-4 OCT 2006 SPECI FI CATI ON DI SK EVALUATI ON APPARATUS TECHNI CAL FIEUD(JBd 2006
present invention relates to a disk evaluation apparatus for performng
qual ity evaluation of recording disks. BACKGROUND ART Presently, the
quality of a manufactured recording disk is evaluated based on jitter
occurring on a signal read fromthe recording disk. However, as the
recording density of information recorded on the recording disk increases,
the read signal is not only decreased in the S/INratio of high frequency
conponents but al so becones nore SHECEPICATECN o0 intersynmbol interference.
Therefore, a greater jitter than an intrinsic jitter is detected fromthe
read signal acquired fromthe recording disk on which the information is
recorded in high density. This results in a problemthat the recording

di sk cannot ‘be eval uat ed coPi&&t EYALTREIONMVANPARAMIUS directed to a solution
to such a problem An object of the invention is to provide a disk

eval uati on apparatus capable of performng a highly reliable disk

eval uati on even on the recording disk on which the information is recorded
in high deRB&HENICAY IGEIRE OF THE | NVENTI ON According to the invention, a

di sk evaluation 1 ) _ .
The present invention relates to a disk evaluation

apparatus for performing quality evaluation of recording
disks.
> ACK ART

Presently, the quality of a manufactured recording
disk is evaluated based on jitter occurring on a signal read
from the recording disk. However, as the recording density
of information recorded on the recording disk increasesf the
read signal is not only decreased in the S/N ratio of high
frequency components but also becomes more susceptible to
intersymbol interference. Therefore, a greater jitter 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 thét 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 recérding disk on which the
information.is recorded in high density.

CLOSURE HE_INVENTION

According to the invention, a disk evaluation



OCT 2006 apparatus for evaluating a recording disk on which a nDGDHaDKBE 2006
signal is recorded, the nodul ation signal obtained by performng a
predet er mi ned nodul ati on processing on i.nformation data according to a
channel clock, the apparatus includes: information reading nmeans for
acquiring a read signal by reading out the nodul ation signal fromthe
recordi ng disk; an A/D converter for obtaining read sanple val ue sequence
by sanpling the read signal as tinmed to a clock having the sane frequency
as that ofapprRrathsnielr eglRdykliiagpki raderding t@iskreams/Hignh @bt ai ni ng
anplitude- limted read sanple val ue sequence by limting the individual
sanpl e valedubitidre sieaglsdmpireceirad, sbiyganedulatolion priadetler i ned
anplitude limt value or |ess; a high- frequency enhancenment filter

oper at i ve ¥RE3HGE e PeIERXIFIG ashApfetvrnirRed it A Hioumresssséndal ue
when a gap between the maxi mum sanple value and the m ni nrum sanpl e val ue
of the anptilifgematyionedataadcsanpledvil e eefiene cliaslaqlieal ent to a
predet erm ned di stance of a high-frequency wavel ength, thereby obtaining
hi gh- f r equUER3L A FaAdEd Utesd IadprBalaPlereadHie Mt thHc ¢ rERE hi gh
region thereof; a DIA_converter for converting the high-frequenc% enhanced
read sanpt 830 R BEdudycEcpeiag anhl bge nrede fa ek idyaredh fferd theead
signal as tined to the clock_having the sane frequency as that of the
channel cl’'RICTEHNDWI&ES £y AP GPBVaFFee tor &RGaario fiesq sraple

hi gh-frequency enhanced read signal, onl onponents havi ng frequencies
qual toqcya}%%wﬁeqqﬁﬁqeaby samp%ing the geag gggnal as timed to aq

:iD clock having the same frequency as that of thg channel
clock; amplitude limiter means for obtaining amplitude-
limited read sample value sequence by limiting the
individual sample wvalues of the read sample value seguence
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 eguivalent

T to a predetermined distance of a high-frequency wavelength,

Ly

thereby obtaining high-frequency enhanced read sample value
sequence enhanced at the high region therecf; 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 enhénced read signal, only
components having frequencies ecual to or lower than a

predetermined cutoff frequency, thereby obtaining an



predet ermi ned cutoff frequency, thereby obtaining an 2 ~. 4 CCT ZQDdl OCI 2@05
eval uation read signal; and a binarization circuit operative to binarize '
the evaluation read signal based on a predeterm ned threshold val ue

thereby obtaining a binary signal, the apparatus considering a jitter 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 disk evaluation
apparatus according to the invention. Fig. 2 is a diagram showi ng an

i nternal asvralngeneni refad aignailt egdakizemadlzatBiah S idciia dipagaamsehow ng
one exanple of interpolated read sanple val ue sequence RSp and one exanpl e
of anpl it ude-Rimartisdcedheeadadanpliienvatae stguendmRSLIAM B g. 4 is a graph
showi ng an output fromthe Iimt equalizer 10 in contrast to an out put

from an equEdeErnined thdesbondt vpénéothetelgh okeyiionenkkahdeaegt . Fig. 5

is a diagram showi ng a frequency band of a high-frequency enhanced read

si gnal RD s$iyp#lt,edheo apppostus| onpassefihgexr X tds gpf Ghes bandirggr am

showi ng an exenplary waveform of the high-frequency enhanced read signal

RD i nputt etfidralt ks aposiskl empasstipht ald@. and an exenpl ary wavef orm of an
evaluation read signal RR outputted fromthe post-lowass filter 12.

