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; ghe3ea”$" 6 TCH SPECI FI CATI ON DI SK EVALUATI ON APPARATUS  The present { Eff>
invention relates to a disk evaluation apparatus for performnmng qualit

eval uati on of recording disks. Presently, the quality of a

recording disk is evaluated based on fitter occurring on a q@@m@@m@mNQWMFon1
t he recording disk. However, as the recording density of inf n
recorded on the recording disk increases, the read signal is not®fi*
decreased in the S/INratio of high frequency conponents but al so becones
more susceptible to intersymbol i P& ﬁ@ﬁ@%QNTherefore, a greater fitter
than an intrinsic fitter is detected fromthe read signal mﬁﬂmwmmmwmm t he
recordi ng disk on which the information is recorded in hig i's
results in a problemthat the recording disk cannot be eval uatesissorrectl!y.
The invention is directed tcP%§%uﬂWQQQ§1ﬁ9§ SFERRATHPobl em An object of the
invention is to provide a disk eval uation apparatus capable of performng a
hi ghly reliable disk evaluation even on the recording disk on which the
information is recorded in high density. DI SCLOSURE OF THE | NVENTI ON
Accor di ng H&ECHNACARERELBN, a disk evaluation 1 apparatus for eval uating
a recording disk on which a nmodul ation sjgnal is recorded, .the nodul ation
si gnal obt ai ned EFepéFﬁéﬁﬁFnbnéeﬁFﬁﬂét@?h%ﬁﬁﬁtﬁb&h@%ﬁ#oﬁvﬁﬂBegégﬁng on

i nformati on data according %o a, channel, cl ock,, t he apparatus _i,ncl udes:

i nf or mat i R APEXAITRG HREANBEE BP BRI FHyt &Y (RH UGS GRR by TRERGFREout t he
nDduIationéPig$a fromthe recording disk; an A/D converter for obtaining
read sanpl &Wal%ue sequence by sanpling the read signal as timed to a clock

I
havi ng t he frequ y as that of the channel clock; anplitude limter
means for J%gggﬁgﬁgﬂ%ggﬁitudelinited read sanpl e val ue sequence by limting
t he individual s | e | ues, of the,read:s : a
pr edet er ni ned an%ﬁ%?ﬁ@éﬁVVnipengﬁgléf ?%s%?B%%H¥%##§§%ﬁg%§§%§ﬁhgncenent
filter operative to_increase, a_ImX| I i; Nl |l e
val ue when Sd%&%&"v%@é‘ﬁ%ﬁebﬁa%gn%ﬂnu at?rp e o\e/%%l"ﬁgeﬂgiﬁg%&h% Elﬁ:“%%éggn& e

value of (he SIS Wl Lmiedspead sl value seauencayts aaugl e o

a predeter h- frequendy wavel engt ai ni ng

hi gh- T requeltey; SNANGAT. ¢2do3aaR! 8nVehd e SETMRNGS cﬁ{%}ﬁ[‘i&%e@segbetﬁégh

regi on thereof’ converter r converting t requency enhanced

read saml e ya ug eAUINCEoLooANy aRBL Y. LA A ragany Larhaneedigad i gnal

as tined t havi ng t sane trequency as that of the channe

: 'nﬁg Eé:eg 'rg%&ﬂﬂ@{%r{dé) tc%rmﬁ%‘éh%rsi ¥Et! 9181 b@chmed Rd Ny duePtilyieaysncy
gnal ,” only conponents having frequencies equal to or |ower
than a pr edﬂ@émﬁ&%lcl‘ltn(%fefrfterrgﬂegncyﬂhéﬂlﬁﬂ’&@’, @bl2RitBg 3Atter than
an intrinsic jitter is detected from the read signal
acquired from the recording disk on which the information is
recorded in high density. This results in a problem that the
recording disk cannot be evaluated correctly.

The invention is directed to a solution to such a
problem. An object of the invention is to provide a disk
evaluation apparatus capable of performing a highly reliable
disk evaluation even on the recording disk on which the
information is recorded in high density.
DISCLOSURE OF THE INVENTION

According to the invention, a disk evaluation



1

2 , evaluation read signals and a binarization circuit operative to

bi nari ze the eval uation read signal based on a predeterm ned threshold

val ue thereby obtaining a binary signal, the apparatus considering a fitter
of the binary signal as a disk evaluation value. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a diagramshow ng an arrangenent of a di sk eval uation
apparatus according to the invention. Fig. 2 is a diagram show ng an
internal arrangenent of a limt equalizer 10. Fig. 3 is a diagram show ng
one exanpl epphlriatter ot a¢edl uabithg anptecoral g sEgliecewRSphaad one exanpl e
of anplitude-limtated read sanple val ue sequence RSLIM Fig. 4 is a graph
showi ng anrogiudat ibnosighal | i tecepddd zgrhel ddulesinastignelan out put from
an equal i zer which does not perform high region enhancenent. Fig. 5is a

di agr am sheltegnedf bgqpentyrbimg »fpreds PHriineaguaesi lethancpdoeeading gnal
RD inputted to a postlowpass filter 12. Fig. 6 is a di agram show ng an
exenpl ary wavdihdormet iohedat @ha¢eeedict & @ rihdieddelegd oskgnaheRD i nput t ed
to the post-lowpass filter 12 and an exenpl ary waveform of an eval uati on
read si gnal2PRRI@H#SUEnedudesm im@omﬁiqrbvﬁﬁﬁéw means]1 ForFprgauirisda graph
showi ng a corresponding rel ation between the cutoff frequency of the

