- 1 DISK DRI VE AND PRE-PI' T DETECTI ON METHOD BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present invention relates to a disk drive for
writing/reading data on/from a di sk-shaped storage nmedium such as an
optical disk and also to a nethod of detecting pre-pits. 2. Description of
the Related Art In order to wite data on a disk, it is required that the
di sk has guide neans for formng data tracks. To neet the above
requirement, grooves serving as pre-grqoves are fornmed and resultant
grooves or lands (protrusions having the shape of plateau in cross section
bet ween adj acent grooves) are used as data tracks. In order to wite data
at a desired location on a data track, it is required that an address
informati on be recBEdEdPBAVEnANR| ERE-PRE BFFESTIOMnMETERD on i s general ly
recorded by wobbling the grooves or by formng pre-pits on the data
tracks. For exanple, in the case of DVD-RWthat is a rewitable version of
change recording or DVD-R

DvD (D gi rsatil e Disc) based on the phase
that is §h§kﬁ¥§p§PcQEdF§@ @Wﬁ&T&HN organi c dye naterial, wobbling grooves
Faﬁag fgiqenggl res R%%w%%vggtgg% di sk and | and pre-pits LPP are forned on

The present invention relates to a disk drive for
writing/reading data on/from a disk-shaped storage medium
such as an optical disk and alsc to a method of detecting
pre-pits.

2. Description of the Related Art

In order to write data on a disk, it is required that
the disk has guide means for forming data tracks. To meet
the above requirement, grooves serving as pre-grooves are
formed and resultant grooves or lands (protrusions having
the shape of plateau in cross section between adjacent
grooves) are used as data tracks.

In order to write data at a desired location on a data
track, it i1s required that an address information be
recorded on the disk. The address information is generally
recorded by wobbling the grooves or by forming pre-pits on
the data tracks.

| For example, in the case of DVD-RW that is a rewritable
version of DVD (Digital Versatile Disc) based on the phase
change recording or DVD-R that is a write-once disk using an

organic dye material, wobbling grooves G are formed as pre-

- format on the disk and land pre-pits LPP are formed on lands



L between adj acent grooves G as shown in Fig. 12. In this structure,
reflected-l1ight information provided by the wobbling grooves is used to
control the rotation of the disk and also used to produce a master clock
signal used in witing data. The |land pre-pits are used to determ ne
precise wite |locations of respective bits and also used to acquire
various kinds of disk information such as pre- address information. That
is, addresses indicating the physical |ocations on the disk are recorded
using land pre- pits LPP. A disk drive“adapted to such a disk reads
addresses by detecting land pre-pits fornmed on the disk and perforns
various controls in the witing/reading operation on the basis of the
det ect edLpbeipietni atigarehitonrobtiecald,n@ st thowroGat iFaRy .ont.he di sk. Fig. 13
shows a format of land pre-pits LPP. Each interval of a track including 8
wobbl es for nsInnehifrabepcande cachfiettefi-ddghévénfounbhered pravddadd one
~odd- nunbered franme, including a total of 16 wobbles, forns one wunit of
| and pr ebpi thenfobiratingn grasvelowms wseld d.o Intrarid fhreerpittas ilcRPP @ff e f or med
by formng cutouts in the lands in synchronization with wobbles. One bit
of addre&Bedafaki anexprlesssgedy tonproguiast d awd tsre-clpicks sliPPalFiused 3A
shows an exanple in which |land pre-pit - 3

in writing data. The land pre-pits are used to determine

precise write locations of respective bits and also used to

acquire various kinds of disk information such as pre-

address information. That is, addresses indicating the

physical locations on the disk are recorded using land pre-

pits LPP,

A disk drive adapted to such a disk reads addresses by
detecting land pre-pits formed on the disk and performs
various controls in the writing/reading operation on the
basis of the detected pre-pit information indicating the
location on the disk.

Fig. 13 shows a format of land pre-pits LPP.

Each interval of a track including 8 wobbles forms one
frame, and each set of one even-numbered frame and one odd-
numbered frame, including a total of 16 wobbles, forms one
unit of land pre-pit information.

As shown in Fig. 12, land pre-pits LPP are formed by
forming cutouts in the lands in synchronization with wobbles.
One bit of address data is expressed by one set of land pre-
pits LPP.

Fig. 13A shows an example in which land pre-pit



information is forned in even-nunbered franmes. In this case, first 3
wobbl es of each even-nunbered frane formone set of Iland pre-pits LPP. Let
b2, bl, and bO represent the presence/ absence of land pre-pits LPP. If
(b2, b1, bO) is (1, 1, 1), that is, when three land pre-pits are forned, a
set of those pre-pits LPP serves as a sync signal. A data bit of "1" is
expressed by formng two |land pre-pits LPP at b2 and bO. That is, when
(b2, bl, b0) = (1, 0, 1), the data bit js "1". On the other hand, a data
bit of "0" is expressed by form ng one 3 pre-pit LPP at b2. That is, when
(b2, bl, bO) = (1, 0, 0), the data bit is "0". Fig. 13B shows an exanple
in which land pre-pit information is fornmed in odd-nunbered franes. In
thi s casénpfofrmegticd vigbhiesnai Pachveddnarbbeeedrinaae. f orm @ne sSeiasef,
| and pre-pits LPP whose absence/presence are expressed by (b2, bl, b0). In
t he case filmswhidc wdbdmia sprod- miatch vernratintre iesd f furanssl £éam osige newrbes £d
frames, when (b2, bl, b0) = (1, 1, 0), a set of those land pre-pits
repr esenttgng ywcrditgndlPP.As in  even-nunbered franes, a data bit of "1" is
represented b (b2, bl, bO) = (1, 0, 1), and a data bit of "0" is
represent ed b{etbR2.bbl bend=bf]irepregent| the greb3Bcedynsesiqgnaits and dat a
bits represented by conbinations of b2, bl, and bO are sunmari zed in the
form of 48nd pre-pits LPP. If (b2, bl, b0) is (1, 1, 1), that is,
when three land pre-pits are formed, a set of those pre-pits
LPP serves as a sync signal. A data bit of "1" is expressed
- by forming two land pre-pits LPP at b2 and b0. That is,
when (b2, bl, b0) = (1, 0, 1), the data bit is "1". On the
other hand, a data bit of "0" is expressed by forming one
 pre-pit LPP at b2. That is, when (b2, bl, b0) = (1, 0, 0},
the data bit is "Q".
Fig. 13B shows an example in which land pre-pit
information is formed in odd-numbered frames. In this case,
first 3 wobbles of each ocdd-numbered frame form one set of
land pre-pits LPP whose absence/presence are expressed by
(b2, bl, bO0}.
In the case in which land pre-pit information is formed
in odd-numbered frames, when (b2, bl, b0) = (1, 1, 0), a set
of those land pre-pits represents a sync signal. As in
even—numbered frames, a data bit of "1" is represented by
(b2, bl, b0) = (1, 0, 1), and a data bit of "0" is
represented by (b2, bl, b0} = (1, 0, 0).
In Fig. 13C, sync signals and data bits represented by

combinations of b2, bl, and b0 are summarized in the form of



a table. In each 16-wobble interval, land pre-pits LPP are fornmed only in
ei ther an even-nunbered frame or an odd- nunbered frame. Determ nation as
to in which frane to form land pre-pits LPP is nmade for each 16-wobbl e
interval such that land pre-pits LPP are not forned on both adjacent
groove tracks on a disk. Information expressed by |land pre-pits LPP can be
acquired in the formof a push-pull signal by detecting Ilight reflected
froma disk. Mre specifically, the push- pull signal is obtained as a
differential signal between signals c8rresponding to the intensities of
light reflected froma left-hand part and a right-hand part of a |aser
spot scanning on the disk in a track line direction. Fig. 14 shows a
circuit horadetecting land pre-pits LPP. The disk drive has an optical
head including a photodetector 51, such as a quadrant photodetector having
four photodet ectesclel eoenbSbe Bntervangd Danfioprdebeeti ngr kirght reflected
froma disk. Inthis circuit shown in Fig. 14, signals output from the
phot odet €éotrmedebeirgntis AiaherCaof dvhke-phaibedeidedtraimebbr arre adtided t oget her
by an adder 56, and signals output from the photodetector elenents B and D
are addedumbgethefrbypean DaddemiHmtibme asutiputin ofhitdie fadder sccbFemd 56 are
supplied to a push-pull signal generator 52. The push-pull signal - 5
: land pre-pits LPP is made for each l6-wobble interval such
that land pre-pits LPP are not formed on both adjacent
groove tracks on a disk.
Information expressed by land pre-pits LPP can be
~acquired in the form of a push-pull signal by detecting
light reflected from a disk. More specifically, the push-
pull signal is obtained as a differential signal between
signals corresponding to the intensities of light reflected
from a left-hand part and a right-hand part of a laser spot
scanning on the disk in a track line direction.
Fig. 14 shows a circuit for detecting land pre-pits LPP.
The disk drive has an optical head including a
photodetector 51, such as a quadrant photodetector having
four photodetector elements A, B, C, and D, for detecting
light reflected from a disk.
In this circuit shown in Fig. 14, signals output from
the photodetector elements A and C of the photodetector 51
are added together by an adder 56, and signals output from
the photodetector elements B and D areée added together by an
adder 55. The outputs of the adders 55 and 56 are supplied

-to‘a push-pull signal -generator 52, The push-pull signal



generator 52 includes a differential anplifier Al and resistors Rl1l to

R14. The push-pull signal generator 52 outputs a push-pull signal P/P
proportional to ((A+ C - (B + D). In the push-pull signal P/P, as shown
in Fig. 15A, relatively large anplitudes (SLP1, SLP2, and SLP3)
corresponding to land pre-pits LPP are obtained. Thus, information
represented by |and pre-pits LPP can be detected by detecting the |arge
anplitudes. To achieve the above, a reference voltage Vth is supplied from
a reference voltage source 54 to a conparator 53, and the conparator 53
conpares the push-pull signal PFP wth the supplied reference voltage Vth
The conparator 53 outputs a two-level signal indicating the conparison

result. gZhesatdrdspechiboiaskgnaliilePRoUhtGanr esPANdinG 7 the | and _
pre-pits LPP is obtained as showmn in Fig. 15A. H gh and low |l evels of this

det ecti opesigiaksLRPoUto eouresponding to the land pre-pits LPP correspond
to "1" and "O0", respectively, of b2, bl, and bO of the land pre-pits LPP.
Furthernore, Bheesaderpindt sshoun) gextracbs 8ddeasputbnhopaBhi-palby

detecting sync signals and data bits (with a level of "1" or "0")
correspoadgnglt B/B2prbporandnbQ. tA knewa techni(@ue af) ydetecting | and
pre-pits LPP may be found, for exanple, in US Pat. No. 6,337,838. 6
In the push-pull signal P/P, as shown in Fig. 15A,
relatively large amplitudes (SLP1, SLP2, and SLP3)
'corresponding to land pre-pits LPP are obtained. Thus,
- information represented by land pre-pits LPP can be detected
by detecting the large amplitudes.
To achieve the above, a reference voltage Vth is
supplied from a reference voltage source 54 to a comparator
'53[ and the comparator 53 compares fhe push-pull signal P/P
with the supplied reference voltage Vth. The comparator 53
outputs a two-level signal indicating the comparison result.
Thus, a detection signal LPPout corresponding to the land
pre-pits LPP is obtained as shown in Fig. 15A.
High and low levels of this detection signal LPPout
corresponding to the land pre-pits LPP correspond to "1" and
"0", respectively, of b2, bl, and b0 of the land pre-pits
LPP.
Furthermore, a decoder (not shown) extracts address
information by detecting sync signals and data bits (with a
level of "1" or "0") corresponding to b2, bl, and b0.

A known technigue of detecting land pre-pits LPP may be

found, for example, in US Pat. No. 6,337,838.



However, if information is witten on grooves serving as recording tracks,
recordi ng marks (phase change bits) fornmed on the grooves interfere with
the land pre-pits LPP. As a result, it beconmes difficult to correctly read
the land pre-pits LPP. Mre specifically, the interference of recording
marks results in a reduction in reflectance, and thus a reduction occurs
in anplitude of the push-pull signal P/P corresponding to the |Iand
pre-pits LPP. The push-pull signal P/P has anplitude variations due to
wobbl i ng of tracks, crosstalk from adj &cent tracks, and a variation in
quality of the disk. In the exanple shown in Fig. 15A, the anplitude SLP2
is smaller than the anplitudes SLP1 and SLP3. The reduction in the

anpl i tude SLRZ.4syEAUSEH bYroPheseone;of waikeeqr thgxs:%{rgs'\/%é%%am to the
| and pre-pit LPP, as represented by 1 in Fig. 12. can be seenfromthe

envel ope,of rtherwangl ermces t E}%coea_&hgpwalrk%! apa s Rreheen bitshi 9. 15A,
the push-pull signal P/P has a periodic variation in |evel caused by

wobbl es. riRRepush- pukl gsbgRals PhRedlifse e RGlidaned 1\waid dircomiity Iieeel  due
to crosstal k noise. Such a variation in |level of the push-pull signal P/P

can resuhk knraeuse,i itt becdeakecidt ishghralk ol RRaectaer respondiang dna | and
pre-pits detected by conparing the push-pull signal P/P wth the reference
vol t age Mrh-p7ts LPP. More specifically, the interference of
| recording marks results in a reduction in reflectance, and
thus a reduction occurs in amplitude of the push-pull signal
P/P corresponding to the land pre-pits LPP.
The push-pull signal P/P has amplitude variations due
to wobbling of tracks, crosstalk from adjacent tracks, and a
variation in gquality of the disk.
In the example shown in Fig. 15A, the amplitude SLP2 is
smaller than the amplitudes SLPl and SLP3.
The reduction in the amplitude SLP2 is caused by
presence of a recording mark M adjacent to the land pre-pit
: LPf, as represented by i1 in Fig. 12.
As can be seen from the envelope of the waveform of the
push-pull signal P/P shown in Fig. 15A, the push-pull signal
P/P has a periodic variation in level caused by wobbles.
The push-pull signal P/P also includes a varlation in level
due to crosstalk noise. |
Such.a variation in level of the push-pull signal P/P
can result in noise in the detection signal LPPout
corresponding to land pre-pits detected by comparing the

push-pull signal P/P with the reference voltage Vth.



Fig. 15B shows an exanple of a push-pull signal P/ P including pulse
conponents SLP corresponding to |land pre- pits LPP that appear every
16-wobbl e interval. In this exanple, for a period T10, a correct |and
pre-pit detection LPPout is obtained by conparing the push-pull signal P/P
with the reference voltage Vth. However, in a period T11, the level of the

push-pull signal P/P increases to such an extent that not only the |evel
of the pul se conponents SLP corresponding to |and pre- pits LPP but also
the |l evel of other parts of the push-pdlF signal P/P exceeds the reference

voltage Vth. As a result, as shown in Fig. 15B, the land pre-pit detection
signal LPPout includes noise pulses N Incorrect detection of |and

pre-pits LPP pesul 48pi Bnadls LACERARPILN A @38 1A Bl@al TR IS, It
beconmes inpossible to correctly read addresS information. This results in

degr adat i@k 1a iRl fRNERN o rRRAIAIGTIEN QfrrMpddddid eadli Nhdad@e-on/ from a
di sk and al so degradation in seeking operation. Such noise pul ses can be

avoi ded ipfitshe rrefierencgpacdl taga Wiils -vHiie easeskvdowevet ,tHie i ncrease
in the reference voltage Vth can make it inpossible to detect |and
pre-pit exhopleti dowid herilevald,owered fyct Neapd gsengel vfdettedieasby

- recording mark, as is the case with the pulse conponent SLP2 in Fig. 15A
- 8 LPPout is obtained by comparing the push-pull signal P/P

with the reference voltage Vth.

However, in a period T1l, the level of the push-pull
signal P/P increases to suéh an extent that not only the
level of the pulse components SLP corresponding to land pre-
pits LPP but also the level of other parts of the push-pull
signal P/P exceeds the reference voltage Vth. As a result,
as shown in Fig. 15B, the land pre-pit detection signal
LPPout includes noise pulses N,

Incorrect detection of land pre-pits LPP results in an
increase in address error rate. That is, it becomes
impossible to correctly read address information. This
results in degradation in performance of operation‘of
writing/reading data on/from a disk and also degradation in
seeking operation.

Such noise pulses can be avoided if the reference
voltage Vth is increased. However, the increase in the
reference voltage Vth can make it impossible to detect land
pre-pit information with a level lowered by the presence of
a nearby recording mark, as 1s the case with the pulse

component SLP2 in Fig. 15A.



Conversely, if the threshold voltage Vth is reduced so that |land pre-pits
can be detected for small-anplitude pul se conponents such as SLP2, the
reduction in the threshold voltage Vth results in a possibility that noise
is erroneously detected as a land pre-pit. For the above reason, it is
difficult to correctly detect Iland pre-pits using a fixed threshold

vol tage (reference voltage) Vth. US Pat. No. 6,337,838 cited above

di scl oses a technique of reducing thé variation in anplitude of the
push-pull signal P/P by using a so-called AGC circuit. However, US Pat.

