conprises the phase-interpolation-type tap
wei ghti ng f atheredona ol aReffset dehertind Mkt ohigber RCEREAGY gHamg
factor of a tap so as to mninize a partial response equalization error on
the bas?B cifEsebqueerrectdano®ply by2 2 palarigny siRgniEpPraduct ion
di gital phase-locked | oop as a neans which conprises a phase conparator 9
for det2tgnay acpddsecanr opeofpertosmegdut whergbyt r apdst&cdal noiser after
|l oop filter 10 for snoothing a phase error signal outputted fromthe phase
conpar @Hfset geaneetinmsts| nednpedatansh-a ypargep Geeghaal gasnocagorhe ol
means 33, and controls a filter factor of the phase-interpolation-type tap
wei ght i st f actBhershyrol itedss pessiibheartoufpiilow ghaleyiel hEluesuatiiarer
10 as phase control information. A data denodul ation is perfornmed through a
maxi nurhavikedi hood degiver 1Znequenger f crompatentli ng cesookting t olm t \gre
of partial response enploying a partial response equalization waveformin a
r egul arephaseenenput tied tplayaihibiteri eveof alte omprxdugtidlerenndesd an
maxi mum | i kel i hood decoder 12 may be a viterbi decoder, for exanple. The
vi t er biabmoodal pondditi®n suatbas | atgefettul ati on according to a | aw of
correlation of an intentionally added code based on a type of parti al
response so Ascouvdiagr otioceClatmno2? pbhHbdille paesent Finvemndr, amPRE 3,
4, 4, 3) M system that is, PRV systemw th an applied partial response
type baligitil (8ecordéed Matis mrpsodieinghdephasecasndeffioied | bn- Cypémt 23,
wei ghting factor control neans 33 may be constituted as shown in figure 11.
That i sshewvhefifseghaserractipnl ateaoms conmpalisies :pea f eeredcross eamplliidude
factors held in registers 22a-22g as shown in figure 11 are 51 2 2 ALK
LUUZ swiutgwetl bmeanbectfors 2Beb@Bit bagedaoncbhepopleate dont ram i aipidktiden
as the output signal of the loop filter 10, the

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 output signal of the



respective tap factors of FIRfilters S1-S7 as shown in figure 6 3{2 %BB-ﬂmZ
Here, the factors of registers 22a-22g are decided by both of a f 0 -
control by partial response adaptive au%znatic equal i zation and a factor
control by Nyqui st phase interpol ation ntrol. A factor control by the
partial response adaptive automatic equalization nmay enpl oy Least Mean
Square algorithmas shown in figure 11, for exanple. That is, it conprises
an equalization error detector 25 which detects an equalization target
val ue correspondi ng.to th rtial response_system fromthe,output signal
of the PEARIARL VRINE; GUtEl BERORoANY SRABEISSH KEMOVERS MernR EOFs

~.an equalization error by _subtractin he equal izatiopn target value and the

ot put BEFEATTHING (0  PAREECEr SAMOVAT BY (I LEECHIY PUPLFASE LAY dE PREPUEes
a correl ation between an out put signal of the equalization error detector
25 and SHITG phiEO®; hel °BFPFHeSE-Hg‘ﬁslvé’r%aqh?i?'%%%%,/dégﬁ’éé&b&ﬂ{wﬁ??r .
regul ator 27 as a nmeans for npultiplying an output of the correlator 26 by
the same nuBRETeEore gadR t9fFEgh| AU ELFetaBaACIRENNGNFO BaF9eRESLNT
updating part 28 as a nmeans for adding the output of the regulator to a,
wei ght | RgAHad o s oPossdibkapevenupther a thiffexent . recanding haeddamy, is
factor control by the Nyquist phase interpolation control divides Nyqui st
char act sepsodieedi o r i 2 2 AUG 200Z 52 eight parts froma to h as shown
in figure 5, for exanple, and stores areas froml to 7 in a register 35
corr espondi ndlogansiing rtespfdaiime R3psoff the RpEResenterinwéntmons figura
6. Nyquist interpolation factors at each tap and phase Em Dm (m corresponds
to a tagigitiedr rewbriedrdatauneprpduiiing atevisterasl defihedr dgi QlarinB522 p
figure 11 and a tap weighting factor for partial response equalization
whi ch i thenodfifigeit cdopnettidbnt mearsp dempoisepdat Eplaritp8valae output
superinposed by a tap factor folding neans 34, and each regi ster val ue of
regi st evargiag omeagsi sfopdataay yg a tieyi sucputal velugpdavingheamro 13 ity
t hereby setting a tap weighting factor which satisfies both of the factor
cont r ol vhjueheutput arears pbasaddasit iaerationmafi ¢heyusdme atoothendutiput
factor control by the Nyqui st phase interpolation control. A neans for
cont r ol YVahgeaofaghle rmpmd-crckosd amhplatadeg/otitputalmeamyerter 3 is realized
by a frequency control |oop which conprises a frequency error detector 13
as a neans f @heteifoatd Ngthepatdsty nshdngblleofoffsgtclvoxestion peicorrding
an interval at which the synchronization pattern is generated fromthe
out put sogmraiclnfstitesr amater sacontrdcl Dst perdosmdd t Ratytlye fouf oanmiode,
t hereby outputting a frequency error signal, a loop filter 14 for frequency
control patazimgansat or seskot kihegn t he f feduenvalp er ppopergyal ot pat t devem
the frequency error detector 13, and an oscillator 15 which supplies a
cl ock tflubtuatndong/ ils girteggu iomd/embee Xhan5accAradtio202 Heperoduetion
frequency error detector 13 may be constituted as shown in figure 9, for
exanpl esidhal,i whil®ra icorempdbyds greofibpmedomainky ofoross kemrg-lcross
detector 29 which conprises a neans for successively detecting a position
wher e aampyithder atseeprydudteien 6fpsutbessdiveltdstyndhenf atbaracgnefersal
filter 6 and counting the sanpling nunber between nei ghboring zerocrosses
to hol drépreduegiidhers igudll ciel reqiDrad) i 43 lpoks thlés iah@Ersetyher, it
proportional to a linear velocity cycle of reproduction digital data is
obt ai nefin¥y1 kesY ROMVAY geid P No Patbari 16N ot e £6b ¢ C eabd inthi £ hh LgAP BipeRad a
means for detecting a nmaxi num val ue obtai ned by adding a count value to
hol d i nplRage@gilobRed PUIN-iithEcent §@eRl nei ghboring zero-cross |engths
within a period set by a frame counter 30 which conprises a neans for
counting a speebirdgfdgPetbodcPyeh 09§ fdpMra@t ipdsista rigiveht®fon, in a
synchroni zation pattérn, such as 14:4 in a DV/D-ROM After being pulled in
10 SOy £¥i €A1 P¥cd radiC AN 28 A0aRathgr Behald s ideOisled iR 6Rkemaz2,
frequency closer to a frequency 'of a cloCk conponent held by the
repr od L0 Kk bR & WviRs Y kzat i i epek i
det ect eﬁ%ﬁﬁ%%eﬁ?@ni zatlleoon paﬁ%rﬁsﬁggg?\%{l agie]tog@%%@ %éﬁﬁ?cﬁgégﬁg’%ﬂ es
a nmean o] td.L . synchr qni | 0 fe t L] ' d
P A e
detector 31 and counting an interval until a synchronization pattern flag
is detected next, and a difference from 1448T (T



2-2 AUG Z002 s4 represents 1 channel bit here) in a DVD-ROM for exanﬁgg,
is obtained as cycle information 2. An oscillation clock of the oscicl B 2002
15 is controlled to a frequency domain ere a phase synchroni zation is

possi ble by the cycle information 1 and the cycle information 2. The

digital recorded data reproduci ng device which subjects an asynchronously
sanpl ed signal to a partial response equalization by a single system
transversal filter, realizes a phase interpolation type digital

Phe:cr ofbosroaPer; FRE SEgLERT BeBrRci Rt cobr oy W e ifetcnt,

a great r.tion_jin the I i it s b I t y
reali zi ﬂ‘g‘?(d'nrgedﬁh?i onu’fé:@gi f‘f:%ﬁt‘gsc%a e%g%d %%#%Fggparfﬁfﬁ%éggt ;PSQSQ
consunption at /high eed reproduction, wel |_as enabling.an effectjv
control &ﬁirflﬁrhitgﬂ‘?%ac@{)ﬁ a%'fl{ﬂﬁ h¥a uleo&fngﬁ‘foﬁ?%?lé?’é%f r Iaglg’llé‘sr%uo € p%?%?‘gF
response equalization and data eproduction . nterpol.ation_n re ar .
sanpl i nSAREse2by sr?eﬁrl?rg E‘G‘%st’t“ﬁ%‘t"gﬂ sot8s O[U(;H}bfergﬁa&%? m?gnstﬁﬁr Y a
filter factor for phase control_and a neans for setting.a ta ightin
factor VALugaautaut JBpaRse ALIES .ERaR (the PUERRFy VRMA HBF. b KPReS
of control loops_in the first enbodinent are inte rq#ed to co ni.ze the
transveF§8FSfﬂmﬂ%lﬁﬂﬁFt?EFH?maﬁﬁﬁéraFnF&ﬁﬁﬂ%ﬁ*é%l FFReFeRRPERSHI up a
great portion as a circuit scale, there?y realizing a reduction in cirguit
scal e and pa®hes@iousy | 8wgengratonyot 230 JUeSiePhaiR ufgRCHT CR 1 32 yien
speed reproduction. Further, a nethod of frequency control, phase | .
synchr ohBz &vaiedhnt aBf, B¥EHarhesl the enasizphgsie SYREBRARLEAEHAN of s
may be one as shown in a flow chart in figure 12. Wien a control is .
st art edgeaerptedetnden| cergaila wandipiensy ant @ajilshc§edSntestorddld akS a
first stage (Step 101). Wien a deviation anmount of a frequency of a clock
conponepeskhébd ehy theanghp rrehanainggpdpryaliildtyis obtained as the result,
and a clock frequency generated by the oscillator 15 are within A% (Step
102), the prdeceogidifigshittr sClgim pRasecfyriche omregedh pRVeRbieBntrdl & a
second stage (Step 103), and a loop gain at frequency pull-in is swtched
to a | odigatalmsesordesh dafeaf repuedeginey devise ampudefinedodnnClifim 2Ry
the frequency pull-in control is continued. In a case where the processing
shi fts thet héfpleidscormadirion zneanas gompriisesonta gtounterefoscepundiing a
when a synchroni zation pattern detected as the result is confirned
cont i nuoesktainor pexiod ai Afnurtbimef St ep MMulativer oadsking sheaAns t ofQr
LMS al gorithm PR adaptive automatic equalization control as a third stage
(Step leshulamdvellyoopdddng athphasetpybchvahueatddHn fhe | podamityi tweate t o
a low gain node. Wien the synchroni zation pattern is not confirmed
cont i nuoutpytf oreanseandi theundetputhyadwges o £yhber AELAat¢HPs pulamplitude
control is continued. In a case where the processing shifts to the LM
al gori t bt pRtadgans ebetweent | £lagaalowtputiredofitesl thet geunterp apd 0z
56 third stage, when an equalization error obtained as the result is within
B% ( St epuObativiee addingsireswlt f ronicaningit meaas cforr oniferippg the
adaptive automatic equalization control as a fourth stage, while the LM
al gor i t but PRtaddgniale cfuttnat cemedatliveasddi ngomeans i at par tamdng iof £heow
gai n node continuously when the result is not wwthin B% (Step 107). Here,
t he i nt£lagl wherer ahet et fRR aslhghale iaubatpitt eshjuatom athencounteal, iandy
control nethod which reflects an accunul ated addi ti onal val ue of an
equal i zehénn being ajudgedihiash laas quasdi+piade visynchreadhatdpn nstate,
certain period of tine discretely on a tap weighting factor, instead of
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.