post - | owpags H8ac eioralahy reedbmd Pt oFhg inqdirlation edgaadkhérem BR®r mati on
data 3 are RLL (1,7) nodul ated based on a channel clock at 66VHz and
recor ded orFeErsdaaddagkdi ar B/ D EpeRYE Tt vENP OP PR NiRgERERANSample

value sequence by sampling the read signal as timed to a
clock having the same frequency as that of the channel
clock; amplitude limiter means for obtaining amplitude-
limited read sample value sequence by limiting the
individual sample values of the read sample value sequence
to a predetermined amplitude limit value or less; a high-
frequency enhancement filter operative to increase a maximum
sample value and a minimum sample value when a gap between
the maximum sample value and the minimum sample value of the
amplitude-limited read sample value sequence is equivalent
to a predetermined distance of a high-frequency wavelength,
thereby obtaining high-frequency enhanced read sample value
sequence enhanced at the high region thereof; a D/A
converter for converting the high-frequency enhanced read
sample value sequence to an analog high-frequency enhanced
read signal as timed to the clock having the same frequency
as that of the channel clock; a lowpass filter operative to
extract, from the high-frequency enhanced read signal, only
components having frequencies equal to or lower than a

predetermined cutoff frequency, thereby obtaining an



t

A preferred enbodi ment of the invention will be described below Fig. 1is
a di agram showi ng an arrangenent of a di sk eval uati on apparatus accordi ng
to the invention. Referring to Fig. 1, a pickup 1 acquires a read signal
RRF by photoel ectrically converting a read |ight beamirradi ated on and
reflected froma recording surface of a recording disk 3 as an eval uation
subject. The recording disk 3 is rotated by a spindle notor 2. Previously
recorded on the recording disk 3 is a nodul ation signal representative of

i nf or mat i orvdatnat doml ovdadigiarhdlyy @ndRlal bibaZ) zabdahati boupt oopss trigre
performed according to a channel clock at 66MHz, for exanple. A highpass
filter 5 ré&pobésatore ree eavalomidmentread eignhé hasedsandaread si gnal RRFso
as to supply a read signal RHC to a pre-lowpass filter 6. In_order to
obvi at e al pasdageduined Ehssahpllichgadper &hiegrbyeprbbampingya ari W€ty convert er
7, the pre-lowpass filter 6 renoves, fromthe read signal RHC, high region
conponent s sagnal? othe mpranitus sonsidery indequdatyesocasthe sippty a read
signal RLHC to the A/D converter 7. The A/D converter 7 acquires read
sanpl e val §é98aduehce WS hyewriAtiaR MédYeead signal RLNc according to a
sanmpl i ng cl ock SK ed froma PLL (phase | ocked | oop) circuit 8 and

t hen suppl Résg 5 IS ARCT WS gHEeR® to a pre-equalizer 9. It is
noted that the 4  sanpling clock SK has the sanme frequency as the channel
cl ock described &b8vel Ihed plEadipilshdting o arganpgeransafhl @ dbfkie
sequence RSV by renoving, fromsuch read sanpl e val ue sequence RS, an

i nt er symboleVRAHAELeR eRRA BAEGT | R XF WNh b Fh$nil8¥rBR1BRoperti es of an

i nformation reading systemincluding the aforesaid pickup 1 and recording
di sk 3. Then, th&igre eﬁﬁaﬁi%%ﬁggﬁﬁuﬂhQ¥9Q9u9qw%§ﬁPF§ﬁ9 RERANEERPTe Val ue
sequence RSV_to . a Iinii,equgL'zer 10. It is noted that the pre-equalizer 9
is a transfer<Bits PAYRFIFRY %'a tap coefficient such as [k, 1, 1, k] . The
limt equalizer ip pegforns @.hi h-frequency enhanceﬁent processi ng on the
aforesai d read samflre’vifud SEHREHLES B (HSUCHEARLEa8ENng the i nt er symbol

interference, there obt ai,ni n i gh-frequency enhanced, read sanpl.e val ue
Isequence Rélq.tefﬁglif:‘%‘ijt rpeﬁ%a%? és ‘:1'%“ quﬁécreeggﬂ%ﬁﬁ e &Ieu\é -

howi ng-an JnPEPASFUaPF CHELAES GRAhE TS “eddm P2epote A enown i i g.

i ter cirouit 539 a0nToher ey EHG AT P (TER 535 AhBCRn adder

afor sl o O eaRb 80vh EoneinEn ol il e R 2 PR RRE Vel

he T ecor da B BReg P B s A i ming 5
Fig. 5 is a diagram showing a frequency band of a

high-frequency enhanced read signal RD inputted to a post-
lowpass filter 12.

Fig. 6 is a diagram showing an exemplary waveform of
the high-frequency enhanced read signal RD inputted to the
post-lowpass filter 12 and an exemplary waveform of an
evaluation read signal RR outputted from the post-lowpass
filter 12.

Fig. 7 is a graph showing a corresponding relation
between the cutoff frequency of the post-lowpass filter 12

and the amount of jitter in a case where information data



provi ded by the foresaid sanpling clock SK. The interpolation filter 41
obtains interpolated read sanpl e val ue sequence RSp by interpolating the
resul tant sanple val ue sequence in the aforesaid read sanple val ue sequence
RSV and then supplies the interpol ated read sanpl e val ue sequence to the
anplitude limter circuit 42. The anplitude limter circuit 42 limts the
anplitude of the interpol ated read sanpl e val ue sequence RSp to
predeterm ned anplitude Iimt values Th and -Th thereby to obtain

