Dl SK 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
requi renent, grooves serving as pre-grooves are formed and resultant
grooves or |lands (protrusions having jthe 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
i nformation be recqrded_on ress ipnfaormation is generally
recorded by mobe|P&SFh8R§y5095§ BﬁEﬁﬁlgoPﬁFﬁﬁTﬁpg HFF@OBn t he data
tracks. For exanple, in the case of DVD-RWthat is a rewitable version of
DVD (Digital Versatile Disc) based on the phase change recording or DVD-R
t hat isg%dgg Iﬁp%ﬁ’%ﬁﬁ<#ﬁﬁﬂﬁ%f%% organi c dye nmaterial, wobbling grooves
as on

G are forne pre- form the di sk and | and pre- plts LPP are forned on

lands - 2 lg;Retyveen 34) agent,greoves G as shown in Fig. 12.

The present invention relates tco a disk drive for

writing/reading data on/from a disk-shaped storage medium
such as an optical disk and also 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 is reguired 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 1s a rewritable
version of DVD (Digltal Versatile Disc} based on the phase
change recording or DVD-R that is a write-once disk using an
organic dye material, ﬁobbling grooves G are formed as pre-

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



In this structure, reflected-light 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 determne precise wite |ocations of respective bits and al so used
to acquire various kinds of disk information such as pre- address
information. That is, addresses indicating the physical |ocations on the
di sk are recorded using land pre- pits LPP. A disk drive adapted to such a
di sk reads addresses by detecting lapd-pre-pits forned on the disk and
perfornms various controls in the witing/reading operation on the basis
of the detected pre-pit information indicating the |ocation on the disk.
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formed in even-nunbered frames. In this case,
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 contrcls 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



first 3 wobbles of each even-nunbered frane formone set of land pre-pits
[PP. Let b2, bl, and bO represent the presence/ absence of |and pre-pits
LPP. If (b2, b1, bO) 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
11111 is expressed by formng two |and pre-pits LPP at b2 and bO. That is,
when (b2, bl, b0) = (1, 0, 1), the data bit is 111". On the other hand, a
data bit of "0" is expressed by formng one pre-pit LPP at b2. That is,
when (b2, bl, b0) = (1, 0, 0), the-dagta bit is 11011. Fig. 13B shows an
exanple in which land pre-pit information is formed in odd-nunbered
frames. In this case, first 3 wobbles of each odd-nunbered frane form one

set of , re-pits P whose absence/ prese are ex b2, bl,
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land 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, b)) = (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 "0O".

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 odd-numbered frame form one set of
land pre-pits LPP whose absence/presence are expressed by
(b2, bl, b0).

In the case in which land pre-pit information is formed
in odd-numbered frames, when kb2, bl, b0}y = (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, bd) = (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



formed only in either an even-nunbered frame or an odd- nunbered frane.
Determination as to in which frame to form land pre-pits LPP is nmade for
each 16-wobble interval such that |land pre-pits LPP are not formed on both
adj acent groove tracks on a disk. Information expressed by land pre-pits
LPP can be acquired in the formof a push-pull signal by detecting |ight
reflected froma disk. Mire specifically, the push- pull signal is obtained
as a differential signal between signals corresponding 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 for detecting |land pre-pits LPP. The disk drive has an opti cal
head including a photodetector 51, such as a quadrant photodetector having
four phdét d@&té€ct or elements A, B, C, and D, for detecting light reflected
froma disk. Inthis_circuit shown in Fig. é4, sign | s ggt ut from the
phot odet ect oFReP@FBNE8 " AOBR4SCEBESFKRL phoEBUPECT R *5 1V Ar 8" Added t oget her
by an adder 56, and .signals output from .the photodetector el.ements B and D
are added { Y'HF'%chﬁﬁﬂgP'§§?nfﬁ€mgﬁfﬁgt2rgﬁetﬁé Sadggg 55 and 56 are
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Rl4. 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 gquadrant 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 are 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



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 land pre-pits LPP can be detected by detecting the |arge
anplitudes. To achi eve 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 P/P mﬁ%h_the supplied reference voltage Vth
The conparator 53 outputs a two-1level signal indicating the conparison
result. Thus, a detection signal LPPout corresponding to the |and
pre-pits LPP is obtained as shown in Fi%z 15A. High and low |levels of this
det ect | @ENSITGHAT BRPGRCLUSEEr és fordea§nitdethem™Pard irefpi #BILPP correspond
to '11" and 11011, respectively, of b2, bl, and bO of the |land pre-pits
LPP. Furesésiors, Bd lddCoddr? -(not shown) extracts address information by

det ecti i | d data_bit ith | | of "|" "0
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-pits LPP b f d, f le, 4n US_Pat _.No. 6,337,838. - 6
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recording macks, {phase,change bLLS) p/p, as shown in Fig. 15a,

relatively large amplitudes (SLPl, 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 the 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
"Q0", 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 bO.

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

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



formed on the grooves interfere with the land pre-pits LPP. As a result,
i't becones difficult to correctly read the land pre-pits LPP. Mre
specifically, the interference of recording nmarks results in a reduction
in reflectance, and thus a reduction occurs in anplitude of the push-pul
signal P/ P corresponding to the land pre-pits LPP. The push-pull signal
P/ P has anplitude variations due to wobbling of tracks, crosstalk from
adj acent 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 anplitude SLP2 is caused by presence of a
recording mark M adjacent to the |and pre-pit LPP, as represented by i in
Fig. 12. As can be seen fromthe envel ope of the waveformof the push-pul
signal P/ P sHowaven,Fi§. in5Aarmeheopush- %ﬁ%ttgﬂgﬁﬁlng¢¥Eﬁa%e%Vb%9|odlc
variation in | evel caused by wobbles. The_ push-pull %nal P/ P al so
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correspondln%_ Lﬁ¥1 %bre 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 quality of the disk.

In the example shown in Fig. 15A, the amplitude SLP2 is
smaller than the amplitudes SLP1 and SLP3.

The reduction in the amplitude SLP2 is caused by
presence of a recording mark M adjacent to the land pre-pit
LPP, as represented by 1 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 variation 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.



pits PP that appear every 16-wobble interval. In this exanple, for a
period T10, a correct land pre-pit detection LPPout is obtained by
conparing the push-pull signal PFP wth 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 |I|evel of the pul se conponents SLP
corresponding to land pre- pits LPP but also the |evel 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
noi se pulses N Incorrect detection of land pre-pits LPP results in an
increase in address error rate. That is, it beconmes inpossible to
correctly read address information. This results in degradation in
performance BfJopéPBt FBAWST 2DRFRTREPr BAdRNEUBATE L/ F1ORFH BBk and al so
degradation in seeking operation. Such noiseOBﬁLses can b% avoided if the
i
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with the reference voltage Vth.

However, in a period T1ll, the level of the push-pull
signal P/P increases to such an extent that not only the
level of the pulse components SLP corresponding to land pre-
pits LPP but alsc 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 alsoc degradation in
seeking operation.

Such noise pulses can be avoided if the reference
voltage Vth 1s 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 is the case with the pulse

component SLP2 in Fig. 15A.



conmponents such as SLP2, the reduction in the threshold voltage Vth
results in a possibility that noise is erroneously detected as a | and
pre-pit. For the above reason, it is difficult to correctly detect |and
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 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 threshold value used in progucing the land pre-pit detection
signal LPPout. SUMVARY OF THE I NVENTION I n view of the above, it is an

obj ect of the present invention to provide a disk drive capabl e of
correctly detecting_ land pre-pits even in a situation in which the
anpl i tude of Canpasreptil | 1§ hal tharrBelduBot b2dBbhFrngS TRdrSed &Rd/ or

interference of recording marks. |In an aspect, th it i i
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push-

erroneocusly detected as a land pre-pit.

For 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 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 threshold value used in producing the land pre-pit

detection signal LPPout.

SUMMARY OF THE INVENTION

In view of the above, it is an object of the present
invention to provide a 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,
noise, and/or interference of recording marks.

In an aspect, the present invention provides a disk
drive comprising an optical head for emitting a laser beanm
so as to illuminate a disk-shaped storage medium thereby

writing or reading data on or from the disk-shaped storage



pul I signal generator for generating a push-pull signal from

refl ect ed- 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
remover for detecting a noise pulse on the basis of the pulse wdth of a
pul se included in the detection signal output fromthe pre-pit detector,
renovi ng the noise pulse fromthe detection signal, and output the
detection signal including no noise_pylse. In another aspect, the present
invention provides a disk drive conprising an optical head for emtting a
| aser beamso as to illumnate a di sk-shaped storage nmedi um thereby
witing or reading data on or fromthe disk-shaped  storage nedium grooves
ser vi ng“@éilﬁiéboﬂéioﬁ@{etsr é@l@lb‘g A§ rﬁ&Pl‘?@dantéa\%SbPPﬁBgf SHI"GH oA the
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reference 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 nolse pulse from the detectidn signal,
and output the detection signal including no noise pulse.