Therefore, the configuration to perform an offset



successively feeding back a tap weighting factor for partial response
equal i zation. Here a | oop gain of the LMS algorithm PR adaptive auZézn#ygznmz
equal i zation control and the interval conlgrol -type PR adaptive auto
equal i zation control is preferably | ow enough against the | oop gain of the
phase synchroni zation pull-in control, so that no conpetition occurs,
thereby enabling a stable control. By a series of the control nethod, a
conpetition between the control of a filter factor for phase control and

the coniiilrdic.foh aRatPi 8Bt iAgaiaseqr 18" Pabbibe’ SAPOIAC AlaREDIDIe of

automati c equalization are prevented and a phase control is givenh priority

to, ther I(ﬂg@#é@iQgéﬁéﬁfﬁ”ﬁigﬁ%%f'&ﬁ% df%@?%d%&t 0 ffa€"3dd¥ed an

cont rol (0] not 0se an dccuracy o artial response

equal i Z%’flx?ﬂ:l FHEE“%[ﬁ ngli”szPth%S t%finbgap%g?’-‘i t ﬁlhrl\t;\i]?]{ Vé‘égacity

control S possi 0 avold a contro VEn en a

" epr odual qovied PR hRdeachian A °3) Sparer By b Bk aA RSB e 18h%0r
Gata 1 of GERRROHIIAPE oo 2nALT FR 1) CILf g 1oenfeistediosbs i onslnas;

wi |l be desqgribed with reference to figures 13 to 16. In figure 13, an
optica!%ﬁ%ﬁé*&ﬁﬁ%ﬁﬂmtion signal obtained by a reproducing neans (such as
B canpl 11 cf FECHIRE b SR t & oAtoc then BHFERNEpRALFRELOR 1 g @
cqual | 2P e E SoREABH SAEe, FPBFEROMINGh YEDresatn S DHISh: § AsdRY ngLof
a boost C%.g%.lxjnnst ﬂ]fi ?lz(iUti%)]:f afnrdqu%r,]cyﬁhe 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
characteristics.
Therefore, the configuration to perform a partial response
equalization 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



For exanple, this is a high-order equalizing ripple filter or the like. An
out put signal of the waveformequalizing means 2 is sanpled to a dJQQtAUG 2002
signal with nmultiple bits by an analogéﬁlgltal converter 3 as a nmeans
converting an analog signal to a digit signal. At the tinme, there is

enpl oyed a clock which is generated by a VCO 40 and has a cl ock conponent
asynchronous with that of the reproduction signal. The sanpled digital

signal with nultiple bits is inputted to an offset correction neans 4 to

t f | uded, i h duct di gi.t al

i anal 2veh JdsE AR THERGEFIBALS '&”ﬁlbarméﬁglz‘ca%yrd@&r %#%41?%‘%&8'53
h f That f.fset t

means %Eq%ﬁre&%eqmgsiéﬁa t S’ dSrurkn Al tRBYLERE HPBSSRuaY HRBTBBLa

signal, a %ggpthjn means 17 for snoothing the detected of fset signal, and

a subt FE43 18 for subtracting an output signal of the snDothing
means 17 from the_ reproduction digital signal. An output signal of the

of fset corr &AGFHAMHENEY Féailﬂbuat Tedofo BReaREREENE GhRVERBAPRol 5N B
that an anplitude of the reproduction signal is adjusted to an arbltrary
val ue. AHIdt@Ak oFREPEIQRi ﬁac'F@ntl?%PerHﬁ}nﬂetde%‘{l% afvaedpined insiagy of
wavef orm and performa control so that a difference between an arbitrary
set vafdaimdd dArenkBhoptndi ghlad .téiezeMthr%mnetemkatmo&pmer
signal of the automatic gain control 5 is inputted to a transversal filter
6 and Fompmijseaedrlvralpgelay edgmants chayingatdehay Hamountheofarunit
response equalization enploys a PR system (3, 4, 4, 3) which divides a
wavef ofrlaypltimele t«f twhichuafi thei dinst clage t/laeuesg(xal subjected Ao-4
XA -7 XA) as shown in figure 3 ( a) in a DVD-ROM ( Read Only Menory)
whi ch thecapabtdadf nisponser exquall hizatvion. 76 byjnputted and which are

interconnected 1in series; an multiplier which 1is 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.

Therefore, the confiquration 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.



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 qgt
restricted to a specified system and ié makes no difference to enpl Q AUBefmu
systens if only what is equival ent 6812 2 AUG 2002 to performance is

possi ble. The partial response system which adds a correlativity in a tine
direction of reproduction data and a viterbi decoder as one of
after-nmenti oned nmaxi mum | i kel i hood decodi ng nmet hods ( Maxi mum Li kel i hood),
whi ch denodul at es .t he nnstdgiobabgi s%g;e utilizing the added, data ,

correl ativi tHSC9F818GpFRe LR ABr by (F r &DS 2 8T8 FHRRIDeesd n@
which 1s considered to be advantageous, for _.a high recordjng density.

reduct idH1hah FeREEAed. AR e ?@¥?+Bﬂ.dSVh€§ @5 48§ gh%lcﬁgéﬂegghng
system has vari ous conbinations according to characteristics of reproduced
wavef orth®r hdgdrondem éaﬁegpgéaﬁémi%egt%ox&er%?.rlaﬁpraépr%a?erw f&kons
required to be selected for various recording reproduction systens. The
transvdrasge on| Ngguasits chamagyerifEECs npul se response Filter) filter
constituted by finite taps, for exanple. Equalization characteristics by
the FIR fil tBherafobe,r &die cenbigusating fowsinpernglaset & ssigralapn A
signal subjected to a partial response equalization by the transversa
filter Begelavneampddng Rhasgnatann be rrgalircedanpni ig gevseebywinich is

hi gh-order interpolation filter 7. The high-order interpolation filter 7
may be dapablenolfyperxformingpal stamlehdigdtadi sdats aepstesivctioni §hat 5,
for exanple. In the Nyquist characteristics as shown in figure 5, each

anpl i t utslwaésicanherrar ahe| asawel(llBs ilsasli hidhd phase-N geked pnlid-tinne
direction is stored in a register, and, while the register which perforns a
sel ect icapdoitet eveact amddr a such 2clddiXithso pbasa | mharaetebyspliase
control information is swtched in accordance with the phase control

i nf or neiétew iergbise i bifer pol ateéppodacpephor nieidgndher dhg, aa eprbbiuct aad

si gnal sanmpl ed asynchronously is converted to a reproduction equalization
si gnal iampupffioiencegsl of adwvaldgieqiistzatdbenbi gh-order interpol ation
filter 7 my be a FIRfilter which conprises delay el enents 19a- 19f,

mul ti plicatixceréimgt st@0acPdim @a a@f adidiengpresent?linkention,t i dn wahen
a phase interpolation is perfornmed, while filter factors held in registers
22a t o dAzf)i sl sheavrdedf dgttiae reprcivin g hdslvbyesakedefinetBaid o Papm baged
on phase control information as an output signal of a loop filter 10, tap
fact or el Higilopadersgehtedpod.ativm fECIes edmphaskesg s aregZvet owA2gh
have Nyqui st characteristic value for each phase in figure 5 divided into N
parts, iSiclhets atditePpdhdingdin atbo Bhas MAAWipglidd Judmd 5, storesXagntn,
and areas from1l to 7 are stored correspondingly to respective taps of the
FIR fi langyisi thdenvalubi glvedr Ga CRanA¥AMRate WWENNPHAIE tC@HAd 1 ct &f DEBREEON
at the present nonent obtained fromthe loop filter 10 is a sanpling phase
differdst diofdadr el ar tiwesediyet®llon; | 484 fackelecabrphalseshofis’ lset
that is, ain areas from1l to 7 shown in figure 5 are set as tap factors of
S1 to Borreupdmd iegly htodithies iresy itdicrand i SeBettBe thg emiploitide ¥atue

hi gher the accuracy of a phase control becones, while an increase in the

di vi si exopemer if | eads tpegiistoer ease | Bubpltl CWd Sehke, cortespdndikyg
2002 and thus the division nunber is set on condition which allows

per f or gRNGS PR Gidcidigahd t ehbe pipat | piase\n igifloiation 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



signal of .the high-order interpolation filter 7 is inputted to a tap
wei ghting factor control neans 8 to control a tap weighting facterzqgﬁgpmu
transversal filter 6 adaptively, so asgipo m nim ze an equalization error:
The tap weighting factor control neans 8 nmay enpl oy Least Mean Square
algorithmas shown in figure 7, for exanple. That is, it conprises an
equal i zation error detector 25 which detects an equalization target val ue
corresponding to the partial response systemfromthe output signal of the
hi ghor dey Aé‘i@p%é{ehonnfddéfr duly ac%%[&ioc’i g ) Uugging cidieiilcgdy 309
det ect s &N equal i zation error by sSubtracting e equal rzation arge% value
and th | I the hj Lnterpal ation filter 7, a.£orr t or
26 whic eq%:gallp%%ﬁ%¥g§§a gfbfrre aH‘ %ﬁgﬁgﬁé\ggﬁhan%& ﬁu s(lgllgl;%al rtgf ttfaeéfg Sh%
equal i zatj.on. ery ecto nd ou signal of the high-order
intermﬁaﬁqéx%#+é$%fgé,8§ %géigaﬂ?ié§1%§ééﬁ%%ior 27 as a nmeans for
mul tiplying an output of t corr tar, 26, by the sa nunber .as a gain_to
reuglate a f“e"e‘ifb’é‘i gai'ﬁ? H ?&af 2& o?h&pdﬁf?ﬁﬁng:rfmégnﬁ'oé"ne for
addi ng t.he output of the regulator to g weightjng factor_of each tap to
pdat o ez Heeprargy dath (Fepransiat JOke PRogietitefins Al Bhase
conparator, 9 for detecting a_phase error fromthe output signal 2 2 AY(
2002 651G¥imsel by gR7or AL | Al er fRCatt R VWRAGELing £3%r f cPR&Toly Mepns
snoot hi ng a phase error_signal outputted fromthe phase cqonparator 9, and a
f eedbad€qisAgS M%W%bﬂ’t’l‘*bgg fartore ok dehertsansverapdnhfiddar by Least
interpolation filter.7 with the output signal of the loop filter as phase
cont r oMeaf¥ SIRRATD R LICBAEEMdenpdul ation is perforned through a naxi mum
| i kel i hood decoder 12 whjch perfornms decoding according to a type of
partial resFherefne oythg £onfriquratiepofhee sedua iwat9dhingy FAGERY nsa
regul ar phase outputted_through a series of the operation. Here, the
maxi mu@s| itee hefolok? @ oFBRCE 20Rn P fhPar bia kbriespRRSE cPIUAd L ZatRN svhiph
viterbi decoder perforns a probability calculation according to a |aw of
correl aﬂaio@ddofb%lrpeﬁteﬁmﬁén%m A depeas¥eyealn fidderdaar het Fealiiged oin
partial response so as to reproduce the nost probable series. A neans for
cont r oRl idey e awhirhg i cekpablenefarpenipuning ap Ehakeke edigital edataed
by a frequency control |oop which conprises a frequency error detector 13
as a nreprodyctdarecthag areducesn drengriodf ratsnasr ovekht iagh past driglhr
an interval at which the synchronization pattern is generated fromthe
out put phiageailostkacheptl §hior gapagitey peven omder t euch wndivbonst @scyl e
information, thereby outputting a frequency error signal, a frequency
cont r ocharassexAsthic hdgterdomatidqroughf fa eqeprodusdritarn| signadr i durg o
| oop filter 14 for frequency control as a neans for snoothing the frequency
error tidty apd imguffiwienghas oft pnaley feawaliizat¥emuency error detector
13, a phase synchroni zati on mai ntai ni ng neans 38 which nonitors the phase
control infadcesmdimautiout €daify oflt hefl colpef ifnesenty dinwenthensreilierky
and a frequency of a clock conponent included in the reproduction signal
are pufligdtad reconrserkidgbarhepdodupdngedeyine @& defivnedcant £daisf Ithe
cl ock frequency so that a phase control signal returns to a norma
oper at thg rtapeweibgbténgt factdrescantaoda meansf cphpsd sesc ha ofiemparary
control, and a VCO control neans 39 which controls an oscillation frequency
of thejw@@ing tharcuippl foxr adetecking t ha arghedidiagiionl dcangat evalumsed
on a rough control signal of the frequency and an up/down control signal.
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