anpl i t ude- kirgi R&E (ead) ssophlated Jm sadrnde cRSDNRE ahpck ared&lipplied to
t he hi gh-frequency enhancenent filter 43. In a case where the individual
read sanpl @ndairgeesrdédtdre & ntespedinediisdkad .sanpl e val ue sequence RSp are
in the range defined by the aforesaid anplitude Iimt values of -Th to Th,
the anplit GUBODINENSr OF | THEG INVENTEQNCt |y supplies the interpol ated read
sanpl e. val ue sequence RSp, as the aforesaid anplitude-limted read sanple
val ue sequence RBLPKELebredeempoBineniyhdheinyieasdeont willitee 43. In a
case where the individual read sanple values of the interpolated read
sanpl e val ¢&sssabeficeeRSp- are greater than the anplitude limt value Th,
the anplitude Iimter circuit supplies a sequence of the amplitude |imt
val ue Th, as theFa@pl Lt ii8epi A RGERR cBRPWE DI PHLIEISBEGHENEE RMEIFK to the
hi ghfrequency enhancenent filter 43. On the other hand, in a case where the
i ndi vi dual ev@d$a§aRpl BPRAF#EYS AACEHAIHE DGt dBVEBEdOBanpl e val ue
sequence RSp are smaller than_the anplitude limt value -Th, the a litude

limter circuit &efeshppeiES Bldeqhem P ithe ARAYLEEFed FRPE F4PTRL-T, |,

as the anplituyde-limted read npl e val ue sequence RSLI to the
i ghe 1 1 equEey YRR CETERE TPRLLY GSIVERE 17 & HAREb IS STt aRor caa d

anplitude limt values Th are.each defined such that t

i ndi vi dual SHfsitese r@nnBnggﬁfg‘é‘F%%dt%r%ea FHSTOHERG éHééaﬁﬁ'pP?'? 3de

the | nt er pAlSRCEA LAl LSkl E5vAR RV SLUREIED B SE ‘eqtlF TEOerbihet or mi ned
Cnt e R qim i dsnePker s bynar SrenSls diin Dol BEst PRa i S e
S ade (e TRRPeaRg, 0sk F e R A R R el L PR

ampl 1 ude- | 11180 1999, 320 0o ¥abue: pequence BRI The dighalr sagency

enhancenent generates requency read sanpl e-val ue sequence

ot espond iy Vo N LaRdoh Br bEXES 1) ROFSAY Bl o $eTRC franno
af oresai d gopldf Léhe's'el\aﬁ&t eé?gleéﬁaagﬂ@! e.AV%'it@ﬁgégguerﬂﬁeeBSﬁlJé/émJ\l;@s Low

hi gh-frequency enhanceneht ter supplies resul tant high-frequency
read sanpl d 44e t er RYULE o Ak 2 I - dH O N frRAURNC Y, endang ement
[Prlertun redidle RAUUARAE S| 2:bRCREC e L e R 2o T e K

-k], for eﬁﬁgﬂi dis B uch,a aNGerea . £ igh-ftge y
enhancenent T llt%reraf‘%% eltsggﬂ‘légeg"cah\?algugféat Ti me Doflbl;tgee% %n \E/gl' ﬂg@{it
Times D_I, syo BifriSit D13 28R gDhu1hHCh URRLI Thd NpealiidrugRyifioimeadnyead 7
sanpl e val ue sequence RSLIM "as shown in Figs. 3(a) and 3(b), for exanple.
Thus, the hghx/fo e@eReYeenhaneraeptefibiledss effleidr & Inen@itepyt Frohe

determ ned value as a highfrequency read sanple RSHI G which is expressed
as ! RSH ~zHe klea¥ lsighilYRQ, ShKYB. $efibn cofhpsnohts Set alY Anp inoudeolfi m t ed
read sanple at Tine D 1.5 in RSLIM.s ~ an anplitude-limted read sanple at
Tinme D-0.5 d s RPLINY YeegueadyaBpl asute-supplech rmst sanrglad &, Ttoe Do. S in
RSI,Ir, Yl.s ~an anplitude-limted read sanple at Tine DL.5 in RS~I M As
shown in Fitthe 34 cdnferaeaprl 7t udehd iAWD edbnvead esafpbeguatesi peadD- 1. 5 and
D-o.5 (or Tinmes Do.S and DI,s) corresponding to the run length 2T are

subst anti al samEiialalive @a¢heatbeRS Vg sarophing they.rexd)sigmalt Rg,.ot her

hand, both the anplitude-limted read sanples at Tines D 1.5 and D-o.5 (or
Ti mes Do. S aumwbddling) teolr esppidnggcloch $Kinshemidd Frawr 24 PLAr dpaesehe
anplitude limted value -T,, (or Th) because of the operation of the

anpl i tude |lodkest loiapduictir42itA8cendi hgey, suphi s fihe@mpl e @adusanpl e
obtained at a zero cross point Do is maintained at a constant val ue even if
the tap coefdqusrast RS g eherkrghuptegeenly dthdscasésd £hrtekhas is
increased in order to provide a strong high-frequency enhancenent. Thus is
obvi ated the intersynbol interference. I?e adder 44 adds the high-frequency
read sanpl e value sequence RSHIC to the tead sanpl e val ue sequence RSV
supplied fromthe aforesaid pre-equalizer 9 and then, outputs the addition
results as the high-frequency enhanced read sanpl e val ue sequence RSH.
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8 . According to the aforenentioned arrangenent, the limt equalizer 10
acconpl i shes the high regi on enhancenent by increasing the nmaxi nrum sanpl e
val ue and the m ni mum sanpl e value of the aforesaid read sanpl e val ue
sequence RSV when the gap between the maxi mum and m ni num sanpl e val ues of
the read sanpl e val ue sequence RSV is equivalent to the predeterm ned

