AN APPARATUS FOR REPRODUCING DATA ON AN INFORMATION
STORAGE MEDIUM Technical Field [0001] The present invention relates to
an optical information storage medium on which tracking polarity data
corresponding to the form of pits is recorded, and a method and apparatus of
recording and/or reproducing data on and/or from the optical information
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optical information storage I lagsifi compact disks (CDs) or
digital versatile disks (DVDg‘@@(%)'r&lﬁg%ﬁ EMrmaﬂon storage capacity.
The optical disks may also be classified as mini disks (MDs) with diameters

Techeii6airietd less. Furthermore, disks having a recording capacity of 20GB or
rooo1freFE Are.under, develonment (0003 The ppticaldiks mavbe duthery, ch
lassitied as read-only disks or rewritablé disks. Examples’ of the read-only
trackintishg/iity daRoKespeadianty e ioony phpits (VECR AN, Exhanpleidodfand apparatus
of reCB@WﬁﬁaetHa/&'%ﬁr@E%&%yﬁé(\era\ﬁ@B/ ¥ BRApar IRAM RO S AgEFRsdium.
memory). CD-R and DVD-R can perform recording only once, CD-RW and
DVD-RW can perform recording and/or reproduction about 1000 times, and
Bac'@\%ulﬂﬁlr%gan perform recording and/or reproduction several hundreds of
thousands of times. [0004] In general, data is recorded as pits on
[0002TEpradueti sty disks, ahieadrerdytidiskaiobiatienevsitgel mdibksaasecrealist as
with,. changing materjal i orded thereon according t
comp e e e e N R R RIAARRR v
capacgy ghitf @Pfteahdifkd pirvanldisee alanelieg ascunitdiskfollRe avtimdiameiRisioh 65mm
or lessiSElHAERNGE RASKs IesaRdadrapstdRerivpadjasieioBeain drflgsteddigmdhe
track, {[hereby reading the user data. A signal used when the pickup follows
WE"Hack is referred to as a tracking signal. The tracking signal is obtained
from a photo diode having a plurality of receiving portions, which receive a
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curve in,which the left and right polarities are opposite to each other around
of reV\ﬁgagg%pé?ks are CDE=R/RW, DQ/DE R?RW, and D\/pDQRAM Eran om access memory).

CD-R and DVD-R can perform recording only once, CD-RW and DVD-RW can perform

devel

recording and/or reproduction about 1000 times, and DVD-RAM can perform recording and/or

reproduction several hundreds of thousands of times.

[0004] In general, data is recorded as pits on reproduction-only disks or read-only disks.
Since rewritable disks are coated with a phase changing material, data is recorded thereon

according to a phase change.

[0005] In an apparatus for recording and/or reproducing data on and/or from an optical disc,
a pickup accurately follows a track on which user data has been recorded and receives a laser
beam reflected from the track, thereby reading the user data. A signal used when the pickup
follows the track is referred to as a tracking signal. The tracking signal is obtained from a photo
diode having a plurality of receiving portions, which receive a laser beam and adds or subtracts
signals obtained from light received by the individual receiving portions. The tracking signal is
shaped in an S-letter curve in which the left and right polarities are opposite to each other

around its center.



1 [0006] The tracking signal has different polarities depending on the type of

optical disk, that is, the physical characteristics of a recording layer, for

example, the physical shape of a pit, the physical shape of a track, and the

like. For example, FIGS. 1 A and 1 B show groove tracks G and land tracks
[0006} artdegestiingRRasIe MRyt SoiakifesadtpekineySsanak scapebtidty #x that
. changes from (+) 19.(-). [n FIG. 1.B. the tracking signal has a polarjty tha :
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and ladd {Rérs 6&!‘?&?1688 iﬁi%PﬁbE‘?témﬁj}gmib{ ﬁf@?@&?ﬁ%@ﬁf?@@ﬁ'&ﬂﬁl%é@d@%ﬁﬂﬂhat

of the tracking signal. Hence, if the polarity of a tracking signal is wrongly
changes BERH AL Hala At bl ropeh B SSRAHESE RUCHRATIGH: AReSs e () to
(+). Asptesmrithistt aboloadiee palsotywafreivackingce phialgsaridéseifieeiae duadtagity changing from
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and then follows a track on which user data has been recorded, based on
depengiag b iRy SiiiRd ASKBSHHAR b IISAGE I BRPRIAYDINE 1 4aFidRgsSIgnal is
wrongigaectigniz e dmticahdisét Bigesite rdmrobndedl PreddenmBOWAE R usopkieal disk is
onventional reproducing apparat ends some time obtaining infarmatiagn
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tracking pigaasthranesdrabarp s GeHETLISYP Wa R 'RID0S) ThEhokraitjain fas been
recordEACKIAEaIBAThE TR ElGNEBSURYhRBhYsisR] bRIAB OfRtRié WAL tiRh S ata is
q fsha|ct)e of a.giLaEa}}/ be different depending on the type of disk. However, in the
rea nggt&? Oeﬁjf, 813 information about the polarity of a tracking signal depending
on the physical shape of a pit is not recorded on a disk, so that the reliability
Disclgisiare recording and/or reproduction is degraded. Also, the conventional
reproducing apparatus spends some time obtaining information about the
polarity of a tracking signal through trial and error, delaying recording and/or
Tecr]l%‘&%‘d%&?@.emchnical Solution [0009] The present invention provides an
optical information storage medium on which information about a tracking
[0007polarhy g ¢ipe nadivg raio@apie phajuejnueahpatatls spordsatmneaboebataining

information about the polarity of a tracking signal before reading out user data. This impedes

immediate reproduction of user data.