No. 6,337,838 does not disclose a technique of properly setting a

t hreshol d i L re-pit_detection signal

LPPout . Suﬁﬁgﬁér%éggHEﬂg%%%%#%EE?P%fgiﬁﬁﬁg%ﬁ%ﬁgﬂa Bvﬁ?ﬁgﬁgﬁﬁpetgﬁgodinents
of the pses —phi A¥eRih Ofk SRek Lo i K i I ctly
detecting I%ﬁ? S#e-pits even iﬁ ad§$§%£%%g% ?ﬁpg%?%ﬁagﬁg%gagﬁﬁé?dﬁgﬁgf a

push- puttcisiagnaiLpear iche deeudioi saobhl kRg, tRBESIo1d andhakei Egrfesence of
recording marks. In accordance with a first aspect of the present

i nvent i bh,a dseridild tyr bhddetbimadiisk edroneocanprdesicageana®p ilcald head for
emtting a |aser beamso as to illum nate a di sk-shaped storage nedi um
t her ebyPX#1&%tg or reading data on or fromthe di sk-shaped storage - 9

medi um groqyes ﬁervin as recording tracks being formed in a
or the above reason, it is difficult to correctly detect

land pre-pits using a fixed threshold voltage (reference
.voltage) Vth.
US Pat. No. 6,337,838 cited above discloses a technique of
- reducing the variation in amplitude of the push-pull signal 2/P
by using a so-called AGC circuit. However, US Pat. No. 6,337,838
does not disclose a technique of properly setting a threshold

value used in producing the land pre-pit detection signal LPPout.

SUMMARY OF THE INVENTION

In view of the above, example embodiments of the present
invention seek to provide disk drive capable of correctly
detecting land pre-pits even in a situation in which the
amplitude of a push-pull signal varies due to wobbling, nocise,
and/or interference of recording marks.

In accordance with a first aspect of the present invention,
there is provided a disk drive comprising an optical head for
emitting a laser beam so as to illuminate a disk-shaped storage

medium thereby writing or reading data on or from the disk-shaped

storage



wobbl i ng fashion on the di sk-shaped storage nedium pre-pits being forned
on | ands between adj acent grooves, a push-pull signal generator for
generating a push-pull signal from reflected-light information detected by
the optical head, a pre- pit detector for conparing the push-pull signal
with a reference signal and outputting a conparison result as a pre-pit
detection signal, and a noise renover for detecting a noise pulse on the
basis of the pulse width of a pulse” Pncluded in the detection signal
output fromthe pre-pit detector, renoving the noise pulse fromthe
detection signal, and output the detection signal including no noise

pul se. accor i : cond aspect of the present inyention, there
i's proj%%g' o 8%§E%§F¥%%p%%l_%st%&ogﬁl%%tF%ﬁﬁqhgg "Por°* %¥t¥?ﬁb_a_laser
beam Saidshiliog Ui bRt & Bl H=ANARSHeat O AAR R UM LAELEDY g i Ling of
readi ng data on or fromthe disk-shap a 3tor ge neéluhl gf OOves serving as

recor dimggir meaebﬁglimmtw@naaﬂggééwggﬁcﬁﬁ)?eiscznaOQuéﬂ?ﬁp&'iﬁ k- shaped

storage nedium pre-pits being formed on | ands between adjacent grooves, a

push- pulignasi geakrgeaer 8601gdRiragengr at pagh-aopush-pukh sigpal from
reflected-light information detected by the optical head, a pre- pit
det ect oreflectedrpaghnginfrernpushnpuetestgnaby WiHeh catieberease, Signral and
outputting a conparison result as a pre-pit detection signal, a counter
for coutith sigtesdonuabercafpaniingeshienphsabtepliin signeldei et a oreZimamade out put
- 10 fromthe pre-Eit detector, for each of predeterm ned periodic
signal and outputting a comparison result as a pre-pit detection
signal, and a noise remover for detecting a noise pulse on the
basis of the pulse width of a pulse. included in the detection
signal output from the pre-pit detector, removing the noise pulse
from the detection signal, and output the detection signal
including no noise pulse.

In accordance with a second aspect of the present invention,
there is provided a disk drive comprising an optical head for
emitting a laser beam so as to illuminate a disk-shaped storage
medium thereby writing or reading data on or from the disk-shaped
storage medium, grooves serving as recording tracks being formed
in a wobbling fashion on the disk-shaped storage medium, pre-pits
being formed on lands between adjacent grooves, a push-pull
signal generator for generating a push-pull signal from
reflected-light information detected by the optical head, a pre-
pit detector for comparing the push-pull signal with a reference
signal and outputting a comparison result as a pre-pit detection

signal, a counter for counting the number of pulses included in

the detection signal output



intervals and a controller for changing the reference signal depending on
the count value of the counter. In accordance with a third aspect of the
present invention, there is provided a disk drive conprising an opti cal
head for emtting a |aser beamso as to illum nate a di sk-shaped storage
medi um t hereby writing or reading data on or fromthe disk-shaped storage
medi um grooves serving as recordln%éﬁ{acks being formed in a wobbling
fashi on on the di sk-shaped storage um pre-pits being fornmed on | ands
bet ween adj acent grooves, a push-pull signal generator for generating a
push-pull signal from reflected-light information detected by the opti cal
head, afyome-thsi prdepittaetdaromonpar paghthie pustetputdinstigpetiodiich a

ref erence nal and outputting a conparison result as a pre-pit detection
si gnal , 1Q¥Qﬁyagé refrov @onftgplder etad mpsaghoy seipuleferenceheigrasli s of the
pul se mndth of a pulse included in the detection signal output fromthe
pre- pit %%%EEP@roanW%VFHﬁ“{W@lﬁél@6'EH?§@UP¢§HP the detection signal, and

out put the tectlo |nc%%eyng no noi se pul se, a counter for
counting th Iht?ﬁﬁ@’f c%d’l”s@é Fddeareat t e tc]P& é’c,rfe?SFitsP@Y%ﬂ‘tJ&H rput from

th i | t he det ect t f th
e D falle A9CLEST Qg | l‘;sr%%geg?Rs:%raﬁmpséw%éahﬁgpﬁféé‘% Eoscontrol | or
for changivngnbhg feler %%' gnal . d emel%t%“a.t B(is %Bd%das!t%ef H Prgt.on

counter, and an address deco der for ach|r|ng I ess |

repr esm@mbxhéb@bprﬁramit@ orf FRANING Al Se %%Dfﬁgmda%@c&l s3-gnal -
.storage medium, grooves serving as recording tracks being formed
in a wobbling fashion on the disk-shaped storage medium, pre-pits
being formed on lands between adjacent grooves, a push-pull
signal generator for generating a push-pull signal from
reflected-light information detected by the optical head, a pre-
pit detector for comparing the push-pull signal with a reference
signal and outputting a comparison result as a pre-pit detection
signal, a ncise remover for detecting a noise pulse on the basis
of the pulse width of a pulse included in the detection signal
output from the pre-pit detector, removing the noise pulse from
the detection signal, and output the detection signal including
no noise pulse, a counter for counting the number of pulses
included in the detection signal output from the pre-pit
detector or included in the detection signal output from the
noise remover, for each of predetermined periodic intervals, a
controller for changing the reference signal depending on the

count value of the counter, and an address decoder for



In accordance with a fourth aspect of the present invention, thereis
provided a nethod of detecting pre-pits forned on a disk-shaped storage
medi um grooves serving as recording tracks being formed in a wobbling
fashion on the disk-shaped storage nedium address information being
represented by the pre-pits fornmed on | ands between adjacent grooves, the
nmet hod conprising the steps of generdttng a push-pull signal from
reflected-1ight information obtained when the disk-shaped storage nmedi um
is illumnated with a | aser beam conparing the push-pull signal wth a

ref er enggqsi @ing tABd2QUESSY ti i rhat9BRAFLSULIASY byaBhd p M E5iRist detection
signal, and detecting a noise pulse on the basis o? the pulse wdth of a

pul se i pedmidatt naikBerondyed dddelgebhonighgnal , renoving the detected noise
pul se fromthe detection signal, and outputting the detection signal
i ncluding nn racedpoesewitn actondaneepecthof thd tdreaspectinoént ien,pr esent
invention, there is provided a nmethod of detecting pre-pits formed on a
di sk- shilpiee dtsopageiaedi ametdrodovésdseeviimy azerpdbsdf oigned acks  bei ng
formed in a wobbling fashion on the di sk-shaped storage nedium address
i nf or e VT BePRE FEpragemssi Wy FReopEe- FREEINT esntdCordirmds ds&tueen
adjaceﬂ$ qiooves, t he net conmprisin the steps of generating a
push- pufF 4 givafefr ot 7 SFPRIURG- FRGRECT | M orifa Lol BBREFhett AHTER t he
di sk-shaped storage_nmediumis .- &E .iIIuninateg 'éh | aser heam
conpar 116" LHE PShBUI 1™ STGRT PWPERIS TErereRCEIsPYnale At BiEputting a
Conpar'f%ghéae%ﬂlEaﬁésabetween adjacent grooves, the method comprising
the steps of generating a push-pull signal from reflected-light
information obtained when the disk-shaped storage medium is
illuminated with a laser beam, comparing the push;pull signal
with a reference signal and outputting a comparison result as a
pre-pit detection signal, and detecting a noise pulse on the
-basis of the pulse width of a pulse included in the ocutput
detection signal, removing the detected noise pulse from the
detection signal, and outputting the detection signal including
no noise pulse.
In accordance with a fifth aspect of the present invention,
there is provided a method of detecting pre-pits formed on a
disk-shaped storage medium, grooves serving as recording tracks
being formed in a wobbling fashion on the disk-shaped storage
medium, address information being represented by the pre-pits
formed on lands between adjacent grooves, the method comprising

the steps of generating a push-pull signal from reflected-light

information obtained when the disk-shaped storage medium is



pre-pit detection signal, counting the nunber of pulses included in the
out put detection signal, for each of predeterm ned periodic intervals, and
changi ng the reference signal depending on the count value. |In accordance
with a sixth aspect of the present invention, there is provided a nethod
of detecting pre-pits forned on a disk-shaped storage nmedi um grooves
serving as recording tracks being fof#ed in a wobbling fashion on the

di sk-shaped storage nedium address information being represented by the
pre-pits formed on | ands between adj acent grooves, the nmethod conprising

the stepsi@fingerar Al img aeshopdhl shEnati Ay emer ghligcted- Idighka

i nformati on obtai ned when the di sk-shaped storage nediumis 7illum nated

W th a#iasen bedaresoamardmg bhe pushatpiilg Si geabarWkdh @esekerenge signal
and outputting a conparison result as a pre-pit detection signal,

det ect ipp-inodseepul ge ynkbhe bashisiraf thehaupbéseiMpdilBesf iacpudae
included in the output detection signal, renoving the detected noise pul se
from t higr déreecbicont detprtiionawdgoal pufer mpdhhefdpredetiomisiegnal i ncl udi ng
no noi se pulse, counting the nunber of pulses included in the output
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changi the reference signal depending on the count value. In exanple
enbodiﬁgﬁi§Pu§§ 8@@%?1bed above, the land - 13 pre-pit detection signal is

produced, by somparIgeL b, BBl Bl SLATEL ¥ e el enge, sl gnal, and

deteCtiﬂHEr%uh§e§rovided a method of detecting pre-pits formed on a
disk-shaped storage medium, grooves serving as recording tracks
being formed in a wobbling fashion on the disk-shaped storage
medium, address information being represented by the pre-pits
formed on lands between adjacent grooves, the method comprising
the steps of generating a push-pull signal from reflected-light
.information obtained when the disk-shaped storage medium is
illuminated with a laser beam, comparing the push-pull signal
with a reference signal and outputting a comparison result as a
pre-pit detection signal, detecting a noise pulse on the basis of
the pulse width cof a puise included in the output detection
signal, removing the detected noise pulse from the detection
signal, and outputting the detection signal including no noise
pulse, counting the number of pulses included in the output
detection signal, for each of predetermined periodic intervals,
and changing the réference signal depending on the count value.

In example embodiments, as described above, the land



having a pul se wdth smaller than the predeterm ned value. The detected
noi se pul ses are renoved fromthe |land pre-pit detection signal, and thus
the correct land pre-pit detection signal including no noise pulses is
obt ai ned. I n exanple enbodi nents, in the correct |land pre-pit detection
signal, the nunber of pulses in each particular period corresponding to a
16-wobble interval is limted to a particular range. That is, the nunber
of pul ses nust be equal to 1 to 3. |If the observed nunber of pul ses does
not fall within the above range, thel3and pre-pit detection signal

i ncludes a noi se pulse. Thus, the nunber of pulses is nonitored, and the
reference signal is adjusted depending on the neasured nunber of pul ses.

BRI EF RRSCRIiRTHEN&F Jilks iDRAW NeSoFbdliced by @chb@sindlitagr agkshevi ng a di sk
drive according to an enbodi ment of the present invention; Fig. 2 is a

bl ock dijagrednmwshbwiing e ettt sigaldetaet magsel g4y enpittide@ctoryieng to a
first enbodi mnent of the present invention; Fi.g. 3 is a diagram show ng
wavef orlandorerghhl detedigonasdoni ht etk widtecthd bpedettdaingf pdksegti ng | and-
pre-pits according to the first enbodi nent of the present invention; Fig.
4 is aBOA@ @i BYtam SHHM sgedler rithan ther pdedetermipdchivd lpre- pThe
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signal, and thus the correct land pre-pit detection signal
including no noise pulses is obtained.

In example embodiments, in the correct land pre-pit
detection signal, the number of pulses in each particular period
corresponding to a 16-wobble interval is limited to a particular
range. That is, the number of pulses must be equal to 1 to 3.
If the observed number of pulses does not fall within the above
range, the land pre-pit detection signal includes a noise pulse.
Thus, the number of pulses is monitored, and the reference signal

- is adjusted depending on the measured number of pulses.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a disk drive
according to an embodiment of the present invention;

Fig. 2.is a block diagram showing a circuit for detecting
land pre-pits according to a first embodiment of the present
invention;

Fig. 3 is a diagram showing waveforms of signals



detecting land pre-pits according to a third enbodi rent of the present
invention; Fig. 6 is a diagram show ng waveforns of signals associated
with the operation of detecting |land pre-pits according to the third
enbodi ment of the present invention; Fig. 7 is a block diagram showi ng a
circuit for detecting |land pre-pits according to a fourth enbodi nent of
the present invention; Fig. 8 is a diagram show ng waveforns of signals
associated with the operation of detecting |land pre-pits according to the
fourth enbodi nent of the present invent4on; Fig. 9 is a flow chart show ng
a process of setting a threshold value used in detecting land pre-pits
according to the fourth enbodi nent of the present invention; Fig. 10 is a

bllock di agrs%@l%&@a R %'hreCB? rfa@iorpec}@fag‘%%g R 1Ry ,{égﬁlc%mdi ng to a

fifth enbodi nent of he pres I nvention Tl1'is a I agram

showi ng @.c‘é'o&‘%i‘i' %, fror th@etf@gsttngrdb%&n@rﬁc R Su?ec?%re%agc HohFerst 344
enbodi nent of he present invention; i's a diagram showi ng a

di sk havi ng Iamg p@elspatsléeknaﬂa Eshe%mlowEh@ aldikeyatdiragr am showi ng a
format of a land pre-pit signal; Fig. 14 is bl ock di agram show ng a
circuit Hefecting land pre-pits according to a second embodiment of

the present invention;

Fig. 5 is a block diagram showing a circuit for
detecting land pre-plts according to a third embodiment of
the present invention;

Fig. 6 is a diagram showing waveforms of signals
assoclated with the operation of detecting land pre-pits
according to the third embodiment of the present invention;

Fig. 7 is a block diagram showing a circuit for
detecting land pre-pits according to a fourth embodiment of
the present invention;

Fig. 8 is a diagram showing waveforms of signals
associated with the operation of detecting land pre-pits
according to the fourth embodiment of the present invention;

Fig. 9 is a flow chart showing a process of setting a
threshold value used in detecting land pre-pits according to
the fourth embodiment of the present invention;

Fig. 10 is a block diagram showing a circuit for
detecting land pre-pits according to a fifth embodiment of
the present invention;

Fig. 11 is a block diagram showing a circuit for

detecting land pre-pits according to a sixth embodiment of



detecting land pre-pits according to a conventional technique; and Fig. 15
is a diagram show ng an operation of detecting land pre-pits according to
t he conventional technique. DESCRI PTION OF THE PREFERRED EMBODI MENTS The
present invention is described in further detail belowwth reference to
preferred enbodi nents. In those enbodinents described bel ow, by way of
exanple, a disk drive (witing/reading device) is assuned to be adapted to
an optical disk of the type of DVD-R or DVD-RW First, with reference to
Fig. 1, a basic construction of a di sk drive, which is comon for al

enbodi nents, is described, and then various exanples of the configuration
of a land pre-pit extractor 24 are described with reference to first to

sixth e i Fi. ws the construction of a disk drive 30
accordiggﬁgogg%géﬁ%oégxgﬁgio%’the present invention. A disk 100 such as a

DVD-R or DVD di ' I = - upn.ta - £ ~and . |3S tated at a
const ant Iineg¥¥Ve?%c%%yQ ?gfgfggysgégﬁPﬁd%eaﬁg%oggglégr?%SBaPEQ

writing/ peadi RgrmeREEALQBL AN oOptical pickup 1 reads pit mark data
recorded  on tracks (groove tracks) on the disk 100, wobbling information

of tracks, andiyantd3pig-pi 4ihgtanMBhbRMngDat BorRbkSodr & fahaegraspdye
change pits or phase change pits on tracks in the form of grooves thereby
recordi ngigaka;on the
Fig. 14 is a block diagram showing a circuit for
detecting land pre-pits according tc a conventional
techniqgue; and

Fig. 15 is a diagram showing an operation of detecting

land pre-pits according to the conventional technique.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is described in further detail
below with reference to preferred embodiments. In those
embodiments described below, by way of example, a disk drive
(writing/reading device) is assumed to be adapted to an
optical disk of the type of DVD-R or DVD-RW.