In another aspect, the present invention provides 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



I n anot her aspect, the present invention provides a disk drive conprising
an optical head for enitting a laser beamso as to illumnate a

di sk- shaped storage nmedium thereby witing or reading data on or fromthe
di sk-shaped storage nedium grooves serving as recording tracks being
formed in a wobbling fashion on the di sk-shaped storage nedium pre-pits
being formed on | ands between adj acent grooves, a push-pull signal
generator for generating a push- pull signal fromreflected-Iight
information detected by the optical figad, 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, a noise renover for detecting a

noi se pul se on the basis of the pulse width of a pulse included in the

det ect | dFdl gl PERPULE PRERCHRE pfer SechdefePESACtRERMSPFHY t he noi se
pul se fromthe detection signal, and oytput the detection_signal including
no noi s@ePALE 1B T&Rter Go vt %ﬁﬁé ﬁ&ﬁb&%aBElBEI§8§ included in

t he detection signal output framthe pre-pit detector o i ncluded in the
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inventi(ﬂgéngg qg?'éb 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 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



met 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
t he di sk-shaped storage nedium address infornmation being represented by
the pre-pits formed on |ands between adjacent grooves, the nethod
conprising the steps of generating a push-pull signal fromreflected-1ight
i nformati on obtai ned when the di sk-shaped storage nediumis illum nated
with a | aser beam conparing the push-pull signal with a reference signa
and outputting a conparison 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, renoving the detected noise
pul se fromthe detection signal, and qutputting the etection signal

i ncl udi IR H61% EhsulesEr s &ﬁ&@ﬁé}at&@ﬁe&"te?rte%&“&reéls At t?‘ﬁvé’ﬁ?ron provi des
a nethod of detecting pre-pits fornmed on . a disk-sh%ped storage nedi um
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reference signal”and outputti a conparison result asa pre-pit detection
S'Qnal’é”%gﬁﬂfﬁhérﬁ%éﬂﬂgﬁﬂbﬂﬁthe 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, 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.

In another aspect, the present invention provides 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



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. |In another aspect, the present invention provides a nethod 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 disk-shaped
storage nedium address information being represented by the pre-pits
formed on |ands between adjacent grooves, the nmethod conprising the steps
of generating a push-pull signal fromgeflected-light information obtained
when the disk-shaped storage nmediumis 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 detec%;ng g noi se pul se
u
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det ect I t he det d f t he.det ecti
S gnal ‘%%1' uEHRY %n”‘;rvelf%%en&% GG SPna” PRELGAEG ABTRAT4ECPul so.

counti ng Lha. et oLyl ses I %'o%d%q n@f e oukaY, dRLeqting, shgnal

for eac & 641 € ntervare gi ng e reference

signal qepend) %mﬁé&eﬁc’% Rl RS Be3ah NNV eRl! glcnasedescr i bed

above, ection signa produced by conpari ng

the push egiéﬂeﬁdl% Itl%dtl*ae AT ERANGE SindNdhardidNehse REks@sicel NCl uded
in the Ia pre-pit t ection signal are detected

signal depending on the count value.

In another aspect, the present invention provides 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 noilse
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.

In the present invention, as described above, the land



by detecting pul ses having a pulse width smaller than the predeterm ned
val ue. The detected noise pulses are renoved fromthe land pre-pit
detection signal, and thus the correct |and pre-pit detection signal
including no noise pulses is obtained. 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 particul ar range.
That is, the nunmber of pul ses nust be equal to 1 to 3. If the observed
nunber of pul ses does not fall within+4he above range, the |land pre-pit
detection signal includes a noise pulse. Thus, the nunber of pulses is
noni tored, and the reference signal is adjusted depending on the neasured
nunber of pul ses. BRI EF DESCRI PTI. ON OF THE W NGS Fi 1. is a block
dlagramﬂﬂﬁmﬂ Q§F$QE%Qﬁw5ﬁ9naéc&6rHFH&“FSd eﬁBBBPﬁéﬂ? Pt RBSPresent

ock ran1shomn rcuit for detecting |and

|nvent|on nﬁé hF a o 99 ng @
pre-pit® stt & Elﬁeﬁﬁ Bf -+t hg ngéﬁF PRv&Rtion; Fig. 3
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predetermined value. The detected noise pulses are removed
from the land pre-pit detection signal, and thus the correct
land pre-pit detection signal including no noise pulses is
obtained.
In the correct land pre-pit detection signal, the
number of pulses in each particular periced 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



t he present invention; Fig. 5 is a block diagramshowing a circuit for
detecting land pre-pits according to a third enbodi nent of the present
invention; Fig. 6 is a diagram showi ng waveforns of signals associated
with the operation of detecting |land pre-pits according to the third
enbodi nent of the present invention; Fig. 7 is a block diagram show ng a
circuit for detecting land pre-pits according to a fourth enbodi nent of
the present invention; Fig. 8 is a diagram showi ng waveforns of signals
associated with the operation of detecting land pre-pits according to the
fourth enbodi nent of the present invention; 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
bl ock diggfroahadtrshitig-ta eier cmeraftdon @dt éi@ttleﬁﬂjlpgn&aﬁpepﬁiet?léécor ding to a
fifth enbodlnent of theéfresent i nvention; tb% i s a,bl ock.di agram
showi ng HFQTLHS tfoorthed eﬁ’rteoﬁl { a?&‘?rs&“ﬁg PEERTdPRe b
enbodi nent of 1 E %eﬂé nventb i g r |s a.di agram showi ng a
di sk havi ng Fiffd rés BIP oF 89t R8r B8RV RS Té F8iL §PEgram showing a
for mat (Hetecéggéri énpre—plts according to a second embodiment of
the present invention;
Fig. 5 is a block diagram showing a circuit for
detecting land pre-pits according to a third embediment of
the present invention;
Fig. 6 is a diagram showing waveforms of signals
associated 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



signal; Fig. 14 is a block diagramshowing a circuit for detecting Iand
pre-pits according to a conventional technique; and Fig. 15 is a diagram
showi ng an operation of detecting |land pre-pits according to the
conventional technique. DESCRI PTION OF THE PREFERRED ENMBODI 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 assunmed to be adapted to
an optical disk of the type of DVD Rpr. DVD-RW First, with reference to
Fig. 1, a basic construction of a disk drive, which is common for all
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
si xt h erfbedipr@sest FRyent1i®Rdws the construction of a disk drive 30

according to_an enbodi ment  of the gresent i ye]rgti on, A disk 100 such as a
DVD-R or DVDFR@¢ diiékifsdpPaganaBnshogndadt giakt ApYing SatfiR fotated at a

constant |inear velocit (CLV) by a spindle notor 6 during a
witing iﬁ?&meﬁpgﬁ’fﬁ%‘%ﬁ.' An optical pickup 1 reads pit mark data

[ecorded onghiacks (91 0UgLEaRKRloRTsbNE 8LokaiO0e oDBLTgoLpLer i or
signal;
Fig. 14 is a block diagram showing a circuit for
detecting land pre-plts according to a conventional
technique; 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 construction
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



pits are fornmed 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 l|aser |ight,
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 illumnating the recording surface of the disk with the
| aser light via the objective lens 2 and for guiding reflected light to
the photodetector 5. The pickup 1 al §¢ includes a nonitor detector 22 to
which a part of the light output fromthe |laser diode 4 is supplied. The
| aser diode 4 outputs laser light with a wavel ength of 650 nm or 635 nm
The optical systemhas a NA of 0.6. = The objective lens 2 is suEEorted by a
bi axi al and&EaniteRls Juehdt Rgt TPhatelj &t PvECPERENE LinABYaBFACFA Yt r acki ng
and focus&&g directigns. The pickup 1.is driven.in,a radial di rection of
the - 1ACLYTskYh¢ SPINEdenBORARi Snf8Ti%Ae2 YE&F1BP4GE2F BF the pickup 1 is
driven by a drive signal,%drive urrent) qut u% fro | aser driver 18.
The | aS®FTGit9RE -4 &M CE Y 58er PREGHP ﬁnr§8§8r§é c &3 tﬁaFﬁerﬁnggegsignal
on tracks (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 objective 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 1light 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 outputs laser light with a wavelength
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 objective lens 2 is movable in

tracking and focusing directions.

The pickup 1 is driven in a radial direction of the



Reflected Iight information fromthe disk 100 is detected by the

phot odet ector 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 froma
plurality of photodetector elenents of the photodetector 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 include an 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

mat ri x clekativor® @fsld esiand$reidr-cuit  al so produces a push-pull signa

P/ P associated with land pre-pits_and wobbling of grooves.a$agi£§sh-pull

“signal PIP T&call3segsedcds 4 pfatRPngierrBr LstgndFiver 2% si gnal
output fromthe matrix circuit 9 is supplied to a binarizatio hcircuit 11,
and t he Fi6AR efdiorve SUFFET RE AP Uithd TP &kilAG & For VEifgn&l TE &r e

supplie%_to a _servo circuit 14. Ehekﬂysh-pull SJ. | nal P/% E%es%ggb%ed to

aser diode 4 emits laser lig in '‘accor ce wit
signal.

Reflected light information from the disk 100 is
detected by the photcodetector 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 2.

The matrix circuit 2 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 sexvo
control.

