APPARATUS FOR REPRODUCING DATA FROM OPTICAL INFORMATION STORAGE
MEDIUM Technical Field The present invention relates to an optical information storage
medium, and more particularly, to an optical information storage medium in which a track
pitch in all or a portion of a lead-in area is different from a track pitch in remaining areas of

the optical informatigp piRFIYRUBTUIRTREP IRATDE NtANATAGTREVOARCHIQA Df| NIFEFIATTION

optical information storage medium-related information can be improved. Background Art
Optical discs are ge&?ﬁ@ﬁﬁ% mation storage media of optical pickup devices,
which record information on and/or reproduce information from the optical discs without
contacting the optical discs. Optical discs are classified as either compact discs (CDs) or
digital versatile discg£PVRS) prggrding to their information recording capacity. CDs and
DVDs further include 650MB CD-Rs, CD-RWs, 4.7GB DVD+RWs, DVD-random access
memories (DVD-RAMs), DVEERTEERAbINGIRIbIELIEH D avrricalnfasmaion #e49%nly discs
include 650MB CDsrbditi, QvDride\dartuthihye titken bptidatinformatiugistdengsty digital
versarte ciscs (MD DY REWINSRER L IR(K BRER VAN DB ARG fRRAGTE Of 2068 of
more. Various methods 0 mcreasmgefhe recording capacity oPop%ca discs have been

studied. One methoddiférantlieme theckautsialingenmiricmerces pddieorticaténbIraatipiical

spot focused on an OQHFQ%@WII& Rruaethersieinh/Be repishl dRA ofimyEEienath of a
laser light source should be shortened or a numerical e?;fe%]ref NA). of an abjective lens
al Q&é%%ff

should be increased 9Pl dRIRHBAHQBISItRACFYRRIU B 8%@%05 ced. The track

pitch refers to a miniimprowvaigiance measured from a central line of one track to a central line
of an adjacent track. 1

Background Art
Optical discs are generally used as information storage media of

optical pickup devices, which record information on and/or reproduce
information from the optical discs without contacting the optical discs.
Optical discs are classified as either compact discs (CDs) or digital
versatile discs (DVDs) according to their information recording capacity.
CDs and DVDs further include 650MB CD-Rs, CD-RWs, 4.7GB
DVD+RWs, DVD-random access memories (DVD-RAMs), DVD-R,
DVD-rewritables (DVD-RWs), and so forth. Read-only discs include
650MB CDs, 4.7GB DVD-ROMSs, and the like. Furthermore,
high-density digital versatile discs (HD-DVDs) have been developed
which have a recording capacity of 20GB or more.

Various methods of increasing the recording capacity of optical
discs have been studied. One method of increasing the recording
capacity is to reduce a size of an optical spot focused on an optical disc.
To reduce the size of the optical spot, the wavelength of a laser light
source should be shortened or a numerical aperture (NA) of an
objective lens should be increased. Further, the track pitch of the
optical disc should be reduced. The track pitch refers to a minimum
distance measured from a ceniral line of one track to a central line of an

adjacent track.



FIG. 1 illustrates the structure of a conventional DVD-ROM 110. The DVD-ROM 110 includes
a user data area 105 in which user data is recorded. A lead-in area 100 is formed inside the
user data area 105. A lead-out area 110 which is formed outside the user data area 105.
Data is recorded as dots in the lead-in area 100, the user data area 105, and the lead-out
area 110. Also, the track pitch is 0.74m in the lead-in area 100, the user data area 105, and
the lead-out area 110. ThdiGdkiittrates ttetivetued v adcarhentioos &3ty RIOM reicrding
capacity. However, sj ical e jacent track, the
possibility that crosss-ﬁg% wi gg@ﬁ? ﬁ?ﬁééﬁ&%éﬁ%ﬁ#ﬁéﬁ %?éﬁﬁs%%ﬁ?ggq fF%%ct)'gs-talk
occurs, an abnormale@pesduchoraignareeol APt fammed isidrtheckeyidataaealifed, there

is an increase in abnQ[a3AL SAPEPELAHORHIHHEGERAGG BuLE RATHE Wl3Er dABQIBA 08, IS
abnormally reproduced from anﬁq%i)a in,which is recqorded im taﬁt inforrgation in reﬁrding