First, with reference to Fig. 1, a basic comstruction
of a disk drive, which is common for all embodiments, is

- described, and then various examples of the configuration of

a land pre-pit extractor 24 are described with reference to
first to sixth embodiments.

Fig. 1 shows the construction of a disk drive 30
according to an embodiment of the present invention.

A disk 100 such as a DVD-R or DVD-RW disk is placed on



di sk. The pickup 1 includes, in the inside thereof, a |laser diode 4
serving as a source of laser light, a photodetector 5 for detecting
reflected light, an objective lens 2 via which the laser light is emtted
to the outside, and an optical system (not shown) for illum nating the
recording surface of the disk with the |aser light via the objective |ens
2 and for guiding reflected |light to the photodetector 5. The pickup 1

al so includes a nonitor detector 22 to which a part of the |ight output
fromthe laser diode 4 is supplied.— The 4 aser diode 4 outputs |aser |ight
with a wavel ength of 650 nmor 635 nm The optical systemhas a NA of O0.6.
The objective lens 2 is supported by a biaxial nechanism 3 such that the

0bj ool i ve, LERA, Sahfer?aRle s kN rokbdCll 09 ANdSLOGUSNG HId-800%:s cThe

pickup 1 is driven in a radia

mechani sity) T8¢ LaggindhQdfotoef 6 Ia%rﬁin%klégg%:ii?%n%r/ir\é%rai% a drive signal

(drive current)”output froma laser driver : e laser diode 4 enmts
| aser |'85Erbﬂi@ﬁ90rﬂﬁn6gt\ﬂc%h_ bhe ki Ve resiggngi+ Refliedad lidardeq

information fromthe disk 100 iS detected by the photodetector 5 and

convert egni 8£8cRB (groove tracks) on the disk 100, wobbling
information of tracks, and land pre-pit information. Data
pits are formed as dye change pits or phase change pits on
tracks in the form of grooves thereby recording data on the
disk.

The pickup 1 includes, in the inside thereof, a laser
diode 4 serving as a source of laser light, a photodetector
5 for detecting reflected light, an cbjective lens 2 via
which the laser light is emitted to the outside, and an
optical system (not shown) for illuminating the recording
surface of the disk with the laser light via the objective
lens 2 and for guiding reflected light to the photodetector
5.

The pickup 1 also includes a monitor detector 22 to
which a part of the light output from the laser diode 4 is
supplied.

The laser diode 4 oufputs laser light with a waveléngth
of 650 nm or 635 nm. The optical system has a NA of 0.6.

The objective lens 2 is supported by a biaxial
mechanism 3 such that the objecitive lens 2 is movable in
tracking and focusing directions.

The pickup 1 is driven in a radial direction of the



el ectric signal corresponding to the intensity of the reflected light. The
resultant electric signal is supplied to a matrix circuit 9. The matrix
circuit 9 includes a current-voltage converter for converting the current
signals output froma plurality of photodetector elenents of the

phot odetector 5 into voltage signals and also includes a matri x
operation/anplification circuit for generating necessary signals by neans
of matrix operation. The signals generated by the matrix
operation/anplification circuit inclaude7an RF signal corresponding to data
read fromthe disk, a focus error signal FE and a tracking error signal TE
used in servo control. Furthernore, the matrix operation/anplification

circuit d§|39£§r%?%ﬁ%%.$mﬁ%%% %%!I signal P/ P associated with | and
b5 . .

pre-pits an Nng of grooves. he push- pul | S|gnal P/IP is also used as

a_tracking ersgr s.g0al oilfe ThecRELS! gahaQuupUl, Trapheymal g Al roult 9

is supplied to a binarization circuit FodGs err or signal FE

and the Gragkihng £I5rQ c%ﬁ%%lt)-r%uacﬁ:ﬁr§%rheﬁ J{.é)s@r SEHVO Ol f CUifpd4. The

push-pull Signal P/Pis supplied to “land pre-pit extractor 24 and a
wobbl e P&bs& dikRiPusknWd 191@nal1 iR 18, CONVEFdSdd REOLR EN0-4eved

signal by the land pre-pit extractor 24. The resultant
signal,

Reflected light information from the disk 100 is
detected by the photodetector 5 and converted into an
electric signal corresponding to the intensity of the
reflected light. The resultant electric signal is supplied
to a matrix circuit 9.

The matrix circuit 9 includes a current-voltage
converter for converting the current signals output from a
plurality of photodetector elements of the photodetector 5
into voltage signals and also includes a matrix
operation/amplification circuit for generating necessary
signals by means of matrix operation.

The signals generated by the matrix
operation/amplification circuit include an RF signal
corresponding to data read from the disk, a focus error
signal FE and a tracking error signal TE used in servo
control.

Furthermore, the matrix operation/amplification circuit
also produces a push-pull signal P/P assoclated with land
pre-pits and wobbling of gréoves. The push-pull signal P/P

is also used as a tracking error signal.



signal is supplied as land pre-pit information to an address decoder 26.
The address decoder 26 decodes the prefornatted address information. The
resul tant decoded address information is supplied to a systemcontroller
10. The wobble PLL 25 generates a wobble clock WCK fromthe push-pul

signal P/P by means of PLL operation. The generated wobble clock WK is
supplied to an encode clock generator 25, the address decoder 26, a
spindle servo circuit 23, and the land pre-pit extractor 24. The RF signal
output fromthe matrix circuit 9 is -copnverted into a two-1evel signal by
the binarization circuit 11 and is supplied to an encoder/decoder 12. The
encoder/decoder 12 includes a decoder used in the reading operation and an

encoder used ot g at.i_on. n th readln Qpenat ion, the
encoder/decod%r %??%?n%uggaécgalng Fo@gsglfng %I i 3ecod|ng of a

run- | e”%ggﬁkgﬁt ed Eoﬂguce C_’ﬂ: and aq{%i ”c:]eer 'ﬁ :

t her eby producing repro ata CJnerm)re’ e re |ng operat|on
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RF signal DBy neans o LL operation an perfornms the "above-descri bed
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oper ation, decoded data output fromthe

the land pre-pit extractor 24 and a wobble PLL 25.
© The push-pull signal P/P is converted into a two-level

signai by the land pre-pit extractor 24. The resultant
signal is supplied as land pre-pit information to an address
decoder 26. The address decoder 26 decodes the preformatted
address information. The resultant decoded address
information is supplied to a system controller 10.

The wobble PLL 25 generates a wobble clock WCK from the
push-pull signal P/P by means of PLL operation. The
generated wobble clock WCK is supplied to an encode clock
generator 25, the address decoder 26, a spindle servo
circuit 23, and the land pre-pit extractor 24.

The RF sighal output from the matrix circuit 9 is
converted into a two—level signal by the binarization
circuit 11 and is supplied to an encoder/decoder 12.

The encoder/decoder 12 includes a decoder used in the
reading operation and an encoder used in the writing
operation.

In the reading operation, the encoder/decoder 12
performs a decoding process including decoding of a run-

length-limited code, error correction, and deinterleaving,



encoder/decoder 12 is stored in a buffer nmenory 20. The data stored in the
buffer nmenory 20 is read out and output to the outside of the disk drive
30. An interface 13 connected to an external host conputer 40 serves to
interface with the host conmputer 40 in transmtting/receiving reproduced
data, data to be stored, or various comrands. In the reading operation,
the data decoded and stored in the buffer nmenory 20 is read out and
transferred to the host conputer 40 via the interface 13. A read command
and a wite conmand output fromthe -hosi - conputer 40 are supplied to the
systemcontroller 10 via the interface 13. On the other hand, in the
writing operation, data to be witten is output fromthe host conputer 40

cand is s%%red in__the buffer negg&yéﬁo via the interface 13. In the witing
oper at i ofr "€ 8YeREGHBFA0dc 5GEF ¥ CeEhE5dés the data stored in the buffer

menory 20, wherejn the - 20 odi_ng.incl iti of error correction
codes, inter %gE??éﬁogﬁdi%Poﬁﬂ%frgﬁ }88d8§gg§ﬁgggunpggngth-linited codi ng

of the datacid.bacuphbtes ondhe ik 100y n ancadel agdisathang

reference cock in I"ng operation I's generate

generatogitg7thEnR§yQ§ hall & iﬂ%%ﬂ@tdftﬁ@a%ﬂﬁp@$é¥5%¥bﬁhﬂﬂﬁl’ the
encoder/ decoder 12 perforns éncodi ng.
performs. the above—-described decoding process in accordance
with the réproduced clock.

In the reading operation, decoded data output from the
encoder/decoder 12 is stored in a buffer memory 20.

The data stored in the buffer memory 20 is read out and
output to the outside of the disk drive 30.

An interface 13 connected to an external host computer
40 serves to interface with the host computer 40 in
transmitting/receiving reproduced data, data to be stored,
or various commands.

In the reading operation, the data decoded and stored
in the buffer memory 20 is read out and transferred to the
host computer 40 via the interface 13.

A read command and a write command output from the host
computer 40 are supplied to the system controller 10 via the
interface 13.

On the other hand, in the writing operation, data to be
written is outpﬁt from the host computer 40 and is stored in
the buffer memory 20 via the interface 13.

In the writing operation, the encoder/decoder 12

encodes the data stored in the buffer memory 20, wherein the



The encode cl ock generator 27 generates the encode clock on the basis of

t he wobbl e cl ock WCK supplied fromthe wobble PLL 25 and the |and pre-pit
information supplied from the |and pre-pit extractor 24. The data to be
witten, produced via the encoding perfornmed by the encoder/decoder 12, is
converted into recording pulses by a recording pul se generator 21 and
supplied to the laser driver 18. The recordi ng pul se generator 21 al so
makes recording conpensation in ternms of the characteristic of the
recording |ayer, the shape of the l-asgr spot, the fine adjustnent of the
optimumwiting power depending on the linear velocity of the disk, and
adj ust nent of the waveformof the |aser driving pulse. The |aser driver 18

supplies a driving current ta.a, laser diode 4 _in accQr with the
suppliedepﬁgg?narngxﬁde uﬁgglgﬁgpeﬁy EFFSanoﬁﬁéxﬁéég}q%¥%%B 4 to enit a

| aser bea .resul NolR y h bi e e .hi i 21
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(Auto Po - Cong o cisreui t. 1 i t.Qr e u r of the | aser by
usi ng thggéﬁﬁgt%? %éfegfgg %f %ggggg%%F%ng F#% gﬁ%%hggﬁgmer of the | aser
such that thep,Output powers ks,oBLNLal Redogkbrancansthant 1vakue regardl ess of

tenperature and other factors. Mire specifically, a target
writing operation is generated by an encode clock generator
27. In synchronization with the encode clock signal, the
encoder/decoder 12 performs encoding.

The encode clock generator 27 generates the encode
clock on the basis of the wobble clock WCK supplied from the
wobble PLL 25 and the land pre-pit information supplied from
the land pre-pit extractor 24.

-The data to be written, produced via the encoding
performed by the encoder/decoder 12, is converted into
recording pulses by a recording pulse generator 21 and
supplied to the laser driver 18.

The recording pulse generator 21 also makes recording
compensation in terms of the characteristic of the recording
layer, the shape of the laser spot, the fine adjustment of
the optimum writing power depending on the linear velocity
of the disk, and adjustment of the waveform of the laser
driving pulse.

The laser driver 18 supplies a driving current to a
laser diode 4 in accordance with the supplied laser driving
pulse thereby driving the laser diode 4 to emit a laser beam.

As a result, bits (dye change bits/phase change bits)



val ue of the |aser output power is given by the system controller 10, and
the APC circuit 19 controls the laser driver 18 such that the | aser output
power is nmaintained at the target value. The servo circuit 14 generates
servo drive signals associated with focusing, tracking, and the sled from
the focus error signal FE and the tracking error signal TE output from
the matrix circuit 9, whereby the servo circuit 14 servo-controls the
focusing, tracking, and the operation of the sled. Mre specifically, the
servo circuit 14 generates a focus driwve-signal FD and a tracking drive
signal TD on the basis of the focus error signal FE and the tracking error
signal TE and the supplies the generated focus drive signal FD and

tracking drive signal TD a_biaxial drjver 16. 1n cor ce,wi-t h the
suppl i edc?658§p8ﬁ%\’/8gs;Eﬁnéi?‘eFﬁegﬁ’gdlflrga g o \}‘:leorérieglﬁéﬁ% %i'%% t l\g]{)i axi al
driver 1§0§rives a focus coil and a tracking coil of the biaxial nmechani sm
3 of 1 =722 the pickup 1. Thus, a tracking servo | oop and a focus serve

| 0op are formgd Pyothe.pbekyped, cLRE B! X EliicUiy Sonkigrsseruo processor

14, and the biaxia rrver an bi axi al nechanism3. |If the servo

cireult 34chBEehies At agk HumRCUPng HAIB Widh o6 eBRtdwlder 10,
and controls the output power of the laser such that the
output power is maintained at a comnstant value regardless of
temperature and other factors. More specifically, a target
value of the laser output power is given by the system
controller 10, and the APC circuit 19 controls the laser
driver 18 such that the laser output power is maintained at
the target value.

The servo circuit 14 generates servo drive signals
associated with focusing, tracking, and the sled from the
focus error signal FE and the tracking error signal TE
output from the matrix circuit 9, whereby the servo circuit
14 servo-controls the focusing, tracking, and the operation
of the sled.

More specifically, the servo circuit 14 geﬁerates a
focus drive signal FD and a tracking drive signal TD on the
basis of the focus error signal FE and the tracking error
signal TE and the supplies the generated focus drive signal
FD and tracking drive signal TD to a biaxial driver 16. In
accordance with the supplied focus drive signal FD and
tracking drive signal TD, the biaxial driver 16 drives a

focus coil and a tracking coil of the biaxial mechanism 3 of



off the tracking servo | oop and outputs a junp drive signal to the biaxial
driver 16 thereby nmaking the biaxial driver 16 performa track junp
operation. Furthernore, the servo circuit 14 generates a sled drive signal
in accordance with a sled, error signal obtained as a |owfrequency
conponent of the tracking error signal TE and in accordance with an access
command supplied fromthe systemcontroller 10. The generated sled drive
signal is supplied to a sled driver 15. In accordance with the supplied
sled drive signal, the sled driver 15 zirives the sled mechani sm 8.

Al t hough not shown in the figure, the sled nmechanism 8 includes a main
shaft for hoIding the pickup 1, a sled notor, and a transnission gear,

wh b h 8. slid th K h th
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rotate at a constan Irneéar vel Clt |ng opera i on e spindle

Servo ci Loy Blocelodaects ahal 'b‘l%ﬁ%%e%ﬁ%}r%“ ngieati ng the

current rotation spee e spindle notor romtHe wo clock WCK

generat egd; by ;thewebhle Pl and the spindle servo circuit 23 conpares the
detected rotation speed Iinformation wth a predeternined CLV reference

information therehy sgepsraiing:8 spi pdbeiQekok $hgbrl 18R command
from the system controller 10, the servo circuit 14 turns
off the tracking servo loop and outputs a jump drive signal
to the biaxial driver 16 thereby making the bilaxial driver
16 perform a track jump operation.

Furthermore, the servo circuit 14 generates a sled
drive signal in accordance with a sled,er;or signal obtained
 as a low-frequency component of the tracking error signal TE
and in accordénce with an access command supplied from the
system controller 10. The generated sled drive signal is
supplied to a sled driver 15, 1In accordance with the
supplied sled drive signal, the sled driver 15 drives the
sled mechanism 8. Although not shown in the figure, the
sled mechanism 8 includes a main shaft for holding the
pickup 1, a sled motor, and a transmission gear, whereby the
sled mechanism 8 slides the pickup 1 in cooperation with the
sled motor 8 driven by the sled drive signal output from the
sled driver 15.