The frequency control neans 37 may be one which connects the |oop fizlgeAU[}zyggz
for frequency control to the constitution as shown in figure 9, for
exanple. That is, there is enpl oyed anzﬁgtput of a zero-cross length
detector 29 which conprises a nmeans for°<Successively detecting a position
where a signal crosses zero |level 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 linear velocity cycle of reproduction digital
dat a i sdBbEStABI lﬁplér%irﬂEFrPBni%?V%ﬁnpé:tl} r Bapaddaatdanecesros1 pdcrEhe
~._conprises a neans for detecting a maxi num val ue obtai ned by add[n% a
~—"count i ngu¥BRGe EIIHA Pfa th& sthkghprdenneinkerpqlatgion slidterzuca
2002 nei ghboring zero-cross lengths within a period set by a frame counter
30 whi cheedhpriksegainnezgul@tanuiion Juektiptyipari a8 oQBEPYYe Pfamthe
satisfies a ratio of synchronization pattern, such as 14:4 in a DvVD- ROM
Af t er beprngepatpadbyn the ssaBecpuaherh\as aygahnotoz atedmhl 3L t 2r feleshpak
in order to make a frequency closer to a frequency of a clock conponent
hel d bygahs;r @émdbdactapn factkr apdadiingvpaxtsyficohraddingi eam peutput it
generated is detected by a synchroni zation pattern interval detector 32
whi ch cbher feesbackeagsin oregutladtior ngo aas wedlghdningt featpat toeff neathg tatp a
position judged to be a synchronization pattern by the synchronization
patt er ntbenpdatdetetapr fakttaow. counting an interval until a synchronization
pattern flag is detected next, and a difference from 1448T (T represents 1
channel bit Theepformez BHe REbhfiguratdopnl o isevbhameddlsimycfactor so
information 2. An oscillation clock of the VCO 40 is controlled to a
frequenasy tonpealibker a funwsiorsyof hpantiali aesponEes 2diel 1zevigh whddipop
filter 14 for frequency control. The phase synchroni zati on nmai ntai ni ng
means 3$howydbbebpeadoumddiebygoat talansidrahlast shoer icanf ilurneeddizédr in
exanple. In a case where the frequency of the oscillation clock of the VCO
i's pul l#ddenite asHicinutscyapallien oheperdoghviigg synsitabliezaliqital data
possi bl e by the frequency synchroni zation control nmeans 37, the phase
contr ol répgoa@hciohhe it prieducezal anf dfod opptie | 4€r wkl 1asash®as | high
figure 14 (a) provides an .2 2 AUK ~u~2 ss arbitrary phase nmai nt ai ni ng
| evel iph{oéhldtkeat pwls-oin pbapacadyanssemndnieas & ish agohdfieionscassi ag
the phase control limt, and an up control signal is supplied to the VCO
cont r ol ch@pact8Pivbes ider@hdsfatBbhr Wf Shgnbépesdaedsonhes Phwer hiddi v
| evel in the advance direction, while a down control signal 1s supplied to
the VCRLpotinbuftdfsedBiwien s hdllvgeqoal ightioanal exceeds the phase
mai ntaining level in the delay direction. By the up/down control of the
frequency, tRecdr&fgngncyoofciiemo3a | loxt i @hecl pelesent henvVet40n,s in a
controlled to remain in the area where a phase synchronization is possible,
t her ebyd iibtha 1 ngedo savat Harlhasepnodiy Dy Zéév 8eCast HYf iWddh itp Claim 15,
di scontinuity point of phase existing. At this tine, the control of
osci | | aiiedn firerieaiesy efrrdie WeDedRodr avbmpriise@uenay gofyecp6s8hoyenygkh
figure 14 (b). By performng a series of the frequency control, a frequency
of an FeHEdEEP0EsrCldetiectitig 2aheAABISid PNati Gflch SthéPutdhutans Pgnal
al ways nmai ntained within an area where a control of digital phase-|ocked
| 0op i ©POEAEDIEE ghlNEF@6LT Qntidgbl SHOLGA Wil 101 Bro8eelr Szédto PhesRL; a
synchroni zation control, resulting in a stable digital recorded data
[ epr 00\l o i €16 CHHEREY nC A Ak S BHES EofO ek tdtiy BhdERENG
separatély, thereby realizing a circuit of an oscillator and a contr ol
means Ba@Sl Wt e SO05hBUEAhLON zeRAdladdl | Yenb RS YARSHIA whenoCA
and variations 1n performancé in an analog circtit of the VCO or the |iKke,
and t NG GOBERS BYhBRE G ion SPafteriUG SN | ol GG 168 (L0 CEnel !
is possible to sinmpfify a circuit configuration by enploying the contro
met hod afy {16, PrEsento! BKEQES&OQ’H«J{BV&@J@ eﬁ#{?b?ﬂg%iﬁ?lsbhaﬁzhv@éffé?ts 3
| oweri Ng power  cOnSunpt I on. transversal filter 6, a phase conparat or
loop fildter 40.. and a ph -i nterpolation- Lap wei ghti.ng factor,congrol
nmeans g?ﬂﬁ?#ﬂ%ﬁﬁ%ﬁuﬂ ggéage enpl oye ?ruu%%§§5?lﬁﬁe t%%ﬁ@ngsm %#qterLG,
the high-order interpolation filter 7, a tap weighting factor control neans
8, the phase conparator 9, and the loop filter 10, and the
phase-interpol ati on-type tap weighting factor control nmeans 33. The VCO
control neans 39 may be one as shown in figure 15 (a), for exanple. That
is, it inputs a frequency rough control signal outputted fromthe frequency
control neans 37 and a frequency up/down control signal outputted fromthe
phase synchroni zati on mai ntai ni ng neans 38, respectively, to a deltal/sigm

. o o o



2 2 AUG 2002 s~ the delta/signa nodul ator 41 at the tine is shown2i b Alily2062
15(b). In a case where a mni mum frequency control resolution of an
oscillator is rough and an oscillation frequency varies vastly at up/down
control when a frequency of an asynchronous cl ock enpl oyed for reproduction
signal sanmpling is maintained within a controllable range of the digital
phase-| ocked | oop, there is a risk of disturbance generation in the

phase- | ocked | oop; however, a nodul ationg4s perfornmed in a tine direction
to control an oscillation frequency of an oscillator with finer resolution

t han original, erehy there is_no dist rba e .at up/do d.a successwe
r epr oduct i oRYTECREQTIEALIOR RA L SR | iR ﬁrYﬁg 9\?&5@%9r ﬁnre&f

quality. Than@Qt%qwlohﬂm%é ﬁ&h%r?%ﬁ%&%éﬁhfﬂsga%%%@eﬁa) for

exanple. That is, it Inputs a ncy rough control signal outputted from
the frequentyg derteercd smndSé’yadld mfoemetion upadevn coonthid andgnal
outputted fromthe, phase synchroni zati on mai ntai ni ng means 38,

respectivel PY&4S¢ tR¢5 modul ator 41, utilizes oversanpling to

per  or m modul ati et e o4 1l 1 esbirfRu rafto bR Ud it 0 AfechbeAcy

digital/anal og converter 42 therea t hereby to convert
control sigealrotro canobteagee aizee itheacdeneirdes dwidicthagis veaapabls iofput t ed

toalowpassfllter 43 as m)thln né indlsr formed to, a snooth
VCO cont r ol T6811%ie8 ?‘esﬁ.ﬂacﬁfg ﬁ’tr‘gﬁbq AeP (3BA PIEVEREIR 8o rol | ed
vari abl e A 0) I o] hel d by

t he vCO 40. ta%th%tlzrr(gf Sioggrﬁg ?Pﬁ]leqﬁ%%cgrfget ti n%ﬁ%gﬂ! 46}45853% %eans
for switchi ngugghutenfttol reqeenpdyast shadlwopasatiohtstatkd i s provi ded

according to a variation anmount of reproduction speed due to a doubl e speed
node of reproduction, a difference between the inner and outer peripheries

at di sk repgﬁ?ﬁt}ﬂ (ﬁ]Eg&g @ﬁlléﬁeoﬂ'hﬁ#@gwmbérequency can be varied in
ucti

conj unction W arepro on clock frequency, resulting in further

i nprovenent in pé&igamance. Tbe el ablookhi @ikgreeen tidbuYEEA tgr ola

vol tage and the_output of the delta/5|gma nodu) at or_ 41 at th(%ilrre is as
shown in fi §erEfigainafion wedn a hdigitabs recog cydtat RENTRABSLBE i | ter

is fixed, agyitR {&P6PHYAY 0 '8 first embodiment of the present
invention.

Figure 2 is a block diagram illustrating a
configuration of an offset correction means 4 in the
first embodiment.

Figure 3 is a schematic diagram of a difference
between PR (3, 4, 4, 3) equalization system which is
realized by a transversal filter 6 in the first
embodiment and a typical binary discrimination system.

Figure 4 1is a diagram illustrating frequency
characteristics of various partial response systems
realized by the transversal filter 6 in the first
embodiment.

Figure 5 is a schematic diagram of Nyquist
characteristics relevant to a filter factor setting by a

high-order



perfornmed at double speed, while the VCO control voltage is distur?e when
reproduction is performed at single speed, that is, a reproduction d“ﬁbﬂmn
route becomes double in |ength. Howevergg the cut-off frequency is set |ower
at a point of tinme when a double speed reproduction is switched to a single
speed reproduction, thereby to maintain a snooth control as shown in figure
16(b). can obtain a simlar effect on a difference between the inner and
outer peripheries of a reproduction speed, which exists in a CAV

" epr odupl 10, 051 BPdaAS £ 1ERINOA {1 KECPLPgachBbAlinghduber of a spindle

not or con rotation. erefore, 1n a case where plural

reproduct | one pRGRAS e o 1SR 28080 1 By dier SOTRENSA Ebne Sy EURIB ©

a difference Ween the rnner and ou peripheries, evi ation

f f ' he .l d, ' [ ' i sk, gedi I
2 kind O 7 ERBr oiNEHRbraR ) s Bheind fE' | Rl O MR T AdER Oy

control q%qg.is grovided when digital recording data are reproduced,
respons‘a'ém P2 AEPEri stics suitable for each reproducti on speed can be

lized, th b i} I, t i d i et f d R
Goubl & specd HBEe. Ir ol i e adingred JEhiFe R 80 o A TRESRAE D oo
whi ch can nmaintain reprodyction characteristics even under, the condition

¥ 58 %

that a $eprbdd@P oWeHSREIRFandastPEst GPPEHRRY hdteans, fHal by eFRfenfif&itd

in the digital data reproduci ng device can be decreased, thereby enabling a
st abl e ¥RR2A1BPRBduct i on even when a circuit configuration is sinplified,
resulting in further_cost reduction. (Enbodiment 4) Hereinafter, a fourth
enbodi nent WtEREeord eskbnds ECheMAtGES adidatiiePTdata PERREdRLSgOoFevice
as defined in Clains 6 to 9 and 21 to, 32 will be described with reference
to figidenbi (deooder,as; Qne: off7 mapimpn; LikedibRode fesARaL DNl & Rakhe
obt ai ned by a reproduci ng neans (such as an optical pickup) not shown has
its outfistargmbedimeBtphasi zed by a preamplifier 1, and is subjected to
correction whji ch enphasi zes _a high_frequency by a mayeforn1equajizing,neans
2 ther eafterElglh?ée\r;EveTf%rm blgrk diagoap-gAdlustrating a configuration

of a frequency error detector 13 in the first embodiment.

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 is a block diagram illustrating a configuration
of a phase interpolation type tap weighting factor control
means 33 in the second embodiment.

Figure 12 1is a flow chart illustrating a method of
frequency control, phase synchronization control, and LMS
adaptive automatic equalization <control in the second
embodiment.

Figure 13 is a block diagram illustrating a configuration
of a digital recorded data reproducing device according to a

third embodiment of the present invention.



equal i zing means 2 conprises a filter such as a high-order equalizzqugm 2002
ripple filter, which enables an arbitrary setting of a boost anoun a
cut-of f frequency, signal of the maVﬁégrn1equalizing me. digital signal

with nultiple bits converter 3 as a ns for converting digital signal. At
the tine, there is is generated by an oscillator 15 and for exanple. An
output ins 2 is sanpled to a by an analog/digital an analog signal to a

enpl oyed a cl ock which has a clock conmponent asynchronous with that of the

reproducti si.gn Jhe sanpled. digijal signal with nulti.ple bits and an
output s o AOE a4 {7 ar aeRePatdro Rt oF . Bp' SpEFatiRRREiAesbln
~._of f set correﬁtion ne%gi 4 to correct an offset co onegé I nc] uded in_the
~=r epr o8dctd oRNAPE (SYNCRERRLZaFRaN MAIALALRLBY; MFANMahE ANhyOCfe @ VCO
constituted_as shown in_figure 18, for exanple. That is, it perforns an
i nt egFAOtER Ladeansiidetne PBrtBFgﬂaﬁmﬁqugéﬁB=cross position detecting
means 45 which is constituted hy a, function of detecting a position where a
si gnal crodd@NrA b | 2§ MIARK rdiagrpm hlpRtratingedncenickgeration
interpolation filter 7 and outputting a zero-cross flag, a zero-cross
anpl i PEd&EhsutYe® feaksodc means 38 ashellt ag By schemrtisnddnaamueting
an anplitude difference (E in the figure) between the true DC | evel and the
pseudanDeperadiioth@iineiplguthereof; dn rthecehird embadpmeng .signal at a
zero-cross position as indicated by "1" in figure 19, a polarity value
out put neafdgmrent€hissacdisak Weagbamg il ustratimes 20e2nfigurabhonf
outputting an arbitrary value X or -X according to the signal polarity with
respecf tthea ECE@ptongrolgmeans 3I9pes twehl otlerl tdehematicoddagyam of
position, and a selector 48 as
an operation principle for a different reproduction speed in
the third embodiment.

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 is a block diagram illustrating the
configuration of an offset correction means 4 in the fourth
embodiment.

Figure 19 is a schematic diagram of an operation principle
of the offset correction means 4 in the fourth embodiment.

Figure 20 is a block diagram illustrating a configuration
of an offset correction means 4 in the fourth embodiment.

Figure 21 is a block diagram illustrating a configuration
of an offset correction means 4 in the fourth embodiment.

Figure 22 is a block diagram illustrating a configuration
of an offset correction means 4 in the fourth embodiment.