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

is also used as a tracking error signal.



the land pre-pit extractor 24 and a wobble PLL 25. The push-pull signal P/P
i's converted into a two-level signal 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
systemcontroller 10. The wobble PLL 25 generates a wobble cl ock WCK from
the push-pull signal P/P by means of PLL operation. The generated wobbl e
clock WCK is supplied to an encode cligck 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 converted into a two-1|eve
signal by the binarization circuit 11 and is supplied to an

encoder/ deco@ke RP. SIﬁ@aén@@ﬁ@ﬁﬁd@é@@thQZmFEE}%d%%r%PHEc%d%$ used in the

r eadi ng operatlon and an encoder used in the witi ng eration. In the
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i ncl udi ng decodlng of a run- limte error tion, and
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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 signal 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,



performs the above-descri bed decoding process in accordance wth the
reproduced cl ock. In the reading operation, decoded data output fromthe
encoder/decoder 12 is stored in a buffer menory 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 conputer 40 in transmtting/receiving reproduced
data, data to be stored, or various commands. In the readi ng operation,

t he data decoded and stored in thQ_qutgr menory 20 is read out and
transferred to the host conmputer 40 via the interface 13. A read conmmand
and a wite command out put fromthe host conputer 40 are supplied to the
systemcontroller 10 via the interface 13. On the other hand, in the

wri ting thperehtyi eroddatiad ¢eprodiciett €ates out put fromthe host conputer 40
and is stored in the buffer nmenory 20 via the interface 13. In the witing
operation, tRurshesneredeéBdehe12e28hR8deBeYABIARt at8Cored in the buffer
menory 20, wherein the - 20 encoding incI%Qes addition of _err

cor.r ect iR asFdslecqdare e SANTE 2 tadditt F6R FOAVSEE- & 8€§,S§H&hr°ngEed
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performs the above-described decoding process in accordance
with the reproduced 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 output 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 used as a reference cock in the witing operation is
generated by an encode cl ock generator 27. In synchronization with the
encode clock signal, the encoder/decoder 12 perforns encodi ng. The encode
cl ock generator 27 generates the encode clock on the basis of the wobble
cl ock WCK supplied fromthe wobble PLL 25 and the land pre-pit information
supplied from the land pre-pit extractor 24. The data to be witten,
produced via the encoding performed by the encoder/decoder 12, is
converted into recording pulses by a4 ecording pul se generator 21 and
supplied to the laser driver 18. The recordi ng pul se generator 21 al so
makes recording conpensation in terns of the characteristic of the
recording |ayer, the shape of the |aser spot, the fine adjustnment of the
opt i numemcicdiimg powdndgspeddingoonotherrPRe&PT¥EFEEPRYCOBESt he di sk, and
adj ustment of the waveform of the laser driving pulse. The_ |l aser driver 18
suppl | esndedliegvigdourdeitics 8f Fabsrcdrsde2nd Fuacisraahce i FRdt he
supplied laser driving pulse_thereby driving tge ga er diode 4 to emt a

| aser bERRIngae Ty thes@irita oy be( Hye TERENGE BiesAph si 8hange bits) - 21

correspondin%ﬁto thedrecgrding dﬁéa are f?rned on thE disghéoo. An APC
(Auto Power EBRt FBFPAE; FLAFE $8SHofft Br EStRESRCE cock in
writing operation is generated by an encode clock generator
27. 1In 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)



out put. power of the laser by using the nonitor detector 22 and controls

t he output power of the |laser such that the output power is naintained at
a constant val ue regardl ess of tenperature and other factors. Mre
specifically, a target value of the |laser output power is given by the
system controller 10, and the AFC 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 fromthe focus error signal FE and the tracking
error signal TE output fromthe matrix circuit 9, whereby the servo
circuit 14 servo-controls the focusing, tracking, and the operation of
the sled. Mire specifically, the servo circuit 14 generates a _,focus drive

si gnal FRRRPROTHEKI TRy W19 VEITGHAY B tén a%e FOBREs o HRe I 6Sus error
signal FE and the tracking error signal TE and the supplies the generated
focus dridfe signal FD and tracking drive signal TD to a biaxial driver 16.
1 nasoOLIange WEh S SUpBll o hess, Ociue aLonal oER g0, Lhgcking o1 ve
o o B LR VR oy YA L gl p i serve
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output power is maintained at a constant 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 generates 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. 1In

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



bi axi al mechanism 3. If the servo circuit 14 receives a track junp comrand
fromthe systemcontroller 10, the servo circuit 14 turns off the tracking
servo |loop and outputs a junp drive signal to the biaxial driver 16
t hereby making 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 comand
supplied fromthe systemcontroller ;0. The generated sled drive signal is
supplied to a sled driver 15. In accordance with the supplied sled drive
signal, the sled driver 15 drives the sled nechanism 8. Although not shown
inthe figure, the sled nechanism8 includes a main shaft for holding the
pi ckup Eheapglckgipndt.or Thasd & traskingsPeivgeaPoPwhABAeBy fPRBS SPEYS
mechani sm 8 slides the %ickup 1 in cooperation with the  sled nﬁtor 8
driven Bpophers d&eraecy Ys¢§ﬁapl§5pﬁuﬂrfFBﬁ1Fﬁ§r1§l€&r8PF$eS'1§.eA spi ndl e
serve circuit 23 controls the spindle notgr 6. SO §% to ro%ﬁte at a
const antSeLViRe HEOFSISSAT: ¢4 1| APCh& hr PERRG2op&rdltsntor n8 dpiAfl e servo
circuit 23 - 23 detecgts rotation speed information indicating the current
rot at i ofPisFdéd @P%ﬁ%?%fﬁ Adle motor 6 fromthe wobbl e clock WCK gener at ed
by the mobbl%fP%k and _t he sgind%e ervo

e ser cuit’1

vo ci réceives a track jump command
from the system controller 10, the servo circuit 14 turns
of f the tracking servo loop and outputs a jump drive signal
to the biaxial driver 16 thereby making the biaxial driver
16 perform a track jump operation.

Furthermore, the servo circuit 14 generates a sled
drive signal in accordance with a sled error signal obtained
as a low-frequency component of the tracking error signal TE
and in accordance 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
s0 as to rotate at a constant linear velocity.

In the writing operation, the spindle servo circuit 23



circuit 23 conpares the detected rotation speed information wth a
predeterm ned CLV reference information thereby generating a spindle error
signal SPE. In the reading operation, the rotation speed infornmation
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 referengezgntornation. 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 notor driver 17 generates a 3-phase drive

si gnal idetacter danecinnt kpekd isfpphpsdospindieagingetsPgRdF8RE supplies
the generated 3- phase drive signal to the spindle potor 6 thereby driving
the spi mditationospeest ofh&heorpiant el MAEar fefsemt FheCHOPPIRuFLREFNOre, the
spindle servo circuit 23 generates a__spind rivegiignal i n accordance
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generating a spindle error signal SPE.

lied from
SParts,

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 in decoding) generated by the PLL in the
encoder/decoder 21, and spindle servo circuit 23 generates
the spindle error signal SPE by coﬁparing 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 accordance with the
supplied spindle drive signal and supplies the generated 3-
phase drive signal to the spindle motor 6 thexeby driving
the spindle motor 6 at the constant linear velocity (CLV).

Furthermore, the spindle servo circuit 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



the witing/reading systemare controlled by the system controller 10
formed of a mcroconputer. The systemcontroller 10 perforns various
processes in accordance with commands issued by the host conputer 40. For
exanple, if the host conputer 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 systemcontroller 10 issues a command to the servo
circuit 14 to nove the pickup 1 tot address specified by the seek
command. Thereafter, systemcontrollér 10 controls necessary parts to read
data from specified sectors and transfer the read data to the host
conputer 40. Mre specifically, requested data is read fromthe disk 100,
decoded sphofifler s¢rvoarrd rewars 28r.r ddier ¢rimel Isogto teshpirisieudt” I1Star&fit e
command is issued by the host conputer 40, the systemcontroller 10 noves
the pi cRUPPE.t 6Cselecate6n 286 FESPORARKESt 618 §BeBALFe@O5Alr Bss at which
data is to be witten. The encoder/decoder 12 encodes the_gata supplied
from the hosTheoppaverdascr iped eeeFFhgPpuPSetgBndrafors Bt es | aser
driving - 25 pulse to the | aser driver %g. l@ua, thg gata ianywitten on
the di sENeTHE WG/ KGPFPEREI Ry S5E8 8EPoROBF PhécHi B¥ PFvEY36°%Ms
controller 10 formed of a microcomputer.
The system controller 10 performs various processes in
accordance with commands issued by the host computer 40.
For example, if 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. Moxe
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



summari zed bel ow. Readi ng Operation Servo Qperation A signal detected by
the pi'ckup 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

bi axi al mechanism 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 Data The signal detected by the
pickup 1 is converted by the matrix.gircuit 9 into the RF signal and
supplied to the encoder/decoder 12. "The encoder/decoder 12 reproduces a
channel cl ock 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 rot auilee ab tthe dieskrl@@ivercadbtrolfheg, byhehdataptAdFE*EEFRo°Rircuit 23
on the basis of the channel clock - 26 supplied fromthe encoder/decoder
12. * Dérectiisdbn of Address Addresses are included in the RF signal and are

extracted by the encoder/decoder 12. The extracteg_ . .
The writing/reading operation of the disk drive 30 is

summarized below.

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



addresses are supplied to the systemcontroller 10. However, in the seeking
oper at'i on, addresses are extracted fromthe |land pre-pits and seeking to a
target location is perforned in accordance with the extracted addresses.
* Controlling of Laser The APC circuit 19 controls the |aser output power
at the constant value specified by the systemcontroller 10. Witing
Qperation * Servo Operation The servo operation is perforned 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 interface 13. The encoder/decoder 12
perfornms channel coding including. ECC addition, rearrangenent, and

nmodul at ismppldred Heotatthe Ahicederyhecedgrnekl  .coding, the data is converted
by the recording - 27 pulse generator 21 into |laser driving pulses in the
form sui Deflestiion Wi Addgerle data on the di sk 100. The laser driving

pul ses are supplied to the |aser diode 4 of the gickug 1 via the | aser
driver 18 (APAdepeegpt a19) inelegpe op bReRFafiBhal and are

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 output power of the laser does not result in an
increase in gain.
* Writing of Data

Data to be written 1is 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



From the push-pull signal P/P output fromthe matrix circuit 9, the wobble
PLL generates the wobble clock WCK. I n accordance with the wobbl e cl ock
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 fromthe matrix circuit 9 is supplied to the land pre-pit extractor
24, and land pre-pit information is detected. The detected | and pre-pit
information is decoded by the address decoder 26 into an address val ue and
interpreted by the systemcontroller ._ The land pre-pit information is

al so supplied to the encode clock generator 27. Fromthe |and pre-pit

i nformati on, the encode cl ock generator 27 generates the encode clock and
supplies it to the encoder/decoder 12. Although in the exanple shown in
Fig. 1, pisdigloatatee 230 ingocdmsest Fivénpgheupess ébnplitefoZd, the disk
drive 30 according to the present invention is not necessarily needed to
be connectigdlle thwer hosittioenpicedata on the ORE Ren TPRe1dFSK drive 30
is not connected to the host conmputer 40 --- - -- ------- -.28 or a

sini | ar HeWioy RHSSH SRR MECIEP T Jdsan 31656 4t PSn €6ntrol unit
and a display, and the configurat.ion ssocj at ed w.th ghe dat a i nput/ out put
i nt er f adeGtadpP be Vifodits ¢ tqfé‘tvqrnd%t @‘%tca FE Wit £ or read data is

* Control of Rotation

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 deccder 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



out put, in accordance with a command i ssued by an user via

contr ol

specific
di sk and the operation of the circuit,
descri bed below with reference to Figs.

unit. First Enbodinent In the disk drive 30 described above,

circuit configuration for detecting |and pre-pits formed on
according to a first enbodi nent,
2 and 3. O various parts of the

a

t he operation

a

are

disk drive 30, a part serving to detect |land pre-pits is showmn in Fig. 2.