A spindle serve circuit 23 controls the spindle motor 6
so as to rotate at a constant linear velocity.

In the writing operation, the spindle servo circuit 23



In the reading operation, the rotation speed information indicating the
current rotation speed of the spindle notor 6 is given by the reproduced
clock (used as the reference clock in decoding) generated by the PLL in
the encoder/decoder 21, and spindle servo circuit 23 generates the
spindle error signal SPE by conparing the reproduced clock with the
predeterm ned CLV reference information. . The spindle servo circuit 23
generates the spindle drive signal in accordance with the spindle error
signal SPE and supplies the generated3>pindle drive signal to the spindle
.nmotor driver 17. The spindle notor driver 17 generates a 3-phase drive
signal in accordance wth the supplied spindl e drive signal and suppl i es

the ool ESQt gé‘%? flheiéggﬁ's oo FBtEQ% 3R ri%aecﬁ?;‘a@\% %l%y dri ving

t he Spln GasP véracit urt ernore, the
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with a spindle brake cont si gnal suppll fromthe system

control | ﬁ&Klgenwatéecggrd%%ewwbﬁofiet @%LSEhﬁdlt%ed@p\ﬁer‘lcﬁ'egwrv%upm ied from
the 24 spindle servo circuit 23, the spindle notor driver 17 starts,

stops, ageetanates, canfadeceltatirtchedsRiordhe oWtsYedt iH®rmation
above-descri bed operations of the servo systemand the witing/reading

system aw@tROAt pekledebyihba Y§t RFf GO0l neh rid tfiynTathafelsy
m croconputer. The systemcontroller 10 perforns various processes in
generating a spindle error signal SPE.

In the reading operation, the rotation speed
information indicating the current rotation speed of the
spindle motor 6 is given by the reproduced clock (used as
the reference clock 1n dececding) generated by the PLL in the
encoder/decoder 21, and spindle servo circuit 23 generates
the spindle error signal SPE by comparing the reproduced
clock with the predetermined CLV reference information.

. The spindle servo circuit 23 generates the spindle
drive signal in accordance with the spindle error signal SPE
.and supplies the generated spindle drive signal to the
spindle motor driver 17. The spindle motor driver 17
generates a 3-phase drive signal in acccordance with the
supplied spindle drive signal and supplies the generated 3-
phase drive signal to the spindle motor & thereby driving
the spindle motor & at the constant linear velocity (CLV}.

Furthermore, the spindle servo circult 23 generates a
spindle drive signal in accordance with a spindle kick/brake
control signal supplied from the system controller 10. 1In

accordance with the spindle drive signal supplied from the



accordance wth commands issued by the host conputer 40. For exanple, if

t he host conputer 40 issues a read command to read data recorded on the

di sk 100, in response to the conmand, first, the systemcontroller 10
controls the seeking operation to seek a specified address. Mire
specifically, the systemcontroller 10 issues a command to the servo
circuit 14 to nove the pickup 1 to the address specified by the seek
command. Thereafter, systemcontroller 10 controls necessary parts to read
data from specified sectors and transfar the read data to the host
conputer 40. More specifically, requested data is read fromthe disk 100,
decoded, buffered, and transferred to the host conputer 40. If a wite

e sBhaRUCdoy ! B AT OMPULEL aglaSdtdt ik %8%%8?17' §LafermVes

t he picku ation corréspondl ess #hi ch

data is LooBe YELLiER..I0e engoder/decoder. Jt%ee U508 d e, dal & suppl i ed

fromthe hoSt conputer e recording pu se genera or 21 suppl i es | aser

Cre'urS SRR SRLe AbeLeees ShLetihe Tovng SE SR Bt MbT 00,
bel ow. Readi Rg: PREALEARInG S§LRMORS A M rolled by the system
éontroller 10 formed of a microcomputer.

The system controller 10 performs various processes in
accordance with commands issued by the host computer 40.

For example, i1f the host computer 40 issues a read
command to read data recorded on the disk 100, in response
to the command, first, the system controller 10 controls the
seeking operation to seek a specified address. More
specifically, the system controller 10 issues a command to
the servo circuit 14 to move the pickup 1 to the address
specified by the seek command.

Thereafter, system controller 10 controls necessary
parts to read data from specified sectors and transfer the

| read data to the host computer 40. More specifically,
-requested data is read from the disk 100, decoded, buffered,
and transferred to the host computer 40.

If a write command is issued by the host computer 40,
the system controller 10 moves the pickup 1 to a location
corresponding to a specified address at which.data is to be
written. The encoder/decoder 12 encodes the data supplied

from the host computer 40.

The recording pulse generator 21 supplies laser driving



A signal detected by the pickup 1 is converted by the matrix circuit 9
into servo error signals such as the focus error signal FE and the
tracking error signal TE. The resultant servo error signals are supplied
to the servo circuit 14. The biaxial nechanism 3 of the pick up 1 is
driven by the driving signal FD and TD output fromthe servo circuit 14,
and thus the focusing and the tracking are servo-controlled. * Reading of
Dat a The signal detected by the pickup 1 is converted by the matrix
circuit 9 into the RF signal and suppl2ged-to the encoder/decoder 12. The
encoder/decoder 12 reproduces a channel clock and decodes the RF signal on
the basis of the channel clock. The decoded data is supplied to the

interface 13, * trql_ling .of Rotatjon The rotati of, the disk 100 is
control | BH}B{? Fﬁec%%sepﬁﬁda’leé: ggﬁ‘/’grcﬁréc'ui t bnt}}%eCP%a@silss of* teéﬂéh%nnnel
cl ock - - pplied fromthe encoder/decoder 12. * Detection -of Address

Addresses are included in the RF signal and are extracted by the

encoder/ decodpy, . 13, ; ThegoxLLAGhEdopaddrasses Ans sunmll adike e system
n the See a

controller 10. However, "I i ng operation, resses. are extracted
from t hegl,apd AePl3 ANd seeking to a target

Reading Operation
* Servo Operation

A signal detected by the pickup 1 is converted by the
matrix circuit 9 into servo error signals such as the focus
error signal FE and the tracking error signal TE. The
resultant servo error signals are supplied to the servo
circuit 14. The biaxial mechanism 3 of the pick up 1 is
driven by the driving signal FD and TD output from the servo
circuit 14, and thus the focusing and the tracking are
servo—controlled.
* Reading of Data

The signal detected by the pickup 1 is converted by the
matrix circuit 9 into the RF signal and supplied to the
encoder/decoder 12. The encoder/decoder 12 reproduces a
channel clock and decodes the RF signal on the basis of the
channel clock. The decoded data is supplied to the
interface 13.
* Controlling of Rotation

The rotation of the disk 100 is.controlled by the

spindle servo circuit 23 on the basis of the channel clock



| ocation is performed in accordance with the extracted addresses. *
Controlling of Laser The APC circuit 19 controls the |aser output power at
t he constant val ue specified by the systemcontroller 10. Witing
Qperation * Servo Operation The servo operation is performed in a simlar
manner to the reading operation except that a correction is nade by the
matrix circuit 9 or the servo circuit 14 so that the high output power of
the | aser does not result in an increase in gain. * Witing of Data Data
to be witten is acquired via the intexfdace 13. The encoder/decoder 12
perfornms channel coding including. ECC addition, rearrangenent, and

nodul ation, on the data. After the channel coding, the data is converted

by the recording - 27 ul se erator 21 into laser driving pulses in the
form sunggﬁée oFrﬁPiFgﬁg%ﬁ%§a%ﬁé§%ﬁ? He di'sk 100. The laser driving

pul ses are Is | aser diode 4 of the pickup 1 via the |aser
?gggelu%ﬂ Le %\g)%reg%

driver 18 circuit Control of Rotation Fromthe push-pull signa
P/ P output froayihesmRtLiX iﬁkﬁﬁﬂbh 9, the web H&EEELa anerates the wobble
clock WK, In accordance with the moBbIe cloc , the spindle servo

-extracted by the encoder/decoder 12. The extracted

addresses are supplied to the system controller 10.

However, in the seeking operation, addresses are

extracted from the land pre-pits and seeking to a target

location is performed in accordance with the extracted

addresses.

* Controlling of Laser

The APC circuit 19 controls the laser output power at

the constant value specified by the system controller 10.

Writing Operation
* Servo Operation

The servo operation is performed in a similar manner to
the reading operation except that a correction is made by
the matrix circuit 9 or the servo circuit 14 so that the
high ocutput power of the laser does not result in an
increase in gain.
* Writing of Data

Data to be written is acquired via the interface 13.
The encoder/decoder 12 performs channel coding including. ECC
addition, rearrangement, and modulation, on the data. After

the channel coding, the data is converted by the recording



circuit 23 controls the rotation at the constant linear velocity (CLV). *
Det ecti on of Addresses The push-pull signal P/P output fromthe matrix
circuit 9 is supplied to the land pre-pit extractor 24, and |land pre-pit
information is detected. The detected |land pre-pit information is decoded
by the address decoder 26 into an address value and interpreted by the
systemcontroller 10. The land pre-pit information is also supplied to the
encode cl ock generator 27. Fromthe land pre-pit information, the encode
cl ock generator 27 generates the encogle ¢l ock and supplies it to the
encoder/decoder 12. Although in the exanple shown in Fig. 1, the disk drive
30 is connected to the host conputer 40, the disk drive 30 according to
the present invention is ssarily .needed to be connected to the
nost ConBULEF F6PGFIERE Pk e Knarm o 4 SR GAE WA tofhect ed to
t he host oxe]ny o] - Si Iar d t.h sk drive 30 may

i ncl ude 81 o%efaatfpgnwg&%m& tﬁ%ﬁ téna pldaiL k eldcjld‘t heﬂ}:on a}sgeuratl on
associ at ‘E‘a‘h‘()%%r Hl%_s%%t AL g};féﬁl te‘%i‘tto er f%%cseeﬁaé’léjfe ‘Ih}% so that

i nput data’is tten or rea als N accor dance a conmand

i sk dri be B S s n T %fslﬁ%é"% r&Pd”Elrcf“ softhodiment In the
* Control of Reotation
From the push-pull signal P/P output from the matrix
circuit 9, the wobble PLL generates the wobble clock WCK.
In accordance with the wobble clock WCK, the spindle servo
circuit 23 controls the rotation at the constant linear
_ velocity (CLV).
* Detection of Addresses
The push-pull signal P/P output from the matrix circuit
9 is supplied to the land pre-pit extractor 24, and land
pre—-pit information is detected. The detected land pre-pit
information is decoded by the address decoder 26 into an
address value and interpreted by the system controller 10.
The land pre-pit information is also supplied to the
encode clock generator 27. From the land pre-pit
information, the encode clock generator 27 generates the
encode clock and supplies it to the encoder/decoder 12.
Although in the example shown in Fig. 1, the disk drive
30 is connected to the host computer 40, the disk drive 30
according to the present invention is not necessarily needed
to be connected to the host computer 40 or the like. When

the disk drive 30 is not connected to the host computer 40



circuit configuration for detecting |and pre-pits formed on a disk and the
operation of the circuit, according to a first enbodi nent, are descri bed
below with reference to Figs. 2 and 3. O various parts of the disk drive
30, a part serving to detect land pre-pits is shown in Fig. 2. The part

i ncl udes the photodetector 5 of the pickup 1, the adders 9b and 9c and the
differential anplifier 9a of the matrix circuit 9, and the land pre-pit
extractor 24. Although not shown in Fig. 2, the matrix circuit 9 includes
not only the differential anplifier 9agnd the adders 9b and 9c for
generating the push-pull signal P/P but also a circuit part for generating
the RF signal, the focus error signal FE, and the tracking error signa

TE. As shown in 2, the phot odet ect or |s of the uadr ant type

i ncl udi n§*f durSlﬂPrd déiteéfdtc(?r ?‘@méjdtsg( A?“B’e 0 ey afﬁd:]%‘da ight reflected

froma disk i detect ive ph odetec or eleneztgnﬁ B, C, and
D, and &8V Iﬁ% %()?Wt Wittty of

light. The curr nt SI ou ut front hot d ct or nts A B, C
and D ar &S€5hVEMTEd " ot%\?old{ age lsrtpgunta)ou%%/ hlechrra %”%(e cr?aﬁtw 9. From

t hose VOH %leﬁ gnals, tl% Qeus, t push-pul | signal

P/ P, and er nals ar e produce Jf%e process of produci ng the

push- pu'%u%@%&@ﬁ cdd%dgﬁgg'd¥¥%t¥ﬂég%mand issued by an user via

the operation control unit.

First Embodiment

In the disk drive 30 described above, a specific
circuit configuration for detecting land pre-pits formed on
a disk and the operation of the circuit, according to a
first embodiment, are described below with reference to Figs.
2 and 3.

Of various parts of the disk drive 30, a part serving
to detect land pre-pits is shown in Fig. 2. The part
includes the photodetector 5 of the pickup 1, the adders %b
and 9c and the differential amplifier %a of the matrix
circuit 9, and the land pre-pit extractor 24.

Although not shown in Fig. 2, the matrix circuit 9
includes not only the differential amplifier %a and the
adders 9b and 9c for generating the push-pull signal P/P but
also a circuit part for generating the RF eignal, the focus
error signal FE, and the tracking error sigmal TE.

As shown in Fig. 2, the photodetector 5 is of the

guadrant type including four photodetector elements A, B, C,



The push-pull signal P/P is produced froman optical signal reflected from
a left-hand half of a |laser spot LS scanning on a track in a track line
direction and an optical signal reflected froma right-hand half of the

| aser spot LS. The difference between the signal A + C output fromthe
adder 9c and the signal B + D output fromthe adder 9b is calcul ated by
the differential anplifier 9a, and thus the push-pull signal P/Pis
obt ai ned, wherein the signal A+ C is the sumof voltage signals obtained
fromthe current signals output framdide photodetector elenents A and C,
respectively, and the signal B + Dis the sumof voltage signals obtained
fromthe current signals output fromthe photodetector elenents B and D,

tively, As_describ lier with refer to,Fig, 1, th h-pul |
i gnal PFBY) B SuBhPPed B8 PR HoRbrE. PLEES g TS he wobbl 6 ol otk
VCK hroni zed wit bling of - 30 - ~ Th h-pul | signal P/P
s al %o SHRRFFEa "o Pt RECTRRGC Ure S BAT vt g1 54, “PHb afltbr os pit

t t incl t , i gi.tal-.to- | t 62,
and & noreBSPERBTATT" cSRRePRG amd i st M RO G Tl

;555923' Piﬁglaﬁs% | led;tgythe %@p%%%rntmsigﬁ%é E‘ofwfcrlp‘%&cefhf’o% tage data Dih
pplied to the digirtal-to-analog converter 62 om the system
controll gfo18detector elements A, B, C, and D are converted into

voltage signals by the matrix circuit 9. From those voltage

signals, the focus error signal FE, and the push-pull signal

P/P, and other signals are produced. The precess of

producing the push-pull signal P/P is described below.

The push-pull signal P/P is produced from an optical
signal reflected from a left-hand half of a laser épot LS
scanning on a track in a track line direction and an optical
signal reflected from a right-hand half of the laser spot LS.
The difference between the signal A + C output from the
adder 9c and the signal B + D output from the adder %b is
calculated by the differential amplifier 9a, and thus the-
push-pull signal P/P is obtained, wherein the signal A + C
is the sum of voltage signals obtained from the current
signals output from the photodetector elements A and C,
respectively, and the signal B + D is the sum of vocltage
signals obtained from the current signals output from the
photodetector elements B and D, respectively.

As described earlier with reference to Fig. 1, the
push-pull signal P/P is supplied to the wobble PLL 25 to

generate the wobble clock WCK synchronized with wobbling of



shown in Fig. 1. The digital-to-anal og converter 43 converts the reference
vol tage data Dth into a corresponding analog voltage and supplies the
resul tant anal og voltage as a reference voltage Vth to the conparator 61.
The conparator 61 conpares the push-pull signal PFP wth the reference
voltage Vth. If the push-pull signal P/P is greater than the reference

vol tage Vth, the conparator 61 outputs "1". The output fromthe conparator
61 serves as the land pre-pit detection signal LPPout' whose |evel of "i"
corresponds to the land pre-pits LPR 3his |land pre-pit detection signal
LPPout' corresponds to the detection signal LPPout in the conventi onal
technique described earlier with reference to Fig. 15, and there is a
possibility that the land pre-pit detection signal LPPout' includes noise
pul ses a¥" é%ggﬁlbed earlier. In the present exanple shown in Fig. 2, the

and pre - 3l gig, 0etS6E§ o0 signek bPROULY - WLED, FLANG o ASlUde ol oe

'S sSup se pul se renover renove € nol se

pul ses a p R gtggtion signal LPPout including no n0|se pul ses
IS outpuﬁ F ggt gtngﬁgg p%lse remover 70 and supplied to the address

decoder 26 shoup ifhaFhge s L0o0btaERo20dkes 5ch BAGTR! LahpaFaeoaOisse pul se

remover 70 includes lTp-flops 71 an a AND gate 73 a counter 74,

a corm?r at gk g{2a1aRd-analebdicdgveiiteH te276 arfa CA Qe LK applvead 4. t hose
Ci rcui

In the land pre-pit extractor 24, the push-pull signal
P/P is applied to the comparator 61.