Figure 23 is a block diagram illustrating a configuration



a-nmeans for swtching output signals of the zero-cross anplitude output
means 46 and the polarity value output neans 47 by a zero-crossllélfzggubomuz
output, so as to input to a loop filter_49 for offset correctio

snoot hing thereafter. Finally, an outpﬁ? signal of the loop ffilter 49 for
of fset correction is directly subtracted from an out put signal of the

anal og/digital converter 3 by a subtracting neans 18, thereby to perform an
of fset correction. A conventional nethod of perform ng a control regarding
only a code of a signal_follows_a DC level flucfuation, of high frequency
conpon&ft 2 (GRAVPRL IRR3L BPLEFAd A1sdpIRRKAFWYFHLRY gASV1G8al ity due to
control noise occurring froman uncertainty of detected_ offset information
when a | oop Ejed%re s24 ndFedschlageakydllushragingirecprdedi satae At vedd
shown in figure 18 being enployed, the value X shown in figure 19 is

sel ect @ appr opttipitel pignak hwavedosm sat aoh fHungtiemnbdeckevénopehein
a time direction, thereby detecting an offset error anount w th higher
accur acpnvigntcip ol ephibcabeddbkaireproshicing devigaal polarity. Therefore,
there is a less increase in control noise than conventional even when a

| oop gain is increased, thereby suppressing a deterioration in reproduction
signal quality which acconpanies an offset correction as well 72 2 2 AUG
2002 aBESTS MODE) B0 HEXECUDE | DTHEp INVENDTION and a stabl e operation for an
abnormal signal generated by a DC | evel fluctuation having a higher

f r equeEmboaiireremtl ) an anpl i tude nodul ation, a scratch, or the like. An
out put signal of the offset correction neans 4 is inputted to the automatic
gai n controlTd,s sbitbat embadfhéentdeonisttitmtepr adutigbralli phiasle-siarieedi s
adjusted to be an arbitrary value. The automatic gain control 5 may detect
an envébope whiahsiayploysyanor aspndhpenbasm alookt rfdr ssampdting dbif esence
between an arbitrary set value and an envel ope signal is zero, for exanple.
Next, aRaddigndidiitgiial cenvdrtetl) onpéprodatescoant roigmals imp t ededul @r
transversal filter 6 and is subjected to a partial response equalization
Here, bhmpPdnlg alphagsponséhirfwal igatsehjespeaystde PR spatreials3, réspbnse
whi ch divides a waveform anplitude after equalization into five values (0,
4X A, éqladizak drA by X&) azanrayddl figuneer,( cby i ma BYgGhRA¥MdeRead
Only Menory) which is capable of digital recording of 4.7G byte for a |ayer
on a S&ﬂﬁbeﬁm%id‘:prfﬂ@éw epedBBkfsCd Phabe ot YReteotipar badled on
response other than the PR (3, 4, 4, 3) system and it is not restricted to
a speciitbebuwsi€nsagaaill, rakes coatddlfser gneq literenpheyoet ke shéet enghs
only what is equivalent to performance is possible. The partial response
syst enpyplieeh inddspoleyicn af i veiéy 5B ast itde ddsid®na ophaepr edueti.on data
and a viterbi decoder as one of after-nentioned maxi mum | i kel i hood decodi ng

net hods ( Manedeinafteid hotHe, fiHsd) emBddimenAUGRIOR dora@spumes t Be st
probabl e series enploying the added data correlativity, are conbined,

t her ebyj §9thtalreed ridRMatsd WPeproaaeeny devilde md saepipedeindcliaibe 1,
advant ageous for a high recording density reduction in a linear recording
directipn. Fppceaadde 2RMeoSi 9pal wPI PCASS| R SMSLISEA NASi iRl ir@ife it Natd ons
according to characteristics of reproduced waveform or nodul ati on codes as
descri peguaBgve, tanoappropriate systemis required to be selected for
various recording reproduction systens. The transversal filter 6 is a FIR
(Finite | npghS&ilRERONEE Khl bpr)iddl t@LskOPebrbURd ivh fd 1ghL1 t BBEaiindd
exanpl e. Equalization characteéristics by the"FIR filter can be realized by

varyi ad“%fﬁ%é&ﬂciﬁgsﬁFéﬁsa(%ﬁ@h/§§igﬂab§¥§&§§tﬁgck%#3Fﬁﬁéi%hqwn

response equallzation he transversal filter 6 is converted to a signal
. I . Cos . . " T
i gh- ordey £E8; SHEBR AL e otblda 2a R Py A R TR ot L Fhof R o

h Dot o g , I .
char achgb5ghEan 2 AMLIE ShOMHIch IMAKRILSs b e NaLy by o
rogi st eEfet Rt RhEpEol Hesnan & ERpEPRETEED cor B {ovadetorm
fact f_a.ph i ndi cated b h t i_nf i i it ch '
accor EReal iR HEBRECS cSIEBaeR oPmEroke a BHate ht & pbtdbr SrdE
performed. Thereby, a reproduction signal sanpled asynchronously is
converted to a reproduction



.2 2.AUG 200Z. - 74 equalization signal equal to a regular sanplin pB@Eeﬂmz
The high-order interpolation filter 7 may be a FIRfilter which c rses
del ay el ements 19a-19f, nultiplication %Jenents 20a- 20g, and an addi ng
means 21. At this time, when a phase iﬁ&erpolation 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
out put signal of a loop filter 10, tap factors S1 to S7 are set. Here, the
factors of _the.,registers to 22g have i st characteristic value faor
cach pre@ia HEIRGUFEPBLE FFs it e BarPEbLeR. i ALh Ghha bl SeLEdH 2% o
h as shown in figure 5 for exanple, and areas from1l to 7 are stored

corr esOrRPPRF yagSUPésﬁé’@t ia FutaRf b LFRgURRRYHi fOZ £XAMRIE n ARgeREPHL
For exanpl e, when phase control information at the present nonent obtai ned
fromt L9 19f t &hejowapyeformprARglditddy dmepasen? fidmsanREedartPhase
by 180 k filter factors at phases of "1", that is, a in areas_from1l to 7
shown HFitate Signalsetwitht gguldckple obits t P%7. anhe anadeg/digital
division nunber Nin a time direction is, the higher the accuracy of a
phase CHMVSIt8ECENeaS @hiMeaARs iRy ca9BVEALIRG (AR finddatinBégnRY cke@ls at o
an increase in a circuit scale, and thus the division nunber is set on
condi t ibrgi#akhsagnads pektothendeimsd therecdiss erpleyed e chopht whiieh An
out put signal of the high-order interpolation filter 7 is inputted to a tap
wei ght iy geceratesht byl amawes@illateont 1 andaphas, a3 25ock 2compGnead?2,
wei ghting factor of the transversal filter 6 adaptively, so as to mnimze
an equasyathxrneus owitRhéhadp ofeittie i ngpfaduoct ioantsignaieansTBe rdygétploy
Least Mean Square algorithmas shown in figure 7, for exanple. That is, it
conpri sdgrel equaEltilzat imrleipbe debitsor @bishi chislet esampardequbli zathen
target value corresponding to the partial response system fromthe output
si gnal asfalidw/dighbalieconveatyext a3 | ba finlpudrted byo aahewfidis@ty ¢orgeagion
circuit 24, and detects an equalization error by subtracting the

equal | metaren tér ged vabureatd e cmififset si gomponenthe imcjhmdat®r in  the
interpolation filter 7, a correlator 26 which calculates a correlation

bet weerepraiquionsi diglital shiegnadual i zation error detector 25 and the

out put signal of the high-order interpolation filter 7, a feedback gain
regul ator 27ries of f®adscoareutidm|yéagsan ayd e ofohbticated aiorsRéSwhyY
the sanme nunber as a gain to regulate a feedback gain, and a tap factor
updat i i@ FAlgueds s foreerample.addinyk tive Plgwré of cohpriess awrofpsét
wei ghting factor of each tap to update a tap factor. Next, a digital

phase- detleedt imppmédneonys | £ox adehaseingnpar addDfs8tf womipdwsht nhel Pphibge
error fromthe output signal of the high-order interpolation filter 7, a

| oop fithieer réprivaduciniom hidiggetabaseignaby Sa gremooth pngt eadednsm 1he pbase
conparator 9, and a feedback | oop which controls a filter factor of the

hi gh- ostel timiirey pphat detddtiddroffseth siwynalf pahd a subtracting means

18 for subtracting an output signal of the smoothing means 17
from the reproduction digital signal.

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



~__ sanpling cl SERTHE! e ?

,~ ~ NU G 2fl~2. 76 ' signal of the loop filter as phase control
information. A data ‘dem)gul ation is perfornmed through a maxi rruleiZ(eéua]cmﬂf
decoder 12 which perforns decodi ng according to a type of partial response
enpl oying a partial response equalization waveformin a regular phase
outputted through a series of the operation. Here, the maximum | i kel i hood
decoder 12 may be a viterbi decoder, for exanple. The viterbi decoder
performs a probability calcul ation accorggng to a |aw of correlation of an
intentionally added code in accordance wth a type of partial response so
as to reproduce the nost probable series. A nmeans for controlling a
§ﬁ§£o ?aiﬁfFﬁPFggnverter 3 is realized by a frequency

—control |oop whi Neg@PHEFED 12t HURAUETEH 9" 'Of ¥BlLChUAtIBBE A Faqms for

detecting a pattern I ength of a synchronization pattern or an inferval at
whi ch the sgoabtoal zat i snipatu ttred | o ganéramesiveromlt fd teut futanidynid  of

t he high-ord L nt | ati fillft. 7t t t . I
Lner oby out BoL 21 A6 E& G 1 AnBy HhiAl TATRAR S, PAMAHARWORY | BeT¢ oquency

control as %h@afﬁafr‘éla?mpé&l)%éée Eﬁq‘iﬂ&?{%\/tﬁ{ﬁor e?x'l;lvﬁ!l'é outputpgd from
the frequency error detector 13, and an oscillator 15 ich supplies a

clock to theyatgwg/ didyit &, cohverdpr ®hitth fdévidrsy @ rovakafaroy 13
may be constitut.ed as shown in figure 9, far ex | e. That i there is
ool oyed anadREhE T ATt b e el Tz bm do R BV Sy HER [Bmirds o
.2 2 Al~G Zm,??4'3@@!‘5-7§2%)5‘&3§e§ﬁ'd/\9|ﬂ i‘}?tﬁféﬂl?@ B (R9Slit o rhere a
signal crosses zero |level fromthe output signal of the high-order

i nt er pol at i ®OM| (Bre &7d afth bpuMié mp t e winigh nig nuarperb betekedigetiahbor i ng
zero-crosses to hold in jster, and cycle information,l ichjs
versely prESATALAg b 4 Phndytealor & GFE BR rboriaale sHdfea is
obt ai ned byrgrsykcimdieati on pattern length detector 3lwhich conprises a
nmeans for detecting maxi num val ue obtai ned by adding a count value to
hold in a regi st@onordytivealdy;aai digitati dbhltar idegmaed vlatdeon |wagt hs
within a period set by a.frame counter 30 which con‘gris?s a means for
counting a &St er f6QMyef ofe@¥Faftd Bat i°FY8s 83 Po &Y put .
synchr oni zaglig@uppttgrsn, SHOWaS 1h4 ifngarddVD- B Alyer Bei ngipaldyed in
to some extent by a synchronization pattern |length, in“order to maké a
frequency cHiseriminatieguercon plforingock cohijpmmerdevied| diby aheread

repr oducti on,cl ock,, a cycl,e where g_kmchroni zat ilon pattern is generated is
detected by &Pmthtoni za pat Vet A8 nt REFAP 1R fect ot SEE\Mi%JHn(? ri ses

a means for s@UhMifitd #9i & 1AieZft hQN PRbEAN i 2 Alré BAY)LiLAd udged
to be a synchroni zation pattern by the synchronization pattern length
det ect or 3litwddégibai nglgn alnwdtial manttiple dyitshmoaiszstubhepdedertio f1 ag

is detected, next,. and addi fference from 144§T T represents 1 clhannel bi t
here) in a DO RAHATS: AASEFIMMIALIQR STRE] X8 A S Mol fdSion 2. An

oscillation clocloaf tthhe @ssithraatyor the IPREQY§ehed 30 A, f4 eqypngy sdomai n
where a phase 78 ~2 2 BUG 2002." synchronization is possible by the cycle
i nformat i onchandcitiggisfice i( 3t hRti 4hD2 +Brf R Bi) s odayp,a iyp img ogdiata t he

met hod of developing.the offset _error . .signal . in a tinme.djrectign, it,is
possi bl e to_oget%g’tr gn‘fg?fgé’_tt g}?’cﬁ’s aﬁ“r‘aglrﬁggv@fr?rﬁ%fw roggicufa%y, ifeh coul d
not be obt aprpdlsORia ¥ cletighatsPakaai lyw THEERl ¢iRer NS eshownl §8S
increase in control noise than

figure 4 to the reproduction signal.