IEEF_D RIPE N HE DRAW

‘Fig. 1 is a diagram showing an arréngement of a disk
evaluation apparatus according to the invention.

”) Fig. 2 is a diagram showing an internal arrangement of
m- a limit equalizer\lO.

Fig. 3 is a diagram showing one example of
interpolated read sample value séquence RS, and one example
of amplitude-limitated read sample value sequence RS;p.

Fig. 4 1s a graph showing an output from the limit
equalizer 10 in contrast to an output from én equalizer
which does not perform high region enhancement.

Fig. 5 is a diagram showing a frequency band of a

high-frequency enhanced read signal RD inputted to a post-

o

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 cutputted from the post-lowpass
filter 12.

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

and the amount of jitter in a case where information data



Fig. 7 is a graph show ng a corresponding relation between the cUEb%fD(:THZQUb
frequency of the post-lowass filter 12 and the anpunt.of jitter in a case
where information data 3 4 OCT Nub are RLL (1,7) nodul ated based on a
channel clock at 66MHz and recorded on a recording disk 3. EMBODI MENT OF
THE | NVENTI ON A preferred enbodi mrent of the invention will be described
below. Fig. 1 is a diagramshow ng an arrangenent of a disk evaluation
apparatus according to the invention. Referring to Fig. 1, a pickup 1

‘acqui res aarealllLsi ghal) mRREIlafreghbteedectr acahdiynebnvkrak mf oaMlad | i ght
beam irradiated on and reflected froma recording surface of a recording
di sk 3 as andevaderdddrorsubjussordiing désérding disk 3 is rotated by a

spi ndl e notor 2. PreV|oust recorded on the recording disk 3 is a
nodul at i onksE EN BNt IAMVBNE LGN | nf or mati on data and obtai ned by an
RLL (1,7) nDduIatlon proce55|ng perforned according to a channel clock at
66MHz, for exanpheprefenyprpabodimesnt Sir éhsvésvenhion éfi bh wnmponents from
the aforesaid read signal RRF so as to supply a read signal RRCto a

pre-| owpas8eseriked delav.order to obviate aliasing during a sanpling
operation perforned b an A/D converter 7, the pre-lowpass filter 6
removes, from th&dr eﬁdtsslagr%a%@ SRiCYRNEedNoAr EenporRnE softa Hizkor nore

of a sanpling frequency so as to supply a read signal] RLHC to
evaluation apparatus according to the invention.

Referring to Fig. 1, a pickﬁp 1 acquires a read signal

/

Rye by photoelectrically converting a read light beam

N

irradiated on and reflected from a recording surface of a
recording disk 3 as an evaluaﬁion subject. The recording
disk 3 is rotated by a spindle motor 2. Previously recorded
on the recording disk 3 is a modulation signal
representative of information data and obtained by an RLL
(1,7) modulation processing performed according to a channel
clock at 66MHz, for example. A highpass filter 5 remcves low
region components from the aforesaid read signal Ry so as to
;ﬂ) supply a read signal Ry to a pre-lowpass filter 6. In order
) to obviate aliasing during a éampling operation performed by
an A/D convefter 7, the pre-lowpass filter 6 removes, from
the read signal Ry, high region components at 1/2 or more of
a sampling frequency so aé to supply a read signal Ry, to
the A/D converter 7. The A/D converter 7 acquires read
sample value sequence RS by sampling the reéd signal Ry
according to a sampling clock SK supplied from a PLL (phase
locked loop) circuit 8 and then supplies the sample value

sequence RS to a pre-equalizer 9. It is noted that the



the A/D co

nverter 7. The A/D converter 7 acquires read sanple valud ()

CT 2006

sequence RS by sanpling the read signal RLHc according to a sanpling cloc

d froma PLL (phase |ocked loop) circuit 8 and then supplies the

ue sequence RS to a pre-equalizer 9. It is noted that the 4 L-4
sanpling clock SK has the sane frequency as the channel cl ock

above. The pre-equalizer 9 obtains read sanple value sequence

RSc by renoving, fromsuch read sanple value sequence RS, an intersynbo

i nterferencempdsngi ateck IK thad rdmsmass direppepeyt aestiod amanmfoOr mati on

SK supplie
sanpl e val
OC T 2006
descri bed

reading systemincluding the aforesaid pickup 1 and recording disk 3.