di stance of the high regi on wavel ength or to the run length 2T in the RLL
(1,7) nodulation. Fig. 4 is a graph show ng spectrum (indicated by a solid
line) of tembilghgfckockendy mahdrivedansad requehneyvabuthsegbantel RSH
obt ai ned t hrough the high-frequency enhancenent processing perforned by the
af oresai d kileck dgaaribed dlgoven Gbmt pastedvaspeerrAmiaidicatedd by a
broken |ine) of read sanple val ue sequence obtained by an equalizer which
does not péeMpim vathe aseédgtnee Rhnbenhaneehpeat . L rem stown terdrisgmpde an
output (indicated by the solid line) fromthe limt equalizer 10 includes
har noni ¢ cyapYReAeIUGREE R0 #otineamed dnterfsyencendreactatey the
broken line) fromthe equalizer which does not performthe high region
enhancementWitih&rppsmissien t PRORRAIR & arclivdlerspgian WAREANEs correct ed
for phase errors produced in the_ aforesaid hi ghfrequency enhanced read
sanpl e val §¥3§EHUEREEURERD aklte naEc TR hiRd dudqdesey reeRrE)ngsdisie 3.

af oresai d channel clock. The PLL circuit, supplies the resultant clock
signal, as Thenafbhesprere@wntisfRy AWREL 1SR, the rREVAEBRESERY AT Rhvert er
7, the aforesaid DA converter 11 and a fit&er neasurenent circuit 30. Th,e
D/ A conver tY&LUE1 SEEHPBFE sRBh & aforldBatdegualpzgh- P eqddndy ERREACERSF ead

sanpl e val ue sequence RSH to_ap anal og signal. in.a tipmng according to the
sanpl i ng clt&PSR-§AH2sUBRFi 8s*¥hR ¥ W%%ﬁ@lsidﬁ$ﬁf gévgnﬁi@hp?Pequency

enhanced read si.gnal RD, to a post-|lowpass filter 12. The post-| owpass
filter 12 f%ﬁﬁ%& 1ERTaFPER| A g%hp%héhtq%described | ater) present in such a
hi gh-frequency enhanced.read signal t her eby extr.act i only a baseband
conponent includgﬁei lFﬁg §ﬁ8?£gé?ﬁ {§1ﬁ5¥€%ﬁ%%ﬁ%&“éﬁhgﬁ%@ﬁepé¥d sanpl e

val ue sequence RSN. Then, the.post-I ass filt.er supplies.the_resultant
signal, as R E R iBHngaalggg%%I%,a Ooreasaﬁigﬁa?atsiag\ﬁ)lgi ,"’853}1 13. A

ifi [ h - fi ; LIl be d i bed
et ow i g Pk et SR o rd by ROt e AT Sadency
h d d si RD_i, t t it
o 11 equanty haREaas B k5o i &P S BIRERP pdad, Souple, Hifie
ot eoal sl MARBINEACY 1IN 49RSY pERL1 PRI Sl HES BaIINEREHL 0 ¢ T

anal og signal*as tined to the sanplirng ¢ frequency

enhanced T eagsic0gah JBDs bhgnet oL, chbiehiasahand comonent poh the

hi ghf r equency "enhance sanpl e val ue sequence RSH exists in a frequency
band of 1/ 7 Qf,d8%s @f the sanpling frequency fs (66MHz) whereas the
al i asi ng conmponent thereof exists in a frequency band of (1/2)~fs or nore,

as shoun in Fig. fiq Hongs, ol BeaRosh: beupass dd |{ffe diall disunganadvageage of
properti'es as indicafed by a broken line in Fig.
the limit equalizer 10.
As shown in Fig. 2, the limit equalizer 10 includes an
interpolation filter 41, an amplitude limiter circﬁit 42, a
high-frequency enhancement filter 43, and an adder 44. |
The interpolation filter 41 performs an interpolation
operation on the aforesaid read sample value sequence RS
thereby obtaining sample value sequence which would be

acquired by sampling the read signal read out from the

recording disk 3 in an intermediate timing of a clock timing



10, such as to renove the aliasing conponent of (1/2)fs or nore fromthe
af oresai d hi gh-frequency enhanced read sanpl e val ue sequence RSH Thus, the
post -l owpass filter 12 extracts only the baseband conponent of the

hi gh-frequency enhanced read sanpl e val ue sequence RSH fromthe

hi gh-frequency enhanced read signal RD and then, outputs the resultant
signal as the evaluation read signal RR Fig. 6 is a diagram show ng an
exenpl ary waveform of the high-frequency enhanced read signal RD inputted
to the posprbowgadsbfitherfdresmidd aampdang @lpokavEsorfef the eval uation
read signal RR outputted fromthe post-lowass filter 12. As shown in Fig.
6, the hi ghinteegoéatyoenfihbted 4karbtsiigimalinBrpeletedi neddbyampke O/ A
converter 11 and hence, the waveform of the signal is shaped |ike steps due
to the Oor delueokdqpenterRanty dhtelpodshingt bhe Taswkfarte, sanpde

hi gh-frequency enhanced read signal is not suited for the fitter

measur enentval®e skaseaceoint the haf prasaidwsass shimptler va2upsseaedne® renove
the aliasing conponent of the highfrequency enhanced read sanple val ue
sequence RSHE:waild htlesd sﬁt@iﬂietshéi%lﬁ gﬁﬁ?@@iéﬁ@? ERRANsTP Y ath diggnal RD,

t hereby generating the evaluation read signal, RR having a snooth waveform
as shown i wediugnce. tpi ghe7amel Htyiephimeidi g ZEYddr riéspondi ng rel ati on

bet ween the cutoff frequency of the post-lowpass filter 12 and_the anount
of fitter when tff&e pletikurenl#atbearet g4l 142l imda dhed2geéorbffg to

t he channel clock at 66M4z and 11  recorded on the recording disk 3. In
the exanpl @fshdan inserpglatedaread) RIP Ve YRS SFAVIEWRY: n'int ed in t he
pi ckup 1 has the follow ng nunerical aperture NA and a wavel epgth A