and/or reproducing BA(8, BHRCRHfsHASPRLD 1B AR IRAT IR G a\dly ‘AR MSER dAR Y8/ dUhdor
reproduction efficienapcbfie tiad-cAteoedingly, thssortaktmtshpiscteigLirdduio betiagljusted in
accordance with an agiease [y 186 Ecordingcapagi Ak siavRas medim and fhe
importance of data. Disclosure of the Avention The prese‘n% Invention prowcﬁes an optical
information storage mediuhhérraehapitahtiteorpiecheineducadwhenineedsingeled important

optical information sigrag g RaiHBIE RSEVeFraRierIs siliespas ditsruadaask Pitaliin a user

data area in which is recorded user data so that the effici,enc% and reliability of the

reproduction of data B84 B2 BRRAUACeRbARN i petl iRt assifalo¥Y 8FEHE invention
will be set forth in psedoniee bighcaipttentmbichittslizwsdurddin Farbssiiabecgbuiepsn from the

description, or may %%J\%?éﬁglﬁ?e RIS é&gﬁé%‘? E‘?”r;}ﬁ(}f‘s‘,"é@ﬂ%ﬁ?@ﬂ ARAPR of the

present invention, an opti nformation storage medium i udes alead-in"area, a lead-out
area that is formed GRAYRRS (HREEISL8-A0 ﬁ‘r@'é,aéﬂ@@Q&@F@ﬁt@ﬁ'@&‘@?@@@é@‘dnmrmatlon-

In particular, if information is abnormally reproduced from an

area in which is recorded important information in recording and/or
reproducing data, this abnormal reproduction may gravely affect a
recording and/or reproduction efficiency of a disc. Accordingly, the
track pitch is required to be adjusted in accordance with an increase in

the recording capacity of a storage medium and the importance of data.

Disclosure of the [nvention

The present invention provides an optical information storage
medium in which a track pitch in an area in which is recorded important
optical information storage medium-related information is different from
a track pitch in a user data area in which is recorded user data so that
the efficiency and reliability of the reproduction of data can be
improved.

Additional aspects and/or advantages of the invention will be set
forth in part in the description which follows and, in part, will be obvious
from the description, or may be learned by practice of the invention.

According to an aspect of the present invention, an optical
information storage medium includes a lead-in area, a lead-out area
that is formed outside the lead-in area, and a user data area disposed

between the lead-in and lead-out areas and in which user data is
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between the lead-in and lead-out areas and in which user data is 2 recorded where pits are
formed in first tracks of the lead-in area, second tracks of remaining area including the user
data area, and the lead-out area, and a track pitch of between adjacent first tracks in all or a
portion of the lead-in area is different from a track pitch between adjacent second and/or third
tracks in the remaining areas of the optical information storage medium. It is preferable, but

not required, that thedifstdsackneitelpis grefdendddn fing sacaneftmekepidah Hidhe remaining
area of the optical information storage medium. Accaordin an aspect of the_in ion, the
lead-in area includessegﬁngrérgcfnswﬁ%wmc%?fggl bkt ri%aa %‘r&%ﬁ?alésee'fnde% |u?r§9raélg?§c? riqlr%’formation
is recorded and an desal-ipulvaieh, coplyairaricaitehinfbehvermadiasesidisst. tradkspresdiable, but

not required, that the, fshitacls MicbLuah JPESICRRAEMGIPATRER SHRAskIRRA IS greater

than the second track pitch in the remalnln%_»_eﬁljr[ea of the optical information storage medium.
It is preferable, but reAIRE§0NEREARA ARIRT ST tERgkS § dh FeRIgiNiNg Attaseting arlcaka
having the first trackipitehigidresionge widisignals detected in the area having the second

track pitch is 1.5 or more. |l?rief I(Ia_)%sc i etllz%g toé Ot I;% E{lrig?\/&iéqtﬂgﬁh fIIrslg : ataa&trsﬁcW% schematic

structure of a conventional DV lilustrates the schematic structure of an optical
information storage greaigirthapdoecsagandraeinpitaiindhe oemainite sraainl heieplicl|G. 3A
illustrates a phase tragkingfsrrstsiagal drdiliarential phase detect (DPD) signal) when a track

pitch is 0.32pm. FIG. 3B illystrates a phase trackinq error signal ga DPD ,si%nag, wlh(an a track
pitch is 0.35pm. According to an aspect of the invention, the lead-in ared includes

an area in which optical information storage medium-related information
is recorded and an area in which copy protection information is
recorded.