Then, the pleckqdabczEred ppiies The pestégqemiizead® sdripiss valade sequence
imt equalizer 10. It is noted that the pre-equalizer 9 is a

RSc to a

transver sabafmpleevahawi sepuencep Reobff Feneninguciras Juch keat, skipl&he

limt equalizer 10 perfornms a high-frequency enhancenent processing on the.

aforesaid
i nt ersynbo

sanpl e val HéthsbgaesresRON primeltiss odgaal irépraapbpn eseading esul t ant

sanpl e val

N

veddesaaglenyal R sedudirosyREelwinhouferanreass mocidted

| interference, thereby obtaining high-frequency enhanced read

ue sequence to the PLL circuit 8 and a DDA converter 11 Fig. 2

i s a di agr aFsshowingladinntidrndfamesaigemdokupf 1 ahd readrdimpalister3.10. As

shown in Fi%1 2, the limt equalizer 10 includes an
en

, the pre-equalizer supplies the resultant read sample
value sequence RS. to a limit equalizer 10. It is noted that
the pre-equalizer 9 is a transversal filter having a tap
ceefficient such as [k, 1, 3, k].

The limit equalizer 10 performs a high—-fregquency
enhancement processing on the aforesaid read sample value
sequence RS, without increasing the intersymbol interference,
thereby obtaining high-frequency enhanced read sample value
sequence RS,. The limit equalizer supplies the resultant
sample wvalue sequence to the PLL circuit 8 and a D/A
converter 11

Fig. 2 is a diagram showing an internal arrangement of
the limit equalizer 10.

As shown in Fig. 2, the limit egualizer 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'saﬁpling the read signal read out from the

recording disk 3 in an intermediate timing of a clock timing



interpolation filter 41, an anplitude limter circuit 42, a highzﬁﬂkdhgﬂaﬂﬂﬂﬁ
enhancenent filter 43, and an adder 44. The interpolation filter 41
perfornms an interpolation operation on the aforesaid read sanple val ue
sequence RSc thereby obtaining sanple val ue sequence which woul d be
acquired by sanpling the read signal read out fromthe recording disk .3
inan internediate timng of a clock timng 5 0 CT 2006 provided by the
foresaid sanpling clock SK. The interpolation filter 41 obtains

i nt er pol at pdoveddd slayptiee fratars iseguendenBSc1byki sKer Mleat i Nng t he resul t ant
sanpl e value sequence in the aforesaid read sanpl e val ue sequence RSc and
t hen suppl iesetpeliant @t pil btced 4leadbtedms| envakpelasequesoe dandllee anpl i tude
limter circuit 42. The anplitude limter circuit 42 limts the anplitude
of the inteapotasegusreas BRNpleinakuposagirencehdRSedud tanpr edapéem ned
anplitude limt values T" and -Th thereby to J obtain anplitude-limted
read sanpl eavatusegeguencea R3ld Mfonssack apedssppbledvdbud heeduigyinef r equency
enhancenent filter 43. In a case where the individual read sanpl e val ues
of the i nR& puichtiderr eapgpdanpl ehealuee seolermt RSd aeaple tvhéueange
defined by the aforesaid anplitude limt values of -Th to Th, the
anpl i tude begueerceciocthe atdlditusst Iyingtppl céscthe 42nt erpol ated read
sanpl e. val ue sequence RS,, as the aforesaid anplitude-limted read sanple
val ue sequence RBh¢Mmpbitide dinigler cdgeantcy 48nhantbaenhe fannldtu® I1n a
case where the

of the interpolated read sample value sequence RS, to

{i) predetermined amplitude 1imit values T, and -T, thereby to
obtain amplitude-limited read sample value sequence RS,
which are supplied 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 in the range
défined by the aforesaid amplitude limit values of ~-T, to T,,
the amplitude limiter circuit 42 directly supplies the
interpolated read sample. value sequence RS,, as the aforesaid

amplitude~limited read sample value segquence RS;;, to the

high~frequency enhancement filter 43. In a case where the

L

individual read sample values of the interpolated read.
sample value sequerice RS, are greater than the amplitude
limit wvalue 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