[0008] The polarity of a tracking signal can be changed by the physical shape of a pit. The
physical shape of a pit may be different depending on the type of disk. However, in the related
art, extra information about the polarity of a tracking signal depending on the physical shape of
a pit is not recorded on a disk, so that the reliability of data recording and/or reproduction is
degraded. Also, the conventional reproducing apparatus spends some time obtaining
information about the polarity of a tracking signal through trial and error, delaying recording

and/or reproduction.

Technical Solution

[0009] The present invention provides an optical information storage medium on which

information about a tracking polarity depending on a pit shape, particularly, information about a



2 push-pull polarity, has been recorded, and a method of recording and/or
reproducing data on and/or from the optical information storage medium.
[0010] According to an aspect of the present invention, there is provided an
information storage medium having at least one information storage layer,
push-pieseiarEataais seeprdeer ik dhan i efied UG dndnalrnee depisdiictng data on
andiof iFe AL RAA) e of the nformation storage medium, and information
regarélng e protruding or indanted piIts is recorded. [0011] According to an
aspect of the present invention, the information regarding the protruding or
[0010]ndeffteeriiite 19 pOsteRsifll Polarify SRRSO [D NS EAT BERUIRRS BEiRTaEpaten
storadg®f eI RIASRNVING @ NEQH, dhe iTtomagtiars e gged g theh st ddiagsae tudesdad the
form IR dRiSRY AP DAL Qeinront of aefﬁﬁrm%rsg Gl LS LRI !{}ﬁ] t%oan”sgc? Dae!
ofthe pregent Inven |0|9, e Information ?orage FRedium Includes & burst
medigutang BYeE @A egrItiNg Stk ipraifedingres sTdenied Ritsrieseperdefbrmation
regarding the protruding or indented pits. [0014] According to an aspect of
[0011}he presedihinieaii aspdte ginvk ydszg kritvdanéadtpgsnoayiabenvedilimeyniis.
protrulid Bt EEAENG 08D, ?g;ﬁﬁ g&%hrﬁ FisEnLgyention, data is decoded by
performing an exclusive operation with respect to the push-pull polarity
information and data reproduced from the protruding or indented pits. [0016]
[0012] ccHRERIGIRS AP BthRTREGH QL BeSERE YRR RS AN pISRRtIRRAREBY e
protrutirghadrofemegbpiting caierdedandin fegrooiueiingnekaty ioom an information
storage medium having at least one information storage layer, the method
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_ entire or partial area of the information storage medium and recordin _
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regardinghtee ipduddingepriadaciad pite. push-pull polarity information and recording
data on or reproducing data from the information storage medium by

[0014PerTRERHRENY BCKin PR AN6r basis L dhGTeRRoh GRE prétRidiHY BRRRMted pits may

) information. 3 [0018] Additional aspects and/or advantages of the invention

e WL RIS forth in part in the

[0015] According to an aspect of the present invention, data is decoded by performing an
exclusive OR operation with respect to the push-pull polarity information and data reproduced

from the protruding or indented pits.

[0016] According to another aspect of the present invention, there is provided a method of
recording data on and/or reproducing data from an information storage medium having at least
one information storage layer, the method including recording data in the form of protruding or
indented pits in the entire or partial area of the information storage medium and recording

information regarding the protruding or indented pits.

[0017]  This method further includes reproducing the push-pull polarity information and
recording data on or reproducing data from the information storage medium by performing

tracking on the basis of the reproduced push-pull polarity information.



description which follows and, in part, will be obvious from the description, or
may be learned by practice of the invention. Advantageous Effects [0019] In
an information storage medium according to the present invention, tracking
polarity information (i.e., push-pull polarity information) with respect to

[0018pProtaddimeriilasiid i eaniadcpiisniagesordesinteiRindaiifeaseb reliadidrt in the

recorded or. reproduced without trials and errors for obtaining trackin
cesor R oA o7 bl RO DS RC PN SeRoapgarmed by

practiggtofrimgyimerdioarious shapes, like, indented or protruding pits. Description of
Drawings [0020] The above and/or other features and advantages of the
Advd}ﬁ‘fé@@dﬂl‘ée@ffé‘d@ become more apparent by describing in detail
exemplary embodiments thereof with reference to the attached drawings in
which: [0021] FIGS. 1 A and 1 B show different tracking polarities depending _
[0019% dneBRfAraRRbEY RIS/ B e a5RA ARG B ARRSPIBBIYMestion, SiaGtiag polarity
infornfanu@lisng fuiss fieumesipiyaistopsiaass Ol an redpeatat grostadagepit edidiMdented pits
. rding tq an. embodiment the present invention: [0023] FIG. 2B show
s rec e B B e e e L R g o
obtainirgHAAKH L ® AT BYIBEEMEAD tAdSprEstaia inveaasied 0ove FPIE B Rits gaffaphthe
pits My MiRO i asipeesivg ardidierrndapiasmgeiestion (DPD) signal and a
radio frequency (RF) signal versus time in an information storage medium on