The reference voltage data Dth is supplied to the

- digital-to—analog converter 62 from the system controller 10
. shown in Fig. 1. The digital-to—-analog converter 43
converts the reference voltage data Dth into a corresponding
analog voltage and supplies the resultant analcog voltage as
a reference voltage-Vth to the comparator 61.

The comparator 61 compares the push-pull signal P/P
with the reference voltage Vth. If the push-pull signal P/P
is greater than the reference voltage Vth, the comparator 61
outputs "1". The output from the comparator 61 serves as
the land pre-pit detection signal LPPout' whose level of "1"
corresponds to the land pre-pits LPP.

This land pre-pit detection signal LPPout' corresponds
to the detection signal LPPout in the conventional techniqgue
described earlier with reference to Fig. 15, and there is a
possibility that the land pre-pit detection signal LPPout'
includes noise pulses as described earlier.

In the present example shown in Fig. 2, the land pre-



el ements is generated, for exanple, fromthe wobble clock WK described
earlier with reference to Fig. 1. A falling-down edge detector is fornmed by
the Dflip- flops 71 and 72 and the AND gate 73 whose one input term nal

is an inverting input termnal. The detection signal LPPout' output from
the conparator 61 is applied to the D-input terminal of the Dflip-flop 71
and is latched by the Dflip-flop 71 when the clock CKis applied to the D
flip-flop 71. The output Q@ fromthe D flip-flop 71 is supplied to the D
flip-flop 72, and the inverted signal3jof- Q is supplied to the AND gate
73. The output @ of the Dflip-flop 72 is supplied to the AND gate 73 and
al so supplied, as an enable signal and a clear signal, to the counter 74.

| Fig. 3, b), , d (d ti | t th t put f
Lhe  Df 1 PbEf fhbestlon | gl apal rbBbu T RS i S ot RReIEs 95 s 1oVl ver fed
i | f the, t t.. , [ th t t . Aout f th N t 73. Th D
o | oBuPeba: thostbhaigE: 4Bl Tk Bodnel ipetn ooyl I m el L re
i | , The Dflip-fl | t t | t
Tha"e) ooprEipole RalbbR " 80108 E-AK8 o HE OURMY G el detieual Lo

flip'flgﬁnéﬁgagﬁgzﬂéiéegggg%ﬁﬂgeggi%h%WQEE%OE%% %@Qtﬁ?yéé 1ddverted

si gnal . i's output a rom e AND gate 73. As
can be SE@HO%EQWVE'Qnd3§pr1&Q% QU R address decoder 26 shown in

Fig. 1 to cbhtain address information.

The noise pulse remover 70 includes a D flip-flops 71
and 72, a AND gate 73, a counter 74, a comparator 75, and a
holding circuit 76. A clock CK applied to those circuit
elements is generated, for example, from the wobble clock
WCK described earlier with reference to Fig. 1.

A falling-down edge detector is formed by the D flip-
flops 71 and 72 and the AND gate 73 whose one input terminal
is an inverting input terminal.

The detection signal LPPout' output from the comparator
61 is applied to the D-input terminal of the D flip-flop 71
and ié latched by the D flip-flop 71 when the clock CK is
applied to the D flip-flop 71. The output Q1 from the D
‘flip—flob 71 is supplied to the D flip-flop 72, and the
_inverted signal of Q1 is supplied to the AND gate 73.

The output Q2 of the D flip-flop 72 is supplied to the
AND gate 73 and alsoco supplied, as an enable signal and a
clear signal, to the counter 74.

In Fig. 3, (a), (b), (c), and (d) respectively

represent the output Ql of the D flip-flop 71, the output Q2



si gnal Aout obtained via the above process represents the falling-down
edges of the detection signal LPPout'. When the output @ of the D
flip-flop 72 rises to "1", the counter 74 starts to count the clock CK
Because the output 2 is also applied as a reset signal to the D flip-
flop 72, when the output @ falls down to "0", the count value of the
counter 74 is cleared. Thus, as represented in Fig. 3(e), the count val ue
CT of the counter 74 increases during each period in which the output @
is at the level of "1" and the count-vapue CT is reset to 0 when the

out put @ becones "0". The conparator 75 conpares the count value CT of the
counter 74 with a reference value Dcp. The conparison result is output as

bl i |, tq.the_hol dj ircuit 76, Th f I Dc
ol 60 5 G Re Tyt GO R ftr oA 46tk 14T HEL 96 B COREFBF | o7 10

can vary gy 33 -4 tt@lee r%Ecg)ru n%eouvtalou Lep., Jhe cou value CT is conpared

W th thec%éference val p as shown in |%ft%(é3§ and t he enabl e signa
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circuit 76 ho e u out “of the and only for, a
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In the abpveereidl iRtp AUIRLS: iNGhdideghd D {d€the clock period and
the delayed signal is output as Q2 from the D flip-flop 72.

AND of the output Q02 shown in Fig. 3(b) and the
inverted signal 51 shown in Fig. 3(c) is output as Aout from
the AND gate 73. As can be seen from Fig. 3(d), the output
signal Aout obtained via the above process represents the
falling-down edges of the detectién signal LPPout'.

When the output Q2 of the D flip-flop 72 rises to "1",
‘the counter 74 starts to count the clock CK. Because the
ocutput Q2 is also applied as a reset signal to the D flip-
flop 72, when the output 02 falls down to "0", the count
value of the counter 74 is cleared.

Thus, as represented in Fig. 3(e), the count value CT
of the counter 74 increases during each period in which the
output Q2 is at the level of "1" and the count value CT is

: :eset to 0 when the output Q2 becomes "0".

The comparator 75 compares the count value CT of the
counter 74 with a reference value Dcp. The comparison
result is output as an enable signal to the holding circuit
76. The reference value Dcp is supplied from the system

controller 10. That is, the system controller 10 can vary



detection signal LPPout', only those pul ses whose pulse wdth is greater
than the particular value are extracted as the edge detection signal as
shown in Fig. 3(g), and the Iland pre-pit detection signal LPPout, which no
| onger i ncludes noise pulses, is given by this signal (g). That is, as can
be seen fromFig. 3, when pulses of the detection signal LPPout' have a
smal |l pulse width (as with a pulse Pl at the output Ql), edge detection
pul ses thereof do not appear in the final detection signal LPPout, but
only when pulse width is greater tham3she predeterm ned value (as wth a
pul se P2 at the output Q), edge detection pulses thereof appear in the

| and pre-pit detection signal LPPout. That is, in the circuit shown in Fig.

2, of pu S t as t-he land pre-pit detection signal LPPout' fromthe
corrparatl(%?i8 feggkgggm%ﬁvgggaﬁﬁlse width is smaller than the predeterm ned

value (speci fipg hy.ple Lelerence vabue 0o s 3d ol ¢ 180 25,101 o¢

W .
pul ses and renbve escri bed ear hréference to noi se

pulses Navg ag 2Rl ude SRl 19 LNad N AN S Sna LAl o pHYses SLP

corresponding to land pre-pits . Therefore, noise pul ses output as a
resul t ofyCeRBALGERA r fSRM AN 1G0RATA QM 6ln have. as pryl se width smal | er

than the "pulse width of correct pulses corresponding to the land pre- pits
LPP. If the npheenpubisag eiR¥ait/0sShewdsl Rd Gutdb Aee/lS oF the AND

gate 73 for, and only for, a period during which the enable

signal En is at the level of "1, and thus the holding

circuit 76 outputs a signal as represented by (g) in Fig. 3.

In the above operation, of pulses included in the
detection signal LPPout', only those pulses whose pulse
‘'width is greater than the particular value are extracted as
the edge detection signal as shown in Fig. 3(g), and the
land pre-pit detection signal LPPout, which no longer
includes noise pulsés, is given by this signal (g).

That i1s, as can be seen from Fig. 3, when pulses of the
detection signal LPPout' have a small pulse width (as with a
pulse Pl at the output Q1), edge detection pulses thereof do
not appear in the final detection signal LPPout, but only
when pulse width is greater than the predetermined value (as
with a pulse P2 at the output Q0l), edge detection pulses
thereof appear in the land pre-pit detection signal LPPout.

That is, in the circuit shown in Fig. 2, of pulses
output as the land pre-pit detection signal LPPout' from the
comparator 61, those pulses whose width is smaller than the

predetermined value (specified by the reference value Dcp)



pul se with a small pulse width, the noise pulse renover 70 regards it as a
noi se pul se and renoves it. As a result, a land pre-pit detection signal
LPPout including no noise pulses is obtained. Thus, in the present

enbodi ment, land pre-pit information can be correctly detected even if the
anplitude of the push-pull signal P/P varies due to wobbling of tracks,
crosstal k from adj acent tracks, and/or a reduction in reflectance of |and
pre-hits LPP caused by nearby recording marks.. This allows a reduction
dead time before correct land pre-pit34anformation starts to be output, and
an inprovenent in address error rate can be achieved. Furthernore, highly
reliable witing/reading is possible even for storage nedia having |arge

variatio?%eigegggaggtg%i%%E%%.Egﬂ%é%agﬁgiéglin(fnplitude of the push-pull
3 . :

i ovea. . .
signal P ¢an al S0 occur Jueto & Variationmin characteristics of the
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information to be correctly detected even t ush- pul’l "signal P/ P

has suchpgivaki aki,en4in l3i e. [ I ARraveE s i n
productign yi el d of ?heag%@ﬁ&%g%%ﬁgﬁﬁﬁfgéﬁ%%ﬁyg¥ﬁ$ﬁg&%ﬁﬂ§e mﬁ;th enpl oyed

i n det ectbRetecROpaesRUl 8§89 AR e hangef Y 1GhaNgNg J:he rgder ence val ue
Dcp. For exanple, by optimzing the reference val ue DEp depending on the
address gheeefbak¢ AbibBephilkes AP $& a result of comparison

from the comparator 61 have a pulse width smaller than the

pulse width of correct pulses corresponding to the land pre-

pits LPP.

If the noise pulse remover 70 shown in Fig. 2 detects a
pulse with a small pulse width, the noise pulse remover 70
regards it as a noise pulse and removes it. As a result, a
land pre-pit detection signal LPPout including no noise
pulses is obtained.

Thus, in the present embodiment, land pre-pit
information can be correctly detected even if the amplitude
 of the push-pull signal P/P varies due to wobbling of tracks,
crosstalk from adjacent tracks, and/or a reduction in
reflectance of land pre-hits LPP caused by nearby recording
marks.

This allows a reduction dead time before correct land
pre-pit information starts to be output, and an improvement
in address error rate can be achieved. Furthermore, highly
‘reliable writing/reading is possible even for storage media
having large variations in characteristics.

' The variation in amplitude of the push-pull signal P/P



pul se renoval performance can be maxi m zed. More specifically, if an
increase in address error rate occurs, it can be concluded that the
detection signal LPPout supplied to the address decoder 26 includes noise
pul ses, and the address error rate can be inproved by increasing the
reference value Dcp thereby increasing the threshold of the pulse width
enpl oyed in detecting noise pulses. Although in the noise pul se renover 70
shown in Fig. 2, the falling-down edge detector is formed of the D
flip-flops 71 and 72 and the AND gate3%3+ the circuit configuration of
the edge detector is not limted to that showm in Fig. 2. For exanple, the
edge detector may be fornmed using resistors, capacitors, and a AND gate.

The countel, 74 40,S SRty iyt &4 0.A . digid fﬁ“gﬁé¥ac¢%gisé§é§¥?fi{ﬁéit

configurations may be enployed. For exanple,  an analog cirtcuit uSing a

resi stor panfup GapRalhar Y B9 - e Ynatkdn g@%@&%@féﬁréﬂlows

corresponding to the count value CT shown urthernore, the

conpar at 9kndS phre At linFcr@d tiQn RY L WM rd HP8S .adicadly &hdfUitedavi ng
the conparison capability may be used. For exarnple, an anal og conparator

or an openat baral-pamn! isfien 1My te disethcS: falx 1he dol di nansi 1euid, 76, any
circuit configuration may be used, as long as it is possible to output
t he edgeTHekeatlilonspWnS dnpr Ao giante préhuébeon yield of the pickup.
The threshold of the pulse width employed in detecting
" noise pulses can be changed by changing the reference value
Dcp.” For example, by optimizing the reference value Dcp
depending on the address error rate or the like, the noise
pulse removal performance can be maximized. More
specifically, if an increase in address error rate occurs,
it can be concluded that the detection signal LPPout
supplied to the address decoder 26 includes noise pulses,
and the address error rate can be improved by increasing the
reference value Dcp thereby increasing the threshold of the
pulse width employed in detecting noise pulses.
Although in the noise pulse remover 70 shown in Fig. 2,
the falling—down.edge detector is formed of the D flip-flops
71 and 72 and the AND gate 73, the circuit configuration of
the edge detector is not limited to that shown in Fig. 2.
For example, the edge detector may be formed using resistors,
capacitors, and a AND gate.
The counter 74.is not limited to a digital counter, but
other circuit configurations may be employed. For example,

an analog. circuit using a resistor and a capacitor may be



result of conparison perforned by the conparator 75. For exanple, the

hol ding circuit 76 may be fornmed of a capacitor and an analog switch. In

t he exanple shown in Fig. 2, the reference value Dcp is supplied fromthe
systemcontroller 10. Alternatively, the reference value Dcp may be
supplied in a different manner. For exanple, the reference value Dcp may
be supplied using a conbination of a battery and a switch or wusing a
conbi nati on of a voltage source and a variable resistor. Second Enbodi nent
Referring to Fig. 4, a circuit configugat+on including a noise pulse
remover 70 according to a second enbodi nent is described below The
circuit configurationis simlar to that according to the first enbodi nent

descr i be%s%tﬁowgoiprﬁ%éksc%%emaé%r%Eeoﬁoé[ Seorpél:{gé {gnﬁlgrcguon“é X One]; | gur ed

in an analog shown i e 'nol'se pul se”renover i ncl udes

a resi st oip Rl ow@ qino%gpl, @)capacitor O, a conparator 77, and a
reference vol tage source 5%. In this circuit configuration, a detection

signal  LPPouky BB @, ORb el RElide aRQirs e sPUlsS eyt 11SinpyReY irgd from a
conparator 61 to the noise pulse renover 70. I'n the nolse pulse renover

70, whengahe ideheet tebed It LRROW rdifi @th&rid§VEhe fomdariddie Ccapacitor
G is charged up by the

capability may be used. For example, an analog comparator

or an operational amplifier may be used.

As for the holding circuit 76, any circuilt
configuration may be used, as long as it is possible to
output the edge detection pulse in accordance with the
result of comparison performed by the comparator 75. For
example, the holding circuit 76 may be formed of_a capacitor
and an analog switch.

In the example shown in Fig. 2, the reference value Dcp
is supplied from the system controller 10. Alternatively,
the reference value Dcp may be supplied in a different
manner. For example, the referencé value Dcp may be
supplied using a combination of a battery and a switch or
using a combination of a voltage source and a variable

resistor.

Second Embodiment

Referring to Fig. 4, a circuit configuration including
a noise pulse remover 70 according to a second embodiment is
described below. The circuit configuration is similar to

that according to the first embodiment described above



detection signal LPPout' at a rate corresponding to the tine constant
determ ned by the resistance RlL. The charged voltage of the capacitor Cl
varies in a simlar manner to the count value CT shown in Fig. 3(e)
according to the first enbodi nent described above. The conparator 77
conpares the charged voltage of the capacitor C with a reference voltage
Vcp supplied fromthe reference voltage source 78. The result of the
conpari son becones simlar to the enable signal En shown in Fig. 3(f). In
the circuit configuration showmn in H ®74, the above-described signal
simlar to the signal shown in Fig. 3(f) is output as the land pre-pit
detecti on signal LPPout including no noi se pulses. Also in this circuit
conflguratlo gﬁg%eg haV|n ﬁ@dth smal | er. t han argfresho d value is
regar ded“a§ HSISE T 3ge Bﬁﬁsespg § EFBPEET dfd thi® &~ advait ages to
t hose %HE?XS ? othe first enmbodiment are achieved. The reference voltage
source 7 ormed of a conbination of a battery and a switch or a

combi nati on oi Bondh! AICF2QUM GO eﬂg Ao¥ac! gl 8er alabat- 76 hachatiuel v,

t he reference VO tage sour may be repfrace h a di |taI t o- anal og
convertep, rg8dsoreker eAce i %ald uechra SUpRld;64,f ram ameon@ssztaea&cwrol ler

10 may be converted into an anal og signal and out’put as the reference
vol tage YaR. aTherd ERBadiBBRLge source 78.