It is preferable, but not required, that the first track pitch in at
least one of the areas of the lead-in area is greater than the second
track pitch in the remaining area of the optical information storage
medium.

It is preferable, but not required, that a ratio of tracking error
signals detected in the area having the first track pitch to tracking error
signals detected in the area having the second track pitch is 1.5 or

more.

Brief Description of the Drawings

FIG. 1 illustrates the schematic structure of a conventional
DVD-ROM.

FIG. 2 illustrates the schematic structure of an optical information
storage medium according to an embodiment of the present invention.

FIG. 3A illustrates a phase tracking error signal (a differential
phase detect (DPD) signal) when a track pitch is 0.32um.

FIG. 3B illustrates a phase tracking error signal (a DPD signal)
when a track pitch is 0.35um.

FIG. 4 is a block diagram of a recording and/or reproducing
apparatus according to an embodiment of the present invention.



FIG. 4 is a block diagram of a recording and/or reproducing apparatus according to an
embodiment of the present invention. 3 Best mode for carrying out the Invention Referring to
FIG. 2, an optical information storage medium 1000 according to an embodiment of the
present invention includes a user data area 15, a lead-in area 10 which is formed inside the
user data area 15, and a lead-out area 20 which is formed outside the user data area 15 and
the lead-in area 10. BékshwaelfmiEﬁTMmilam mBthient'@h the lead-in area 10 is different from
a second track pitch in re fih f [ 00
including the user data arr:??q ﬁn gji(gsélé ﬁ%ﬂ %tq(%{r]ez ?%n(r:ﬁn eé%er?rg%(é in
which is recorded |nﬂ§§¢tf&i'ﬂgi@tamrﬂféb¢6m‘tﬁf mﬁmmeobwannﬁommessaowe

medium. Examples Qfa‘ﬂaeai@é)@gaé‘léé@%iE?é'édﬁ)‘%miéﬁhmtiﬁ&o@%@%@%qtlalm related
information, which is recorded in a"ea 10a, and %gotectlon nformatlon which is

recorded in area 1 OHEFH@ R Al SR AIEA g({)o ASdAITIRG CkiRIOe M6 HSE 8R Rontains
information on the typesof St ¢feeieadiinra(sact) asAfingtrackhstchddialhhot @¢ditan of

recordable disc, wrltehghl &gdqﬁtg é)g IR aet% ) r%pl ﬁ?%r maﬁgﬁﬁéﬁ&p&e Oxéu#mgirn%f ecording

layers, information on the recor |ng spe e optical
information storage #€aRIAT mt'&ﬁé@fom@t&@ﬁ!ﬁ&%@, hedivet fdGiealudiag sheaspitch in
at least one of the aageésélrQa;@gujol_@@ﬂéat@egirggtrack pitch which is greater than the second
track pitch in the remainln reas except % area 10a and, 10 tjs unde stood that
additional important inform 8:'19?1 rgb? %dﬂd ﬁﬁgagdﬂé"é S e§i[orage medium
1000 may be recordédpoatadtietérackepittuniithdrontithe eatical mfeanifliomestdraghe first track
pitch which is greateg e SeOaBRLBEND TR AR IRE JSE AL S Hhilimarssa!

information storage me ium 1000. The optical information storage medium according to an
storage medium-related information, which is recorded in area 10a, and

copy protection information, which is recorded in area 10b. The optical
information storage medium-related information contains information on
the type of storage medium (such as whether the medium 1000 is a
recordable disc, write-once disc, or a read-only disc), information on the
number of recording layers, information on the recording speed, and
information on the size of the optical information storage medium 1000
(disc).

It is preferable, but not required, that a track pitch in at least one
of the areas 10a and 10b is the first track pitch which is greater than the
second track pitch in the remaining areas except the areas 10a and 10b.
It is understood that additional important information in reproduction
from the optical information storage medium 1000 may be recorded,
and the track pitch in the entire lead-in area 10 may be the first track
pitch which is greater than the second track pitch in the remaining areas
of the optical information storage medium 1000.