In figure 4, MTF indicates optical reproduction

characteristics in a DVD-ROM, and it can be said

that the nearer to this frequency characteristics the

system is, the more advantageous a partial response

system is. There exist



conventional even when a |oop gain is increased, thereby suppressing a
deterioration in reproduction signal quality which acconpani es ad%QfAHGtﬂmz
correction as well as ensuring a high f?blomup property and a stable
operation for an abnormal signal generated by a DC | evel fluctuation having
a higher frequency conmponent, an anplitude nodul ation, a scratch, or the

i ke. Thereby, it is possible to enhance playability even at reproduction
under an abnormal condition. That is, in a digital data reproduction of an

optical disk systemin i.ch [ xists.in a signal form |
as whi cAYEES et’g%%%iBglniﬂVﬁafl%]?ngfﬁﬁ%eaﬁglq%ﬂdgﬁﬁgd&tﬁm?%ﬁ, (3 hr oy

| evel flLuyctuation,,or _the l.ike whi i s _cgused_ by scratch_.a defect, or
the 1 i kdsHuRtet:tar 2adiriaft 49 Ehel Mkt cpr Lefedh tif ariBugend o #h
conponent .,which enpl oys .characteristics of ,a.recordinhg nodu) atjon gode to
o br T <Bhifo i BPE, HEPRLCHER | EoucA CORRBASAED: PE8 LnpANty bhadekss nd
zer o- crQss _nei ghborhood is altered adaptively, so that the nost sujtable
of f set EdELEEE i?PpS@EiBMa%ﬁ%%?d?ﬂ&tﬁﬂ%i%%n?P&V what 35) eqydvtpnt
state, thereby enhancing a foll owp propertx_and restoration perfornmance
for an kBn&eeingdRErEALBARCEy CAchat ERalazgdrectTher PARE LRl ZCIRPREL
it is an advantageous state also for a control of frequency pull-in or
phase- | B¥REEMpUWRIrR, fAdSebR eRaFTEIQtLHitgh dfbe@ phddie | sddikarhion- jaf
after seek. A transversal filter 6, a phase conparator 9, a loop filter 10,
and a phEepEoANCcEiod adadd t il t & Weitgnbing desadnT cAf r inere s IWERRY-be
enpl oyed instead of the transversal filter 6, the high-order interpolation
filter Meniipagdnei MAKLMRN actlokkebiteed nedecodinghe prAHOdSONPAMADLMYN
and the loop filter 10. The offset correction neans 4 nmay be constituted as
shown ihikegdheog), THehich |demedplates athe o-Beats (REtbabhedetseniesy
means 45 which is constituted by a function of detecting a position where a
si gnal etdiisingerthe cadtedr ohatae cormnltatsiwityt, oarehedmiybned derthereby
interpolation filter 7 and outputting a zero-cross flag, a zero-cross

anpl i t utle serduizersanBRMB \Wignal sprogesistimeedibich fisnadrmmidéredt to theg
an anplitude difference (E in the ffigure) between the true DC | evel and

t he pseadvabtageous sfiown a nhiigh gueecordinigt ndersptyt repuroduapliomg dngral
at a zero-cross position as indicated by "1" in figure 19, and a polarity
val ue olipearneemsrdinghidirestionstituted by a function of outputting an
arbitrary value X or -X according to a signal polarity with respect to a
sanpl i ng Since the PRML signal processing system has various

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 1is 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 1is 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 Nyquist



2002 so capabl e of setti ﬁg an arbitrary gain for an output sign
polarity val ue output neans 47 by a gai4in][ adj usting neans 50. That is,
shown in figure 19 can be set to an arbitrary value, whereby it is possible
to adjust whether an offset correction control is perfornmed chiefly for an
out put signal of the zero-cross anplitude output neans 46 or of the
polarity val ue output neans 47. In a case where it is done mainly for the
out put signal of the zerqg-cross. |.itude out put, ns. 46,.a gontrol i ch
s By abhEEEBALaF 3P, ST A I aRPof DM R it § ke oE R PRPLLEr
be performed, though, when a phase-locked pull-in falls down, an gffset
correction coRt F—g‘P éﬁyﬁﬁufs}t I%ﬁﬁﬁﬁﬁt&rlﬁﬁe"’%anistﬁmwno%'nt P 3ry 35 a
case where_it is done mainly for the output signal of the_polarity, val ue
out put ¥pRkitude VRl f ¥dEoRr FRABACLOERIEE  ddT belferd by #deds el nb®| N at
hi gh speed, though control noise is increased. The output signals of the
zer o- crRAEtSNPpRi PudelRit BLECRELPN 465 af§OReE gl nd adPAISILRF mead sWhile
obt ai ned as described above are integrated as an offset error signal by the
sel ect dthagrggistexarwhioh penfanmg ahsedqhioni fRalsethya a fastorrods a
flag to output, and this is inputted to the loop filter 49 for offset
cor r ectplyas € oringtistatrechg byhepbaseercoptpall yinfprpatpon signgwisiched |igop
filter 49 for offset correction is directly subtracted from an out put
si gnal agcepdanpel oyidilyi tthecophaaer gopfrrelsubinfermagigpans as, phiaseeby
to perform an ~~ ~ ~~~| 200a _. offset correction. In this way, according
to whi cintérphkabioputisi pextfomied he z&herahys anprépudductipm sdgmaland
the polarity value output neans is made main, a control can have diverse
vari at isampledr esgxymschspeedsdy consr ol canvertether tby emablrepraductfiost
correction suitable for the condition such as the reproduction of different
r ecor diegnakizat bon asiguafioequalhecmfd seégudaresampd imgaphabenay be
constituted as shown in figure 21. It conprises a zero-cross position
det ecti ng neBlmes HighhkorHers iodrestpoliatdohy fd lfterct? anapf béetae ®RIRMgfalter
position where a signal crosses zero |evel fromthe output signal of the
hi gh- ordetch ntecompmeat s ondélayer elemecthteut diftd | igp a 129t o-im ossefiaeg, aand
zero-cross anplitude out put neans 46 which is constituted by a function of
out put tcongpris e@spimilitdipiddeienceel émentshe26agure) 2ot waad t ROgt r wh iDE
| evel and the pseudo DC | evel shown in figure 19 with respect to a sanpling
si gnal milwipky o-tamss earddoedastioni cehed dgldyl élemehtgyr ethdt anhd,a
pol arity val ue output nmeans 47 which is constituted by a function of
out put tiinnten afbitheardelVay ueémentsX dsaortd NP9 f oaadsigmabupphittr idfy wvheh
respect to a sanpling signal at a position other than a zero-cross
positi @elankclanenmpabde bYy teapt ifartorardittar g6gand BIr, andwHpuaddiggal
of the polarity value output neans 47 by a gain adjusting neans 50.
Furt hemeddeer2l i whjpehviadiels soupphet s ootfr ddheramnbt bpl dsativmard dmgnts 20a
controlling the gain adjusting neans 50. By the node

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

signal at a position other than a zero-cross position, and is af ﬁfAﬂéSng
X

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 239 based on phase
control information as an output signal of a loop filter 10,
tap factors S1 to S7 are set. Here, the factors of the
registers 22a to 22g have Nyquist characteristic value for each

phase in figure 5 divided into N parts, for example, each



82 2 2 AUG 20D2 control neans 51, it is possible to set a node 2002
performng a control mainly for the output signal of the polarit zvépge
outputting value 47 to enhance responsgoperformnce at seek, for exanple,
and to switch the node to a node of pertzorrri ng a control mainly for the

out put signal of the zero-cross anplitude output neans 46 when a

phase-| ocked pull-in is performed. The output signals of the zero-cross
anplitude out put nmeans 46 and the gain adjusting neans 50 obtained as
descri e | nkhegrat n et s r ~sbgnal t | act Qr, 48
as a rreb“g‘gas %ir/ gﬁ#&l %g%{%eag’ﬁ’?g&ta s%‘fr:lgl tselal}ﬁg Eélfr%% cr%géémf Imggﬁtsoqgut% gut,
and thig. is.inpukt 0 g he o] LLt 9 .f of f i f

snoot hi%bé‘?%efrhgaﬁ'gg.r teFistrfaI?é/c,? gﬁéé%t %&P iJflsi]'g(r?%l? ?)f 3? tﬁeﬁ%{)é(’)‘%ﬁ#%%rgﬁng (c)lr

of fset correction.is.directly subtract fra ou t (Si 0, he .
anal og/%cfﬁ}f?%?mg‘gﬁ(}gHert %%j/s%e%%‘f aggpﬁg O?egﬁée 1§?ﬂt Ié‘tlgbé?% o;tbé‘fgoﬂ'r‘ﬁ an
of fset gcorrection. |[n this , characteristics of 1he affset .correction
cont rolfcli‘%u’é%vi fL’Che Qarccﬁ?‘ﬁf“\é\@ét'o"‘f c ﬁ?FSI crﬂf’(}'e‘foi hé988§m8&r&6’lni r@tthge
nost suitable offset correction according fo state, such that a control is
or f or IRAESRAHI PORBte GRARABA afFOP AN oLROBNIASLET of § odp rSFBPEING,
| evel fluctuatjon is re%ui red nore _t han the accuracy of .a reproduction

si gnal PRAFe ALLERFERE Lrom& FEIERTRRRS 1 BY éef’er'o-fc‘#d%"s‘J dRFFPEReakt
reproduction of successive data where the accuracx of a reproduction signal
i s requhases @FtH@®", i thakvadpves in- arenss Doom lggocdnehqyahcin ofigure
control, thereby enabling a high speed phasel ocked pull-in after_seek, The
of f set TAFLCEEBNARLLAP %ar%‘iplb% ebnsti tet & -as Thewharger dih‘% divigion
conpri ses a zero-cross position detectjng neans 45 which is constituted by
a functiusbest NelBc@ reglBe pdrersdofheksy atBeghdighanskhe AEFYIasyeof r8m
the output signal of the high-order interpolation filter 7 and outputting a
zer o- cids g |eRntrokcbgcemess whdlle afe Ngyeaseeins the Wiivdsjon number
constituted by a function of outputting an anplitude difference ( E in the
figured Bea@dentoheanrudnpeepsee| iandat eipseiio ealevel aBdovkhua fthare
19 with respect to a sanpling signal at a zero-cross position as_indicated
by " 1divigiamupember ahg £930| eni cpndiiticonuwpdcheakioys wegirymance
constituted by a function of outputting an arbitrary value X or -X

accor diang td @ixeyhhl sgaler ity heteompapibilet.o Ana@ptPug signal Af gthe
position other than a zero-cross position, and is capable of setting an
ar bi t r dvighyfindenr integppdatdiogalfigitene Pol 4 t yinputieedut ot Meantar7
by a gain adjusting neans 50. When a control is stabilized in a quasi-phase
synchr weighting sfacsorascanhrahs neans edt okdnFankraet afle tapa Wekghit iptiase
synchroni zati on state, a cunul ative addi ng neans 53 adds the output signal
of the fasitan t pi/althe oltpansvernssl47fidhera quasdapitdstelyynciniasit i om
judgi ng nmeans 54 nonitors its output signal level to judge whether it is a
quasi - piadanizel an gequakigatizooerspychr oni zati on state or not in an
arbitrary certain period of tinme set by a counter 52. Wien judged as a
quasi - phase Theatttap awedghtdngc faainn oeohyralcogans| &irnay evpgoyerfieast
strengt hened enpl oying the gain adjusting nmeans 50, thereby to restore the
state Meaa rforumate phhgerighohasnisfmwonist figurehe/ oufeut exagpdles ofThak
zero-cross anplitude output neans 46 and the gain adjusting neans 50

obt ai ndd ,as ides conipad sevaarar eequd kijzat édnaseamoaf f dettemtrar Aynathight he
selector 48 as a neans for switching the output signals by a zero-cross
flag t detieicst , aand equal izat hpnt tealrgett heallaep toltrespbhdiorg offsetthe
correction for snoothing thereafter. Finally, an output signal of the | oop
filterpdtfial ofésponser regsten ifrah r ¢hel yosupttad bghdl omfanthet thigh-
signal of the analog/digital converter 3 by a subtracting neans 18, thereby
to per bed@raintdrizil£OiéecEidBerWit bys & enipd bty afjudgingveirdwt 24,
quasi - phase synchroni zation is generated due to a rapid offset |evel
fluctughigon @etasdeki t ude Noskhal i9at IOhCh @EEUES iy a iirdct Bngef agie oOr
the like, a self-restoring can be performed early so as to be returned to
an ori agaalli&fa%%rﬁyesrae@ Zpd198 ahatl &hé h@h%'i:‘(x@béﬁgﬂhﬂlgcﬁfdtﬁét High-
recorded data reproduci ng devi ce whi ch enhances playability. APPLI CABILITY
I N | NDUSTRY As descri bed above, a digital recorded data reproducing



2= 2 AUG 2002 85 device according to the present invention is suited to be
enpl oyed for a part where a phase equalization of reproduced digi%ﬁé 02
recording data is perforned in a reproqgftlon system of a digitalu CAU%é@
data reproduci ng devi ce which reproduces digital recording data recorded on
an optical disk. r-12 2 AUG 2002 ss CLAIMS 1. A digital recorded data

r epr oduci ng devi ce conprising: an anal og/digital converting neans for
sanpling a reproduction signal of a recording nediumto digital data

asynchr usl hase of cl gck conpone i ncl t he_si gnal ; a
di gi tal® fé g‘B‘VFMFE&q ng }gF rr &t aBPFs@t%dc‘gh’p‘g&heﬁf‘l&
anplitude fromthe, saml ed SI nal allzlng fllter for subjeqtlng the
correct®d Sa%FRtation tyee re%’boﬁé’é:l:g’cﬁjalsllﬂé’c"’}]on nthft e?ﬁBP&tllzé‘rFlon

filter for reprodUC|n a signal in a regular sanpling phase fromthe S|gna
subj ect¥EE?H 1 9ga|25 and the ou put 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 requlate 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.

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.

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 reqular 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, in a case where an applied partial response type



response equalization by interpolation; a filter factor control neans for
adaptivel y controlllng afilter factor of the equalizing filter so Qh?IAGH‘Hmz
equal i zation error is mninmmbased on out put signal of the

i'nterpolation filter; a phase-I| ocked |o§€ 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 maxi nrum | i kel i hood decoder for

subj ecting the output signal of the interpolation filter to a maxi mum

| i kel i hQod ,deco accord ng to a type of part.ial, Lesponse u Iization

by the S8aaNe R TRrcd Ar9ah, FHANEE, e At 15 RBed nRdER 8 A

—_denodul ation. 2. A gﬁg:tal ecorded data L rodUC|n deV|ce CcO r|5|qg an
’/analoglﬁlétﬁalt€éﬁ§ Br 2Wnpt ﬂﬁna FBpr dg8E%n & his

recording nmediumto dlgltal dat a asgnchronousl y wth a _phase of a clock

conponeRRItAENIAEE Yi (FeRRI4PYFalan 280l §i MAdHALLQR FREE SPRLANeds for a

correcting an offset
DV. also involves limiting a run length to 2, and enables an

expression in a transition of six states of reproduced series
S0 to S5.