6



i ndi vi dual read sanple val ues of the interpolated read. sanple v&@&dlG{ Z008
sequence RSp are greater than the anplitude Ilimt value Th, the anplitude
limter circuit supplies a sequence of the anplitude limt value Th, as
the anplitude- limted read sanple val ue sequence RSLIM to the high-
frequency enhancenent filter 43. On the other hand, in a case where the

i ndi vi dual read sanple values of the interpolated read sanple val ue
sequence RSp are snmaller than the anplitude |limt value -Th, the anplitude
limter cisepplids supgddeshce sdqiaeéecempl ithde ahjpphit udella M, , vak ughe Th, as
the anplitude-limted read sanple val ue sequence RSLIM to the

hi gh- f r equameyi endericensetd fdadesad®lel malhe sspgoemss ,R3he taf bhesai d
anplitude linmt values Th and -Th are each defined such that the

i ndi vi dual hsampf esy@menenrsujesendd fidtehed 3 af direrdritsi pmedeaapl thede
limtation when a gap between the maxi mum sanple and the m ni nrum sanpl e of
the inter pafereshid eanb sidmplee Malite vedgaente aR8D 15 aymatach defined
predeterm ned distance of a high region wavel ength or equal to the
shortest resmchemmpth @ imdivddRial samp)epodutandonsulTieatdd to the

interpol ated read sanpl e val ue sequence RS, corresponding to the run

| engt h 2T afergeesEidbnad @ygﬂuthleieaﬁcpmntaﬁéonl vhtner @dp RETwesn a8et hey are,
and then outputted as the anplitude-limted read sanple val ue sequence
"RSLI M The haxydm espiancy aathdbce Feniri saPpis génekratsterfiqgiatetequency
read sanpl e val ue sequence by exclusively enhancing the |evel of the -
sanpl e val Irad etffaince value sequence RS; 1s equal to a predetermined

=”) distance of a high 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;y.

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 2T, which are

| included in the aforesaid amplitude-limited read sample
value sequence RS;;,. The high-frequency enhancement filter
supplies 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, -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, g,

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



corresponding to the shortest run length 2T, which are included {m4tpg, LUt
aforesaid anplitude-limted read sanple value sequence RSLIM The

hi gh-frequency enhancenent filter supplies the resultant high-frequency
read sanpl e value sequence to the adder 44. The high-frequency enhancenent
filter 43 is a transversal filter having a tap coefficient of [-k, k, k,
-k], for exanple. According to such an arrangenent, the high-frequency
enhancement filter 43 determnes a value at Tinme D, based on val ues at

Ti mes D_1. SampI2 OrBueDeehuameteDRSS, ) ned uthesv nirt I ganpBi(elideadi BXbed read 7
4 UL < sanple value sequence RSLIM as shown in Figs. 3(a) and 3(b), for
exanpl e. Thus,exzdme . .ghThuegquehe yhegthahcesEncy idnhencesegteftiteéty out puts
the determ ned val ue as a high- frequency read sanple RS'I G which is
expressed s&quiRBHIAQ 1y loutpvith. Shie' d¥tersiked Yoabae (ak)a 'hiyh5 Y |.s: an
anplitude-linted read sanple at Time D-,., in RSLIM Y_, .5 an

anpl i t ude-fredniead:y &micsamnipdeaﬂ%s;l'ﬂgnwkﬁi@ 53 re@ﬁlelsMedYa% Rép.= (k)"
anplitude-limted read sanple at Tinme DO.5 in RSLIM Y15: an

anpl i tude-Yj nirked, readr sanplke <& . Time D15 in RSLIM As shown in Fig. 3(a),
the anplitude-limted read sanples at Tines DI1,5 and D-0.5 (or Times D,.S
and D1.5) &oryespordipdgtindethémited| esrd e lar @tsGbhgeaRhialihyRegual to
each other. As shown in Fig. 3(b), on the other hand, both the

arrpl i tude-| i¥nj.§edny @H@lsﬁﬁﬁﬁeélmteﬁin@%adj %H@l@w@to‘l‘@sle( Bra s FAnB8.iD0. 5 and

.) corresponding to a run length 3T or 4T are
Y, st an amplitude-limited read sample at Time D05 in RS;.

j”) Y, .: an amplitude-limited read sample at Time D, ; in RS;,
As shown in Fig. 3(a), the amplitude-limited read
samples at Times D_, , and D, (or Times D, ., and D, ;)
corresponding to the run length 2T are substantially egual to
each other. As shown in Fig. 3(b), on the other hand, both
the amplitude-limited read samples at Times D, and D, (or
Times D, ; and D, ) corresponding to a run length 3T or 4T are
at the amplitude limited wvalue -T, (or T,) becausé of the
operation of the amplitude limiter circuit 42. Accordingly,
ii) a high-frequency read sample obtained at a zero cross point
D, is maintained at a constant value even 1f the tap
coefficient k of the high-frequency enhancement filter 43 is
increased in order to provide a strong high-frequency
enhancement. Thus 1s obviated the intersymbol interference.
The adder 44 adds the high-frequency read sample value
sequence RSy, 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 seguence RS,.



at the anplitude limted value -Th (or TO because of the operati c&rlpfqgl’fezgﬂﬁ
anplitude limter circuit 42. Accordingly, a high-frequency read sanple
obtained at a zero cross point D. is namintained at a constant val ue even

if the tap coefficient k of the high-frequency enhancenment filter 43 is
increased in order to provide a strong high-frequency enhancenent. Thus is
obvi ated the intersynbol interference. The adder 44 adds the hi gh-frequency
read sanple value sequence RSH Gto the read sanple val ue sequence RSc

supplied fromthecatoiesaisl e Lpiineaet oledndrtefemenitd Puihe Gheit
addition results as the high-frequency enhanced read sanple value sequence