The part includes the photodetector 5 of the pickup 1, the adders 9b and

9c and the differential anplifier 9a the matrix circuit 9, and the |and
pre-pit extractor 24. Al though not sHo in Fig. 2, the matrix circuit 9
i ncludes not only the differential anplifier 9a and the adders 9b and 9c
for generating the push-pull signal P/P but also a circuit part for
gener at igig 4 ha R axi glalicet, heheocisk drioe Silgmay EECluAg@ £Re tracking
error signal TE. As shown in Fig. 2, the photodetector 5 is of the
quadr antoptepee: iiarc lacditnm If curt tplrododeddsdavel erenttieacoBE1guTat’?08 . and D.
Light reflected froma disk is detected by respective photodetector
el ement o at@d avid D thenda teoriv@td@utmd dteedecsi §R3l $°cor r espondi ng

to the

phot odetrexticiias e ta inputcdagifd 45 af%e

intensity of light. The current signals output from.the
TS O EEA g e 15

output in accordance with a command 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 9b
and 9¢c and the differential amplifier 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 amplifier 9a and 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 signal TE.

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

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



vol tage signals by the matrix circuit 9. Fromthose voltage signals, the
focus error signal FE, and the push-pull signal P/P, and other signals are
produced. The process of producing the push-pull signal P/P is described
bel ow. The push-pull signal P/P is produced froman optical signal
reflected froma left-hand half of a |aser spot LS scanning on a track in
a track line direction and an optical signal reflected froma right-hand
hal f of the |laser spot LS. The difference between the signal A + C out put
fromthe adder 9c and the signal B + out put fromthe adder 9b is
calculated by the differential anplifier 9a, and thus the push-pull signal
P/ P is obtained, wherein the signal A+ C is the sumof voltage signals
obtained fromthe current signals output fromthe photodetector elenments A
and C, amelspect ikighy, rafdectiedsifgoal aBd+sp is gr&estafioPYvol tage signals
obtained fromthe current signals output fromthe photodetector elenents B
and D, respectiivel phosodesecitiosegledenitsr Bwi Bn Fef 8f8nEe #89Fig. 1, the

push-pul|l signal P/Pis supplied to the wobble PLL 25 to. generate the
wobbl e closoleTie’ SyviehCHFTEad WiORAMSbEPFAGSBPRI18E tgr &8Fes.  The

ush-pull signal P/P_is also supplied to the |and re-pit _extractor 24.
ghe Igné1ﬁ¥%£%¥ﬁy & rld@hdr- Zghﬁg%P§&§§tas QHB&FaPBFggi,%rgm the

digital -;}h%taérélaéltoe%t%%m{a retmef\ern*l:Gs2 ‘A ,a%cl %,n%Insde Dr eary?av roan%‘l:ted into

voltage signals by the matrix circuit 9. From those wvoltage
signals, the focus error siénal FE, and the push-pull signal
P/P, and other signals are produced. Tﬁe process of
producing the push-pull signal P/P is described below.

The push-pull signal P/P 1s 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 9b 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 voltage
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




In the land pre-pit extractor 24, the push-pull signal P/Pis applied to
t'he conparator 61. The reference voltage data Dth is supplied to the
digital -to-anal og converter 62 fromthe systemcontroller 10 shown in Fig.
1. The digital-to-anal og converter 43 converts the reference voltage data
Dth into a corresponding analog voltage and supplies the resultant 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 thagothe reference voltage Vth, the
conparator 61 outputs "1". The outpdt fromthe conparator 61 serves as
the land pre-pit detection signal LPPout' whose |evel of "1" corresponds
to the land pre-pits LPP. This land pre-pit detection signal LPPout’
correspondevetso t he detection signal LPPout in the conventional technique
described earlier with reference to Fig. 15, and there is a possibility
that the Ianﬂhﬁrguphtpuble%igﬁﬂls?éﬂa}sL¢¢%®tSUPQ¥%?%d%%'HH?§§“HEIses as
described earlier. In the present exanple shown in Fig. 2, the land pre -
31 pit pder@dt extFRGYRr EPPout', which might include noise pulses, is

supplied to the noise pul se renpver 70 #% ren?vg t he noi se uls§f. A | and
pre-pit det eBRPohRBAgRAF PPPoSFLTEREPTIOTF gt o' ROTRe® put™ R8T 5% butput from

(the noise pul.se, fBmoven 0 And.sueRl 8d Lo 4t e qaddiess deeodsy 26 shown in

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

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 analog 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 6l
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 technique
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-



Fig. 1 to obtain address information. The noi se pul se renover 70 includes a
Dflip-flops 71 and 72, a AND gate 73, a counter 74, a conparator 75, and
a holding circuit 76. A clock CK applied to those circuit elenents is
generated, for exanple, fromthe wobble clock WK 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 termnal is an
inverting input termnal. The detection signal LPPout' output fromthe
conparator 61 is applied to the D-|qazy_terninal of the Dflip-flop 71

and is latched by the Dflip-flop 71 en the clock CKis applied to the D
flip-flop 71. The output QL fromthe D flip-flop 71 is supplied to the D
flip-flop 72, and the inverted signal of QL is supplied to the AND gate
73. Thepoutpmmtd@tmwm tsignB1f [LPPofitdp FRicd sdppli éacledeh8oiARD gate 73 and
al so supplied, as an enable signal and a clear signal, to the counter 74.
In Fig. ﬁilieﬁn:wﬁﬁﬂmﬁdpedaﬁ@ (e m@§§@CFW#§PyreW€§ﬁésaﬁttPhéeﬁﬁyﬁut QL of
the Dflip-flop 71, the output - 32, of the D fl 72, the inverted
si gnal @heofmaise wlses . QR L tpﬁ@—@&ttpﬁtetﬁ&&twaf Stlﬁé‘a NBPESP 73. The D
flip-flop 71 |atches the detection signal LPPout’ _and. out S, the | at ched
signal A9BMAIHE 09 MRS FYSEE 1§ O EYthd 60t fif 8P g’ e equal to

the Cl(xﬁ%éggééx%&”g%d supplied to the address decoder 26 shown in

Fig. 1 to obtain address information.

The noise pulse remover 70 includes a D flip-flops 71
and 72, a AND gate 73, a counter 74, a comparator 73, and a
holding circuit 76. A clock CK applied to those circulit
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 is latched by the D flip-flop 71 when the clock CK is
applied to the D flip-flop 71. The output Ql from the D
flip-flop 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 also supplied, as an enable signal and a
clear signal, to the counter 74.

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

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



t.he del ayed signal is output as @ fromthe Dflip-flop 72. AND of the
output @ shown in Fig. 3(b) and the inverted signal @ shown in Fig. 3(c)
is output as Aout from the AND gate 73. As can be seen fromFig. 3(d), the
out put signal Aout obtained via the above process represents the
falling-down edges of the detection signal LPPout'. \Wen the output 2 of
the Dflip-flop 72 rises to "1", +the counter 74 starts to count the clock
CK. Because the output Q2 is also applied as a reset signal to the D flip-
flop 72, when the output 2 falls dowy 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 value CT is_ reset to O when the

out put QF bdeomes 1i@-£1Tpe 7Conpdeatioversedosparad He oclodhe PETHEECT of the
counter 74 with a reference value Dcp. The conparison result is output as
an enabl® siagmshltheo qU@YolAiYtg oF it AND7@2tfhd 3ref erence val ue Dep i s

igﬁpbgfd fronaﬁhe %ﬁsten1 cogtrollgr 10t Thgt IS ithe s&stfn%ggnt£oller 10
y - 3%het ReflépPefénbe 'vall 6&CBER. Tifie E5ERFI0RI §a9ET| ofpared with
g ven P e Gorar o AT AR (T g a0t L LFe 8 ding ai rouit
76 hol dsdélhaeysou‘él{)emoupf:%u&t %fl tbq,re aAI\tl[:)Lme equal to the clock period and
the delayed signal is output as 02 from the D flip-flop 72.
AND of the output Q2 shown in Fig. 3(b) and the
inverted signal 5i 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 detectibn gignal LPPout'.
When the output Q2 of the D flip-flop 72 rises to wiv,
the counter 74 starts to count the clock CK. Because the
output Q2 is also applied as a reset signal to the D flip-
flop 72, when the output Q2 falls down to "¢", the count
value of the counter 74 i1s cleared.
Thus, as represented in Fig. 3(e), the count value CT
of the counter 74 increases during each period in which the
output 02 is at the level of 1" and the count value CT is
reset 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



gate 73 for, and only for, a period during which the enable signal En is
at the level of 11111, 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 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 land pre-pit detection signal

LPPout, which no | onger includes noise pulses, is given by this signal

(g). That is, as can be seen fron1Ejg§ 3, when pul ses of the detection
signal LPPout' have a small pul se w f% (as with a pulse P1 at the output
Ql), edge detection pulses thereof do not appear in the final detection
signal LPPout, but only when pulse width is greater than the predeterm ned
val ue (a$e wetflerangel yalP2 &crt-he output Ql), edge detection pul ses

t hereof appear in the |and pre-pit detection signal LPPout. That is, in the
circuit showihencPigt value BEI sescopnepaf BETRhEDFaREIPFERERt VAL RCti on
signal LPPout' fromthe _conparator 61, those_ pul ses whose width is smaller
than t h®Crpredeheri Add Figl-ué (€dpeéifi &dpFReRe S EREPEHCENVAPUERER) - 34
are regarded as noi se pul ses and renpved. ,LAs descri% d earlier with

ref er end¥ (- QSFGMPRT 15961 <& GI?@sgﬁﬁ 2 &R Ed9ii €ddd “smal I er than the

e o e aohERte biERuReLgE S SRR LSl Bk Gy SePhE K
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 pulses, 1s given by this signal (g}.