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 ~100”, a code “0” is added to “110" to perform shifting
to the 1left, thereby meaning that “1” on the left edge
disappears to lead the state S3 “100”".

The temporal change is illustrated by a trellis diagram as
shown in figure 8(b). When a probabilistic 1length 1lkab
(hereinafter, referred to as “branch metric”) of each path is
calculated to perform a transition to each state, the branch
metric is added. Here, k represents a temporal transition and
ab represents a branch metric at a transition from the state Sa
to Sb. An additional value in each state of the branch metric
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 is,
provided that a demodulation is performed according to a

recording code in figure 8(b), a path indicated in full line is



conponent and an anplitude fromthe sanpled signal; an equalizing filter
for 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 adaptiVgl}yAuu
controlling a filter factor of the equalizing filter so that an
equalization error is mninmm based on the output signal of the equalizing
filter as well as controlling the filteggactor so that there is no phase
error based on an output of the phase-Ilocked | oop; and a maxi mum |i kel i hood
decoder for_performn maxjmum | i kel i hood decodi ng according to a type of
parti al resbﬁﬁséuaﬁv’égq%gll?ﬁébi'on by the equalizing filter so as to perform

a data denmpdul at jOfy e3in gheod Qio_tr@’créﬂci%;@e&’ Qa&ﬁpﬂ?ﬂrgo@mm gevige as
defined in 2 2 AUG 2002 ss Claim1 or conprising: "a clock generating

means for gamexlagpdigithdckowmivarteph3sésasygadhzedoly vat frehatemeya cl ock

signal included in the reproductjon signal, of the recording nedium a
frgquency c%ﬁtnrt(ﬂori“regﬁ’sol?grw HiRol FP p&‘ﬁﬁeﬁu@]cﬁ(ﬁqgﬁép%}'ocﬁré@ﬁerat ed

O 1 LA e PROES bRk RS SHOERNED S b ngent ot o
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 converter 3.

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 registered, 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 set by a frame



clock generating nmeans based on the | oop; and ~n nmintaining neans for
performng a the clock generated by the clock a synchronization statzez(t}q.gg%uz
on the loop. 4. The digital recorded qﬁga.reproducing device as definéd Th
Claim 3 conprising: a delta/sigma nodul ati ng nmeans for subjecting control
signals fromthe frequency control nmeans and the phase synchroni zation

mai ntai ning neans to a delta/sigma nodul ation; and a | ow pass filter for
renoving a hi gh frequency conponent of an output signal of the deltal/signa

dor i et PRCBESTTN 4 PRd A, Eoflp Saei T8 MERE. Rob S RE MRS 1 BN e,

(LT SBRRLAR, Flot Ml Ry | B aned b PHatRE Lo E SraBhEidilan. .

an amAFEEAEReoRPEReAS of 1345 1bi 4y DYReROH. “aféef B p01S5°15 o
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
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
oscillator 15 is controlled to a frequency domain where a phase
synchronization is possible by the cycle information 1 and the
cycle information 2.

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,



a center |ine of a sanpled waveform crosses zero level with respect to the
point, while the means adds a prescribed val ue according to a pol g 2t Uef2082
reproduction code with respect to the qﬁper poi nts where a code is decided.
7. The digital recorded data reproduci ng device as defined in Claim1l or 2,
wherein when an offset adjustnent is perfornmed, the digital data correction
means adds an anplitude conponent of a point where a center line of a
sanpl ed waveform crosses zero level with respect to the point, while the

means adds_a. val ue according.to pal arj of _a_reproductio ode w.th
eapect SYan; REdstn AL CoRdikapRel 4D kb  Cnat AfEF K ¢ oReb o et on
—_ additiongl value different between at seek ation and the other tipe.
5 The BF gt aF SPECOPEET Ot SLFBBLOARE nd et Lt Ao APREE SIF KFOFHET, OF
wherein the digital ,data correcti on neans increases the additional vyalue at
seek opRPalPgnealAld zatd Aoankn@EEPEaIsIUNHNDRMt PERIF FAYR 2% Yeitads
synchroni zat i on state. 90,2.2 AUG 20029, The digital_ recorded data .

repr oduRPABL 4RI @ Siaki® | ddairaloracarded datynEeprRdnniem Bithehigh
adjustnment is_perfornmed, the digital data correction neans nonitors a

cumul atPhesedliPEkeraputdi~d& GAPACILY -

That 1is, the digital recorded data reproducing device
which subjects an asynchronously sampled signal to a partial
response equalization, compensates a phase synchronization by a
phase interpolation type digital phase-locked 1loop, 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, resulting in a digital
recorded data reproducing device which reduces an error rate as
well as enables a stable digital recorded data reproduction
with high phase-locked pull-in capacity.

(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



prescribed period of time at each point in a sanpled waveform and gives
f eedback of an error amount for a direct current part discretely t® 2 G 2002
direct current part. 10. The digital rec%{ded dat a reproduci ng device as i

defined in Caim2, wherein after perfo# ng a phase-locked pull-in, the

filter factor control neans perfornms a partial response equalization
successively as well as sets its loop gain to be sufficiently |ow as
conpared with the phase-locked | oop, and perforns switching to an

intermttent contro] operation when the phase errqr is decreased. 11.

A
di gi t al B¥cBr FE&PTLLUE NG BEFESH ol RGN c@Sc Apr PREAG21n BIEARBDI (1QE Shown
enphasi zi ng an out put anplitude of a reproduction signal froma recording
medi um ;haf v R RPREuamPlgde: AMPhag LERdhbEi 2i RFeampldskiehels f RBJudicy
band of the, enphasized signal; an anal og/digital converting nmeans for
sanpl i nFukiieeeRRd FocgoFr@eian vhich eaphasizes th highi Airegiercy byoa
~~G 200Z. 91 asynchronously with a phase of a clock conponent included in
t he si gaveSornc| egraddrekng edMeANEn odci Ithexratfe@ref f set THE r eWwavgsorm
means for decreasing an offset conponent fromthe sanpled signal; an
aut onat iesjupsl k2 Bogt melanfeads ¢ompadsesti g fikter 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 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 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.

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.

An output signal of the offset correction means 4 is



anpl i-tude -of the output signal to a required level; a transversal filter

for subjecting the signal subjected to the anplitude adjustment to 2 2 AUy 2002
partial response equalization; a high-order interpolation filter for
reproducing a signal in a regular saanS%g phase fromthe signal subjected

to the partial response equalization by a high-order interpolation; a tap

wei ghting factor control neans for controlling a tap weighting factor of

the transversal filter fromthe interpol ation output signal adaptively so

that an,equalization error is . mininmum a phase conparatqr for _detegting. a
phase. GiRBREEEmtheAR nPOSEBRIDrOBHE pRO RISl 2+ A5PodAY | fBr L 1tude
snnothing t he phase error signal; and a maxi rum |ikeli hood decoder for
subj ect PhgthRe HERIQPFEIPBnAdGisaL Signal ( 1S aafduished | FReRPhESH AR ng
according_to a type of partial response at_ equalization by the transversal
filter ¥8lng-t o The faftPBABACaI@dR0 AANREDh, 5 wiaYeide et AYneRAVEAORS O I
sanpl ed signal is subjected to the partial response equalization, and a
phase s§n6hgodlzawavaipsm and performoGe oongsmgerdat &haly & difference
phase-interpol ati on-type digital phase-locked |oop so that a data
denodul betwaens ape @t ikxprry set value and an envelope signal is zero,
for example.

Next, an output signal of the automatic gain control 5 is
inputted to a transversal filter 6 and is subjected to a phase
interpolation to realize a phase synchronization and a partial
response equalization. Here, the partial response equalization
may employ the PR system (3, 4, 4, 3) as described in the first
embodiment.

The transversal filter 6, which is constituted by finite
taps, may be a FIR (Finite Impulse response Filter) filter as
shown in figure 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



12. A digital recorded data reproducing device conprising: a preanplifier
for enphasizing an output anplitude of a reproduction signal fromga 2 AU%ZQUZ
recordi ng medi um ; a waveform equali zi ng means for enphasi zing a prescribe
frequency band of the enphasi zed signal?Y an anal og/ di gital 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 nmeans for
decreasing an of fset conponent fromthe _sanpled _signal; an automatic gain
cont r ol S#88A3 /f oANddj Ast AhgitAd aRPRPEadecked hd R p @S siggnBeans g which
required |level; a phase-interpolation-type transversal filter, which has
funct i op@MPrigesr M Phasal compagrata & Begh-detretingepp@hasenerrpgerof
together, for subjecting the signal subjected to the anplitude adjustnent
to a patheabutgonst | transvaraad ribigktRtichbag @ togpalfilter r 2guifor
sanpling phase fromthe signal subjected to the partial response
equal i zemhoohhlinga ki glphasier érterposagned; audmeexddnpfiramor ther phase
detecting a phase error fromthe output signal; ~2 Z N~~ 2002 93 a | oop
filter ¢ompapatdlri g, t endphahe ephasesiigtelrpod atbion +types&eamf eweighitdmg a
tap weighting factor setting neans for setting a weighting factor of a tap
of the phaseri aioertpad lat meahppe33 )y aaadercsaitfols ea wiTbennfastar of the
equal i zation error mnimumand is for reproducing a normal sanpling signal

f r om t hehades £ntekpolatt iom -anhé htaputedighsi ignpl faétbbe control means 33
phase-interpol ati on-type transversal filter; and
with an output signal of the loop filter 10 as phase control

information.

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.

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



a maxi num | i kel i hood decoder for subjecting the interpolation output signal
to a maxi mum |ikel i hood decoding according to a type of partial respghd@vagy(?
equal i zati on by the phase-interpol ation-type transversal filter so as to
perform a data denodul ati on, wherein t 9d partial response equalization and
a digital phase-locked |oop are realized by the sane filter. 13. The
digital recorded data reproducing device as defined in claiml 2, wherein the
tap weighting factor setting nmeans has a filter factor for each phase which
is divided in a phase direction, updates the filter factor for phase

cont r ol swkk@hedngbYo SRdesHES | FPAPY oPaR_DULORd FREm PRESERooFOMYRQY
updates a filter factor for partial response equalization so as to mnimze
t he equinformabhonr rad BhCcwkpPehe stgnak 9ifgriheofloope filter 10, the
phase-interpol ati ontype transversal filter, and Z 2 AUG 200z 94

super i merapect hvef thperffckons 66r FIRadd ld®ens oF1a8d alse Showrr ingdigurer
partial response equalization, thereby setting the weighting factor of a
tap of & hmrehast.i nthey®) athenfagterns af\veegisterst @2a-P2g Threddgiciaed
recorded data reproducing device as defined in Caim1l2, wherein the tap
wei ght iby fedtlor ofet ta nfasors aomrreks by tpamoialy yesipongeci adaiptt ifver
detecting an equalization target value which corresponds to parti al

r esponssutomdeic bagprh hizdbionuiamd ai Fadtod tobatodnsher wiquidt ephase
equal i zation error detector for detecting the equalization error based on

t he equialiewpobatiengeontalode and the output signal of the high-order
I nterpolation filter;

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 wvalue and the output signal
of the transversal filter 6, a correlator 26 which calculates a
correlation between an output signal of the equalization 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
requlate a feedback gain, and a tap factor updating part 28 as
a means for adding the output of the reqgulator to a weighting
factor of each tap to update a tap factor.

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

interpolation control divides Nyquist characteristics into



a correlator for detecting correlation between the equalization error and
the output signal of the high-order interpolation filter; a feedbac I n
b B0z

regulator for nultiplying an output of the correlator by the sane
a gain to regulate a feedback gain; a tid factor updating part for adding
an out put of the feedback gain regulator to a weighting factor of each tap
to update a tap factor; a first register for storing each anplitude val ue
when a channel rate of Nyquist characteristics is divided in a tine 2 2
AUG 2002 95 direction correspondingly to each tap; a tap factor folding
means feigbtppargsofinam eachot dp ast ghawn ninhfiguret Svediar cexamplhel,l and a
Nyqui st interpolation factor in each phase and a tap weighting factor for
parti al stezpsnseeaguatromt ilont@hilchinf aat aregister pdbt ewrrespomdingpyf aw or
updating part; plural delay el enments having del ay anount of unit del ay
ti me, tbthehimdsméctinvef itags staffje thiee EIRNnafittbrectsliown tim fHidumwe 6.
response equalization is inputted and which are interconnected in series;
an mul t Npgugstwiintierpo b2t ionr riasoxk ngty daclntappundf phase Em-Dm (m
corresponds to a tap number and an area number) 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 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.