RS,,. 8 4 6y@ali2€P6l0 AosarmbilngHes the afghepegitswnathalideaargenert, the
limt equalizer 10 acconplishes the high regi on enhancenent by increasing
t he maxi nuirisaephenyathe rend nture sampileureiasphied Med velmimirtheaapoeesai d
read sanpl e val ue sequence RSc when the gap between the maxi mnum and
m ni num sarmpleevaf ugse offdrlesaickatasaspinplealakus esppreee RIS, | shagui val ent
to the predeterm ned distance of the high region wavel ength or to the run
| engt h 2T khet bap Rbétder? )t v chadtiuon anfli gindmis senplaplvadhesi og shectrum
(indicated by a solid line) of the high-frequency enhanced read sanpl e
val ue sequeades&Sy 1o btalumwddduanwgh RERel higghrifredguénty ehbancenent
processing performed by the aforesaid |limt equalizer 10, in contrast to
spect rum (brdiebewuingd almtekee ldingheohigkadegion wavelength or to
the run length 2T in the RLL (1,7) modulation.
g”) Fig. 4 is a graph showing spectrum (indicated by a
solid line)} of the high-fregquency enhanced read sample value
sequence RS, obtained through the high-frequency enhancement
processing performed by the afecresaid 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
5”) 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 seguence 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 11 and a jitter measurement .

circuit 30. The D/A converter 1l converts the aforesaid



sanpl e val ue sequence obtained by an equalizer which does not perfn#dﬂ@thUUb
a high regi on enhancenent. As shown in Fig. 4, an output (indicated by t

solid line) fromthe limt equalizer 10 includes harnonic conponents mhlch

do not appear on an output (indicated by the broken line) fromthe

equal i zer which does not performthe high region enhancenment. The PLL

circuit 8 generates a clock signal which is corrected for phase errors
produced in the aforesaid high- frequency enhanced read sanpl e val ue

sequence RBighnfirdaseridie ertamedd egaaneympb6ME)uasddirniorgsats arhannel

clock. The PLL circuit supplies the resultant clock signal, as the
af oresai d saapdg ngigrialc kirSig mmmlgemf:or%agdt&/@amquﬂuewg ¢lockhBK
aforesaid D/A converter 11 and a jitter measurenent circuit 30. The DA
converter dddceomveliss tttee afeendsand Signaz, GF 2uuyh-firghpfkheguency
enhanced read sanpl e val ue sequence RSe to an analog signal in a timng
accordi ng eohéheedamndd igrladcRIGKtcandpsapplowszdhefirlast t@nt signal, as a
hi gh-frequency enhanced read signal RD, to a post-lowpass filter 12. The
post -l owpass filTee dA@stehwyssarfidkieasilBgrenomponental(idesory bed | at er)
present in such a high-frequency enhanced read signal RD thereby
ext r act i ngcenpynenthasbrand becompdrent pkastodeth i sudthe afighe<aieduency
hi gh-frequency enhanced read sanple value sequence RS,,. Then, the
post - | owpasshdnéed t egads upjgriads RPhéheesebit antra¢iyingg ,ordy anbeseabaati on read
signal RR, to a binarization circuit 13.
component included in the aforesaid high-frequency enhanced
ji) read sample value sequence RSy;. Then, the post-lowpass
filter supplies the resultant signal, as an evaluvation read
signal RR, to a binarization circuit 13.
A specific operatioh 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
5”> 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. 5.

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

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

10



A specific operation of the post-lowpass filter 12 will be descr{b4d(H5T 200f
below. Fig. 5 is a diagramshowi ng a frequency band of the high-trequency
enhanced read signal RD inputted to the post- |lowpass filter 12. The

hi gh-frequency enhanced read signal RD is obtained by converting the

af oresai d hi gh-frequency enhanced read sanple value sequence RSH to the
anal og signal as tinmed to the sanpling clock SK. In the high-frequency
enhanced read signal RD, therefore, the baseband conponent of the high-
frequency enhhnsedts easheanplle sdlivsisgquenpends; eXi 8142 )i-fsaorf negeency
band of 1/2 or less of the sanpling frequency fs (66MHz) whereas the

al i asi ng cémponehe 2heresdidiiighs fingqaentyequennyedarshdfsap/l2) freloe nore,
as shown in Fig. 5. Hence, the post-lowpass filter 12 takes an advant age

of its cursefifiepceopkPi.i eBhas, il ctsdd loypraskr Skéhet i he éxtRiaqys 5nl@ r 4 O
CT 20C-5 such as to renove the aliasing conponent of (1/2)fs or nore from

t he af or esdhdl hagbbinegrmpsnanthadcdder badhsanpireency ienhagwgde readRSH.