That is, 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 Q01), edge detection pulses therecf 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 Ql), edge detection pulses
thereof appear in the land pre-pit detection signal LFPPout.

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 1s smaller than the

predetermined value (specified by the reference value Dcp)



fromthe conparator 61 have a pulse width smaller than the pulse wdth of
correct pul ses corresponding to the land pre- pits LPP. If the noise pul se
renover 70 shown in Fig. 2 detects a pulse with a small pulse width, the
noi se pul se renover 70 regards it as a noise pulse and renoves it. As a
result, a land pre-pit detection signal LPPout including no noise pulses
is obtained. Thus, in the present enbodinent, |land pre-pit information can
be correctly detected even if the anplitude of the push-pull signal P/P
vari es due to wobbling of tracks, qistalk from adj acent tracks, and/or a
reduction in reflectance of |and pré-hits LPP caused by nearby recording
marks. This allows a reduction dead tinme before correct land pre-pit
information starts to be output, and an inprovenent in address error rate
can be aglki eved.rdedr elsenwdre, philghiy andelre@bVedwr i ting/ reading i s possible
even for storage nedia having large variations in characterlstlcs The
vari ation |nAanﬁBBFHébeéfe@ﬁélﬁﬁsﬁlbﬁlFeg?ﬁﬁﬁFePFP’Fl%S %ahn%}%% occur due

to a variation in characteristics of the pickup %Wgﬁlcal d 3). The
present PERISEE MEVe &N GTRILGRSe PERdLsreIhRP iHhfo F&Hdﬁo e correctly

detected even when the push-pull signal P/P_has_such ation in
anpl|tué@rreﬂﬂ:?%%ﬁQ§N§L§hqoﬁﬁﬁéPgﬁgnglﬁopﬁgﬁ cPron® §%5I§%gf t he pi ckup.

Therefore, noise pulses output as 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 1s 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



The threshold of the pulse width enployed in detecting noise pulses can be
changed by changing the reference value Dcp. For exanple, by optimzing
the reference value Dcp depending on the address error rate or the |iKke,
t he noise pulse 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 wdth
enpl oyed in detecting noise pulses. Although in the noise pul se renover 70
showmn 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 edgsagetdstordaimeine ity RedaEdatARL dRoRRAFACERPGISS1CEoP e fpl e, the
edge detector may be fornmed using resistors, %gpacitors, and 2 AND gat e.
The coumiekups (CPticl heeced)to 4G ELESPPLoGRPRAITEHE 2bPRePEPFERUI t
configurations may be enpl oyed. For _exanple, .an _anal circuit.using a
resi st orl % B SCEpdo G TR 58 O3S G8EA 5 §r SA0CE HOnAVeT ol
correspaondin Hg tE caunt valuye. CT shown in Fig. % (&) ampfYGitnernore, the
conparaﬁ&ﬁ'ﬁ%ﬁ 5 %I%ﬁﬁQP&d%V% he&r S ngF§6§§}° ut "afyreircurt having
the Con%ilssoarllocwaspaé)rll l:f.rétl 11 VAP Y L&%‘?dprg&cmfel@rbﬁn@lggpf&@wr at or
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



or an operational anplifier may be used. As for the holding circuit 76, any
circuit configuration may be used, as long as it is possible to output

t he edge detection pulse in accordance with the result of conparison
performed by the conparator 75. For exanple, the holding circuit 76 may be
formed of a capacitor and an analog switch. In the 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

conbi nation of a battery and a switch or wusing a conbination of a voltage
source and a variable resistor. Second Enbodi nent Referring to Fig. 4, a
circuit configuration including a noise pulse renover 70 according to a
second emedditoepirodsicedes weVBES rie CowreTRENELREULL EBR FUREL VBAYFPS simil ar
to that according to the first enbodi ment descri bed above - 37 except

t hat t h€Teihsenpuiins&igemsvér -70 is configured in an analog form As shown

in Fig. 4, the noise pulse renover 70 includes a gesigtgr Rl, a diode D1,
a capacitor ERrthezBAparatbBf F9UP2ZAHCH fef eFefCE vOTthGe YBurce 78. In

this circuit configuration, a detection, signal .
particular types, but any aircdlt ﬁ%f%ng the comparison

capability may be used. For example, an analog comparator
or an operational amplifier may be used.

As for the holding circuit 76, any circuit
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 reference 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



LPPout,", which m ght include noise pulses, is supplied from a conparator
61 to the noise pulse renover 70. In the noise pulse renover 70, when the
detection signal LPPout' is at a |evel of "1", the capacitor C is charged
up by the detection signal LPPout' at a rate corresponding to the tine
constant determ ned by the resistance RL. The charged vol tage of the
capacitor Cl varies in a simlar manner to the count value CT shown in
Fig. 3(e) according to the first enbodi mnent descri bed above. The
conparator 77 conpares the charged vol4age of the capacitor G with a
reference voltage Vcp supplied fromthe reference voltage source 78. The
result of the conparison becones simlar to the enable signal En shown in
Fig. 3(f). In the circuit configuration shown in Fig. 4, the

above- descritiedhsitgridle siodisleapulget FEMSVEHal’ Os RGWR O lEPé?d 3Pf 7 s out put
as the land pre-pit detection signal LPPout including no noise pulses.

Al so inamilexifodmt configuration, pulses having a width smaller than a

threshold value is regarded as nojse - s _and re?ﬁéggc%and t hus

, 38 gflse nd.
simlar advaAfa§Bs8"Polfndse- AchiBGeBOri®t RBFFr EEMR1BOd Y& achi eved.

The reference vol tage souy,ce, 78 may be for.ned of a i i.on-gf a
bat t ery darff S35k é:%'of" lé’éir?oi%r}at i‘s“oﬁ:a&‘ac‘.fqug%\/ro?%tlaigé—’1 %%ﬁn gg%gr?% zzg\iari abl e

\rM_eflhs;oEﬁ ![aglerfer}aetlgevneclél,votlhc%ger esfo%rrecrécgsv_ol tage source 78 may be repl aced

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

The charged voltage of the capacitor Cl varies 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
inciuding no noise pulses.

Also in this circuit configuration, pulses having a

width smaller than a threshold value is regarded as noise



t o-anal og converter, and a reference value Dcp supplied from the system
controller 10 may be converted into an anal og signal and output as the

ref erence voltage Vcp. Third Enbodi nent Referring to Figs. 5 and 6, a
circuit configuration including a noise pulse renover 70 according to a
third enbodinment is described below The circuit configurationis simlar
to that according to the first enbodi nent descri bed above except that the
noi se pul se remover 70 is fornmed using a shift register. In this third
enbodi ment, the noise pul se renover_ _includes a shift register conposed
of nflip-flops SRl to SR(n) and a pulse length detector 79 to which

| atched signals are supplied fromthe respective flip-flops SRl to SR (n)
. In the pulse length detector 79, a set value CL is given by the system
cont rol lperl sk@, aandd riemoverdpuesdofthas mamylasr 2pBRPELABES- FPopEOBRan t he set
value CL are "1", the output - 39 of the pulse Iength detector 79 becones
111". Thehigved lmeﬁ@ﬁhfdéﬁéc@@b0¢9mﬁﬁ$ BéeréSPF?gﬁ for exanple, using a
mul tiinput AND gate. Fig. 6 shows waveforps associ a wi,t h_t he operation
of the n0|s@hﬁur§§eF@ﬁ6§eF°#Gagﬁl§8uFﬁetﬂ§smﬂ%|§% %%F%%d ?foter 70, as

hown in Fi ion n I PP '
Sho comﬁ%naé?gﬁ ogaaQ%g%%%r% a%bg a L % or’a co%%lnaglonlgglﬂde not se

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 Vecp.

Third Embodiment

Referring to Figs. 5 and 6, a circuit configuration
including a noise pulse remover 70 according to a thixd
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 SR1 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

or more flip-flops than the set value CL are "1", the output



pul ses, is supplied froma conparator 61 to the noise pulse renover 70. In
the noi se pul se renover 70, the respective flip-- flops SRI to SR(n) latch
input signals with timngs according to the clock CK thereby providing
output signals that are delayed 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 tinme of three flip-flops.
When the pul se |l ength detector 79 cal cul ates the AND of the outputs of the
flip-flops SRI to SR3 for a pulse Pl shown in Fig. 6(a), the result does
not become "1". On the other hand, t3he AND becones "1" for a pul se P2.
Thus, if the result of the AND operation is enployed as the land pre-pit
detection signal LPPout, then the resultant |and pre-pit detection signal
LPPout ddegheouilse Jeaatdi §3@te;§d'—lo§e§’9s@@i¢0§§spi'1"as §El6\/\n’é?ullﬁeFl g. 6(e).
Thus, also in this third enbodinent, as in the first - 4 0,- and second
embodi nérﬁ@tdb%ﬁ%&raﬂ&@ayp@esé§%ﬁ@§éi Wit@h eXP8PdRal MSERBhan a

predet erm_ned val ue are regarded as noi se pulses and renoved. That is,

si ni | ar ™dvaEnCREs AN t9%d€e  achieved in the first or second embodi nents

are also 2olisved. Jhe.tneaold.of Lhe, ulge ut! byeTpLaysd; LA getecting
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 noise
pulses, is supplied from a comparator 61 to the noise pulse
remover 70.