NA=0. 85 VaRrJesefermiagdsarplatade ak¥hetet i Ini Ane -eBu&F‘ref@B 18°i s not
used (indicated by a_broken_line), | itcil e fitter variations arg observed if

the cutof f F¥edeseplétufRal pBitef ohpdd SITRIR VS SSEULENCE ROyt ue
smal l er than 1/2 of the frequency, of I{E}fhannel cl ock, or g&g%t tén t he
af or ement i N &5& RHEPE LA TPI HE RURAT I LeF Y selﬁ‘saé’d:,emr? &t %Fhe
" post-lowass, filter 12, the cutaff frequency of ich i V e
gr eat er thd§330kptﬁ E%ﬁﬁo@h?{ﬁl %H%Q§¥kﬁé;aﬁhge ﬁ?&épﬁgacgg%%%§ﬁ$f6$h¥he
hi gh-frequency enhanced read sanpl e _val ue enc SH, _as_s i ig. 5.
In consequeﬂb%eﬁrﬁqq@r%fr%lfﬁfa%oisapg%e‘r’a?%giSﬁgc%gée;nse%e%ésj gﬁ%mﬁniﬁﬁﬁ]ﬁ% 70
the cutoff freque f the post-l.0 It 12 | o _a& Vv
smal | er tha%eégﬁqg%y% ?’fé‘ehgg%ﬁisélgo%g%%% &Jf nf{r%%@h\%azlh“fe%;c?u%ng‘v enﬁlg‘hced
read sanpl e_val ue sequence RSH, as._indicated. i j in Fig. 4,
i s attenuat e s%“ﬁlﬁg‘tuofeh;lé{ﬁgﬁﬁt C%Fé??h@? ?%P%%%ir&gasggi lgségs%g‘ﬁn inFig 7.
In short, tfﬁ%é¥%§¥§té§ Jééht%Embie”b&i&ézéﬁﬁat%%é ﬁaﬁ as the aforesaid
amplitude-limited read sample value sequence RS;,, to the
high-frequency enhancement filter 43. In a case where the
individual read sample values of the interpolated read
sample value sequence RS, are greater than the amplitude
limit value T,, the amplitude limiter circuit supplies a
sequence of the amplitude limit value T,, as the amplitude-
limited read sample value sequence RS,,, to the high-
frequency enhancement filter 43. On the other hand, in a
case where the individual read sample values of the
interpolated read sample value sequence RS, are smaller than

the amplitude limit value -T,, the amplitude limiter circuit



post-l owpass filter 12 has the cutoff frequency in the vicinity of 30MHz.
In addition, if the post-lowpass filter 12 has the cutoff frequency in the
vicinity of 30MHz, it is ensured that even if the post-lowpass filter 12 is
nore or 12 | ess varied in the cutoff frequency, the variations of the
fitter in conjunction with the cutoff frequency variations aye
insignificant, as showmn in Fig. 7. Hence, it is preferred to set the cutoff
frequency of the post-lowpass filter 12 in the vicinity of 30MHz when the
af oresai d buppliegual sequerite icf e aywd ifteidet Aémétalaane onT,pf ash&he
recording disk 3 on which the information data are recorded as RLL (1,7)
nmodul at ed acpditidg-1ionited cheathelamy lec aduec6RErence R potted ther e t hat
the cutoff frequency in the vicinity of 30MHz is defined to include

al | owabl e haghatiregsendpkmiandamaenit ¢fifl HatedBencyn f tloks towocasswpditiet  of
suppressing the variations of the anount of fitter to 0.2%or |ess. That

is, the cuedbftebpéduampeditiwde heimbteivalingsofl,38Miz-Tis aire ehehrdafened 27 to
33MHz. In a case where the disk is evaluated at a doubl e speed (based on a
channel cl éskhathatf teeuindividualagmoles #&ecBosf Subdegqtedcto ofhe he
post|lowpass filter 12 may preferably be set in the vicinity of 60MHz. In
short, theadgrementiege@nzirEtyte tHalFGHlonowhess af igapebegvze%ytfb% deci ded
such that fc/fclk may give a value of about 5/11, provided that the
frequency Wthﬁtémcﬁamﬁge 2Dk JuinsiuEs SHed- oW it ChR[ MREFrBAYRERE cut of f
frequency of the post-lowpass filter 12 is represented by fc[M¥z]. In a
case wher e TERE $aRPAE| BALUE 19RAWINGH A Ut 8f PIRR EgbR N P EREE {BER St o
consideratign, the cutoff frequency fc of thﬁlpost-lompass ilter 12 may be
SO decidedd&§t?60§aP?sPyhlqﬁ region wavelength or equal to the

shortest run length 2T in the RLL (1,7) modulation. That is,
the interpolated read sample value sequence RS, corresponding
to the run length 2T are passed through the amplitude
limiter circuit 42 as they are, and then outputted as the
amplitude-limited read sample value sequence RS j.