In this circult configuration, a detection signal
LPPout', which might include noise pulses, is supplied from
a comparator 61 to the noise pulse remover 70. In the noise
pulse remover 70, when the detection signal LPPout' is at a
level of "1", the capaciter Cl is charged up by the
detection signal LPPout' at a rate corresponding to the time
constant determined by the resistance R1.

The charged voltage of the capacitor Cl variles in a
similar manner to the count value CT shown in Fig. 3 (e)
according to the first embodiment described above.

The comparator 77 compares the charged voltage of the
capacitor Cl with a reference voltage Vcp supplied from the
reference voltage source 78. The result of the comparison

" becomes similar to the enable signal En shown in Fig. 3 (f).

In the circuit configuration shown in Fig. 4, the
above-described signal similar to the signal shown in Fig.
3(f) is output as the land pre-pit detection signal LPPout
including no noise pulses.

~Also in this circuit configuration, pulses having a

width smaller than a threshold value is regarded as noise



Referring to Figs. 5 and 6, a circuit configuration including a noise
pul se renover 70 according to a third enbodinent is described below The
circuit configuration is simlar to that according to the first enbodi nent
descri bed above except that the noise pulse renover 70 is formed using a
shift register. In this third enbodi nent, the noise pul se renover 70

i ncludes a shift register conposed of n flip-flops SRL to SR(n) and a
pul se length detector 79 to which latched signals are supplied fromthe
respective flip-flops SRL to SR(n).-lpgthe pulse length detector 79, a set
value CL is given by the systemcontroller 10, and if outputs of as many
or nore flip-flops than the set value CL are "1", the output - 39 of the

pu s | gkl 56 ol BECOIES (K e sl eraLl, oL gtel T may b

real i zed;” tor exanple, UsiHg O%WE wavef or ns
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61 to the noise pulse Tenover . I'n"the noi se”pul'se Tenover sz t he

respect i \@ufdiiRet fidrPRY BRbaE IR Mnd af chiod Ao ST INA e M 401 8k L RIS
voltage source and a variable resistor. Alternatively, the
reference voltage source 78 may be replaced with a digital-
to-analog converter, and a reference value Dcp supplied from

the system controller 10 may be converted into an analog

signal and output as the reference voltage Vcp.

Third Embodiment

Referring to Figs. 5 aﬁd 6, a circuit configuration
Jincluding a noise pulse remover 70 according to a third
embodiment is described below. The circuit configuration is
similar to that according to the first embodiment described
above except that the noise pulse remover 70 is formed using
a shift register.

In this third embodiment, the noise pulse remover 70
includes a shift register composed of n flip-flops SRl to
SR{n) and a pulse length detector 79 to which latched
signals are supplied from the respective flip-flops SRl to
SR{n).

In the pulse length detector 79, a set value CL is
given by the system controller 10, and if outputs of as many

Oor more flip—flops than the set value CL are "1", the output



according to the clock CK thereby providing output signals that are

del ayed fromthe outputs of flip-flops at previous stages, as shown in
Figs. 6(b), (c), and (d). Herein, let us assune that the set value CL is
equal to the total delay time of three flip-flops. Wien the pulse I ength
detector 79 calculates the AND of the outputs of the flip-flops SRL to SR3
for a pulse P1 shown in Fig. 6(a), the result does not beconme "1". On the
ot her hand, the AND becones "1" for a pulse P2. Thus, if the result of the
AND operation is enployed as the |andzgpre-pit detection signal LPPout,
then the resultant land pre-pit detection signal LPPout does not include
noi se pul ses such as P1, as shown in Fig. 6(e). Thus, also in this third

enbodi nent,, .as in.the_fir 40 a d S ond enbodi ents described above,
ol ses vibsbhg BUASE Lo T T SRR LSS s € #H gar ded as

noi se a renove That vant a to those achi eved
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pul se w e n ecting noise pulses can be changed by changi ng
t he set Qh?tgggk8¥ b gé%%hlflcally, t he nunber of flip-flops whose

outputs are ﬁygleétggoag b5 ARREPELaLion Ll LhenPhse Jienath ondetect or

79 is varied accordance wt e set va Fourth ment
the noise pulse remover 70.

Also in this noise pulse remover 70, as shown in Fig.
6(a), a detection signal LPPout', which might include ncise
pulses, is supplied from a comparator 61 to the noise pulse
remover 70.

In the noise pulse remover 70, the respective flip-
flops SRl to SR(n} latch input signals with timings
according to the clock CK thereby providing output signals
-that are delayed from the outputs of flip-~flops at previous
‘stages, as shown in Figs. 6(b), (¢}, and (d).

Herein, let us assume that the set value CL is equal to
the total delay time of three flip-flops.

When the pulse length detector 79 calculates the AND of
the outputs of the flip-flops SR1 to SR3 for a pulse P1
shown in Fig. 6{a), the result does not become "1". On the
other hand, the AND becomes "1" for a pulse P2.

Thus, if the result of the AND operation is employed as
‘the land pre—-pit detection signal LPPout, then the resultant
land pre-pit detection signal LPPout does not include noise
pulses such as P1l, as shown in Fig. 6 (e).

Thus, also in this third embodiment, as in the first



In the first to third enbodi nents descri bed above, noise pul ses included
inthe land pre-pit detection signal LPPout' output fromthe conparator 61
are renoved by the noise pulse renover 70. In the fourth enbodi nment
described below, the reference voltage Vth applied to the conparator 61
for detecting land pre-pits is varied so that the output of the conparator
61 does not include noise pulses. In this fourth enbodi nent, the push-pul
signal P/Pis supplied to a land pre-pit extractor 24 including a
conparator 61, a digital-to-anal og conygrter 62, a counter 81, a register
82, and a tine neasurenent unit 83. As in the circuit configuration shown
in Fig. 2, a reference voltage data Dth is supplied to the digital-to - 41

| ter 62 fromth gntroller 10. The digital:to-anal
Convert o s CHRIGT (DU TG SR VT e tiat LB AR bt f Blpondi ng

anal og veql_t age ;and upplies. t resul tant_anal og volta s.a reference
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That is, ;thg &esyl; h& Opard spn Y. ﬁ$@ : r r is output as a
pre-pit g%tectionag}gia LPPStt ose Teve %ﬁ%ﬁgg 1 %ﬁ%% t he push- pul

signal PLRH:SvdH eater than the reference voltage Vth. The resultant |and

The threshold of the pulse width employed in detecting
noise pulses can be changed by changing the set value CL.
More specifically, the number of flip-~flops whose outputs
are subjected to the AND operation in the pulse length

detector 79 is wvaried in accordance with the set value CL.

Fourth Embodiment
In the firsf to third embodiments described above,
noise pulses included in the land pre-pit detection signal
LPPout' output from the comparator 61 are removed by the
noise pulse remover 70. In the fourth embodiment described
below, the reference voltage Vth applied to the comparator
61 for detecting land pre-pits is varied so that the output
of the comparator 61 does not include noise pulses.
In this fourth embodiment, the push-pull signal P/P is
supplied to a land pre-pit extractor 24 including a
~comparator 61, a digltal-to-analog converter 62, a counter
81, a register 82, and a time measurement unit 83.
As in the circuit configuration shown in Fig. 2, a

reference voltage data Dth is supplied to the digital-to-



pre-pit detection signal LPPout is supplied to the address decoder 26
shown in Fig. 1. In this technique, the reference voltage Vth is varied so
that noi se pulses are not included in the land pre-pit detection signal
LPPout. For the above purpose, the counter 81, the register 82, and the
time nmeasurenent unit 83 are provided in the land pre-pit extractor 24.
The tinme neasurenent unit 83 neasures the elapse of tinme corresponding to
the period of 16 wobbles and the tine neasurenent unit 83 outputs a

"111-l evel pulse signal Si every elapse of tinme. Fig. 8(a) shows a
push-pul |l signal P/ P whose anplitude - 42 varies due to wobbling, and Fig.
8(b) shows the signal SI that rises up to level "1" every 16-wobble

iod. The.t t b I t f
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P or T e poRaFtGats PR P Ao bRy e, eeﬁ t%e %%ﬁ”%%ﬁ%ﬁbﬁc&e%fe%%ic'q“i not
necessarngtgggdggt%oDR% I%%%pgy éﬁ&l a:haareq%%ﬁﬁ%gfqﬁ%wﬁﬁé and t he

16- wobbl e neasure u5|n inply

fﬁg”é;;%g@@gnt@% 'h’ée r%r uri‘%ntﬁe RABY G 1Wade SAI tIALEr e PLAAL A {U NG ON
Vth to the comparator 61.

The comparator 61 compares the push-pull signal P/P
‘with the reference voltage Vth. If the push-pull signal P/P
is greater than the reference voltage Vth, the comparator 61
outputs "1". That is, the result of comparison made by the
comparator 61 is ocutput as a pre-pit detection signal LPPout
‘whose level becomes "1" when the push-pull signal P/P is
greater than the reference voltage Vth. The resultant land
pre—-pit detection signal LPPout is supplied to the address
decoder 26 shown in Fig. 1.

In this technique, the reference voltage Vth is varied
so that noise pulses are not included in the land pre-pit
detection signal LPPout.

For the above purpose, the counter 81, the register 82,
and thé time measurement unit 83 are provided in the land

" pre-pit extractor 24.

The time measurement unit 83 measures the elapse of

time corresponding to the period of 16 wobbles and the time
-measurement unit 83 outputs a "1"-level pulse signal S1

every elapse of time.

Fig. 8(a) shows a push-pull signal P/P whose amplitude



specifically, each tine the tine nmeasurenment unit detects elapse of tine
corresponding to 16-wobbl e period, which is equal to about 4.5 s, the tine
measurenent unit outputs a pulse. The 16-wobble period is equal to the sum
of two frames shown in Fig. 13. As can be seen fromFig. 13, in each
period of two frames, one to thee pulses included in the I|and pre-pit
detection signal LPPout nust be detected. In other words, there can be no
16- wobbl e period during which no pul se appears in the |land pre-pit
detection signal LPPout, and there caqpebe no 16-wobbl e period during which
four or nore pulses appear in the land pre-pit detection signal LPPout. -
43 The counter 81 counts the pulses of the land pre-pit detection signal
LPPout out ut he e ar at or .The s' nal ut. mt.he time
neasurenen? UHIF §3LC i d g%%1f§ﬁ 5? Fidset Qﬁgﬁ%}vfoiﬁﬁy 6hﬁﬁ'sh81 so that
the cougt yal.ye i u@ %%rﬁ%v%ﬁ§“"16 bHﬁ%QFr qg Eggxggunter 81 is not
ufa

limted to a partlc rtype, pe of~ count e used as long as
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81. For exanpl e, op may be used as the register
generatlng a "l1"-level pulse each time the count value of

the counter reaches a value corresponding to the l6-wobble
period.

The l6-wobble period is not necessarily needed to be
synchronized with the wobble clock WCK, and the 16-wobble
period may be measured using a hardware counter that simply
counts elapse of time or may be measured by a software
program running on the system controller 10. More
specifically, each time the time measurement unit detects
elapse of time corresponding to 16-wobble period, which is
equal to about 4.5 HUs, the time measurement unit outputs a
pulse.

The 1l6-wobble period is equal to the sum of two frames
shown in Fig. 13. As can be seen from Fig. 13, in each
period of two frames, one to thee pulses included in the
land pre-pit detection signal LPPout must be detected. 1In
other words, there can be no 1l6-wobble period during which
no pulse appears in the land pre-pit detection signal LPPout,
and there can be no 16-wobble period during which four or

- more pulses appear in the land pre-pit detection signal

LPPout.



The signal Si output fromthe time neasurenent unit 83 is applied as an
enable signal to the register 82. This causes the count value of the
counter 81 to be loaded into the register 82 every 16-wobbl e period and
hel d over the next 16-wobble period. The count value held by the register
82 is supplied to the systemcontroller 10. The register 82 is not limted
to a particular type, but any type of register 82 may be used. For

exanple, the register 82 may be realized using an analog switch and a
capacitor. The signal Sl output fromthe tine nmeasurenent unit 83 is also
supplied as an interrupt signal to the system- 44 controller 10. In
response to receiving the interrupt signal, the systen1contro||er 10

th I dat h t he caqunt val ue
Coppled fronfEnasragee BGst %aee%oﬁﬁ%%%io%a BTé Frdeess
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interrupt signa detecie e process . procee n step

F102, thegLCq gbg;tll‘é%i 4 heldsdd INmded Stale 8%l &Xag ned- tﬂittﬂ?e count

value is equ
count value is cleared every l6-wobble period.

The counter 81 is not limited to a particular type, but
any type of count may be used as long as it is capable of
outputting information indicating the measured number of

-pulses. For example, the number of pulses may be counted by
charging a capacitor by pulses.

+ The register 82 holds the count value of the counter 81.

- For example, a D flip-flop may be used as the register 82.
The signal S1 output from the time measurement unit 83 is
applied as an enable signal to the register 82. This causes
the count value of the counter 81 to be loaded into the
register 82 every 1l6-wobble period and held over the next
16-wobble period.

The count value held by the register 82 is supplied to
the system controller 10.

The register 82 is not limited to a particular type,
but any type of register 82 may be used. For example, the
register 82 may be realized using an analog switch and a
capacitor.

The signal S1 output from the time measurement unit 83

is also supplied as an interrupt signal to the system



to one of 1, 2, and 3, the process returns to F101 to wait for next
interrupt signal w thout changing the reference voltage data Dth. In the
case in which it is determined in step F102 that the count value is equal
to O, the process proceeds to step S104. In step F104, the reference
voltage data Dth is reduced by one level so that the reference voltage Vth
supplied to the conparator 61 via the digital-to-analog converter 62 is
reduced by one level. In the case in which it is determned in step F102
that the count value is equal to or_g{gater than 4, the process proceeds
to step F103. In step F103, the reference voltage data Dih is increase by
one level so that the reference - 45 voltage Vth supplied to the
conparator 61 via the dl%lta| t o-anal og converter 62 is increased by one
| evel . WPRtreférendd@-to Flﬁesgonﬁﬁet§péQQQ%ﬂ%Qﬁ ﬁﬂ%a”ﬁ%ﬁ?r%ﬂ -pit
extractor ho in Fi i s described below In Fi 8, each of T1 to
T6 denot@%gﬁai6 &gﬁbﬁgsﬁgPiSBHtrﬂi' é%éﬁ%ﬂ@ﬁ”éﬁbﬁ@e K& GGE Si shown in
Fig. 8(b Lises 1111 once every 16-wo e perlod Ti to T6)..1n
et od TroliaS, ete Beh' S rBSREHRRCS 00 orre o AP sk

t he dEte%E'ﬁhtﬁ'gnal LPPou%g(Flg. 8(e)), because the reference vol tage Vth

applied ngFSr 1 is too high. In this case, because no pul ses

are included Wftﬁhfeference to Fig. 9, the process performed by the
system controller 10 to vary the reference voltage data Dth
is described below.

In step F101, the system controller 10 waits for an
interrupt signal (signal S1) from the time measurement unit
83. If an interrupt signal is detected, the process
proceeds to step F102. 1In step F102, the count value held
in the register 82 is examined. If the count value is equal
to one of 1, 2, and 3, the process returns to F101l to wait
for next interrupt signal without changing the reference
voltage data Dth,

In the case in which it is determined in step F102 that
the count value is equal to 0, the process proceeds to step
5104. In step F104, the reference voltage data Dth is
reduced by one level so that the reference voltage Vth
supplied to the comparator 61 via the digital-to—analog
converter 62 is reduced by one level,

In the case in which it is determined in step F102 that
the count value is equal to or greater than 4, the process
proceeds to step F103. In step F103, the reference voltage

data Dth is increase by one level so that the reference



detection signal LPPout output fromthe conparator 61, the count val ue of
the counter 81 is equal to O, as shown in Fig. 8(c), and the count val ue
of O is held by the register 82 in synchronization with the signal Sl1, as
shown in Fig. 8(d). At the tinme at which this signal 51 is applied to the
systemcontroller 10, the systemcontroller 10 perfornms the process shown
in Fig. 9. In this specific case, because the register value is equal to
0, the process proceeds to step F104 to reduce the reference voltage data
Dih. As a result, the reduced referencgsvoltage Vth is used in the next
period T2. In period T2, the process is perforned in a simlar rmanner to

period T1. In this period T2, the reference 46 voltage Vth is still too
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As described above, the signal S1 shown in Fig. 8(b) rises

up to "1" once every l6—wobble period (Tl toc T6).

In period T1, no pulses SLP corresponding to correct
land pre-pits appear in the detection signal LPPout (Fig.
8(e)), because the reference voltage Vth applied to the
comparator 61 is too high.