The optical information storage medium according to an
embodiment of the present invention is read-only optical information
storage medium. The pits are formed everywhere in the lead-in area
10, the user data area 15, and the lead-out area 20. The pits are
formed in a substrate in advance when manufacturing the read-only

embodiment of the optical information storage medium 1000. If datais
4



embodiment of the present invention is read-only optical information storage medium. The
pits are formed everywhere in the lead-in area 10, the user data area 15, and the lead-out
area 20. The pits are formed in a substrate in advance when manufacturing the read-only
embodiment of the optical information storage medium 1000. If data is 4 recorded as the pits,
the pits can be formed in the lead-in area 10 and the user data area 15 without stopping a
process of forming theqait8edldyibeaphso taspitf caamef fntneddnetholtickrifantgiendstorage
medium can be simpjified ana e tim ired for performing the process reduced.
One method of perto B SRR A oLt TR THRReSE oFGIAL B8 e
(DPD) method. For ekzupteptoeessrad niasuiaeiugngaa eptieallinformatior starageepending on

the phase shift of anQpiiga mgwﬁgwﬁgwt%ghg IerIPpeHagMRHEethod is

well known, and thus will not be described in detail herein. According to the DPD method,
when track pitches oRMFESRRAPSIRSINGSHon storage medium are different, an output tracking
error signals (such as diffetentiaktiuasef tpaddmyiey atratkivds) meatibarsing thopigxanaple,

FIG. 3A illustrates a aﬁgﬁi%\ %Q%%%%ecrﬁ%lpﬁwgﬁi%@@gp&g IIél e35F;H}Jstrates a

DPD signal when the track pitc en the same reéproduction power is

output, the amplitud@'eir@pisdired i kaadzerrolrarrana temendnsenitheehragiehiiten of

0.32pm was about 1 4H¥ntleafepdiasbubieianpligeana fhetdagibctignatie hedramtHiich of

0.35pm was about 2,31V. Thus, the amplitude of the DPD signal whep the track pitch is
larger increased abd%?’f!gg‘ﬁmsafﬁﬁgﬁ%ﬁﬁﬁﬁ@tgﬁﬂgﬁgﬁﬁgfaﬁﬁtﬁfﬁﬂ?ﬁb track pitch is

smaller. As can be séendrdifif3s.tBADRIPD BB} raxl (vehtadlaghtpiichesreaskd optealmplitude of

the DPD signal is in%ﬁ&%ﬁgﬁfr\?@fﬁ gy '&Hﬂﬁ g,fgtlaﬁfaga %g%llb%fr?g;e&%@% ﬁ%? error

detecting efficiency Is improve e reproduction efficiency a are
improved as the tracRign@'s (ResBasedifferential phase tracking error signals) are different.

For example, FIG. 3Aillustrates a DPD signal when the track pitch is
0.32pm, and FIG. 3B illustrates a DPD signal when the track pitch is
0.35um. Here, when the same reproduction power is output, the
amplitude of a phase tracking error signal (a DPD signal) in the track
pitch of 0.32um was about 1.46V. In contrast, the amplitude of the
DPD signal in the track pitch of 0.35um was about 2.31V. Thus, the
amplitude of the DPD signal when the track pitch is larger increased
about 1.58 times the amplitude of the DPD signal when the track pitch
is smaller. As can be seen in FIGs. 3A and 3B, as the track pitch
increased, the amplitude of the DPD signal is increased. As the
amplitude of the DPD signal is increased, an error detecting efficiency
is improved. Thus, the reproduction efficiency and reliability are
improved as the track pitch increased.

According to the result of simulations, it was found that, when the
track pitch TP in the area 10a or the area 10b is | and the track pitch TP
in the remaining areas of the optical information storage medium is fl, it
is preferable, but not required, that a ratio of a tracking error signal,
particularly, a phase tracking error signal, to each of the track pitches
TP is 1.5 or more as expressed by equation 1 set forth below:



According to the result of simulations, it was found that, when the track pitch TP in the area
10a or the area 10b is | and the track pitch TP in the remaining areas of the optical
information storage medium is Il, it is preferable, but not required, that a ratio of a tracking
error signal, particularly, a phase tracking error signal, to each of the track pitches TP is 1.5
or more as expressed by equation 1 set forth below: 5 Tracking Error SignallP_, 1.5 ..
Tracking Error Signal,, (1) The opticamgkmgtmg;osqﬁdpdium according to embodiments
of the present invention can be appliegto-arropticatinformatios dtdrage medium hallihg one
or more recording surfaces. In other W&/ e BpttSf formation storage medium has a
plurality of recording surfaces, the track pitch in all or a portion of a lead-in area of each of
the plurality of recording surfaces can he greater than the track pitch jn the remaining area of
each of the plurality of recgmgﬁ*ﬁg&m%%’b%%@ﬁWW%&?R&#W Yportion of the
lead-in area in whicleriinpgintantsnipitmairesdstieeentied cam e applae tatemapticalack pitch in
the remaining area of the optical informati t i t tio
reliability of the impdﬂé’ﬁ‘t“%ﬁ%?rﬁ%ﬁ%ﬂe:?é '%rﬁrﬁérea ?ﬁgﬁm‘(?%o%é@ﬁ%%ﬁﬁ%% %r'nipéd, it is

understood that the atiferiaritsn istheeplicabinfarmation-inragamecdipacoplugetity of
[BDF/D-RV(;/,S’ DVD(;RAAdMéor@M gﬁfé/é*‘?s%w%sg g&;ﬁ Ii:aeélﬁéaa%hi&% odafia%mm Ia}éfasnfsush as
u-ray discs and Advanced Optjcal Dis¢s s). Further, it is understogd the information
storage medium ne@ﬁ%‘?i”ﬁﬁl@@g’d@ﬁ{% %?Qe%?ﬁfﬁsaﬁﬂj?%@?fefs aBIF(l)ﬁc q&?ﬁéram of
a recording and/or repibdincingreapginirgus eaobedicly dbthe ;dmbﬁigtiaﬁemw_fdihg :prEf_seﬂs. _
Invention. Referring %c%lﬁg@y}tﬁ‘?erﬁﬁ%cﬂR&%H%"’éﬁ?ﬂéd&?‘ AR SRLAIROEARAING unit
, an ing/re

1001, a controller 1 memory 1003. The recor ading unit 1001 records data

on a disc 1000, whidmeerantinfpoamiehisoresite FaatkmEesias Atttk eidt he

present the remaining area of the optical information storage medium so that

the reproduction reliability of the important information can be
increased.

While not specifically so limited, it is understood that the
information storage medium can include the CD-Rs, CD-RWs,
DVD-RWs, DVD-RAMs, DVD+RWs, as well as next generation high
definition DVDs, such as Blu-ray discs and Advanced Optical Discs
(AODs). Further, it is understood the information storage medium
need not include lead-in and/or lead-out areas.

FIG. 4 is a block diagram of a recording and/or reproducing
apparatus according to an embodiment of the present invention.
Referring to FIG. 4, the recording apparatus includes a
recording/reading unit 1001, a controller 1002, and a memory 1003.
The recording/reading unit 1001 records data on a disc 1000, which is
an embodiment of an information storage medium 1000 of the present
invention, and reads the data from the disc 1000. The controller 1002
records and reproduces data from tracks having first and second track
pitches according to the present invention as set forth above in relation
to FIGs. 2 through 3B.

While not required in all aspects, it is understood that the
controller 1002 can be computer implementing the method using a
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invention, and reads the data from the disc 1000. The controller 1002 records and
reproduces data from tracks having first and second track pitches according to the present
invention as set forth above in relation to FIGs. 2 through 3B. While not required in all
aspects, it is understood that the controller 1002 can be computer implementing the method
using a 6 computer program encoded on a computer readable medium. The computer can

be implemented as asthputir\irgyfamwacoded eamnkempgrnesabiabrpeed@lLpurpbse computer
programmable to perform tthe methad. Iln adn ig&%’sitai%hlim g(,s%oqgnt}r\]va&én order B% achieve a
recording capacity &%P&I%&%@Bgﬂ}%s, hé recoPding)rgac{lng Gt 1061 2odld include
a low wavelength, higénetaherispecigarupesysomnitaisipgsammadede pedagmiifigabytes of
data on the disc 100Qgtfesgmples of such units include, but are not limited to, those units
using light wavelengths of 405 nm and having numerical apertures of 0.85, those units