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

frequency error detector 13, and an oscillator 15 which

supplies a clock to the analog/digital converter 3.



the delay elenment in the first stage anong the plural unit delay el enents
as well as outputs of a connection poi nt between delay el enents g d o 2
delay elenment in the | ast stage; an adder for obtaining the sun1tota| l? 002
outputs of the nmultiplier to generate an output of the tap weighting factor
setting neans; a second register which is set correspondingly to the
multiplier; a register value updating neans for updating a value of the
second register based on an output of tlkggtap factor folding nmeans; and a
sel ector which is set according to the second register and sel ects an

anplitude value stored,in the second register to, output t he
correspondi ng nu r[ﬂ i ék" QESM%CYO ﬁ’éo’éut‘i)ﬁec CE 1t%hagl‘-za}'nfBFmatlon

of the Ioopc{> Istt é‘l 38 ARP2 14O fidligedogi {5¥ éxe&ﬁ{ﬁ’?éj daiipa £ egy,0duci ng

devi ce as de |ne a| m 12 urther conmprising: a frequency error
det ect or fothdeeeasl ngrmpfcu}eqdena;n eoudput 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 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 set 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 detector 31
and counting an interval until a synchronization pattern

flag is detected next, and a difference from 1448T (T



from.the qutput of the traversal filter; and a loop filter for frequency
control for snmoothing the detected frequency error and giving the s@ng Als 20
the oscillator as a control signal, wherein a gain of a |oop for frequency
control which includes the loop filter $#r frequency control is reduced in
a state where the frequency error is under a prescribed value, so that the
processing shifts froma frequency pull-in control to a phasel ocked pull-in
control, a loop gain of a |loop for phase control which includes the phase
conparator is reduced in a case where the prescribed nunber of

synchr omepaEisentsit Lerahannelkt bitedierw) t hat a hBVPrBOMssifqr sexampliey ais
partial response adaptive automatic equalization control by the

phase- i pbtadaient | @8- cygd & ainfermgat iog Ract oAncosieddllatsizors, chadkt lef the
processing shifts to an interval-control-type partial response adaptive

aut onat bpecdduiatiomtl Hnisocontirodliedh ti scritedquyeney| domaia elvarneata vehase
addi tional value of an equalization error anmount on a tap wei ghting factor
in a stayachirere zat bopalisz poiseibdie diy byheheyedd i iformabtion ddarid vehe 2
2 AUG 2002 97 automatic equalization control is under a prescribed val ue.
16. Thec¢icgie dlnfeamatitondata reproduci ng device as defined in Oaim12,
wherein the tap weighting factor setting neans sets a feedback gain when

the ffilter fa ordigitalaseréostded | datpdat edpgodacing bedeufitieci amiiyh
| arger than a feedback gain when the filter factor for the partial response

equal i zghbgedts Wiflad$gnchRPInbRdayesa éﬁ!éfﬁnéPCt@rafgértmanﬁﬁéé nse
response equalization discretely. 17. digital recorded data reproducing

devi ce ggiRNii¥atdior? Byeanglindiey &ystenphaansivied syl Off PHérfnplealiudiedfaa

reproduction signal froma recording nmedium; a waveform equali zing nmeans

for enpppgkel NOiRteErp6TLLRBH 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 low power consumption at high speed reproduction,
as well as enabling an effective control with high accuracy
without 1losing 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 loops
in the first embodiment are integrated to communize the
transversal filter and the high-order interpolation filter

which make up a great portion as a circuit scale, thereby

realizing a reduction in circuit scale and particularly low

02



frequency band of the enphasi zed signal; an anal og/digital convertiq?éfe%qs
for sanpling the equalized signal to a digital data with nultiple bi AUG 2002
asynchronously with a phase of a cl ock ggnponent i ncluded in the signal by

a clock generated by an oscillator; an fset correction nmeans for

decreasi ng an of fset conponent fromthe sanpled signal; an automatic gain
control neans for adjusting the anplitude of the output signal to a

required level; a transversal filter for subjecting the signal subjected

99 2 2 BUG 2002 si nal_returnﬁ,t a normal operating range before the

si gnal Pe¥EXe SONPUMRIALRt abf ﬁﬁ§s§P§§ﬁk 9A/GHRont rol ; and an

oscillator control neans for controlling the oscillator based on an out put
si gnal of thEuftd®loncy dont MAthadhns @Rd afr&GURRCKi gn8PNErodhe phelase
synchroni zati on maintaining neans. 18. The digital recorded data )

r epr oduEyRghyenigatdonief iGRREFAL O ai and7, PAEEEAA t hEespONSet oradaptive

means conprises: a delta/sigm nodul ator for nodulating the control signa
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.

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
control as a third stage (Step 105), and a loop gain at phase
synchronization pull-in is switched to a low gain mode. When
the synchronization pattern is not confirmed continuously for a
certain number, the phase synchronization pull-in control is
continued. In a case where the processing shifts to the LMS

algorithm PR adaptive automatic equalization control as the



at up/down control by the phase synchronization maintaining neans, %F& a
| ow pass filter for snpothing the output signal, thereby to control. eAUG 2002
oscillator by the output signal. 19. The digital recorded data reproducing
device as defined in Caim18 further clfprising: a cut-off frequency
varying neans for switching a cut-off frequency of the | ow pass filter
according to a reproduction speed of digital recording data. 20. The
digital recorded data reproduci ng device as defined in any of Cainms 11,
12, and 17, wherein the offset correction neans conprises: an offset
det ect i bpimdarstdgr, dehent ang eguakization; errgyc ohfuzined caspdhent resndtby
the sanpl ed signal; a snoothing neans for snoothing the detected of fset
conponets; adidhdrsultr B&ti ($tepansl 6&y, subheacprogesbdngnoahicttsi goal &nom
the sanpled signal. 21. A digital recorded data reproducing device
conpri singerval-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 1loop gain of the phase
synchronization pull-in control, so that no competition occurs,
thereby enabling a stable control.

By a series of the control method, a competition 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-locked loop

as well as enabling a control which does not lose an accuracy

of the partial response equalization. Further, by employing



a preanpli-fier for enphasjzing an output anplitude of a reproducti02 I gnal
froma recording nedium; a waveform equalizing neans for enphasi zit g?dﬁWJZME

prescribed frequency band of the enphaﬁifed signal; an anal og/digital - )
converting neans for sanpling the equallzed 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 of fset conponent fromthe sanpled signal; an
of t.he out

aut omat j £ _gain _caonty ol ans for, adjusting.the anplitud t
lonal Hhea dkaivAL, refERBl, (Tt ihe bRt i TY B0 GVt 8cATRFS NN
subjected to the anplitude adjustnent to a.partial, response equalizatiqn; a
Pi gh- orGRRCEALer BEPRL IFR | |ATbr SO 0BHGNAL 2 181 gREPSTALEdog SHATEDY
sanpligg?ghase fromthe signal subjected to the partial response,

equal i BB PIa ah A iddle rr $¢REIRD| dRt8nreRTedNGING e hyCeaWhdrh AhSQ
means for controlling a_tap 2 2 AUG 2002 10l weighting factor of the

t r ansvePRBANELFt BLAVABHRYIIY 4 nt er pol ati on out put signal adaptively so that

an equal i zation
(Embodiment 3)

Hereinafter, a third embodiment which corresponds to a
digital recorded data reproducing device as defined in Claims 3
to 5, 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
equalizing 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
the like. 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 a VCO 40 and has a clock component
asynchronous with that of the reproduction signal. The sampled
digital signal with multiple bits is inputted to an offset

correction means 4 to correct an offset component included in



error is mninum a phase conparator for detecting a phase error fromthe

I nterpol ation output signal; a loop filter for snpothing the phase;gm
signal; and a nmaxi mum | i kel i hood decodeggfor subjecting the interp [ 2002
out put signal to a maxi mum | i kelihood decodi ng according to a type of

partial response at equalization by the transversal filter so as to perform
a data denodul ati on, wherein the asynchronously sanpled signal is subjected
to the partial response equalization, and a phase synchronization is

conpensgé%gE%éﬁﬁéﬂgﬁi?%géféggégfEgghkéﬁﬁ di gital phase-|ocked | oop so that

a data _ _ as the offset correction neans

per 01 15 2, e e FLL 2GhL BRI WRLELPNEnb) Wi SUABKY i8S oponn

compr i 528 LS. oo EBEmIF AL 0wt pRafeats 1 it BPREELARS aaPorBBReRt
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interpongiogeggggggtgggfs%iéggé% 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.

An output signal of the offset correction means ¢ 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.

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, 4 XA,
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



a potarity value output nmeans for outputting a certain anount of val ues

with different polarity according to a polarity of the signal code with
respect to a sanpling signal at a positggon other than the zero-cro ¢ AUG 2002
position; a loop filter for offset correction for snoothing the out put

signal of the zero-cross anplitude output nmeans and the output signal of

the polarity value output neans; and an of fset renoving neans for

perform ng an offset renoval by directly subtracting the output signal from

dar o r ooy cREE EaEhaleel o PR PRRiLd | InERUBELEL, redpolltt fbian WAULCC
“Uaryi ng e BUSREN TSy [B° 55 e, ARt et ot " Renie i tip o ara
moans. S The WEGPERT T SEARAF ddth rEPFoddt: nd i R Rt et noB SRy
swi t chi T EEREoRor SoFPaHTAg AETRRRR: \APRELERRor aphEStONRR S ser abiiGh
State(geégghfgggga%ﬂéxﬁgggdprobable 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.
Since the PRML signal processing system has various
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 1is 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
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



103 ;2 2 AUG 2002 data reproduci ng device, by naking the output value of

the polarity value output neans |arger than the output val ue of thg g Al!) 2002
zero-cross anplitude out put neans at s , and naki ng the output val Ge G
the polarity value output neans smaller than the output value of the
zero-cross anplitude output neans at successive data reproduction. 25. The
digital recorded data reproducing device as defined in Caim22, wherein

the offset correction nmeans conprises: a counter for counting a certain

period of tinme;, a cunulative adding neans.foy cumul ativel y_ addi t he .
it put. Bt cindHEA TR ARy ) Bis SRRpAP Lo Ao TRACIRE. obf pdw P IET orih ne
zero-cross anplitude output neans between fl ags outgutted dromthe counter:
And a ARGPEIRDECAdAI I reEhit RIATE! | REMERTs | SRIRBRAESERNg (Ro SRR
signal of the cunyl atiye adding neans at_a timng of the flag where the
out put SREREPOLALIAPHULE e PEFERFRRE - coufEXebYvd, aWnERPEEANS Y ity e § 19 al
guasi - phase_ synchroni zati on state, performng a swtching to a control, in
whi ch S3mpledof IF¥NGBrapPuglyal udSout BARVAELRY | stRi ghd sorgprpguction
restore~the state to a nornmal synchronization state. 26. The digital

r ecor de’AuRt H22EpPBISdigRg IdeaRR] ako R fragulan sappdiing phased, 12, 17,
and 21, wherein the transversal filter conprises: 2 2 Au~ 2oo0a 104 plural
del ay el enerfBenhhighgodslery wmberpodatiant fdditgr t7 nmayt evd chIBf filder
first stage the signal subjected to the anplitude adjustnent is inputted
and whiwihich ecomprigesndelay ielerents; 13a-tlfE;, i puldriphicatiegnselements
correspondingly to an input of the delay elenent of the first stage anong
the pl #&-20@gt and an adding means 21.

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 are set. Here, the factors of the
registers 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
information at the present moment obtained from the loop filter

10 is a sampling phase different from a regqular 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,



del ay el enments as we| | as outputs of a connection point between del ay

el ements and of a delay elenent of the |ast stage; an adder fo[ﬁ ?b%@pnw
the sumtotal of outputs of the nultipliyer to generate an outpt h
filter, wherein a weighting factor inputted to the other input of the
multiplier is varied, thereby to realize required equalization
characteristics. 27. The digital recorded data reproduci ng device as
defined in any of Clains 11, 17, and 21, wherein the high-order

of uny b1 E5ue; ¥ fﬂ%"“ﬁﬁswﬁ‘?&?bé’?k%ﬁfﬁé‘ ﬁé‘ﬁé%@ﬂ‘ Wb 3T to_the
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out put ST ¢ %néﬁei ng%ﬁ-.% e 1B PaE Ar i RS 5P A RIS 4l et
i Lhe 1 agt sta0g il 2 AR O, 05,00 9950 (BT O01LSAIEA e S
weighting factor of the transversal filter 6 adaptively, so as
to minimize an equalization erxror.
The tap weighting factor control means 8 may employ Least
Mean Square algorithm as shown in fiqure 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 judging 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 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.

Next, a digital phase-locked loop 11 comprises a phase

comparator 9 for detecting a phase error from the output signal



mil ti*plier to generate an,output of the filter, wherein a weighting factor

I nputted to the other input of the multiplier is varied, thereby tﬁ%?eﬁbbﬁﬁ
required equalization characteristics. 28. The digital recorded da 02
reproduci ng device as defined in Caim°Z7, wherein the high-order
Interpolation filter perforns an interpol ati on base on Nyqui st
characteristics. 29. The digital recorded data reproduci ng device as

defined in Caim?27, wherein the high-order interpolation filter conprises:

a register ich iis sef correspondingly to the ltiplier and stor each
B Lt O, TR B At T e AHAER ERBLA CIP i Eih SO char BLLRR FELERT 30, R
in atinme direction; and a selector which_is set correspondinglx to the

regi st FMEAERIBPecAs PRESEISEERE vBFERAL: oPFRYFYEL (BEPRt FREo RRFHR
to the corresponding nultiplier according to the output phase information

of the $OMPRFRLPEr . 9g0.ande &l Fiaedbadeor d #thelhe p FORFINHF ddvi £d1der

defined in any of Clains 11, 17, and 21, wherein the tap weighting factor
cont r ol faet@rs déctheshiigh-order interpolation filter with the output

signal of the loop filter as phase control information.