In the noise pulse remover 70, the respective flip-
flops SR1 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), (c}, and (d).

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

When the pulse length detector 7% calculates the AND of
the outputs of the flip-flops SR1 to SR3 for a pulse Pl
shown in Fig. 6(a), the result does not become "1". On the
other hand, the AND becomes "1" for a pulse PZ.

Thus, 1f 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 Pl, as shown in Fig. 6(e).

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



More specifically, the nunber of flip-flops whose outputs are subjected to
the AND operation in the pulse length detector 79 is varied in accordance
with the set value CL. Fourth Enbodinment In the first to third enbodi ments
descri bed above, noise pulses included in the land pre-pit detection
signal LPPout' output fromthe conparator 61 are renoved by the noise
pul se renmover 70. In the fourth enbodi nent 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 i nclude noise

pul ses. In this fourth enbodi nent, the push-pull signal P/Pis supplied to
a land pre-pit extractor 24 including a conparator 61, a digital-to-anal og
converter 62, a counter 81, a register 82, and a_tine neasurement unit 83.
As in thedisecond epwbddmeatisodeskamicrnabpye 2PudsepelBPERCEIGEMt age dat a
Dith is supplied to the digital-to - 41 anal og converter 62 fromthe system
controlﬁ@rSm@ilﬁﬁethémg@tQFﬂﬁﬁiﬁﬁEPéﬁdCBﬁééﬁtgFe4§688558Pt§5tHglﬁgference

voltage data Dth into a correspondi ng analgg v Ita%e andt s%gglges t he
resul t amlEed GV AERyEcas dRdf dfenSe™HorEage VAR IES e “CORpar at or 61.

The conparator 61 conpares the push-pull signal BP/P_ Wt he reference
vol t age a2V e WG 153 ogip 6%%0“%/ lgr&)logllmenttseare LR sk

greater than the reference
voltage;gﬁ}eg%mﬁ conpar at or 61

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 cutputs
are subjected to the AND operation in the pulse length

detector 79 is varied in accordance with the set_value CL.

Fourth Embodiment

In the first 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 digital-to-analog converter 62, a counter
81, a register 82, and a time measurement unit 83.

As in the circﬁit configuration shown in Fig. 2, a

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



out put,s "1". That is, the result of conparison nade by the conparator 61
is output as a pre-pit detection signal LPPout whose |evel becones "1"
when the push-pull signal P/Pis 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 | and
pre-pit detection signal LPPout. For the above purpose, the counter 81,
the register 82, and the tine neasurgnent unit 83 are provided in the |and
pre-pit extractor 24. The time neasurenent unit 83 neasures the el apse of
time corresponding to the period of 16 wobbles and the tinme neasurenent
unit 83 outputs a "1"-level pulse signal Sl ever{ elagse of tinme. Fig.
8(a) shemelagpgshvsuitersiégniirop phehsystamprritdellies210yar FBE due to
wobbling, and Fig. 8(b) shows the signal S1 that rises up to |level "1"
every 1@$@65@ﬂ€tﬁ@@ﬁ@éPgTﬁ@nWPﬁéeﬁeéguFéﬁgﬁftﬁn?P98§e%ﬁ§eESErealized usi ng
a counter for countingkthe wobbl e cl oc i it far ., generating

Kk WCK and.a cir
a "1"-| &peitasim set@adtt Pﬁéotﬁe°866ﬁF99§9&8909na}ﬁg 88§%Fgﬁ ?Egches a val ue
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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 6l
outputs "1". That is, the result of comparison made by the
comparator 61 is output 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 the 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 Sl
every elapse of time.

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



synchroni zed with the wobble clock WCK, and the 16-wobbl e

nmeasured using a hardware counter that sinply counts el apse of tine
be neasured by a software programrunning on the systemcontroller 10.

More specifically, each time the time neasurenent unit detects elapse of
time corresponding to 16-wobble period, which is equal to about 4.5
time neasurenent unit outputs a pulse. The 16-wobble period is equal
the sumof two frames shown in Fig. 13. As can be seen fromFig. 13,
each period of two franes, one to thge pulses included in the |I|and
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 | and

detection signal LPPout, and th%r can be n 16:mob9| peri od
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neasurex%éﬂggggiﬁg a "l"-level pulse each time the count value of

the counter reaches a value corresponding to the 1l6-wobble
period.

The 1l6-wobble period is not necessarily needed to be
synchronized with the wobble clock WCK, and the 1l6-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 Hs, the time measurement unit outputs a
pulse.

The 16-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 16-wobble period during which
no pulse appears in the land pre-pit detection signal LPPout,
and there can be no l6-wobble period during which four or
more pulses appear in the land pre-pit detection signal

LPPout.
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pul ses. For exanple, the nunber of pulses may be counted by charging a
capacitor by pulses. The register 82 holds the count value of the counter
8l1. For exanple, a Dflip-flop may be used as the register 82. The signal
S1 output fromthe tinme measurenent unit 83 is applied as an enabl e signal
to the register 82. This causes the count value of the counter 81 to be

| oaded into the register 82 every 16-wobble period and hel d over the next
16-wobbl e period. The count value held by the register 82 is supplied to
the systemcontroller 10. The registe3 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 S
output fromthe tinme neasurenent unit 83 is also supplied as an interrupt
signal to th8hsyspemtersdl eeunisl Lee PYLISPR PEsPBRse2R® PEREPYFng t he
interrupt signal, the systemcontroller 10 varies the refgrence vol t age

data Dt H9HPHcr et Wil THe CBRHE Vi le FOMBETA6M PHe register 82.

R RO IR s gt N i R

F101, hies Se%/ps}_:gleirgc{:oanst ra0|3.lees!‘etlosi\,£1iatls Joorthaen counter 81 so that the
count‘value is cleared every lé6-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 16-wobble period and held over the next
l6—wobble pericd.

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 $1 output from the time measurement unit 83

is also supplied as an interrupt signal to the system



“interrupt signal (signal Si) fromthe tinme neasurenent unit 83. If an
interrupt signal is detected, the process proceeds to step F102. In step
F102, the count value held in the register 82 is exam ned. |If the count
value is equal 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 determned in step F102 that the count value is
equal to 0O, the process proceeds to step S104. In step F104, the reference
vol tage data Dth is reduced by one ]eyvel_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 determined in step F102
that the count value is equal to or greater than 4, the process proceeds

to step PIFFOLLErstidp Ff@BreP@@nﬁéféPeﬁ@ée&8PP§g§hedéP§eEFHpts i ncrease by
one level, so _that the reference - bo p@lled to the
conparaﬁ&ﬁn@ﬂrvﬁ§%1%¥%$§$tﬁﬂntrP&l§ﬁaﬁ VES érF P 63 ?§ePﬁ8reased by one
| evel h refere t he oper n of the I it
extract&PH§$Qﬁﬁ ﬁ”&idn 99?r3€§89|§&&%b§$ WEOPR R g 89 Ti to
T6 denot S a 6- mobblq: erlod As descri bed above, the S|gnal S1 shown in
Fig. 8(b) S ﬁﬁ?ﬁ? Ii' once every 16-wobble period (T1 to T6). In

period TL, nalp&w $8$eFeRCEOLEeFRANALNILhE BOBEESE performed by the

system controller 10 to vary the reference voltage data Dth
is described below.

In step F101l, 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 F101 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 1s equal to 0, the process proceeds to step
$104. 1In 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. 1In step F103, the reference voltage

data Dth is increase by one level so that the reference



| and pre-pits appear in the detection signal LPPout (Fig. 8(e)), because
the reference voltage Vth applied to the conparator 61 is too high. In
this case, because no pulses are included in the detection signal LPPout
output fromthe conparator 61, the count value of the counter 81 is equal
to 0O, as shown in Fig. 8(c), and the count value of O is held by the
register 82 in synchronization with the signal Si, as shown in Fig. 8(d).
At the time at which this signal Sl is applied to the systemcontroller

10, the systemcontroller 10 performs,d4he process shown in Fig. 9. In this
specific case, because the register value is equal to O, 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.

I n peri otbItaga e rsowedd 6% tgertber mompbagadogi fitl ¥ia FBfner9t&aperi od Ti.
In this period T2, the reference - 46 voltage Vth_.is still too high, and
thus t heANRlQAIGRPYIE TR 99 IFailMCHSie® a0 O ks 1&VFeésul t, when the
signal Si is _a%plied to the s sten1con%ro||er %0 th% ﬁést$n1 ontroller

10 performs PR&EPPFELELENSRoMR FRIFi §. §1eA8PSTRELAPL OTt RS F&P%rence
voltage data Dith is furth reduced. us, .fhe red d yeference voltage
Vih 15 SR BAE (HE TSRO e GOM i T o TP S Al Praes
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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 to T6).

In period T1l, 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 which this signal S1 is applied to the
system controller 10, the system controller 10 performs 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 Dth.

As a result, the reduced reference voltage Vth 1s used
in the next period T2Z.