D whiﬁh data is formed as protruding pits; [0025] FIG. 3B is a graph showing
eSGHE %Iﬂu EWWgep signal and an RF signal versus time in an
information storage medium on which data is formed as indented pits; [0026]

IG.4A is a graph showing a push-pull signal versus time in an informati
10020 S e S e B R i pgcome
more RPRA;EADAYSHRMIIHENG pudailexsigniarvasbodiments Hieinpdmiitisiesoeade the
attache®d MY Whighcdata is formed as indented pits; [0028] FIG. 5 shows an

example in which tracking polarity data is recorded in a sync pattern

[0021] FIGS. 1A and 1B show different tracking polarities depending on a configuration of

groove tracks and land tracks;

[0022] FIG. 2A shows protruding pits formed on a substrate of an information storage

medium according to an embodiment the present invention;

[0023] FIG. 2B shows indented pits formed on the substrate of the information storage

medium according to an embodiment the present invention;

[0024] FIG. 3Ais a graph showing the amplitudes of a differential phase detection (DPD)
signal and a radio frequency (RF) signal versus time in an information storage medium on which

data is formed as protruding pits;

[0025] FIG. 3B is a graph showing the amplitudes of a DPD signal and an RF signal versus

time in an information storage medium on which data is formed as indented pits;

[0026] FIG. 4Ais a graph showing a push-pull signal versus time in an information storage

medium on which data is formed as protruding pits;



on an information storage medium according to an embodiment of the
present invention; [0029] FIGS. 6A and 6B show different examples of the
location of the information storage medium according to an embodiment of
the present invention where tracking polarity information has been recorded

[0027]N amseeaifGPateiph KKbWhE K3RiskAansgiRiskewsliffesantdayautmali@nstorage

. informaﬁion torage medium. a corcgn to another embodiment of the present
medium on w IC é%gal%ﬁémg as |ndent S, . .
mventlon,r[ ] . BA'schematically 'shows a structure of an information

area of a recordable information storage medium; [0032] FIG. 8B
[0028kch EatrcegMshaneXaBriGcu EARAHBERALRS YAl &t BrepsiedititasisHitten
on animformation stesgearsgidinme OBy [Han 2Msbaviera sthiig btassayinidithn;

and FIG. 9B shows a wobbling array of pits; [0034] FIG. 10 shows an

[0020f¥2FRI8 IBAVNE S BAFIRRRIRND IR AR QG-I IRREIRI- AN storage

~Information storage medium according to another embodiment of the present
medium AFRBANGIB $5) FTELITER Ciifer R &5 ane NHERLaN PG A Sk iSdRIMEY
informakihodbpsen ea@bteeiel usipe cipakeR) operation of tracking polarity data
and data that is detected from a data frame in the information storage

[0030E%ﬁ%@?ﬁ%%t9@wmr8m RRRImEBE Qb ﬁH%Mﬁ%ﬁSH%EBY@grEi%oﬁgﬂﬁg&c%rding

12 is a flowchart illustrating a data recording and/or reproducing metho
to analeLeRiRg 4 SAb PR BRIITHBYRWPhe present invention: and [0037] FIG.
13 schematically illustrates an apparatus for recording data in and/or
[0031teprodudAgctiarafiortiyshinio mseitimiuseorhge infetnativacuerdiig rechesable
informRiRR eIy iR Mode for Invention [0038] Reference will now be made in
detail to the embodiments of the present invention, examples of which are

{llus ?ﬁeﬁgnt e acco nying_drawings, wherejn like. reference 5 numerals
10032 B AN A B L DU SN ol AL BUAP B o
informati@xpleiade@prégant invention by referring to the figures. [0039] As shown

in FIG. 2A, in an optical information storage medium according to an

[0033pMirmdivaheiiba presitandeolipns daia M eeopraeshasaprobbitigapig dlits;
on a substrate 5. Alternatively, as shown in FIG. 2B, data is recorded as

[0034indqf\@dlﬁi%a\ﬁso%tgﬁamétﬁ?%ﬁch tracking polarity information has been recorded

on an information storage medium according to another embodiment of the present invention;

[0035] FIGS. 11A and 11B are views illustrating a decoding method based on an exclusive
OR (XOR) operation of tracking polarity data and data that is detected from a data frame in the

information storage medium according to another embodiment of the present invention;

[0036] FIG. 12 is a flowchart illustrating a data recording and/or reproducing method
according to another embodiment of the present invention; and

[0037] FIG. 13 schematically illustrates an apparatus for recording data in and/or reproducing

data from an information storage medium according to the present invention.
Mode for Invention

[0038] Reference will now be made in detail to the embodiments of the present invention,

examples of which are illustrated in the accompanying drawings, wherein like reference



Information about the protruding pits 10 or the indented pits 13 is recorded in
the optical information storage medium [0040] The information about the
protruding or indented pits 10 or 13 may be tracking polarity information.
[0041] When data has been recorded in the form of the protruding pits 10, a
numetéﬂ’@l@ﬂg wanaliikeyehaasnelaityuhat shangesifremd biéaédebe Balalato
exolai %ﬁe een rrtlatc%(/d% Oln l%he %rlrrrnnoft the mdented pits 13, a tracking signal may
Plafale po arl nhe}/nges r ?o ?-H)r ®Rs described above, because the
olarity of a trackmg signal varies dependlng on the shape of a pit, the
[003%rackin§ ayRAN hliztde Betfopritd difierBalY HEpEIGIMAEO N the R sHapk $6
embomabdamth?@prb@enormaﬂyd@camad RictrpEacticediRAg btheconditonstand 5.