Thus, the post-lowpass filter 12 extracts only the baseband conponent of

t he hi gh-f FéfRéAcYa b avrRBENGEa RSy shrph e£haalhighsdoeaneacRSenhaeed he

hi gh-frequency enhanced read signal RD and then, outputs the resultant
signal as thad aignahtRDriandeddes,.gePRRS Fhe. resyktantdisdgingh §8okhag an
exenpl ary waveformof y'1 the higp-frequency enhanced read signal RD

i nput ted t 6vphgation read signal RR.

Fig. 6 is a diagram showing an exemplary waveform of
g') the high-frequency enhanced read signal RD inputted to the
post-lowpass filter 12 and an exemplary waveform of the
evaluation read signal RR éutputted from the post-lowpass
filter 12.
As éhown 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
{i) 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
exisﬁs in the high-frequency enhanced read signal RD, théreby
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 ahount of jitter when the information data are RLL

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

11



post-lowpass filter 12 and an exenplary waveform of the eval uatigr f@8d 2006
signal RR outputted fromthe post-lowass filter 12. As shown in Fig. 6,

t he hi gh-frequency enhanced read signal RD is obtained by the DA
converter 11 and hence, the waveformof the signal is shaped |ike steps .
due to the 0- order hold performance of the converter. Therefore, the

hi gh-frequency enhanced read signal is not suited for the jitter
measurenent. On this account, the post-lowpass filter 12 is used to renove
t he ali asi ngceodgbrentthef rekherdigh- digkegBency enhanced read sanpl e val ue
sequence RSH which exists in the high-frequency enhanced read signal RD,

t hereby generatimgHdewglleatshonnr éadFsggnadl £BR dmepeictdve dpnet finowwavef orm
as shown in Fig. 6. Fig. 7 is a graph showi ng a corresponding relation

bet ween t hehiowi ofriodrrieguemc yhef pibkupost hd®wdes Sflillowengl 2umanitlcahe anmount
of jitter when the information data are RLL (1,7) nodul ated. according to
t he channeipetiocke alA GBNMHz aadeldndtl® £ T 2006 recorded on the recording
disk 3. In the exanple shown in Fig. 7, an objective lens (not shown)
‘mounted in the pizkuB3i has the follow ng nunerical aperture NA and a

wavel ength A: NA=0.85 Wavel ength A=405nm In a case where the limt
equal i zer 10 is Wateleygrth A=405nm

In a case where the limit equalizer 10 is not used
(indicated by a broken line), little jitter variations are

observed if the cutoff frequency of the post-lowpass filter

\\_/j

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 wvalue
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. 1If the cutoff

{fD frequency of the post-lowpass filter 12 is set to a wvalue

) smaller than 30MHz, the harmonic component in the high-
frequency enhanced read sample value sequence RS,, as
indicated by the solid lire in Fig. 4, is attenuated so that
the amount of jitter is increased as shown in Fig. 7.

In short, the amount of jitter i1s 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



(indicated by a broken line), little jitter variations are observ!kﬁlﬂ[ﬁﬁﬂﬂﬂﬂb
cutoff frequency of the post-lowpass filter 12 is set to a value snall

than 1/2 of the frequency of the channel clock, or 33MHz. In the

af orenenti oned case where the limt equalizer 10 is used, however, the
post-lowpass filter 12, the cutoff frequency of which is set to a val ue
greater than 30MHz, cannot fully attenuate the aliasing conponent of the
hi gh-frequency enhanced read sanpl e value sequence RS., as shown in Fig.

5. I n conségasncaeridsdeimnientcutolf ] firegnensyj ncieasad aas oslzowd theFig. 7.
If the cutoff frequency of the post-lowpass filter 12 is set to a value
smal | er thantB88MHm d¢dre urarmiom eicbnpbrenttonf thediagley fueedaehonsenhanced
read sanpl e val ue sequence RSH, as indicated by the solid line in Fig. 4,
is attenuated swsidratficdrs ,amsushiogh fnt Feg.is. i ncreased as shown in Fig.

7. In short, the anount of jitter is mnimzed where the post-I|owpass
filter 12 has thBenotof it frequamfeyrred theseti thaicytoff 30Mdnenky afidi ti on,
if the post-lowpass filter 12 has the cutoff frequency in the vicinity of
30MHz, it FBe ensurkewndsst favawer 12t he pbstviowpdss ofi 130¢Hz12hes hbee or 12
OCT 2006 Iless varied in the cutoff frequency, the variations of the jitter
in conjuncﬂfgﬁe$@1¢1liﬂ;ﬁnﬂQNailﬁﬁ§q&8n¢9 enpleysdidr ahe ievsilgakiocgant, as

shown in. Flg 7. Hence, it is preferred to set the cutoff frequency of the
post - | owpags Fheé trecaming ek Bcioni vhich BowHnfgmmtties data are

recorded as RLL (1,7) modulated according to the channel

/ ) .~ clock at 66MHz. It is noted here that the cutoff freguency
in the wvicinity 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 preferaﬁly be set in the vicinity of

;i> ) 60MHzZ .