In this case, because no pulses are included in the
detection signal LPPout output from the comparator 61, the
count value of the counter 81 is equal to 0, as shown in Fig.
8(c), and the count value of 0 is held by the register 82 in
synchronization with the signal S1, as shown in Fig. 8(d).

At the time at ﬁhich this signal 81 is applied to the
system controller 10, the system controller 10 performs the
process shown in Fig. 2. In this specific case, because the
register wvalue is equal to 0, the process proceeds to step
F104 to reduce the reference voltage data Dth.

As a result, the reduced reference voltage Vth is used
in the next period T2.

In period T2, the process is performed iﬁ a similar

manner to peried T1l. In this period T2, the reference



earlier with reference to Fig. 13 is correctly detected. In this case, the
counter 81 correctly counts the nunber of pulses as 1, and the count val ue
of 1 is held by the register 82. In this specific case, because the
register value is equal to 1, the reference voltage data Dth is not
changed in the process perfornmed by the systemcontroller 10 in response
to receiving the signal Si. Therefore, the same reference voltage Vth is
used in the next period T4. However, in period T4, an increase in the
anplitude of the push-pull signal R[prccurs for sone reason, and not
only the anplitudes of correct pulses SLP corresponding to Iand pre-pits
LPP but al so the anplitudes of noise pulses - 47 exceed the reference

vol tage Vth. For exanple, |let us assume that ten pul ses appear in the
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pul ses §lié mahatef@ccodit Oval B8 6f TEFUE hahe byt e Y8 G st 2. Thus,
in the process perf he Sys co troIIer 10, the reference

Vol t age” GBPL BN EPs WG PaRET ) 16704 0 A R ﬁqic]regased
reference voltage Vth. is used in,the nex peri iod T5. erlod t he

i ncrease?[lon Fﬁggfg]?eﬂ:@ﬁcé)g?&etszfg@}\‘?twﬁl l@a& ol y %orar ect® G{SLP to be

deteCtedrEQeEQ%ce voltage data Dth is further reduced. Thus, the
reduced reference voltage Vth is used in the next period T3.

In period T3, the amplitudes of pulses SLP
corresponding to land pre-pits LPP become greater than the
reference voltage Vth, and a pulse correctly appears in the
land pre-pit detection signal LPPout as shown in Fig. 8(e).

In this period T3, one pulse appears in the land pre-
pit detection signal LPPout, and thus data of "0" described
earlier with reference to Fig. 13 is correctly detected.

In this case, the counter 81 correctly counts the
number of pulses as 1, and the count value of 1 is held by
the register 82.

In this specific case, because the register value 1is

-equal to 1, the reference voltage data Dth is not changed in
the process performed by the system controller 10 in
‘response to receiving the signal S1. Therefore, the same
reference voltage Vth is used in the next period T4.

However, in period T4, an increase in the amplitude of
the push-pull signal P/P occurs for some reason, and not
only the amplitudes of correct pulses SLP corresponding to

land pre-pits LPP but also the amplitudes of noise pulses



detection signal LPPout as shown in Fig. 8(e). In this specific case, the
count value of 2 is held by the register value, and thus in the process
performed by the systemcontroller 10, the reference voltage data Dth is
not changed. As a result, the sane reference voltage Vth is wused in the
next period T6. In the present enbodi nent, as can be understood from the
above discussion, the reference voltage Vth that is conpared with the
push-pull signal P/P is convergently varied to a value that allows pul ses
corresponding to land pre-pits LPP togzorrectly appear in the land pre-pit
detection signal LPPout. This neans that even if the initial value of the
48 reference voltage Vth is not proper, the reference voltage Vth is |led
to a proper value. Furthernore, .i.f th urrent reference voltage Vth
becombs PREFEHer CBu& L6 5 4 VLGS I M he HHpITEIHE 1 1T Frsh- pul |
signal PLP_ the reference .vaoltage Vth .is led a_.praper. val.u IS,
if a noi S‘SSBU sécliliaéC ée-tnegf%g‘elsna & Y ant pJ%hee- &pe?ctecd:[e%toggtsil nadsll S%]Pa]%m%tPPout,

the reference valage Mibd §,dncreased so. that {he.d and re-pidn det ection
%‘II Cc Sjlq'heé} an et ec?el

signal isled 1nto a state’in pre-pi on signa
i ncl udes gglnghggﬁgugggs. On the other hand, if correct pulses SLP
an

1 . .
correspoﬁ ing t pre-pits LPP are not . detected, the reference voltage

Vth is reduceflstQ 28:¥8hH€ the counter 81 counts the number of pulses
as 10, and the count value of 10 is held by the register 82.
Thus, in the process performed by the system controller 10,
the.reference voltage data Dth is increased in step F103.

As a result, the increased reference voltage Vth is
used in the next period T5.

In period TS5, the increase in the reference voltage Vth
causes only correct pulses SLP to be detected in the
detection signal LPPout as shown in Fig. 8(e).

In this specific case, the count value of 2 is held by
the register value, and thus in the process performed by the
system controller 10, the reference voltage data Dth is not

- changed. As a result, the same reference voltage Vth is
used in the next period T6.

In the present embodiment, as caﬁ be understood from
the above discussion, the reference voltage Vth that is

- compared with the push-pull signal P/P is convergently
varied to a value that allows pulses corresponding to land
pre-pits LPP to correctly appear in the land pre-pit
detection signal LPPout.

This means that even 1f the initial value of the



that allows pul ses SLP corresponding to |land pre-pits LPP to be correctly
detected in the land pre-pit detection signal LPPout. Thus, in the present
enbodi ment, the land pre-pit detection signal LPPout including only pul ses
SLP corresponding to land pre-pits LPP and including no noise pulses is
obt ai ned wi thout being influenced by a variation in anplitude of the
push-pull signal P/P due to wobbling or noise and w thout being influenced
by a reduction in anplitude of pulses SLP due to interference of recording
marks. This allows a reduction dead tigge before correct land pre-pit
information starts to be output, and an inprovenent - 49 in address error
rate can be achi eved. Furthernnre highly reliable wwiting/reading i's
possi bl e eyen for st I a haV|n Iarge ari ations

char act eff FFEgceTHB Paytg 1an85p e rof* héegﬁ§ﬁnﬁﬁIVQ$Hﬂ%§ P/ P
I t h t f

(opt | cal " hBabba] Sk %r é%éh?r;%%&a%nén?’ug%%rré%%ﬁé 3 g st

informatign.lo be ¢on %%%t'%ﬁ%g%to%%fe‘i%% ‘@1‘2) 20 4 f1e RuSh-ul tsj_cg'p%.n PI'P

has such"a'Variati SR A anplltu h ows an |nproveneﬁ}

prOd“Ct'QHeyhﬁwl% Eah‘c’sfpltﬁé” usfu" ggl | n tlh%/l%r gscg'hown e tg the

ref erence IS con I’OCGS’

perfor mobxabeevﬂsagman%ogl Brobr tv@qaee.f erence vol tage

That is, if a noise pulse is detected in the land pre-
pit detection signal LPPout, the reference voltage Vth is
‘increased so that the land pre-pit detection signal is led
‘into a state in which the land pre-pit detection signal
includes no nolse pulses. On the other hand, if correct
pulses SLP corresponding to land pre-pits LPP are not
detected, the reference voltage Vth 1s reduced to a value
that allows pulses SLP corresponding to land pre-pits LPP to
be correctly detected in the land pre-pit detection signal
LPPout.

Thus, in the present embodiment, the land pre-pit
detection signal LPPout including only. pulses SLP
corresponding to land pre-pits LPP and including no noise
pulses is obtained without being influenced by a variation
in amplitude of the push-pull signal P/P due to wobbling or
noise and without being influenced by a reduction in
amplitude of pulses SLP due to interference of recording
marks.

This allows a reduction dead time before correct land

pre-pit information starts to be output, and an improvement



Vth may be controlled by a control systemconstructed using a hardware

l ogic circuit or may be controlled by an analog circuit in accordance with
an anal og signal corresponding to the nunber of pulses. Fifth Enbodi nent
Wth reference to Fig. 10, a fifth enbodi nent of the present invention is
described below. In this fifth enbodi nrent shown in Fig. 10, the noise

pul se renover 70 used in the first to third enbodinent is added to the
circuit configuration used in the fourth enbodinment described above with
reference to Fig. 7. A detection signahglLPPout' output froma conparator 61
50 mght include noise pulses. If a noise pulse is included in the

det ection signal LPPout’, the noise pulse is remved by the noise pul se

renover | and pre-pit det ion . signal LPPout includin 0 noi se
pul se |516‘ut3%{‘}’rfetsc§ t%oradﬁ?sscadbi?fdé‘:%v%e n%‘ﬁ%%h%‘iﬂ‘%%e 3??0932::?1’ 70 may
be constru nner to that. shown i 5. The
ARG 7 TERS SUARE AR B arﬁéar%?pérsaﬁ%%ﬁsl &V e Saraed it er s,
and a tl%% neas r%pent %%!tjgs are araé% Ig those used in the fourth
embodi nent criBeT Ehove T R tHer e C T %E%?eh1controller 10 control s

{/thﬁ br ef er e”“%hlé"'v%%@%t%ka 1| Qﬁmg;'i%%*&%lz%%”t@%' '#d&%—%helf ofi&fence ol tage
y performng rocess shown 1n Fig. ina
can alsc occur due to a variation in characteristics of the
pickup {(optical head 3). The present embodiment also allows
land pre-pit information to be correctly detected even when
the push-pull signal P/P has such a variation in amplitude.
This allows an improvement in production yield of the pickup.
Although in the present embodiment, the reference
voltage Vth is controlled in the process shown in Fig. 9

performed by the system controller 10, the reference voltage

Vth may be controlled by a control system constructed using

a hardware logic circuit or may be controlled by an analog
circuit in accordance with an analog signal corresponding to

the number of pulses.

.Fifth Embodiment

With reference to Fig. 10, a fifth embodiment of the
present invention is described below.

In this fifth embodiment shown in Fig. 10, the noise
pulse remover 70 used in the first to third embodiment is
added to the circuit configuration used in the fourth
embodiment described above with reference to Fig. 7.

‘A detection signal LPPout' output from a comparator 61



simlar manner to the fourth embodi ment described above. In the case of the
circuit configuration shown in Fig. 10, the counter 81 counts the nunber
of pulses included in the land pre-pit detection signal LPPout output from
the noise pulse renmover 70 for each 16-wobble interval, and the reference
voltage Vth is controlled in accordance with the count value. Thus, in the
case of the circuit configuration shown in Fig. 10, even if the detection
signal LPPout' output from the conparator 61 includes a noise pul se, the
noise is renoved by the noise pul se_rggover 70 and noise-free | and
pre-pit detection signal LPPout is output. - 51 Furthernore, the reference
voltage Vth is controlled at a proper level so as to further conpress
noi se pulses in the output of conmparator 61. The conbi patjon of the noise
pul se refREdt ARcAia HPisomtlsieof the 2 m%ﬁﬁlﬂlmtﬂa@éﬂﬁwme@i t
possible to obtain nore precise |and pre-pit,detection_signal LPPout than
can be adfi%e W5yt HrEAbIESHodi et SPOIRE dIEETF bk BT FHh the
second tq.fourth enhodinents, t thre holﬁ of the pulse width enployed by
he ol sEHS P SeBRE TS ot et 11 rfor S pub LEs L ar D BEFS Chhged. The
t hreshol d .of th | se Mﬁdﬁh ; be contraolled in accordance wth the
count ed MIMPET dPHTS  (RREEY &1 HHES AUt het © TRiTHe FogriTer 82).
address decoder 26.
The noise pulse remover 70 may be constructed in a
similar manner to that shown in Fig. 2, 4, or 5.
The circuit configurations and the operations of a
counter 81, a register 82, and a time measurement unit 83
are similar to those used in the fourth embodiment described
above. Furthermore, the system controller 10 controls the
reference voltage data Dth thereby controlling the reference
voltage Vth by performing the process shown in Fig. 9 in a
similar manner to the fourth embodiment described above.
In the case of the circuit configuration shown in Fig.
10, the counter 81 counts the number of pulses included in
- the land pre-pit detection signal LPPout output from the
noise pulse remover 70 for each 1l6-wobble interval, and the
reference voltage Vth is controlled in accordance with the
count value.
Thus, in the case of the circuit configuration shown in
Fig. 10, even if the detection signal LPPout' output from
the comparator 61 includes a noise pulse, the noise is

removed by the noise pulse remover 70 and noise-free land

‘pre-pit detection signal LPPout is output.



Si xth Enbodi nent Referring to Fig. 11, a circuit configuration according
‘to a sixth enbodi nent is described below. In this sixth enbodinent, as in
the fifth enbodi ment, noise pulses are renoved by a noi se pul se renover
70, and the reference voltage Vth is controlled by a counter 81, a
register 82, and a tine nmeasurenment unit 83, in conjunction wth the
process shown in Fig. 9 perfornmed by the controller 10, wherein the
counter 81, the register 82, and the tinme neasurenent unit 83 are simlar
to those used in the fifth enbodinents; 52 In this sixth enbodinent,
unlike the fifth enbodinent in which the counter 81 counts the nunber of
pul ses included in the land pre-pit detection signal LPPout output from
the noise renover 70, the counter 81 counts the nunber of pulse i ncl uded
in the detect TeRtBeHRHaTe LPPoRIt TeRRFBRCPSVBUEREE VEPOAPL RERUE ﬁﬁé?étBF 61 and
whi.ch m ght include noise pulses. In the circuit configuration .,accqording to
the fifth PERBEI hENELWFPhPeter dMcdNEd EOFPIESS E‘Q&agt?sé"ﬁr?é?scc}d’nt ° 81
counts the nunber. of pul ses included in the detection signal LPPout out put
from t heHEPSE Bl SBTPERBVEF gg; the probability is |ow that the count

{of or once vol FADe CUEHTA hCot Rbr “her BEL PnPLREST FRURYERbod: ALAL LRow

ref erence vol i nrent shown in
FLgV' control of the threshold voltage Vth makes it possible to

obtain more precise land pre-pit detection signal LPPout
than can be achieved by the previous embodiments.

As described earlier in the second to fourth
embodiments, the threshold of the pulse width employed by
the noise pulse remover 70 in detecting noise pulses can be
changed. The threshold of the pulse width may be controlled

- in accordance with the counted number of pulses (that is,

the value held in the register 82).

Sixth Embodiment

Referring to Fig. 11, a circuit configuration according
to 'a sizth embodiment is described below.

In this sixth embodiment, as in the fifth embodiment,
noise pulses are removed by a noise pulse remover 70, and
the reference voltage Vth is contreolled by a counter 81, a
register 82, and a time measurement unit 83, in conjunction
with the process shown in Fig. 9 performed by the controller
10, wherein the counter 81, the register 82, and the time
measurement unit 83 are éimilar to those used in the fifth

‘embodiment.