results o simula ed to as ertalnt t stics. of trackl
Atern R B B O e o ARl Al O S T he LA e’
Informedionrab e mérnfatragmm@sdmr degirdpmedopss Lrisoesygadinrth e eitical

infornfitieh’ Qopagk MekbRMgth of minimum mark 0.149 jim Mark width 0.15 ji m
Modulation techniue RLL (1,7) [0045] In Table 1, an RLL modulation

[00401‘9‘3'1@1%”%0?,«9&? OlmQWem?On% | BOQ ;X|s?%b b Mg ‘ﬂ? V\%% lrlntasf/ El)‘e"trgc |n oIarlty

epresents at at least m bits etween Its and a
informatp "0" exists therebetween. For example, RLL (1, 7) represents that at
least one bit "0" exists between two bits "1" and at most 7 bits "0" exist
[0041]herxab@rwema Hsedareing dortieel RiLthe iy i) ofmibe plationitechinquie awfaekimg gnal

ey e e B bt e e e Rl o
the ingenise PiEgHPdsAS BEHERTIACBIS 2 D0RIY, 1 ERBRIEHETBAGIP At h AS

descrifuaiaBVeMEadbathe. gol Mot pikiftesigRal vaneRidpdAdmgneduatingpe of a
pit, th@t%@%%@%%%e{ﬁrﬁﬁcp [)%epgeeroF%%goérRere |y depending on the pit shape so that data

can be normally recorded or reproduced.

[0042] The conditions and results of a simulation performed to ascertain the characteristics of

a tracking signal are shown in Table 1.

[0043] [Table 1]

[0044]
LD wavelength (1) 400nm
Numerical aperture of objective lens 0.85
Groove structure Track pitch: 0.32 um
Length of minimum mark 0.149 um
Mark width 0.15 um
Modulation technique RLL (1,7)

[0045] In Table 1, an RLL modulation technique is based on how many bits “0” exist between
two bits “1”. RLL (m,k) represents that at least m bits “0” exist between two bits “1” and at most
k bits “0” exists therebetween. For example, RLL (1, 7) represents that at least one bit “0” exists
between two bits “1” and at most 7 bits “0” exist therebetween. According to the RLL (m, k)
modulation technique, when mis 1, data “1010101" is recorded, and a pit with a 2T length exists
between two bits “1”. When m is 7, data “10000000100000001" is recorded, and a pit with an



ranging in length from 2T to 8T and spaces. [0046] FIG. 3A shows a radio

frequency (RF) signal and a differential phase detection (DPD) signal when
data has been recorded in the form of the protruding pits 10. FIG. 3B shows
an RF signal and a DPD signal when data has been recorded in the form of

8T leritid BaaBteehpisnLB0 Brfelringitod: Gsendfe antt dngireoPLRisians aees ot is, a
.. _depend on the s it. [0047] FIG. shows a push-pull signal when .
i PRtk e IO PR ST e i FHIoH O pis

ranginshiovienatp dstiopill tsigi zwpacksta has been recorded in the form of the
indented pits 13. Referring to FIGS. 4A and 4B, the push-pull signal depends

[0046PN thes shrapeodisaapidideneicih SRR srjpk0dueatd difdrackgdhHaiRaddiection (DPD)

. push-pull signal, information . ahout a trackin larity de [ it
siana B R ey MR R Lot B on e
signalgsid P A gipeahiidiensiia kasobeend gsolsiey ibftheiasn-plihesigirigap48]13.
Refer¥MH e ERSSIHRG HfGENAHOP Ab QIR ILERRII NG RIIBENRY: 3P tRBQNAE &fl&pid, an
optical information storage medium according to an embodiment of the
resept invention includes lurality of frames 15. and information
(oo7Ey 3T DXERURS BT S N iR B SR IR or e

protrugiiamiisihfo dRE TR GHh heWechRISH- B JGhR! paiesrAasn RerRrrn Qaskded in the
form dfgit%di;@@bmap@tsomn@@agwlm (ef:! meshea&fg}iﬂ@qooym%@r apAatadpmeson the
. The sync pajtern may be a pattern not used as a user data pattern or a .
shape 0 oSHBE L B PRI bh A S) e B 7S SR e ation
about[@04QkiFomeieityleptndisgranpatic shapmisedsnode tfcandgsktifiorpufingly, the
informSEAHIGBbUALRE R aFRRTS PRI HARIID S P ARSI Ar AR the fobRiHBRork AieH SR
out consecutively, this means that data is recorded in the form of protruding
|pits. If values "0" are read out consecutively, this means that data is
recorded in the form of indented pits. [0050] Alternatively, tracking polarity
[0048]nfoMtatibrecerdirie,ipashaiion pbluitg irdckingolritiags seawadrdde.ih, asyamtical
inforn%ﬁﬁrﬁ&ﬁaé%ﬁiiﬁ?npﬁé%mmﬁ% xansdRRANVRd D EnbvEian iRd00R a

recarded in the frame sync 14 and represents a polarity changing from (+) to
plorly, o i RRES, |Pued L PR Rkl oA BKPAREIG ORE oty B porary
infornta.ﬁohingmégrmhis)mtcpxcmﬁgdnfwmﬁnse@mp&hatmmj_dara begnprogierty on a frame
sync 18RIORKERY ORI G éﬁamgiﬂaﬁhmg QB‘%H%FFHRHQH"H%b@ﬁéftb%ﬁé‘pﬁ%ﬁ%{g?@. The

. f
in the frame sync 14. However, as shown in FIG. 6B, the tracking polarity
sync pattern may be a pattern not used as a user data pattern or a pattern of specific bits. An

signa

example of the sync pattern is shown in FIG. 5.