H 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[MEz] and the cutoff frequency of
the post-lowpass fiiter 12 is represented by fc[MHz],.

In a caselwhere the variations :10% of the cutoff
frequency are taken into consideration, the cutcoff frequency
fe of the post-lowpass filter 12 may be so decided as to

satisfy:
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aforesaid limt equalizer 10 is enployed for the evaluation of thﬁ‘[} UCT 2006
recording disk 3 on which the information data are recorded as RLL (1,7)
nodul at ed according to the channel «clock at 66MHz. It is noted here that
the cutoff frequency in the vicinity of 30MHz is defined to include
al l owabl e variations 10% of the cutoff frequency fromthe viewoint of
suppressing the variations of the anount of jitter to 0.2%or |ess. That
is, the cutoff frequency in the vicinity of 30MHz is in the range of 27 to
33VHz. I n a casesmhere t#derddisk ing2.eval uated at a doubl e speed (based on a
channel clock at a frequency of 132MHz), the cutoff frequency of the post-
| owpass filter 1Phedyimpnefatdlhy clecaet LB ¢dreendicanid piokryo8ikzall I n
short, the cutoff frequency fc of the post-lowpass filter 12 may be
deci ded such & hatededdmlikemnnighveocdtage uehenftlabaizlvationprewdded t hat
the frequency of the channel <clock is represented by fclk[MHz] and the
cutof f freglemzy RE supgrd ipastfrbowphssafotresrid Das +leppesentedtby 2] MHz] .
In a case where the variations 10% of the cutoff frequency are taken into
consi der at isngredeexc itheff of pegdeneymihedofhtdwhqaktvdlowpass af binery 12 may
be so decided as to satisfy: 13 OCT 2006 9/22 s fc/fclk s 1/2. The
bi nari zat i shgeal cof ta I3 egerteratiesdalbivnaeiiajgnal a alase phedet ehai ned hi gh
vol t age when the eval uation read

evaluation read signal RR is smaller than the predetermined

threshold value. Then, the binarization circuit 13 supplies
'”ﬁ 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
{i) 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



signal RR supplied fromthe aforesaid post-lowpass filter 12 is dféa{HBT"ZQBB
than a predeterm ned threshold value or a binary signal of a predeterm ned
| ow voltage in a case where the evaluation read signal RRis snmaller than
the predeterm ned threshold value. Then, the binarization circuit 13
supplies j the resultant binary signal to the jitter measurenent circuit

30. The jitter neasurenent circuit 30 takes neasurenent on the variation
of tinme difference between an edge timng of such a binary signal and a

cl ock tim Agrbicd tefErerdisklegekuasighatprataitud s thehd imitt enuabhzer enent
circuit 30 takes neasurenents on the anount of jitter and then, outputs
the measut@nahtovesd ia Sudd vt peegesk ebal ebfednh alaldevikge, JihbefrikY er
measurenment circuit 30 takes measurenent on the read signal which is

obt ai ned b§etherg orhe mpafd Hirgaueagy onf ebliraeesteriovmasy dalthe iead

sanpl e val ue sequence equivalent to the shortest run length by nmeans of
the |int BYURET Zapeaififid Fouttheadsvaptiae, ahihughiel donsddpspbher,

fol | oned bz renovi ng the aliasing conponent by means of the post-|owpass
filter 12, Nanedeqn iG@siaty t@orP&Sl@né‘—hlfCOﬁgquw%wrqﬁqgth%@og/tAl@Umé?si on.
According to_the disk evaluation apparatus of the invention, it is

possi bl e t BLEVAF uafBrtR8TINEESr dEVRP dHSKERA Rt olitghreaneasy | of yciden if t he
information is recorded on the recording disk in high density. \Wen the
limt equaPP3erlewpasy Lidterods ye66edappl FER tFIUREi SheeqBPUREI Oh

apparatus, ,the limt, equalizer kK ,  _. ,
Jjltter variations is insignificant. Consequently, the disk