The high-frequency enhancement filter 43 generates
high-frequency read sample value sequence by exclusively
enhancing the level of the sample value sequence
corresponding to the shortest run length 27, which are
included in the aforesaid amplitude-limited read sample
value sequence RS,,. The high-frequency enhancement filter
sup?lies the resultant high-frequency read sample value
sequence to the adder 44. The high-frequency enhancement
filter 43 is a transversal filter having a tap coefficient
of [-k, %, k, -k], for example. According to such an
arrangement, the high-frequency enhancement filter 43
determines a value at Time D, based on values at Times D._ s,

D,yss Dys and D, included in the amplitude-limited read



9/22 s fc/fclk s 1/2. The binarization circuit 13 generates a binary signa
of a predeterm ned high voltage when the eval uation read signal RR supplied
fromthe aforesaid post-lowpass filter 12 is greater than a predeterm ned
threshold value or a binary signal of a predetermined | ow voltage in a case
where the evaluation read signal RRis smaller than the predeterm ned
threshol d value. Then, the binarization circuit 13 supplies the resultant
binary signal to the fitter measurenment circuit 30. The fitter measurenent
circuit 30seakés vehsursamisnasn R%g, vasi aboon of Fige d f¥leracd (between an
edge timng of such a binary signal and a clock timng of a reference cl ock
signal . Thaeriexampke f i Thaws, nshsuhégnfrequensy sthangaexentedsdteérents on
the anmount of fitter and then, outputs the neasurenent results as the disk
eval uat i onsegheetighly outruty thhe dedgsuiaeehtadnpcart a3digikes measur enent
on the read signal which is obtained by perform ng the high region
enhancenenfreabgnon réwd reanplsamfie, vﬁ%@@hséqUemeemﬂ e e MSytct (thie:
shortest run length by neans of the |limt equalizer 10 w thout causing the
i nt er synmbol_igttke¥ foarr&ntes+ fot)l'dwed by renoving the aliasing conponent by
means of the post-lowpass filter 12, the aliasjing conmponent occurring
during the D¥-AstodV e idiiudscddrdithg £82enhE2BPER &val g ilons dfpdiSarus of
the invention, it is possible _to evaluate the recording disk with high
reliability eveh ¥ aMRLiTGHaMLERY SerecBRBRES oAt t W™ dbos dith§divsk in
hi gh density. Wen the_ |imt equalizer is 14 _ applied to the disk
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channel cl ock;
operation of the amplitude limiter circuit 42. Accordingly,
a high-frequency read sample obtained at a zero cross point
D, is maintained at a constant value even if the tap
coefficient k of the high-frequency enhancement filter 43 is
increased in order to provide a strong high-frequency
enhancement. Thus is obviated the intersymbol interference.

The adder 44 adds the high-frequency read sample value

sequence RS, to the read sample value sequence RS. supplied
from the aforesaid pre-equalizer 9 and then, outputs the

addition results as the high-frequency enhanced read sample

value sequence RS,.



anplitude limter nmeans for obtaining anplitude-linmted read sanple val ue
sequence by limting the individual sanple values of said read sanple val ue
sequence to a predeterm ned anplitude limt value or |ess a high-frequency
enhancenment filter operative to increase a maxi mum sanple value and a
m ni nrum sanpl e val ue when a gap between sai d nmaxi mrum sanpl e val ue and said
m ni mum sanpl e value of said anplitude-limted read sanpl e val ue sequence
is equivalent to a predeterm ned di stance of a hi ghfrequency wavel ength,
t her eby obt ai ni ngchbgtifig eguerioy afithameed lioeed samphgenathtue tSehuamde
enhanced at the high region thereof; a DA converter for converting said
hi gh- f r equedqoyglénbant@ daceac siatpe thal hdgbeqaghor ¢mhancamaitodpy
hi ghf requency enhanced read signal as tinmed to a clock having the 16 same
frequency dsicthasing ske dnahianme!sapipdek vad ukoapdsthé i himimwperaatdlee to
extract, fromsaid high frequency enhanced read signal, only conponents
havi ng freqaénei e§ egeadftresaid owad tskawle prédet sequersck RA.ofvhefir equency,
t hereby obtaining an eval uation read signal; and a binarization circuit
operative tthebigapr betwsan dtley ataximivon andathisiignml ssagke onlwe prafdater m ned
threshol d val ue thereby obtaining a binary signal, the apparatus
consi der i ngeadf sampteofabuag dsdiurnge fgnads esuivaligic dvaltgti on val ue. 2. A
di sk eval uati on apparatus according to Claim1,

predetermined distance of the high region wavelength or to

the run length 2T in the RLL (1,7) modulation.

Fig. 4 is a graph showing spectrum (indicated by a
solid line) of the high-frequency enhanced read sample value
sequence RS, obtained through the high-frequency enhancement
processing performed by the aforesaid limit equalizer 10, in
contrast to spectrum (indicated by a broken line) of read
sample value sequence obtained by an equalizer which does not
perform such a high region enhancement. As shown in Fig. 4,
an output (indicated by the solid line) from the limit
equalizer 10 includes harmonic components which do not appear
on an output (indicated by the broken line) from the
equalizer which does not perform the high region enhancement.