[0049] For example, the sync pattern can be formed of a repetition of identical data to
represent tracking polarity information. If values “1” are read out consecutively, this means that
data is recorded in the form of protruding pits. If values “0” are read out consecutively, this

means that data is recorded in the form of indented pits.

[0050] Alternatively, tracking polarity information, that is, push-pull polarity information, may
be recorded in a sync pattern of a specific pattern. For example, as shown in FIG. 6A, data
“010” is recorded in the frame sync 14 and represents a polarity changing from (+) to (-). In this
case, if data “101" is reproduced after tracking, the polarity of a tracking signal is processed
conversely so that data can be properly reproduced. In FIG. 6A, the tracking polarity information

has been recorded in the frame sync 14. However, as shown in FIG. 6B, the tracking polarity



7 information may be recorded in a predetermined area 12 in front of the
frame sync 14. As described above, the tracking polarity information may be
recorded in a part of the frame sync 14 or an area other than the frame sync
14. [0051] FIG. 7A and 7B show different layouts of an information storage
informmﬁiuﬁa@@@cr@iimié@ inROtheTesnhodingRbofZhe fRIeseMhianiiosynthia. As
rmatlon Iséeora me%lllé m%grgrt]aa a cIamB gearedale i a bur§t09¥1tt| jarea
area Aeadsn ey ! , a LSer? d"}ayarea d50-0U areaTg) y
14 or mh@re@mbmgmmefmm@g%rea which is pressed down by a clamping

apparatus for clamping a disc. [0052] Tracking polarity information may be
[0051Jecarmd Mdhe M@m@rédniay@t@f@mammm:wtm mduasaecording to

descn

serial n mber, anufactured d th/ ndt ellke m
ot e R A A A S8 R e -

clampjRe @lamﬁélrﬂgbw@@l@tlaﬂ@m@ (Badinrerch. 1a |eqovieegadd, shérehdatE@es g, and a
lead-diiaRéaA BrefnB iyl araiesl dihHieBtHf AReGIMRRIRG ArER & dBNPR) Whamping

traclT olar information is recorded in the BCA area B, it can be read out
appargiys, far 8@8 ?ac@ﬁgd after the disc is loaded on a drive and focused. Thus,

a tracking servo can be efficiently implemented. [0054] The tracking polarity
[0052jnforasitig pRiprilshioemeiendeayiRatiecededindreaB G Avaiead ot g DRrmation

about 88 sRPPH, @@ekr)%rﬁlﬂ%@ A ﬁﬁﬂuf&itﬁéé%ﬁdﬁ%'mﬁm@éﬁ}atﬂ@Q@Q%Q%Fy also
an pe_rec N a e recor e
be reqRR IR E BN B ol My A AT A D5 MG A Gamping

area Qardl inddeardtivaraddiit thewsivapes shaven mflmdﬁstma&@mgrqm&myy be located

in frorNERMALRMfA) fedecorded in the lead-in area, preferably, in a disc-related
information area. [0056] FIG. 8B shows a layout of a reproduction-only

info tlo qQra edlu The tracking polari ation.can be
003 e e T R R RO e Ll o o
beforeracisndsptdakiey aiterihatidisciicloadedmnsa qb*memémyuﬁe@tnﬁtm a[oeskingf servo

can b&8aAdereFariiRchierifag form of pits, the pits may be arrayed either in a
straight line as shown in FIG. 9A or in a wobbly line as shown in FIG. 9B.

[0054}/\/heﬂ1g?rac %a Boelgﬂt{/e;% orrdmeglon may also be recorded in the lead-in area LI instead of
the BCA area B.

[0055] FIG. 8A shows a layout of a recordable information storage medium. Data can be
recorded in the form of pits in a part of the recordable information storage medium, for example,
in a lead-in area or a lead-out area. Information about the shapes of the pits, that is, tracking
polarity information, can be recorded in the lead-in area, preferably, in a disc-related information

area.

[0056] FIG. 8B shows a layout of a reproduction-only information storage medium. The
tracking polarity information can be recorded in a disc-related information area included in a

lead-in area. The tracking polarity information includes push-pull polarity information.

[0057] If data is recorded in the form of pits, the pits may be arrayed either in a straight line
as shown in FIG. 9A or in a wobbly line as shown in FIG. 9B. When data has been recorded in
the form of a straight line of pits, the data recorded in the pits is reproduced using a sum

channel, and tracking can be controlled using DPD or the push-pull technique. If tracking is



the form of a straight line of pits, the data recorded in the pits is reproduced
using a sum channel, and tracking can be controlled using DPD or the
push-pull technique. If tracking is 8 controlled using the push-pull technique,
information about a tracking polarity, that is, push-pull polarity information, is

contrdmutrﬁdg IBegRkWheanteeinitias heemegerrdadunathadring edlaryyebiyiinsueh-pull
oIan& s h etlnafter reflerrdad to as wobbling pits), additional information can be
P ecorofna "tha W%%B(fes themselves. The data recorded in the wobbling pits
is reproduced using a sum channel, and the additional information recorded