In period T2, the process is performed in a similar

manner to period Tl. 1In this period T2, the reference



reference voltage Vth, and a pulse correctly appears in the |and pre-pit
detection signal LPPout as shown in Fig. 8(e). In this period T3, one pul se
appears in the land pre- pit detection signal LPPout, and thus data of "O"
described 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 value 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 pertpu¥ﬁq_by the systemcontroller 10 in
response to receiving the signal Si. erefore, the sane reference voltage
Vth is used in the next period T4. However, in period T4, an increase in
the anplitude of the push-pull signal P/P occurs for sone reason, and not
onl y t hovodrigidet Ydés isf stdhledropliisbs SRR &EbEFe$pEnEPHEt B2LP&ndSpre-pits
LPP but also the anplitudes of noise pulses - 47 exceed the _reference

vol t age Wil medndedmside atl & uds &sEEFE that'DeBn thEI S&9°8pp8ar *Fn the
detection signal LPPout as a result of tﬁe [ crease in th% anplitude of
the pusfPRIdEad &igridie BrSteRs CRTEQH LT tha 55&n?§? 8T &8t Fggﬁﬁﬁ nunber of

pul ses _as 10, and the count value of .10 _j.s held the regist 82. Thus,
in the ﬂ#béﬁ??kﬁgFTJ#W%&WHFQPﬁesgngeﬁﬁcgj roﬁrer%%oé rﬁﬁugt Ihs

FT ot . e reéference
VOltage£¥¥é%é%géIé%fé&}f%%ﬁ% b@hSE%pfﬁ%%%ér 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 Vih, and a pulse correctly appears in the
land pre-pit detection signal LPPout as shown in Fig. 3 (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 is
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



As a result, the increased reference voltage Vth is wused in the next
period T5. In period T5, 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 perforned by the system
controller 10, the reference voltage data Dth is not changed. As a result,
the sane reference voltage Vth is used in the next period T6. In the
present enbodi nent, as can be understgpod from the above di scussion, the
reference voltage Vth that is conpared with the push-pull signal P/Pis
convergently wvaried to a value that allows pul ses corresponding to | and
pre-pits LPP to correctly appear in the |and pre- i%L d t%ction si gnal
LPPout . SHGeednddifs Hafar Sarén Vil e Vit alf aleﬁfépné’ et'hze- ¥8 reference
voltage Vth is not proper, the reference voltage Vthis |le roper
val ue. I‘—Eiﬂstur‘i‘@rritg'l'aé: G9T OWE SET PERSR Y dfferk célae%(?lcttéag \%Hnﬁlgc%%g;%ui%npfoper
due to a variati [ he .anplitude of .th -pul | si.gnal  RAP, the

ref erené® avoﬁetsfg‘enc \?trkn tithse Il@gprteé"sae AFo & \E/é‘g‘%&éguﬁ%atoﬁg?l%i 1lpuaslhnoi se pul se

i s detect in the | pre- pit detection signal LPPout, the reference
vol t age p\ﬂ%‘gl issl&nael Eaﬂ:d‘ .

As a result, 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 T5, 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 can be understood from
the above discussion, the reference voltage Vith 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 if the initial wvalue of the



increased so that the land pre-pit detection signal is led into a state in
which the land pre-pit detection signal includes no noise pulses. On the
ot her hand, if correct pulses SLP corresponding to |and pre-pits LPP are
not detected, the reference voltage Vth is reduced to a value 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 nent,
the land pre-pit detection signal LPPout including only pul ses SLP
corresponding to |and pre-pits LPP_ang including no noise pulses is

obtai ned wi thout being influenced by a variation in anplitude of the
push-pul | signal P/P due to wobbling or noise and without being i nfl uenced
by a reduction in anplitude of pulses SLP due to terferenfg recordi ng
mar ks. TRESTaPFeWodtregultnoASdead PFRB Bef 6P8 ESF?EEPC?aﬁa %98 pi t
information starts to be outg and aﬁ nBrovenent tg gEess error
rate calthe ig&chcEvéq. 2FBEPRE nﬁﬁeuehlg Pyt FéﬁPﬁBr i |ngPrea 'ng is
possi bl e even for
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That is, if a noise pulse is detected in the land pre-
pit detectien 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 noise pulses. On the other hand, if correct
pulses SLP corresponding to land pre-pits LPP are not
detected, the reference voltage Vth is 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 webbling 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



t he push-pull signal P/P has such a variation in anplitude. This allows an
i nprovenent in production yield of the pickup. Al though in the present
enbodi ment, the reference voltage Vth is controlled in the process shown
in Fig. 9 performed by the systemcontroller 10, the reference voltage

Vth may be controlled by a control system constructed 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 enfypdi ment 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 i-n the fourth enbodinent described ove with
ref er end@® eeldRiegs BrIRTIEREE C8R SRgAGNIEPEGut ' FYGLEREE™PFEm 418 Rﬁarator 61
- 50 mght include noise pulses. If a noise pulse is included En t he

det ect | G ldiafH& "PPIRY/ T PR o Se PRGSS 1FSE§&HD$86 ByCTeHE REF48 pul se
renover 70, and a | and pre-pit detection signal. LPPout including no noise
pul se i?ﬁﬁhﬂﬁﬂlﬁﬁgql“?gi%ii9€§sl&e5%8§Fcf§.gf%éCEOise pul se remover 70 nay
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can also 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 6l



counter 81, a register 82, and a time nmeasurenent unit 83 are simlar to
those used in the fourth enbodi nent described above. Furthernore, the
systemcontroller 10 controls the reference voltage data Dth thereby
controlling the reference voltage Vth by perform ng the process shown in
Fig. 9ina simlar manner to the fourth enbodi nent descri bed above. In
the case of the circuit configuration shown in Fig. 10, the counter 81
counts the nunber of pulses included in the |and pre-pit detection signal
LPPout output fromthe noise pulse rgmmver 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

i ncl udesnimhioiigecindes a0 itSfe Wisss - s 1T endeddopulise Asi 8CHHOSE r8nmover 70
and noise-free land pre-pit detection signal LPPqut i,s output. - 51

Fur t her ridree, datRe Heerente ly GIRESHE 'Vt 1S NOdmer BULEE 46 “AT5V65ePYl evel so

as to further conpress noise pulses in th out put af conparator 61. The
conbi natigh B IhPHoI S FNEF ridho A ?Oeﬁfﬁ’ﬂlut&ée_pcl&'md}’e S8 %he threshol d

voltage Vih makes it possibl.e to aqbtain re precise la Le-pit
det ecti o?ﬁ%ri‘ag]naIl‘Pqﬁiﬁodtncht T4 &01&%%’@5& by’ t%gpﬁlfce\r}l“g}og%l%enbodi nent s.

As descrailéj(%jesesgréécegdép éé1_e second to fourth

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 l6-wobble interval, and the
reference voltage Vth is controlled in accordance with the
count wvalue.

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.



enbodi.ments, the threshold of the pulse width enployed by the noise pul se
renmover 70 in detecting noise pulses can be changed. The threshold of the
pul se width may be controlled in accordance with the counted nunber of

pul ses (that is, the value held in the register 82). Sixth Enbodi nent
Referring to Fig. 11, a circuit configuration according to a sixth

enbodi nent i s described below In this sixth enbodinent, as in the fifth
enbodi ment, noise pul ses are renoved by a noi se pul se renover 70, and the
reference voltage Vth is controlled ky a counter 81, a register 82, and a
time nmeasurenent unit 83, in conjunction wth the process shown in Fig. 9
performed by the controller 10, wherein the counter 81, the register 82,
and the tinme neasurenent unit 83 are simlar to those used iqﬂ%he fifth
enbodi nent . FuSghermori sthe xtAf eRBRAL nEnt tagml TRe 1heStF HIME5hot nent  in
whi ch the counter 81 counts the nunber of pul ses include in.th hIand

pre- pi t ed@rePEToRc¥edngP BPPEGt THGEHEE FPBRCERE “RGPSePH ﬁﬁ@e?n7g,ethe
counter 81 counts the nunber of pulses included in the detection signal
LPPout ' omtpert iof GeMpaEatProfit-he conparator 61 and which night include
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use the counter counts the

nurber (?:fonpclﬁlrlo esof. ch%leU(wj:%dreis%otl%e v%(itt%(été %hSimglﬂgls 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 controllied
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 sixth 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 controlled 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 similar to those used in the fifth

embodiment.



LPPout output fromthe noise pul se renover 70, the probability is |ow that
t’he count val ue becones anomal ous, which will nmake it necessary to change
the reference voltage Vth. In other words, .in the fifth enbodi nent shown
in Fig. 10, the reference voltage Vth is changed only when the reference
vol tage Vth beconmes so inproper that the noise pulse renover 70 cannot
renmove noi se pulses. In contrast, in the sixth enbodi nent shown in Fig. 11,
because the counting of the nunber pulses is perforned for the detection
signal LPPout' that is not yet subqu?gd_to noi se renoval, the probability
is relatively high that the count val ue becones anonal ous, which will nmake
it necessary to change the reference voltage Vth. That is, in the sixth
enbodi ment, the nunber of noise pulses included in_the detgction si gnal
LPPout' out pdn fthém siB8h emboddmeaat BRLIEEST Ehfi At A2 e8™BYLBRE ol 11 ng the
reference voltage Vth, and noise pulses that are still incl,uded ig t he

det ect i okn silgrdl QEPGRUNtETe SleGRAVEF Sy th &G e Ogupélésreéz’rr&\?g U359 In this
si xth enbodi nent, as with fifth enbodi nent, reci se_lan e-pit

det ect i o siifhatanPmyftRidn dﬁeted?ﬁléi%eg&.gnaﬂ‘hgpgo é%er?tu%lpﬁl\%e%tr%nn I%éles been
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included in the detection signal LPPout' which is 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. i1,
because the counting of the number pulses is performed for
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



various nodifications are possible wthout departing from the spirit and
the scope of the present invention. As can be understood fromthe above
description, the present invention provides great advantages. That is, in
t he present invention, noise pulses included in the land pre-pit detection
si gnal obtained by conparing the push-pull signal with the reference

vol tage are detected on the basis of the pulse wdth, and the detected

noi se pul ses are renoved thereby obtaining a correct pre-pit detection
signal. Furthernore, the nunber of. gul ses included in the land pre-pit
detection signal is counted, and the reference voltage is controlled in
accordance with the counted nunber of pulses. The noi se pul se renoval and

the control of the threshold voltage make it possible to cgrrectly det ect
| and prt&epicespa¥aiownnéa ﬁﬁeméﬁﬁmFFGGebeCPﬂErgﬁéﬁn%quesfﬁ af®%“84 varies

due to wobbling of tracks, ,crosstal k from adjacen track inte rence of
record|H@ ﬁéﬂ@thﬁarﬁ§9|BHésﬁnpu&ﬁS?aggéFléf #l laFgEaégnﬁ?oﬁﬁg ot her

reasons, even gll§5|gna 58?5@0b§?5eThat is, even

when thQQF%%§1ﬁPeS&9Pa&engPl Fﬁnﬁﬁmovﬁél s NN 8P er Pale®t o a

variation in the anplitude of the push-pull S|gnal, the error is renoved
by remoViTHYYE0i € pul ses thereby finally outputting a correct |and pre-pit

detection Slgnakhls ggg&ﬂgeﬂﬂogi$8£§ as with fifth embodiment, a

precise land pre-pit detection signal LPPout can be obtained.
The present invention has been described in detalil 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 sigmal 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