compatible with Blu-ray didBa4g{inBr 8 s dTRoed HisktiBIrdeRiC ARNR SR BRRICDiscs
(AOD). While the preagatityusisverlanddreargipatitatathesbonrdiagiie altiagrimitd aith reference
to exemplary embodiments thereof, it will be u st S I Il in the art
that various change§ ?ﬁﬁ 6?anaqr’?aa A% A \r’ﬁzey %?ﬁ'ﬁnggtﬁg‘ E@%&ﬁ%&vﬁﬁ?%&ﬁ%&?a%ﬁg from the
spirit and scope of thgaplesenesaiddaaenastietabites ahda@ionthe ¢isem80@nd equivalents

thereof. Industrial ApRIEARILL S HASGHREA MR DD AB ARtiFAtN SMAESS Fiasaagngiedium

according to the present invention, the track EuitCh in an area, such as an opti%i ormation

i
storage medium-relddt WRSRIRREH 40BN BBPNBHIR BHEPTIHRIARSTHESE ado lead-in
area, in which importamseinfotsreaimapatible edttt Bil-ra y disais rahdiort o sewokifs tobrmpatible
remaining areas of %%%&%nggqrbﬁtggﬁémedium. Thus, reliable
While the present invention has been particularly shown and

described with reference to exemplary embodiments thereof, it will be

understood by those of ordinary skill in the art that various changes in

form and details may be made therein without departing from the spirit

and scope of the present invention as defined by the following claims

and equivalents thereof.

Industrial Applicability
As described above, in an optical information storage medium

according to the present invention, the track pitch in an area, such as
an optical information storage medium-related information area or a
copy protection information area of a lead-in area, in which important
information is recorded, is greater than the track pitch in the remaining
areas of the optical information storage medium. Thus, reliable
reproduction of the important information can be achieved without
deteriorating a signal due to cross-talk occurring between adjacent
tracks during reproduction of the important information.



reproduction of the important information can be achieved without deteriorating a signal due
to cross-talk occurring between adjacent tracks during reproduction of the important
information. 7 CLAIMS What is claimed is: 1. An apparatus for reproducing data with respect
to an optical information storage medium, the medium comprising a lead-in area, a lead-out
area, au LAIME area formed between the lead-in and lead-out areas and in which user
data is recgrded, and all or a portion of the lead-in area has a first track pitch and remaining
areas of t%@b{ﬁsgﬁmﬁ?ﬁgﬁon storage medium have a second track pitch, the apparatus

comprising: a reproducing unit to reproduce a data.recorded as pits in the lead-in area, a
eacout atea, afd a useROABRRECE B AU AS el BT SRR LB RfELo
reproduceéniieeraletiofr etoregemeduaiethwithadiani soltgaichitca fastithe Aber ateadadin tea,
second track pitch. 2. The aratus of claim 2, wherein the first track pitch is, greater than
the secor RIGRRATSS AR RN REEH D RPN o (BB 01 Lk BRY
area haviggtthis fiegidraely pitedh sl oynsipestioditdtthelarRimamdchant dastndieirkaditoh stadage
medium-related jnformation isQ recorded afnd a second subarea jin wthich cop%?g?rﬁ%t_iork
informatiRTRABIG 3% OFfRepplcal I BF'Hﬂﬁ%étBF%%M?i‘%,M?e Oretid ¢
tracking pfter,Siaeapsiataaeddmprraraving the first track pitch to tracking error signals
detected in areas having the secand track pitch is 1,5 or more, 5, The apparatus of any one of
d i tindaeleadarn

claims 1 to 3, wifeFERCREIBS Hrlke £RR & faRirRParARL AR AR ARG grea, a

having thixfitsblliaekezcintd aditeretital plrseafiacking error signals detected in the areas
having the Secogdcgn ?’léI%FColséolﬁ ol mgr?égroducing unit to reproduce the data from each

‘one area with the first track pitch and the other area with the second track pitch.

2. The apparatus of claim 2, wherein the first frack piich is greater than
the second track pitch.

3. The apparatus of claim 3, wherein:
all or the portion of the lead-in area having the first track pitch comprises a
first subarea in which optical information storage medium-related information is

recorded and a second subarea in which copy protection information is recorded.

4, The apparatus of any one of claims 1 to 3, wherein a ratio of tracking
error signals detected in area having the first track pitch to tracking error signals
detected in areas having the second track pitch is 1.5 or more.

5. The apparatus of any one of claims 1 to 3, wherein a ratio of
differential phase tracking error signals detected in area having the first track pitch to
differential phase tracking error signals detected in the areas having the second

track pitch is 1.5 or more.