[0058] th¥heaiREshasPBe EpreidigELn h‘@rﬁ?f R plianvpbiHaRREP BBy pinatter, referred
to as WébbHG@ipijs RrribAATIY@hiDA Sihdle Rbeded Whied ma@lé@ﬂﬁﬁﬁ%@fvléﬁs The
aving identical Ie ths and spaces. In_the single ter f
o Ll D IR b e U G A L8 el
lnfOfmeEi@ﬁ e Elegindhenagies sea 8 Ee@mhﬁéﬂ f@ﬂ@ﬁr@mmlﬁaml@&bred in
the wobbling pits. [0060] When data is recorded in the form of wobbling pits,

[0059]t cawvdishliegqitkechnsiagamariotisn mgdglatmnéeﬁhmimﬂﬁs damwsampf@itdw‘ach
havin %ERI?C gldulaﬁgq%gé %aﬁihcme Sé’l@é) %?e doeg Uﬁgtlgn qu gata and

req uencym n ec nique, an nique.

instea gLV RRTIE MRy fRFeciate, in tis ﬁﬁéﬁmnuﬁlswih@r@ﬂﬁ@a G a@c@@m@t@ channel

for refFaatletg eathedireanh ahdheoBrwRgHikIvention, tracking polarity information is
recorded in an area in front of a predetermined data frame, and although

[ooeofj at%éﬁ&:%tﬂ‘?? Hé‘cgfafSEeﬂtt %”r'ﬂﬁthPv?o%t@ gb(ﬁgeg%tﬁ %@édérﬂ%&%@ﬁ{%\'ﬂ&ﬂous

dentical data by performing an exclusive operation with res

modulgfigiieteraElag pofityinfaritdrin efit RPaiecRIBBCORING R !ﬁésttraﬁﬁlﬁbeﬁéﬂ‘aﬁ%/
modulgfiermédiaiqdI fragisrepalatyntarmeiinguianbaresaplied meotian
techm&YJnC [0062] A method of decoding data using an XOR operation when the
dth has been recorded in the forms of protruding pits or indented pits will
now be described. When data recorded in the form of protruding pits is

[0061}raclederting kg Boldit) RIPFRENBHAR FEABARSRIFERARPIEING IRRPHESa is
emboa&adrmf fae @(@mﬁ{envém wracigfothensamentiaianiasdeateEipidedda in front

form of .ind gt its, tracking polarity infor % sread as for ,
ofapre termlne_l;_ig F gglg |shrc(£a h L%ﬁjggtexém era(a e,ren orms, the data in
dlfferent forms is decoded into identical data by performlng an excluswe OR (XOR) operation
with respect to the tracking polarity information and data read out with the tracking polarity

information. The tracking polarity information may be recorded in a frame sync.

[0062] A method of decoding data using an XOR operation when the data has been recorded
in the forms of protruding pits or indented pits will now be described. When data recorded in the
form of protruding pits is tracked, tracking polarity information is read as, for example, “0”, and
data is read as, for example, “11001...". When the same data has been recorded in the form of
indented pits, tracking polarity information is read as, for example, “1”, and data is read as, for

example, “00110...".

[0063] Referring to FIG. 11A, if tracking polarity information regarding indented pits is
recorded as data “0”, and data detected from an n-th data frame is “11001...", the tracking
polarity data and the data detected from the n-th data frame undergo an XOR operation to
obtain decoded data “11001...".



[0063] Referring to FIG. 11 A, if tracking polarity information regarding
indented pits is recorded as data "0", and data detected from an n-th data
frame is "11001...", the tracking polarity data and the data detected from the
n-th data frame undergo an XOR operation to obtain decoded data

[0064]1108kerring 10¢04] Refarringimd Kolakily Enfiiriratikinecpatarily préeimmionts is

egarding prqtruding pits is recqrded as data "1 ", and d tegted from an
R e e T DGR A
polarifysiataianel rediaia flaieciathiieryhen-KORta fleratomder ashes X OEcoperatitut o

obtain 4é88ed ddP63hHs described above, since data is decoded using an XOR
operation with respect to tracking polarity data and data reproduced from

its, data can be properly reproduc da% restored rdless. of whether th
e RO Bl O P S ATEL ek anen PR p M e o

trackingit@latiydriachirthgatarepcoitrsi i Bpuiiaititiia (0068 PrBeEihiene Hieedrard

restorBH 8y HSE BRAMBO SR IBiiNiRs HRIIRIIAE S oP Wl RlaARNo, decoded data
inf rma%%n,. sa selectg)n %gnal can b?_elther directly output as decoded
el

can bg oplaiy PULYER SHBA LI R ERRAG S the data is reversed. In

other words, if tracking polarity information is recorded in a predetermined
[0066pattEHithent eadiat aat RIHPY OIIAg lIAFSINERRIA Y ifHersmirn ahahés, push-pull
polari@fmmeawaiﬂgt@a@@a%it%tb@d@%wmebtw&g@m Hémﬂas?(qamiw output
ntor tlon |S recor In a predetermine attern, and read-out trackin .
25 ooy OGP AU IGHE AR th el AT Sakitin HEED polarty
informdgdionde teaftesteitsipalprigeite renvead ga it 06T 0 Feadhfortrativng aeiagty mesdination is
the saReE ARG SR-HaPraReA VGRS @ARECAP IR IR Rl Italgverer nfRrRAlWblarity