The PLL circuit 8 generates a clock signal which is
corrected for phase errors produced in the aforesaid high-
frequency enhanced read sample value sequence RS, and has the
same frequency (66MHz) as the aforesaid channel clock. The
PLL circuit supplies the resultant clock signal, as the
aforesaid sampling clock SK, to the aforesaid A/D converter 7,

the aforesaid D/A converter 1l and a jitter measurement

circuit 30. The D/A converter 11 converts the aforesaid



characterized in that the frequency of said channel clock is represented by
fcl k[ MHz] and said cutoff frequency is represented by fc[MHz], fc/fclk
gives a value of about 5/11. 3. A disk evaluation apparatus according to
Claim 2, characterized in that said channel clock has a frequency of 66Miz
whereas said cutoff frequency is at 30MHz. 4. A disk eval uation apparatus
according to Caiml, characterized in that the frequency of said channel
clock is represented by fcl k[ MHz] and said cutoff frequency is represented
by fc[ MHz] highef fejueawingnigmoessiceadhsbuple oraug sefuaride RS/ 20 & A di sk
eval uation apparatus according to Caim1l, characterized in that said
nmodul at i onapabegssignpl sirare RiMiqy, 2rcavdindt tontpe cvammliing. cdock 8Ksk
eval uati on apparatus according to Claim1, characterized in that said
anpl i t ude Bndi supplims ithgrestudritant signal, as a high-frequency
enhanced read signal RD, to a post-lowpass filter 12.
The post-lowpass filter 12 removes an aliasing
component (described later) present in such a high-frequency
enhanced read signal RD thereby extracting only a baseband
component included in the aforesaid high-frequency enhanced
read sample value sequence RSy. Then, the post-lowpass
filter supplies the resultant signal, as an evaluation read
signal RR, to a binarization circuit 13.
A specific operation of the post-lowpass filter 12 will
be described as below.
Fig. 5 is a diagram showing a frequency band of the
high-frequency enhanced read signal RD inputted to the post-
lowpass filter 12.
The high-frequency enhanced read signal RD is obtained
by converting the aforesaid high-frequency enhanced read
sample value sequence RS, to the analog signal as timed to
the sampling clock SK. In the high-frequency enhanced read
signal RD, therefore, the baseband component of the high-
frequency enhanced read sample value sequence RS; exists in a
frequency band of 1/2 or less of the sampling frequency fs
(66MHz) whereas the aliasing component thereof exists in a
frequency band of (1/2):fs or more, as shown in Fig. 3.

Hence, the post-lowpass filter 12 takes an advantage of its

cutoff properties as indicated by a broken line in Fig. 5

10



t han sai d maxi mum sanpl e val ue when the gap between the maxi num sanpl e

val ue and the m ni num sanpl e val ue of said anplitude-linmted read sanple
val ue sequence is equivalent to the predeterm ned di stance of the

hi gh-frequency wavel ength. 7. A disk evaluation apparatus according to
Claim1, characterized in that said high-frequency enhancenent filter is a
transversal filter having a tap coefficient of [-k, k, k, -k] . 18
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post-lowpass filter 12 and an exemplary waveform of the
evaluation read signal RR outputted from the post-lowpass
filter 12.

As shown in Fig. 6, the high-frequency enhanced read
signal'RD is obtained by the D/A converter 11 and hence, the
waveform of the signal is shaped like steps due to the 0-
order hold performance of the converter. Therefore, the
high-frequency enhanced read signal is not suited for the
jitter measurement. On this account, the post-lowpass filter
12 is used to remove the aliasing component of the high-
frequency enhanced read sample value sequence RS, which
exists in the high-frequency enhanced read signal RD, thereby
generating the evaluation read signal RR having a smooth
waveform as shown in Fig. 6.

Fig. 7 is a graph showing a corresponding relation
between the cutoff frequency of the post-lowpass filter 12
and the amount of jitter when the information data are RLL

(1,7) modulated according to the channel clock at 66MHz and

11
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In the example shown in Fig. 7, an objective lens (not
shown) mounted in the pickup 1 has the following numerical
aperture NA and a wavelength A:
NA=0.85
Wavelength A=405nm
In a case where the limit equalizer 10 is not used
(indicated by a broken line), little jitter variations are
observed i1f the cutoff frequency of the post-lowpass filter
12 is set to a value smaller than 1/2 of the frequency of the
channel clock, or 33MHz. In the aforementioned case where
the limit equalizer 10 is used, however, the post-lowpass
filter 12, the cutoff frequency of which is set to a value
greater than 30MHz, cannot fully attenuate the aliasing
component of the high-frequency enhanced read sample value
sequence RS, as shown in Fig. 5. In consequence, the amount
of jitter is increased as shown in Fig. 7. If the cutoff
frequency of the post-lowpass filter 12 is set to a value
smaller than 30MHz, the harmonic component in the high-
frequency enhanced read sample value sequence RS,, as
indicated by the solid line in Fig. 4, is attenuated so that
the amount of jitter is increased as shown in Fig. 7.
In short, the amount of jitter is minimized where the
post-lowpass filter 12 has the cutoff frequency in the
vicinity of 30MHz. In addition, if the post-lowpass filter

12 has the cutoff frequency in the vicinity of 30MHz, it is

ensured that even if the post-lowpass filter 12 is more or

12



10L 9! 10%F& ()-39!10%& ()-3 10m 10m 10m =s10%r& ()-M 10%r& ()-% | f
109 ()-r' *****)+$,V, _=s 10!il 109%& ()-s!l 10%& ()-sl 10%& ()-s 10 10
10="10%&' ()- % 109%& ()-FV, /WO 0!0"0#01uj _=s 10!> 10%m& ()- 10 10
10=s10%&' ()-4@ 10%&' ()-! s!'10%& ()-s!10%& ()-12j 4496; 6<6=6>6}"SH=s 10 10m
10m 10m =" 10%r&' () -.!10%& ()-s! V& 109%& ()-- & 10%m& ()--!
109 () - >6%’'T788v99} [ 9SH=s
10! x9! 10%&' ()-G 9! 10%p& ()-G d9!109&' ()-P!'10%& ()-G | 10% ' & ()-1
10%&' ()-9; less=verieg® W0!thye KOUKLLE) £requency, the variations of the

jitter in conjunction with the cutoff frequency variations

are insignificant, as shown in Fig. 7.