When t.he detection signal include noise pulses due to a variation in
anplitude of the push-pull signal, the reference voltage can be adjusted
so that the detection signal includes no noise pulses. This allows a
reduction dead tinme before correct land 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
media having a large variation in anplitude. Furthernore, detection errors
of land pre-pits due to a variatian gy characteristic of the pickup al so
decrease. This contributes to an inprovenent in production yield of the
pi ckup. - 55 CLAIMS: 1. A disk drive conprising: an optical head for
emtting a |aser beamso as to illumnnate a disgfsE%ped st.ora medi um

t her eby YAG 9N GWT TG &Gt FiFasksrr GROERE s KX Safld 36E8Fage medi um
grooves serving .as recording tracks being fornmed_ in.a..whbl.ing fashion on
t he disQ¥§H§ﬁde§F6F§%€ﬁﬂﬁﬁ ?W%Uﬁﬁfﬁgnﬁgﬁﬁg 67 Ed *0A T afds bet ween
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That is, even when the land pre-pit detection signal
includes an error 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 noise pulses due to a
variation in amplitude of the push-pull signal, the
reference voltage can be adjusted so that the detection
signal includes 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.



with a reference signal and outputting a conmparison result as a pre-pit
detection signal; and a noi se renover for detecting a noise pulse on the
basis of the pulse width of a pulse included in the detection signal

output fromthe pre-pit detector, renoving the noise pulse fromthe
detection signal, and output the detection signal including no noise
pulse. 2. A disk drive according to claim1l, wherein the disk-shaped
storage nediumrepresents, using the pre-pits, address information

i ndi cating an address on the disk; and - 56 the disk drive further

conpri sing an address decoder for—-aBfuirring the address information :
represented by the pre-pits, fromthe noi se-renoved detection signal. 3. A
di sk drive according to claiml or 2, wherein the noise renover includes a
pul se wefihvdetector for detecting the pulse width of a pulse included in
the detection signal output fromthe pre-pit detector, and wherein when a
pulse wth a pulse wwdth smaller than a reference value is detected by
the pul se width detector, the noise renover renoves the detected pul se as

a noise pul se. 4 A<k deidrd Woraeididigyg to claim 3, wherein the noise
remover i s capable of changing the reference value of the pulse width. 5.
A di sk driveraomticdihgdicad 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,
grooﬁes 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 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~pi£ 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.

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



an optical head for emtting a | aser beamso as to illumnate a

'di sk-shaped storage nediumthereby witing or reading data on or from the
di sk-shaped storage nedium grooves serving as recording tracks being
formed in a wobbling fashion on the di sk-shaped storage nedium pre- plts
being fornmed on | ands between adj acent grooves; a push-pull signal
generator for generating a push-pull signal fromreflected-Iight
information detected by the - 57 optical head; a pre-pit detector for
conparing the push-pull signal wth a reference signal and outputting a
conparison result as a pre-pit deteébion signal; a counter for counting
the nunber of pulses included in the detection signal output fromthe
pre-pit detector, for each of predeterm ned periodic intervals; and a

control | er fﬁe%@&g'&ﬁé@%ﬁﬁé}%ﬁ%&ﬂﬁw depandiag ebddgs.count val ue

of the counter. 6. A disk drive according to claimb5, wherein the

di sk- shapeda &0t 298y MEHE UAHRERESSERESINHSI B8 +8SrePERLOHL By BKldress
i nformation |nd|cat|ng an address on the disk; and the disk drive further

conpri sppg-phtaddress €reoHeLset oEmacadl ﬁtﬂ@ctb@naﬁidd_‘;ﬁ§§.l nformation
represented by the pre-pits, fromthe noise-renoved detection signal. 7. A
di sk drive according to claim5 or 6, wherein the
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

cutput from the pre-pit detector, and wherein when a pulse

with a pulse width smallexr than a reference value 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 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



controller controls the reference signal such that the level of the
reference signal is reduced when the count value is greater than a
predeterm ned value, while the level of the reference signal is increased
when the count value is snaller than the predeterm ned value. - 58 8. A
di sk drive conprising: an optical head for emtting a | aser beamso as to
illum nate a di sk-shaped storage nmediumthereby witing or reading data on
or fromthe disk-shaped storage nedium grooves serving as recording
tracks being formed in a wobbling fashion on the di sk-shaped storage
medi um pre-pits being formed on [Fards bet ween adj acent grooves; a
push-pul | signal generator for generating a push-pull signal from
reflected-1ight information detected by the optical head; a pre-pit
det ect obphtekagompari:ng the push-pull signal wth a reference signal and
outputting a conparison result as a pre-pit detection signal; a noise
renover for gdepeetpNg aebetEerpibsecotipd heng belsé Spwih el pussenad dth of a
pul se included in the detection signal output fromthe pre-pit detector,
renmovi ngithhe meifeeecpdleseibthem thed deteatidngskgnampaatdonutpatilthe
detection signal including no noise pulse; a counter for counting the
nunber afs pulpsespiincldededtiion shgnddt;ecti on signal output fromthe pre-pit
det ect or or ‘

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

thé 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 according to claim S or 6, wherein the
controller controls the reference signal such that the level
of the reference signal is reduded 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 wvalue.



included in the detection signal output fromthe noise renover, for each
of predetermined periodic intervals; a controller for changing the
ref erence signal depending on the count value of the counter; and 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 claim38, wherein the disk-shaped storage medi umrepresents,
using the' pre-pits, address information indicating an address on the
di sk; and the disk drive further campydsing an address decoder for
acquiring the address infornmation 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
Eﬂe pul se mngth 8f daspurgdvPnEPBBEYSHRYIt he detection signal output from
e pre-pit detector, rein mh th a dth small er
than a prede?@rHPﬁéGaQaBﬁéghgordgFé éngg hﬁ@eﬁ 8™k gtégde ector, the
noi se re, ver renove he dete ul se | u di sk
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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



11, wherein the controller controls the reference signal such that the
‘level - 60 of.the reference signal is reduced when the count value is
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 formed on a di sk- shaped storage
medi um grooves serving as recording tracks being forned in a wobbling
fashion on the di sk-shaped storage nmedium address information being
represented by the pre-pits fornmed on | ands between adjacent grooves, the
met hod conprising the steps of: genetdting a push-pull signal from
reflected-1ight information obtained when the disk-shaped storage nedi um
is illumnated with a | aser beam conparing the push-pull signal with a

ref er enef singittilon arshr i diitdd Y, ORISR [ 65t @% ddiLPit detection
signal; and detecting a noise pulse on the basis of the pulse wwdth of a

pul se imstawdet detddiel@utign=tet ection signal, renoving the detected noise
pul se fromthe detection signal, and outputting the detection signal
i ncl udi ng no noise pulse. 14. A nethod of detecting pre-pits fornmed on a
di sk- shaped storage nedium grooves serving as recording tracks being
fornmed in a%wobBl idigkf dshiven acwotrdéndi k- shapeds8, wherein

' the disk-shaped storage medium represents, using the’

prenpits, address information indicating an address on the

disk; and

the disk drive further comprising an address decoder

for acquiring the address informétion 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 pulse included in the detection signal
output from the pre-pit detector, and wherein when a pulse
Wwith 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 controller controls the reference signal

such that the level



- 61  storage nedium address information being represented by the

pre-pits formed on | ands between adj acent grooves, the nethod conprising
the steps of: generating a push-pull signal fromreflected-I|ight

i nformati on obtai ned when the di sk-shaped storage nediumis illum nated
with a | aser beam conparing the push-pull signal with a reference signa
and outputting a conparison result as a pre-pit detection signal; counting
t he nunber of pulses included in the output detection signal, for each of
predeterm ned periodic intervals; _ang changing the reference signal
dependi ng on the count value. 15. A nethod of detecting pre-pits forned on
a di sk- shaped storage nedium grooves serving as recording tracks being
fornmed in a wobbling fashion on the disk-shaped storage medi um , addr ess

i nf or matdforthseited TERces SA0B@ Loy St KEIUSLE- WIER HRnEAYBH Vahag Bb&t ween
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smaller than the predetermined value.

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



and outputting a conparison 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, renoving the detected noise pul se
fromthe detection signal, and outputting the detection signal including no
noi se pul se; counting the nunber of pulses included in the output
detection signal, for each of predeterm ned periodic intervals; and
changi ng 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;

countingAthe 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.