_ storage media with at least two information Storage layers as well as to T

informanefS A5EPEIeTh o ARIRBRIRIBIAGR RALER. F0HEBRERYT ¥aGKNPrRAIRS Y pformation is

differeHuBtratithg ardeéseredoedipgtana/date rdductegl afethits palatioy dsngversed.
embodiment of the present invention. Referring to FIG. 12, in operation 50,

[0067fN 'W@ﬁ%ﬂﬂﬁﬁ%@&%@@@ﬁ@dﬁﬁﬁé@é&%@%@%&éﬁ-i%&%ﬁ@%ﬁ%ﬁ% to
optical plck}%pB included in the disk drive reads tracklnqiﬁ)olarlty information,

mult-yered BIRATBUATIRIAGS TRSIAHBAT R e IBIREREYART RS 2A5rage el as to
singlereseiteh inforentrtakistgrpglanitydiaformation is recorded as in the embodiments
described above and used as a basis on which a tracking

[0068] FIG. 12 is a flowchart illustrating a data recording and/or reproducing method
according to an embodiment of the present invention. Referring to FIG. 12, in operation 50, an
information storage medium is loaded on a disk drive. In operation 55, an optical pickup
included in the disk drive reads tracking polarity information, that is, push-pull polarity
information, from the loaded information storage medium. The tracking polarity information is
recorded as in the embodiments described above and used as a basis on which a tracking

signal is detected or data is recorded and/or reproduced.

[0069] Because a tracking polarity varies depending on the protruding pits 10 of FIG. 2A or
the indented pits 13 of FIG. 2B, a tracking signal is differently processed according to tracking
polarity information. If tracking polarity information is recorded in the BCA area B, an
information storage medium is first loaded on a disk drive, and then focusing control is

achieved, and the tracking polarity information is read from the BCA area B before data is read
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signal is detected or data is recorded and/or reproduced. [0069] Because a
tracking polarity varies depending on the protruding pits 10 of FIG. 2A or the
indented pits 13 of FIG. 2B, a tracking signal is differently processed
according to tracking polarity information. If tracking polarity information is

from tFROGEIRM IRfHie B0A AbeayB nastilformalio i stripeonasiitng isfirsidoaded

reorodh t?oﬂigt(edrgﬁgb :émd then focusing control is achieved, and the tracking
P polarity mforma{l(')n is read from the BCA area B before data is read 10 from

the loaded information storage medium. Thus, tracking control and

[0070jnfothaRitiRfRa dirsdiRkA BV [RENEIT G0t PIYPH RIS STt leRBK Ifd area by
perforf@pQrdadiaia esnabrepfedieegdiata HooiscodatR atemsky the Fpitiigdtaekdrihg
olarORf ARy fals a%%.e[h r%@ﬂtth%fgﬁr%i 3 1N& reproguced HAckings iy

P goparlty nforma lon, RH3 ig, sz -pm polar?ty information. Tn other wor s,ptﬁe P
providggtibalrprikdpctidiagkis gwlespydaiasedtiniciane bk yvaianddbie diek tieve

contrdlistk &l Bige AN diskhdrbRicenirelretha epticrlRishow QhBedasis shibignly
c{e eived infor atlor} SO that_%ﬁ)ta is smoothl regﬁrded on or reproduced
recorqGRaniRL FRRSPAGRSH g e émamh[é‘(?ﬁ%/eda &% be decoded by

performing an XOR operation with respect to tracking polarity data and data

[0071}eprodticeanfRsrigsiesleriysPerieaming de HeBoeraI gy diB sespra! tP4ereHing
polarifjiatitarlPa4e] leptadirir@euregian thedasit ebihpdRddnsdelgsiyess of a

tracki inforrlnation may be either directly output as decoded data or output as
racki@R8ELY data after its polarity is reversed. In other words, if tracking polarity

information is recorded in a predetermined pattern, and read-out tracking

[0072ho| dPjRiRearRTIMESH RItHE Sanie AR preinatapialie MEamaiordagy isamiEery

directjenfgi@chs Qectir @ines basdighitackng aalari isfeimaomn ity ecardaddd. an other
redetermined pattern, and read-out trackin larity. information is different

e i At R e

trackingQedgrrtyGnfegnativersaticasgnitust: tte predeippaiead atierecdating degetlindecoded.

On th&BeEHer Iﬁﬁﬁ&?ﬁ%&@ﬁnafﬁééF%rﬁ&m&QHH@i%%a@? MeeiERAGRRIRGAM, and
theBpres_ent invention. The apparatus includes a pickup 50

2Nt > : p poy, a :
read- QUL RSP BRI R SRiea) 1 EELR 6 RraesRrBIBP T 62AGPe d2ta i
decodspiegfiec@ibyp dlzeityickigyé&Beadcludes a laser diode 51 for radiating light, a
collimating lens 52 for

[0073] FIG. 13 schematically illustrates an apparatus for recording data in and/or reproducing
data from an information storage medium according to the present invention. The apparatus
includes a pickup 50, a recording/reproducing signal processor 60, and a controller 70. More
specifically, the pickup 50 includes a laser diode 51 for radiating light, a collimating lens 52 for
collimating the light emitted by the laser diode 51, a beam splitter 54 for changing a path of
incident light, and an objective lens 56 for focusing light passed through the beam splitter 54 on

an information storage medium D.