Hence, it is preferred to set the cutoff frequency of
the post-lowpass filter 12 in the vicinity of 30MHz when the
aforesaid limit equalizer 10 is employed for the evaluation
of the recording disk 3 on which the information data are
recorded as RLL (1,7) modulated according to the channel
clock at 66MHz. It is noted here that the cutoff frequency
in the vicinity of 30MHz is defined to include allowable
variations +10% of the cutoff frequency from the viewpoint of
suppressing the variations of the amount of jitter to 0.2% or
less. That is, the cutoff frequency in the vicinity of 30MHz
is in the range of 27 to 33MHz. In a case where the disk is
evaluated at a double speed (based on a channel clock at a
frequency of 132MHz), the cutoff frequency of the post-
lowpass filter 12 may preferably be set in the vicinity of
60MHz.

In short, the cutoff frequency fc of the post-lowpass
filter 12 may be decided such that fc/fclk may give a value
of about 5/11, provided that the frequency of the channel
clock is represented by fclk(MHz] and the cutoff frequency of
the post-lowpass filter 12 is represented by fc[MHz].

In a case'where the variations z10% of the cutoff
frequency are taken into consideration, the cutoff frequency

fc of the post-lowpass filter 12 may be so decided as to

satisfy:
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9/22 < fc/fclk < 1/2.

The binarization circuit 13 generates a binary signal
of a predetermined high voltage when the evaluation read
signal RR supplied from the afdresaid post-lowpass filter 12
is greater than a predetermined threshold value or a binary
signal of a predetermined low voltage in a case where the
evaluation read signal RR is smaller than the predetermined
threshold value. Then, the binarization circuit 13 supplies
the resultant binary signal to the jitter measurement circuit
30. The jitter measurement circuit 30 takes measurement on
the variation of time difference between an edge timing of
such a binary signal and a clock timing of a reference clock
signal. That is, the jitter measurement circuit 30 takes
measurements on the amount of jitter and then, outputs the
measurement results as the disk evaluation value.

Thus, the jitter measurement circuit 30 takes
measurement on the read signal which is obtained by
performing the high region enhancement only on the read
sample value sequence equivalent to the shortest run length
by means of the limit equalizer 10 without causing the
intersymbol interference, followed by removing the aliasing
component by means of the post-lowpass filter 12, the
aliasing component occurring during the D/A conversion.

According to the disk evaluation apparatus of the
invention, it is possible to evaluate the recording disk with

high reliability even if the information is recorded on the

recording disk in high density. When the limit equalizer is

14
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applied to the disk evaluation apparatus, the limit equalizer
is allowed to fully present its effect to alleviate jitter by
setting the cutoff frequency of the post-lowpass filter in a
manner specified by the invention, although no consideration
has been given to the cutoff frequency of the post-lowpass
filter. Furthermore, even if the cutoff frequency of the
post-lowpass filter is varied to some degrees, the amount of
jitter variations is insignificant. Consequently, the disk
evaluation apparatus can provide a highly reliable jitter

evaluation which does not vary from one apparatus to another.
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CLAIMS

1. A disk evaluation apparatus for evaluating a
recording disk on which a modulation signal is recorded, the
modulation signal obtained by performing a predetermined
modulation processing on information data according to a
channel clock, the apparatus characterized by including:

information reading means for acquiring a read signal
by reading out said modulation signal from said recording
disk;

an A/D converter for obtaining read sample value
sequence by sampling said read signal as timed to a clock
having the same frequency as that of said channel clock;

amplitude limiter means for obtaining amplitude-limited
read sample value sequence by limiting the individual sample
values of said read sample value sequence to a predetermined
amplitude limit value or less;

a high-frequency enhancement filter operative to
increase a maximum sample value and a minimum sample value
when a gap between said maximum sample value and said minimum
sample value of said amplitude-limited read sample value
sequence is equivalent to a predetermined distance of a high-
frequency wavelength, thereby obtaining high-frequency
enhanced read sample value sequence enhanced at the high
region thereof;

a D/A converter for converting said high-frequency

enhanced read sample value sequence to an analog high-

frequency enhanced read signal as timed to a clock having the
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same frequency as that of said channel clock;

a lowpass filter operative to extract, from said high-
frequency enhanced read signal, only components having
frequencies equal to or lower than a predetermined cutoff
frequency, thereby obtaining an evaluation read signal; and

a binarization circuit operative to binarize said
evaluation read signal based on a predetermined threshold
value thereby obtaining a binary signal,

the apparatus considering a jitter of said binary
signal as a disk evaluation wvalue.

2. A disk evaluation apparatus according to Claim 1,
characterized in that the frequency of said channel clock is
represented by fclk[MHz] and said cutoff frequency is
represented by fc[MHz], fc/fclk gives a value of about 5/11.

3. A disk evaluation apparatus according to Claim 2,
characterized in that said channel clock has a frequency of
66MHz whereas said cutoff frequency is at 30MHz.

4. A disk evaluation apparatus according to Claim 1,
characterized in that the frequency of said channel clock is
represented by fclk([MHz] and said cutoff frequency is
represented by fc[MHz], the following expression holds:

9/22 < fc/fclk < 1/2.

5. A disk evaluation apparatus according to Claim 1,
characterized in that said modulation processing is an RLL
(1,7) modulation processing.

6. A disk evaluation apparatus according to Claim 1,

characterized in that said amplitude limit value is greater
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than said maximum sample value when the gap between the
maximum sample value and the minimum sample value of said
amplitude-limited read sample value sequence is equivalent to
the predetermined distance of the high-frequency wavelength.
7. A disk evaluation apparatus according to Claim 1,
characterized in that said high-frequency enhancement filter
is a transversal filter having a tap coefficient of [~k, k, k,

-kl.
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