10, the reference voltage Vth is changed only when the reference voltage
Vt h becones so inproper that the noise pulse renover 70 cannot renove

noi se pulses. In contrast, in the sixth enbodi nent showmn in Fig. 11,
because the counting of the nunber pulses is perforned for the detection
signal LPPout' that is not yet subjected to noise renoval, the probability
is relatively high that the count val ue becones anonal ous, which wll make
it necessary to change the reference voltage Vth. That is, in the sixth
enbodi ment, the nunber of noise pulsesyincluded in the detection signal
LPPout’ output from53 the conparator 61 is mnimzed by controlling the
reference voltage Vth, and noise pulses that are still included in t he
detection signal LPPout' are renpved by the noise pulse renover In
this sixth enﬁ@dthﬁﬁtSléﬁhmFWHOﬂPWFﬁtenﬁ&&ﬂ#@n?heaflEF@cﬁ§€°@&ﬁ@nﬁre pi t

detection signal LPPout can be obtained. The resent vention h(i($een
descri bedh i aFPQNQPHanFéﬁéNRP%QF% L@REWb S8 NBtE Yt the

present invention is not |i ited to those fic e odlne t. b
vari ous roditicc dEnen &1 @ foSG IR tﬁ)’lﬁnacsi]egtgra Sy T4 Rom e

e splrlt and
t he scope qf thenl%resegﬁ?, _ ent | ontAs an be undﬁrstooﬂ%égo&t% ove
descri pt P6H,3% FETPFEsénr MFertTBh-Pro advVEntdges. Hhat 1s, in
the present lur%lve%mllnor"chen?fes:%c%iosne (_ﬂ%luq%dd]c't %:!cquls output
. from the comparator 61 and which might include noise pulses.
In the circuit configuration according to the fifth
‘embodiment with reference to Fig. 10, because the counter 81
counts the number of pulses included in the detection signal
LPPout output from the noise pulse remover 70, the
probability is low that the count value becomes anomalous,
which will make it necessary to change the reference voltage
Vth.
In other words, in the fifth embodiment shown in Fig.
10, the reference voltage Vth is changed only when the
reference voltage Vth becomes so improper thét the noise
pulse remover 70 cannot remove noise pulses.
In contrast, in the sixth embodiment shown in Fig. 11,
" because the counting of the number pulses.is performed fqr
the detection signal LPPout' that is not yet subjected to
noise removal, the probability is relatively high that the
count value becomes anomalous, which will make it necessary
to change the reference voltage Vth.
That is, in the sixth embodiment, the number of noise

pulses included in the detection signal LPPout' output from



pre-pit detection signal obtained by conmparing the push-pull signal with
the reference voltage are detected on the basis of the pulse wdth, and

t he detected noi se pul ses are renoved thereby obtaining a correct pre-pit
detection signal. Furthernore, the nunber of pulses included in the | and
pre-pit detection signal is counted, and the reference voltage is
controlled in accordance with the counted nunber of pul ses. The noi se
pul se renoval and the control of the_mﬁgrgshold voltage nake it possible to
correctly detect land pre-pits even n the anplitude of the push-pul
signal 54 varies due to wobbling of tracks, crosstal k from adjacent
tracks, interference of recording marks, variations in characteristics of
a di sk, #&h@/ epmparagrietlr dgsovigimizeaaldry asmarrqiusing e sigimatenae! udes

| arge noise. That is, even when the |and pre-pit detection signal includes
an error V&&E2EE Ythar paE seiise Pivd safpltitaldensf stHdl pushliyidd oigred, the
error is renoved by renpving noise pulses thereby finally outputting a
correct PEAGCHEETPSLIN@dt EELHT 'siagifalr auriasiny e eraiers puien t he

det ecti on si%nal i.nclude noi se pulses due to a variation in anplitude of
the push®SBPVE&i glal, the reference voltage can be adjusted so that the

detection si na% chIud%ﬁ-nobngLse %ulses.,This_aIIoms a reduction dead
time before chbr %f | BhY embodiment, as with fifth embodiment, a

precise land pre-pit detection signal LPPout can be obtained.
The present invention has been described in detail with
reference to specific embodiments. Note that the present
invention is not limited to those specific embodiment, but
various modifications are possible without departing from
the spirit and the scope of the present invention.
As can be understood from the above description, the
present invention provides great advantages. That is, in
the present invention, noise pulses included in the land
pre-pit detection signal obtained by comparing the push-pull
signal with the reference voltage are detected on the basis
-of the pulse width, and the detected noise pulses are
removed thereby obtaining a correct pre-pit detection signal.
Furthermore, the number of pulses included in the land
pre-pit detection signal is counted, and the reference
voltage is controlled in accordance with the counted number
of pulses.
The noise pulse removal and the control of the
threshold voltage make it possible to correctly detect land

pre-pits even when the amplitude of the push-pull signal



pre-pit information starts to be output, and an inprovenent in address
error rate can be achieved. Furthernore, highly reliable witing/reading
is possible even for storage nedia having a large variation in anplitude.
Furthernore, detection errors of land pre-pits due to a variation in
characteristic of the pickup al so decrease. This contributes to an

i nprovenent in production yield of the pickup. ,1 55 - CLAIMS: 1. A disk
drive conprising: an optical head for emtting a | aser beamso as to
illum nate a di sk-shaped storage nedi i t-hereby witing or reading data on
or fromthe disk-shaped storage medium grooves serving as recording
tracks being fornmed in a wobbling fashion on the di sk-shaped storage

medi um pre- pit ueb%ln%ohgﬁggg.%@ . ands, Jbetwes gﬁ%9h$Q%n%?3%§g¥%§§h?

push-pul I "si gna generator gener a ind a pu

refl ect e‘ﬂfrélc%t b RQr %F:'e%’&ed%tfe%te%%r%}i #;%ar(?{%t GAlrfleadna e-pit

det ect or conmparing the push-pull sig w t'h a reference signal and
out put ti ng.2,ceRRPALLIRR LESY t4iAsS, aanqr/%rplffoxd%t&féﬂ Ok S DAl So:and,ed NOi se

remover for detecting a noise pulse on the basis of the pul'se width of a
pul se i nghudeduisA-b@1 signal includes large noise.

That is, even when the land pre-pit detection signal
includes an errcor due to a variation in the amplitude of the
push-pull signal, the error is removed by removing noise
pulses thereby finally outputting a correct land pre-pit
detection signal including no errors.

When the detection signal include ncise pulses due to a
variation in amplitude of the push-pull signal, the
reference voltage can be adjusted so that the detection
signal incliudes no noise pulses.

This allows a reduction dead time before correct land
pre-pit information starts to be output, and an improvement
in address error rate can be achieved. Furthermore, highly
reliable writing/reading is possible even for storage media
having a large variation in amplitude.

Furthermore, detection errors of land pre-pits due to a
variation in characteristic of the pickup also decrease.
This contributes to an improvement in production yield of

the pickup.



detection signal output fromthe pre-pit detector, renoving the noise
pul se fromthe detection signal, and output the detection signal including
no noi se pulse. 2. A disk drive according to claim1l1, wherein the

di sk- shaped storage nmedi umrepresents, using the pre-pits, address
information indicating an address on the disk; and 56 the disk drive
further conprising an address decoder for acquiring the address
informati on represented by the pre-pits, fromthe noise-renoved detection
signal . 3. A disk drive according to gkaim 1l or 2, wherein the noise
remover includes a pulse width detector for detecting the pulse width of a:
pul se included in the detection signal output fromthe pre-pit detector,
and wherein when a pulse wth a pulse width srmaller than a reference val ue
is detecdt®¥ By the pul se width detector, the noise renpver renpves the
detected pul se as a noise pulse. 4. A disk drive according to claim 3,
wherein the noise renover is capable of changing the reference val ue of
the pulse width. 5. A disk drive conprising: an optical head for emtting a
| aser beam sd -as & #1154 [ AhYFat® P i Sl haped st orage medi um t her eby

o109 O eRa 305 o, o [ e 0 ol shapsd 5t of 2oz, g um
illuminate a disk-shaped storage medium thereby writing or
reading data on or from the disk-shaped storage medium,
grooﬁes serving as recording tracks being formed in a
wobbling fashion on the disk-shaped storage medium, pre-pits
being formed oﬁ lands between adjacent grooves;

a push-pull signal generator for generating a push-pull
signal from reflected-light inforﬁation detected by the
optical ﬁead;

a pre—-pit detector for comparing-the push-pull signal
with a reference signal and outputting a comparison result
as a pre—piﬁ detection signal; and |

a noise remover fdr detecting a noise pulse on the
basis of the pulse width of a pulse included in the
detection signal output from the pre-pit detector, removing
the noise pulse from the detection signal, and output the

detection signal including no noise pulse.

2. A disk drive according to claim 1, wherein
the disk-shaped storage medium represents, using the
pre—pits, address information indicating an address on the

disk; and




wobbl i ng fashion on the di sk-shaped storage nedium pre-pits being forned
on | ands between adjacent grooves; a push-pull signal generator for
generating a push-pull signal fromreflected-light information detected by
the 57 - optical head; a pre-pit detector for conparing the push-pul

signal wth a reference signal and outputting a conparison result as a
pre-pit detection signal; a counter for counting the nunber of pulses
included in the detection signal output fromthe pre-pit detector, for
each of predetermi ned periodic intervals, and a controller for changing the
reference signal depending on the count value of the counter. 6. A disk
drive according to claim5, wherein the disk-shaped storage nmedi um
represents, using the pre-pits, address information indicating an address
on the disk; @ ise dhisie drivhnraR T oo iast rrpdire sRidd *fecoder for
acquiring the address inforpation regresented by the Ere- its, fromthe
noi se- r ehdY eFCHLL BHRY ofP8i Jdresy. I areRt#PR vECHEEDEHLAG PY &h&im 5 or 6,
wherein the controller controls the reference signal such that the |evel

of the r%ﬁ%ﬁ%ﬁ%%’s?ﬁﬂ&lt'% PeHteeHeRABRdt Aeteethenvat gB2ls greater than a
predeterm ned value, while the level of the reference signal is increased
when the count value is :

3. A disk drive according to claim 1 or 2, wherein the
noise remover includes a pulse width detector for detecting
the pulse width of a pulse included in the detection signal
output from the pre-pit detector, and wherein when a pulse
with a pulse width smaller than a reference wvalue is
detected by the pulse width detector, the noise remover

removes the detected pulse as a noise pulse.

4. A disk drive according to claim 3, wherein the
noise remover is capable of changing the reference value of

the pulse width.

5. A disk drive comprising:

' ~an optical head for emitting a laser beam so as to
illuminate a disk-shaped storage medium thereby writing or
reading data on or from the disk-shaped storage medium,

- grooves serving.as recording tracks being forﬁed in a
WObbling fashion on the disk-shaped stdrage medium, pre-pits
being formed on lands between adjacent grooves;
a push-pull signal generator for generating a push-pull

signal from reflected-light information detected by the
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a counter for counting the number of pulses included in
the detection signal output from the pre-pit detector, for
each of predetermined periodic intervals; and
a controller for changing the reference signal

depending on the count value of the counter,

6. ‘A disk drive according to claim 5, wherein

the disk-shaped storage medium represents, using the -
pre-pits, address information indicating an address on the
disk; and

the disk drive further comprising an address decoder

- for acquiring the address information represented by the

‘pre-pits, from the noise-removed detection signal.

7. A disk drive.éccording to claim 5 or 6, wherein the
controller controls'ﬁhe reference signal such that the level
of the reference signal is reduéed when the count value is
greater than a predetermined value, while the level of the

reference signal is increased when the count value is

smaller than the predetermined value.



an address decoder for acquiring the address 59 information represented by
the pre-pits, fromthe noise- renpved detection signal. 9. A disk drive
according to claim8, wherein the disk-shaped storage nedi umrepresents,
using the pre-pits, address information indicating an address on the

di sk; and the disk drive further conprising an address decoder for
acquiring the address information represented by the pre-pits, fromthe
noi se-renoved detection signal. 10. A disk drive according to claim8 or 9,
wherein the noise renover includes a Pulse width detector for detecting
the pulse width of a pulse included in the detection signal output from
the pre-pit detector, and wherein when a pulse wth a pulse width snaller

than a predetgrm ped;i ¥l 4eite cHRpeSLEdAgRY the pul se width detector, the
noi se renmover renoves the detected pul Se as a noise pulse. 11. A disk

drive accordipg bgtekainhify wher enAtkhag RONSEcHeBRYAr sbSacapabl e of
changing the reference value of the pulse width. 12. A disk drive

accor di ng 1h@mamatene efi sx-ailm el teorklye Weeliein dhe-gontirmldierg cont rol s
the reference signal such that the level 60 of the reference signal is
reduced whemritrhe dadantorvalruegricgn the disk—shaped storage medium,

~grooves serving as recording tracks being formed in a

wobbling fashion on the disk-shaped storage medium, pre-pits

being formed on lands between adjacent grooves; |

a push—pull signal generator for generating a push-pull
signal from reflected-light information detected by the
optical head;

a pre-pit detector for comparing the push-pull signal
with a reference signal and outputting a comparison result
as a pre-pit detection signal;

a noise remover for detecting a noise pulse on the
basis of the pulse width of a pulse included in the
detection signal output from the pre-pit detector, removing
the noise pulse from the detection signal, and output the
detection signal including no noise pulse;

a counter for counting the number of pulses included in
the detection signal output from the pre-pit detector or
included in the detection signal output from the noise
remover, for each of predetermined periodic intervals;

a controller for changing the reference signal
depending on the count value of the counter; and

an address decoder for acquiring the address



greater than a predeterm ned value, while the level of the reference
signal is increased when the count value is smaller than the predeterm ned
value. 13. A nethod of detecting pre-pits forned on a di sk- shaped storage
medi um grooves serving as recording tracks being fornmed in a wobbling
fashi on on the di sk-shaped storage nedium address informatiaon being
represented by the pre-pits formed on | ands between adjacent grooves, the
met hod conprising the steps of: generating a push-pull signal from
reflected-1ight information obtainedgyhen the disk-shaped storage medi um
is illumnated with a | aser beam conparing the push-pull signal with a
reference signal and outputting a conparison result as a pre-pit detection
signal; ,and detecting a noise pulse on the basis of the pulse wwdth of a
pul se i&ﬁ£ﬁ£QTQ%?qiﬁ§Hﬁﬂﬁﬁﬂt et thiheh el ts + éhmon nghe theigket ect ed noi se
pul se fromthe, detection signal, and outputting the detection signal

i ncl udi AGRY STbidsES5OR SiAnag .net hod of detecting pre-pits formed on a

di sk- shaped storage nedium grooves serving as recording tracks being
formed in a wobbling fashion on the di sk-shaped 61 storage nmedi um address

informati on Qeing represented by the pre-pits formed on | ands between
adj acent gro§0esg thk ﬁE%HSdagéﬁﬁBF§9n§°tﬁéaéﬁbﬁs herein

the disk-shaped storage medium represents, using the’
pre—pits, address information indicating an address on the
disk; and

the disk drive further comprisiné.an address decoder
for écquiring the address information represented by the

pre-pits, from the noise-removed detection signal.

10. A disk drive according to claim 8 or 9, wherein the
noise remover includes a pulse width detéctor for detectiﬁg
the pulse width of.a bulse included in the detection signél
output from the pre-pit detector, and wherein when a pulse
with a pulse width smaller than a predetermined value is
detected by the pulse width detector, the noise remover

removes the detected pulse as a noise pulse.

11. A disk drive according to claim 10, wherein the

noise remover is capable of changing the reference value of

the pulse width.

12. A disk drive. according to any one of claims 8 to
_11, wherein the controllef controls the reference ‘signal

such that the level



generating a push-pull signal fromreflected-light informatioh obtained
when t he di sk-shaped storage nediumis illumnated with a | aser beam
conparing the push-pull signal with a reference signal and outputting a
conparison result as a pre-pit detection signal; counting the nunber of
pul ses included in the output detection signal, for each of predeterm ned
periodic intervals; and changing the reference signal depending on the
count ~value. 15. A nmethod of detecting pre-pits formed on a disk- shaped
“storage medium grooves serving as recePding tracks being formed in a
wobbl i ng fashion on the di sk-shaped storage nmedi um address information
being represented by the pre-pits fornmed on | ands between adj acent

grooves, dhendmidied-Lprd sghd the deRsesfinaenaiatisnghe wsie pW | signal
fromreflected-light information obtained when the di sk-shaped storage

medi um i gyrdddeimitiatied Widiard Bsaledaamuconpal i agrider sush-pulthesi gnal
wth a reference signal 62 and outputting a conparison result as a pre-pit
det ecti onrefS@als <defrecl i Y ndiES8ePUltseh ofhd heobasisaDie the pul se width
of a pulse included in the output detection signal, renoving

smaller than the predetermined wvalue.

13. A method of detecting pre-pits formed on a disk-
shaped storage medium, grooves serving as recording tracks
being formed in a wobbling fashion on the disk-shaped
storage medium, address information being repreéented by the
pre-pits formed on lands between adjacent grooves, the
method comprising the steps of:

generating a push-pull signal from reflected-light
information obtained when the disk-shaped storage medium is
illuminated with a laser beam;

comparing the push-pull signal with a reference signal
and outputting a comparison result as a pre-pit detection
signal; and

detecting a noise pulse on the basis of the pulse width
.of a pulse included in the output detection signal, removing
the detected noise pulse from the detection signal, and

outputting the detection signal including no noise pulse.

14. A method of detecting pre-pits formed on a disk-
shaped storage medium, grooves serving as recording tracks

being formed in a wobbling fashion on the disk-shaped



t he detected noise pulse fromthe detection signal, and outputting the
detection signal including no noise pulse; counting the nunber of pulses
included in the output detection signal, for each of predeterm ned
periodic intervals; and changing the reference signal depending on the
count val ue.
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storage medium, address information being represented by the
pre-pits formed on lands between adjacent grooves, the
method comprising the steps of:

generating a push-pull signal from reflected-light
information obtained when the disk-shaped storage medium is
illuminated with a laser beam;

.comparing the push-pull signal with a reference signal
and outputting a comparison result as a pre-pit detection
signal;

counting‘the number of pulses included in the output
detection signal, for each of predetermined periodic
intervals; and

changing the reference signal depending on the count

value.

15. A method of detecting pre-pits formed on a disk-
shaped storage medium, grooves serving as recording tracks
being formed in a wobbling fashion on the disk~shaped
"storage medium, address information being represented by the
pre-pits formed on lands between adjacent grooves, the
method comprising the steps of:

generating a push-pull signal from reflected-light
information obtained when the disk-shaped storage medium is
illuminated with a laser beam;

- comparing the push-pull signal with a reference signal



and outputting a comparison result as a pre-pit detection
signal;

detecting a noise pulse on the basis of the pulse width
of a pulse included in the output detection signal, removing
the detected noise pulse from the detection signal, and
outputting the detection signal including no noise pulse;

counting the number of pulses included in the output
detection signal, for each of predetermined periodic
intervals; and

changing the reference signal depending on the count

value.