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.

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



los 2 2 AUG 2002 weighting factor of the transversal filter by Least Mean
Square algorithm 31. The digital recorded data reproducing device A9 AUL 2002
deffined in Caim30, wherein the tap weighting factor control means
conprises: a tenporary judging circui t®3or detecting an equalization target
val ue which corresponds to a partial response system based on the out put
signal of the high-order interpolation ffilter; an equalization error
detector for detecting the equalization error based on the equalization
target val ue and the output signal_ of the high-order interpolation filter;
a corr8igngd rUrtpREted; fgomo &reAuereyeetrofe defRFtoh: 18n & rRRasead
the output signal of the high-order interpolation filter; a feedback gain
regul aspnchgoniratinyi ngiatadmimg meanse 3forveighomanitoes sihe rphdse as
a gain to regulate a feedback gain; and a tap factor updating part for
addi ngeantrgtputnfifruaeliorcobbipktedn frogulthierrloop af kgt i1y FLtenrthe
each tap to update a tap factor.
frequency and a frequency of a clock component included in the
reproduction signal are pulled in to the neighborhood, and
performs 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 synchronization control, and a
VCO control means 39 which controls an oscillation frequency of
the VCO 40 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.

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 2zero 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



32. The digital recorded, data reproducing device as defined in O aim 15,
wherei n 2 2 AUG 2002 107 the frequency error detector conprises: .w,-' a
zero-cross length detector for detecting an interval at which the ‘ZUZFAUG 2002
signal of the high-order interpolation filter crosses zero level; a

synchroni zation pattern |length detector for detecting whether a ratio of

nei ghboring zero-cross | engths coincides with a prescribed synchroni zation
pattern | ength on the basis of the ratiggr not to obtain first cycle
information which reflects a reproduction speed of the recordi ng nmedi um

and a synchroni ﬁ‘&;i on pattern int erlal detector, for detectin %n i nterval
until the sPSIBTONPEHRBORCHArFEPSS denidts Sl thinaa RETiRdoRGECHY @

| nf or mat | ongPased OGutiler A @ HACE Yo AR Ulm e REYFOWo R Lhe

frequency error detector conprises. a zero-cross leng ector for
detecti ng aspietified! @¢riddclovdere outpufrangealsadfisthes highratoer of
interpolation filter .crosses zero |evel; synchroni zati on ttern length
detector foPY&RREPNAGAtARPNAAEGTR | os‘éF%né%‘)hﬂﬁrf'nbnzér (P@S%‘Séqn%gt hs
coi nci des w pr Lbed ronjzati p N | n bgsi s of
the ratio \34#%28 toﬁgglﬁgi n Plﬂr@?acyc Ié i nfor rr%ioitrglr? V\/nieg%E?let?l e?:) S aa

repr oduct i osyseroafizatéonecpaditagnrelt ngthandna eydehr oo zahade pattern
interval detector for detecting an jnterval untjl the synchronization

pattern is QEERCY 0CeieBEEL 1ReFord SR FB GINTDY it F HACKaSOIMBPRANE and a
prescri bed nyod. :
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)))) U, ,  sphddlyr@niz4ation 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.
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 is 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
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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

relationship between the VCO control voltage and the output of
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rmO@@p%hgfﬁ;f{g?s}SmQ modulator 41 at the time is shown in figure
15(b).

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 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.

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
voltage value is inputted to a 1low 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
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of an oscillation frequency originally held by the VvCO 40. At
the time, a cut-off frequency setting means 44 as a means for
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.

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 figure 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 contreocl as shown in
figure 16(b). can obtain a similar effect on a difference
between the inner and outer peripheries of a reproduction speed,
which exists in a CAV reproducing method as a method for
keeping a rotation number of a spindle motor constant at disk
rotation.

Therefore, in a case where plural reproduction speeds have
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to be compensated, or there is a difference between the inner
and outer peripheries, that is, a deviation of frequency in the
inner and outer peripheries in a disk medium 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 be realized, 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 analog element 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.

(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.

In figure 17, 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
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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 ekample. 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.

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
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, a polarity value output means 47 which is constituted by a
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(y(iocy&l(\:)hf?)(yg.'g:{%i ééfgz\:/;{?)gov?qg?grespect 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.

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 in
figure 18 being employed, the value X shown in figure 19 is
selected appropriately, so that an offset error amount can be
developed in a time direction, thereby detecting 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 conventional even when a loop gain is

increased, thereby suppressing a deterioration in reproduction

signal gquality which accompanies an offset correction as well
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an abnormal signal generated by a DC level fluctuation having a
higher frequency component, an amplitude modulation, a scratch,
or the like. 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.

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, 4 XA,
7XA, -4XA, -7XA) as shown in figure 3(c) in a DVD-ROM (Read
Oonly 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
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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 various
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 Nygquist
interpolation characteristics as shown in figqure 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 is converted to a reproduction
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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.

At this time, when a phase interpolation is performed,
while filter factors held in registers 22a to 229 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 are set. Here, the factors of the
registers 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
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
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weighting factor of the transversal filter 6 adaptively, so as
to minimize an equalization error.

The tap weighting factor control means 8 may employ Least
Mean Square algorithm as shown in fiqure 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 judging 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 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 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.

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 1loop which controls a filter

factor of the high-order interpolation filter 7 with the output



10y8-"10%& ()-y(nPd0%& ()-& _[aBbC 10(%40% & ()-" 0% & ()- %d0% & ()-!

040% t & ()-ml0% & ()- %0% & ()-[ NOPQ xnbC 10" 10%&' ()-G 10t 10t
10t 8$10% & () -6 940% & ()-4$310% & ()-y2 4 10% & ()- _bTaBnbC 10 $10

ok §,AUG 2002

@L0% ()- !S$10%& ()-S 9M0%& ()-f$10% ()- @ 10%& ()- TGxnbC 10f F 109%& () -

10 10 10810%& ()-4$109%& ()-.$10%& ()-,!109%& ()- T} pq}[ 9+C
10! @A0%. () - F1! ! @A0%. () - F1! >@A0%. () - F1! H@A0%&' () - F1L' 10%&' (
)-qrsvgEC 10! @ S$10%&' () - S$10%n

signal of the loop filter as phase control information.

= A data demodulation is performed <through a

) -1 y10%& (

maximum

likelihood decoder 12 which performs decoding according to a
type of partial response employing a partial response
equalization waveform in a reqular 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.

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 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.

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
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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 31which 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 set 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 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 oscillator 15

is controlled to a frequency domain where a phase
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cycle information 2.

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
conventional even when a loop gain 1is increased, thereby
suppressing a 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
like. Thereby, it is possible to enhance playability even at
reproduction under an abnormal condition.

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 1like 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 the most

suitable offset correction is possible according to a control
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10%5&T§er§%%gnce$)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.

A transversal filter 6, a phase comparator 9, a loop
filter 10, and a phase-interpolation-type tap weighting factor
control means 33 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.

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 fiqure 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
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capable of setting an arbitrary gain for an output signal of
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the polarity value output means 47 by a gain adjusting means 50.

That is, X shown in figure 19 can be set to an arbitrary
value, whereby it 1is possible to adjust whether an offset
correction control is performed chiefly for an output signal of
the zero-cross amplitude output means 46 or of the polarity
value output means 47. 1In a case where it is done mainly for
the output signal of the zero-cross amplitude output means 46,
a control which is advantageous for a DC 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.

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
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offset correction.

In this way, according to which of the output signals of
the zero-cross amplitude output means and the polarity value
output means is made main, a control can have diverse
variations in response speed or control noise, thereby enabling
an offset correction suitable for the condition such as the
reproduction of different recording media or a waveform.

The offset correction means 4 may be constituted as shown
in figqure 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 controlling the gain adjusting means 50. By the mode
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control mainly for the output signal of the polarity value
outputting value 47 to enhance response performance at seek,
for example, and to switch the mode to a mode of performing a
control mainly for the output signal of the =zero-cross
amplitude output means 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 1loop
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.

In this way, characteristics of the offset correction
control 1is switched according to the control mode, thereby
enabling the most suitable offset correction according to state,
such that a control is performed mainly for a code polarity at
seek where a followup property to a 1level fluctuation is
required more than the accuracy of a reproduction signal, while
a control is performed mainly for a zero-cross amplitude at
reproduction of successive data where the accuracy of a

reproduction signal 1is required. Further, it involves
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locked pull-in after seek.

The offset correction means 4 may be constituted as shown
in figure 22.

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. 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 53 adds the
output signal of the polarity value output means 47, and a

quasi-phase synchronization Jjudging means 54 monitors its

output signal 1level to judge whether it 1is a quasi-phase
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an offset 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 1loop 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.

With such configuration, 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

which enhances playability.

APPLICABILITY IN INDUSTRY

As described above, a digital recorded data reproducing
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employed for a part where a phase equalization of reproduced

digital recording data is performed in a reproduction system of
a digital recorded data reproducing device which reproduces

digital recording data recorded on an optical disk.
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1. A digital recorded data reproducing device comprising:

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 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 egqualizing filter so as to perform a data
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demodulation.

2. A digital recorded data reproducing device comprising:

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 controlling a
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
equalization by the equalizing filter so as to perform a data

demodulation.

3. The digital recorded data reproducing device as defined in



10%& ()-9%409%& ()- %4,0%& ()- %40%& ()- %O ()- %O0%& ()-w<FrstuavK@ 10
10 10y2 9%40%& ()- yO "109%& ()-.109& ()-!& 0% ()-& %iO%&f()-uxaBVﬁ@%h
109% () - 109% ()-!p9F " *10%7& ()-Z940%& () - $10%& () - Fy 2 G 2002
1098 ()-f[|27?VK@Q&$10%&: ()-! $10%&' (P8 $10% & ()- $10%& () - $10%& () -!
10%00& ()-2m _YZ[dE:/ 10
10f 6$109& () -f4$10%& () -f2%$10%& ()-y0$109& ()-y*$10%&R ()-f(
WMoY ()-[\_mxY:/ 10S$109B& () -S$109B& ()-S % 0MB&' () -f$109B& () -

Claim 1 or 2 comprising:

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.

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 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.

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.
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6. 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 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.

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.

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.
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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 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.

10. The digital recorded data reproducing device as 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.

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
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the signal by a clock generated by an osc111ator,

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 perform a data demodulation,
wherein

the asynchronously sampled signal is subjected to the

partial response equalization, and a phase synchronization is
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compensated by a phase-~interpolation-type digital phase-locked

loop so that a data demodulation is performed.

12. 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 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;

2 2 AUS 2002
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1o 10%& () &10/'21&1(30p iLHter for smoothing the phase error signal
to obtain phase information;

a tap weighting factor setting means for setting a
weighting factor of a tap of the phase-interpolation-
type transversal filter which makes an equalization
error minimum and is for reproducing a normal
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,
wherein

the partial response equalization and a digital

phase-locked loop are realized by the same filter.

13. The digital recorded data reproducing device as
defined in claim 12,wherein

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
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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.

14. The digital recorded data reproducing device as defined in
Claim 12, wherein

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 feedback gain regulator 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 regulator 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
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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
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
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phase information of the loop filter.

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 loop filter for frequency control for smoothing the
detected frequency error and giving the same to the oscillator
as a control signal, wherein

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 comparatof 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
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automatic equalization control is under a prescribed value.

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
factor for the partial response equalization is updated, and
updates the filter factor for the partial response equalization

discretely.

17. 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 transversal filter for subjecting the signal subjected
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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.

18. The digital recorded data reproducing device as defined in
Claim 17, wherein

the oscillator control means comprises:

a delta/sigma modulator for modulating the control signal
at up/down control by the phase synchronization maintaining
means; and

a low pass filter for smoothing the output signal, thereby

to control the oscillator by the output signal.

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 low pass filter according to a reproduction

speed of digital recording data.

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
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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.

21. 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 transversal filter for subjecting the signal subjected
to the amplitude adjustment to a partiai 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
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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, as well as

the offset correction means performs an offset correction

with reference to the output of the high-order interpolation

filter.

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
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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
output signal of the polarity value output means; and

an offset removing means for performing an offset removal

by directly subtracting the output signal from the output

signal of the analog/digital converter.

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.

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
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zero-cross amplitude output means at seek, and making the
output value of the polarity wvalue output means smaller than
the output value of the zero-cross amplitude output means at
successive data reproduction.
25. The digital recorded data reproducing device as defined in
Claim 22, wherein

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,
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.

26. The digital recorded data reproducing device as defined in
any of Claims 11, 12, 17, and 21, wherein

the transversal filter comprises:
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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

characteristics.

27. The digital recorded data reproducing device as 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;
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a weighting factor inputted to the other input of the
multiplier is varied, thereby to realize required equalization

characteristics.

28. The digital recorded data reproducing device as defined in
Claim 27, wherein
the high-order interpolation filter performs an

interpolation base on Nyquist characteristics.

29. The digital recorded data reproducing device as defined in
Claim 27, wherein

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 multiplier according to the output

phase information of the loop filter.

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
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algorithm.

31. The digital recorded data reproducing device as defined 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 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 regqulator to a weighting factor of each tap to

update a tap factor.

32. The digital recorded data reproducing device as defined in

Claim 15, wherein
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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 cycle information based on

this and a prescribed period.
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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 cycle information based on

this and a prescribed period.