[0074] Light reflected from the information storage medium D is reflected by the beam splitter
54 and received by a photodetector, for example, a 4-divisional photodetector 57. The light
incident upon the 4-divisional photodetector 57 is converted into an electrical signal while
passing through an operational circuit 58. An RF signal, that is, a sum signal is output via a first

channel Chl and a differential signal used in a push-pull technique via a second channel Ch 2.
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collimating the light emitted by the laser diode 51, a beam splitter 54 for
changing a path of incident light, and an objective lens 56 for focusing light
passed through the beam splitter 54 on an information storage medium D.
[0074] Light reflected from the information storage medium D is reflected by

[0075}he bamn ﬁﬁli%&rrrﬁénaﬁ@ttﬁagé/ﬁ@wm phetedeecias é@hﬁ%ﬂéﬁﬂ?c@trols the

|S|onal odetec{or 57. The light i C|dent u%ont 4(§i|V|sdo . .
plckup Pé % am onto t ed”l oEma on S ads O a signal into
oto etecto iS convertéd Into an elec 5|gna whifé passmg rough

whlch@b@pmaaﬂmaemmﬂn%lfwmarors@tnmmmp@um@m ehgraltedditthe signal

proce§§,§l'r FETY A @M@f’@& dﬂﬁ@[fé%'ﬁ'r@f%ﬁe'&%%@|%&%§$h&%t¥ﬁﬁb@'ﬁ1é%hﬂﬁ Bis
second channel Ch 2. 1 l:lbwl?cﬁ] 5] When the information storage medium D

app"%é&iﬁl? RRERARIEIR 70" IRV RiERS 8610 Profd™ EtFH Sitto't tﬂ"e beam
incidemtfopoatienpdto@igeactedimisRaveted dsoat @Isignedlinignatbictha d@aational
circuit BHCSIRRY dReRIA IAMIa R ARAS MErikEuR g converted by the signal
processor 60. More specifically, the beam reflected by the information
torage medium D is applied to the photodetector 57 via the objective le
[0076§ HEBE AR GSRREPE AT TR t5e A "’H?c?é%??ﬁ FEH 6?18?0‘%?&%8&8 EYis
lnforrr@cbmerﬂed ontdram éhecinfoahsigpmas toyadee ropdiceti dhal herooite8eiaral ¢hetrols the
picku P IBFANALIS A4 U AR R A (Rl Hh:slanpiprocessor 60
processes a data signal according to tracking polarity information read out
from the information storage medium D. The controller 70 controls the pickup
50 based on the data signal processed by the signal processor 60. 12
CLAIMS 1. An apparatus for reproducing data recorded on an information
storage medium comprising a burst cutting area (BCA), a lead-in area
including a disc-related information area, and a user data area, the
apparatus comprising: a pickup projecting a beam onto an information
storage medium in which tracking polarity information regarding protruding or
indented pits is recorded as push-pull polarity information; and a controller
controlling the pickup to reproduce tracking polarity information recorded in
the BCA and to reproduce tracking polarity information recorded in the lead-in
area using the
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tracking polarity information recorded in the BCA. 2. An apparatus for
reproducing data recorded on an information storage medium having at least
one information storage layer and comprising a burst cutting area (BCA), a
lead- in area including a disc-related information area, and a user data area,
the apparatus comprising: a pickup projecting a beam onto the information
CLA ge medium in which the data is recorded as protruding or indented pits
in an entire or partial area of the information storage medium; a reproduction

signal pr@ﬁ%@&l’ré@@rmu@mgd(@mg%@q@wwmmfmi%mﬁam KdhRe medium

compG G B VAL AL AL ) R BERA DB B AT Cpigerea
and amldma@mtbemomtuammmgnbe pickup based on the tracking polarity
'né%mé}wﬁr&%ﬁstﬁgeghﬁ B BR PRMGHRRL A RPA PEQRE SRR |M"Wﬁf@h"trﬁ1§<mg

reproduction’signal processor decodes the data by using an RLL (1 H)
po'ar'%tﬁtﬁ?ﬂ@ﬁﬁﬂrlé‘éﬂﬁr&ﬁg BRI HOU G QLIRSS BBILRIS Iﬁf&ﬁﬂ%‘?&?ﬁr&&%’s?& YAy

infornrajamadaretion signal processor is push-pull polarity information. 13
a controller controlling the pickup to reproduce tracking polarity information recorded in
the BCA and to reproduce tracking polarity information recorded in the lead-in area using the

tracking polarity information recorded in the BCA.

2. An apparatus for reproducing data recorded on an information storage medium
having at least one information storage layer and comprising a burst cutting area (BCA), a lead-
in area including a disc-related information area, and a user data area, the apparatus
comprising:

a pickup projecting a beam onto the information storage medium in which the data is
recorded as protruding or indented pits in an entire or partial area of the information storage
medium;

a reproduction signal processor reproducing tracking polarity information, stored in the
disc-related information area and the BCA, regarding the protruding or indented pits recorded at
the entire or partial area of the information storage medium; and

a controller controlling the pickup based on the tracking polarity information processed
by the reproduction signal processor,

wherein the reproduction signal processor decodes the data by using an RLL(1,7)
modulation technique and the tracking polarity information processed by the reproduction signal

processor is push-pull polarity information.
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