{:) evaluation apparatus can provide a highly reliabie jitter

evaluation which does not vary from one apparatus to another.
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is allowed to fully present its effect to alleviate jitter by set‘t"llpd}@Her}UO
cutof f frequency of the post-lowpass filter in a manner specified by t

i nvention, although no consideration has been given to the cutoff
frequency of the post-lowpass filter. Furthernore, even if the cutoff
frequency of the post-lowpass filter is varied to sone degrees, the anount
of jitter variations is insignificant. Consequently, the disk 9 evaluation
apparatus can:provide a highly reliable jitter evaluation which does not
vary fromone apparatus to another.. 15 -4 OCT 2006 CLAIMS 1. A disk

eval uati on apparatus for evaluating a recording disk on which a nodul ation
signal is recorded, the nodul ation signal obtained by performng a
predeterm ned nodul ation processing on information data according to a
channel cl ock, the apparatus conprising: information readi ng neans for
acqui ri ngGdAidad signal by reading out said nodul ation signal fromsaid
recording disk; an A/D converter for obtaining read sanple value sequence
by sanpling said read signal as tined to a clock having the sanme frequency
as that of saidlchahneiskl@@&lu&umﬂﬂtapﬁaﬂdtmbtébrneam$uébin@biaining

anplitude-limted rea e val ue uence b mtin i.vi dual
Sahpl 6 varGBE NS AT Bk AN b e SatuantBelote predtietm
anpl i tudenbldiiibt¥ahugi§hal €SStained by performing a predetermined

modulation processing on information data according to a
channel clock, the apparatus comprising:

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 cof a high-
frequency wavelength, thereby obtaining high-frequency
enhanced read sample value sequence enhanced at the high
reglon thereof;

a D/A converter for converting said high-frequency
enhanced read sample value sequence to an analeog high-

frequency enhanced read signal as timed to a clock having the

16



a hi gh-frequency enhancenent filter operative to increase a maxi od §HIH €006
val ue and a m ni nrum sanpl e value when a gap between sai d maxi nrum sanpl e

val ue and said m nimum sanple value of said anplitude-limted read sanple

val ue sequence is equivalent to a predeterm ned di stance of a high-

frequency wavel ength, thereby obtaining high-frequency enhanced read

sanpl e val ue sequence enhanced at the high region thereof; a DA converter

for converting said high-frequency enhanced read sanple val ue sequence to

an anal og hi gh- frequency enhanced read signal as tinmed to a cl ock having

the 16 -4 OC T 2006 sane frequency as that of said channel clock; a
| owpass fFRPer IBpEIRINE T Fhékt Pdct21flr GRAPRAPH R YRS/ frequency enhanced

read signal, only;&ampaonentis havpagathequenskesaauat-dd Hid oMeh-t han a
predeterm ned cutoff frequency, thereby obtaining an eval uation read

signal ; ahAdeauenearentinand dascuist gopér abnvE COBRRRITZEAATW  eval uation
read signal, Sér?%ié)é' éa%lPJledceot %rxml.%sv ! BREFNG! Pro Y& U 1 NGT &RM 1 @l ning &

bi nary signal, e apparatus considering a Jitter of said binary signal as
a di sk evéakeaténay vatheewherdiai nihgn atthevé b egieot yredfd sdighadhammel cl ock

is represented q%.fclk J and said cutoff_ frequency is r%B{esented by
fc[ MHz], the fofl Ww%&ﬁ%ﬁuﬁa GBSTagBILE %%%/%Z:el/sz? |
evaluation read signal kased on a predetermined threshold
value thereby obtaining a binary signal,
the apparatus considering a Jjitter of said binary
signal as a disk evaluation wvalue,
wherein when 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.

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 freguency 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

66 MHz whereas said cutoff frequency is at 30 MHz.
4. A disk evaluation apparatus according to claim 1,
characterized in that said modulation processing is an RLL

(1,7) modulation processing.

5. A disk evaluation apparatus according te claim I,

characterized in that said amplitude limit value is greater
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2. A disk evaluation apparatus according to claim1, characteri zeﬁ% @@%QUU@
the frequency of said channel clock is represented by fclk[MHiz] and said
cutof f frequency is represented by fc[MHz], fc/fclk gives a val ue of about
5/11. 3. A disk evaluation apparatus according to claim?2, characterized
in that said channel clock has a frequency of 66 MHz whereas said cutoff
frequency is at 30 MHz. 4. A disk evaluation apparatus according to claim
1, <characterized in that said nodulation processing is an RLL (1,7)

nodul ati on processing. 5. A disk evaluation apparatus according to claim1,
characterized in.that said anpljtude |imt value is greater _17 "4 CC T
5006t hartTE8i At ST Yl (e Yiheth <P P a8 “Beb RERRSE elax mum
sanpl e vaku&iang ERRPDIENALGR SEP| the aliva ein Sangleatplihtude-sitated read
sanpl e val ue sequence is equivalent to the predetermned distance of the
hi gh- f r eq@@Rdy thaeel eRgthd Bead YL VA ligt SEAUEPPEr AP usTAEEdF M hd < o
claim 1, t@l@%gi%lae%bmgné@ dhatasad & highs fhri%‘ﬂu?@[%kilé@HE?”Q@@@I@n&ﬁﬂl.é er is

a transversal ter having a tap coefficient of k, -k]-

6. 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, -k].
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