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 storage medium. Background Art
[0002]General optical disks, which are A%:tical information st e media, are classified as compact disks

(CDs) or dighhVRRRARAIL V% EA?MWQAN@%&%MJ bHpeXRMAd@Pical disks

may also be classified as mini disks (MDg'}q@%@Etﬂﬁgl m or less. Furthermore, disks having a
recording capacity of 20GB or greater are_under development. [0003]The optical disks may be further
classified as read-only disks or rewritable disks. Examples of the read-only disks are CD-ROM (read only
memory) BrchPEaREI® dExamples of rewritable disks are CD R/RW, DVDR/RW, and DVD-RAM

(random s memory). CD-R and DVD-R can perform recording only once, CD-RW and DVD-RW can
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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 @g#gé B rlid 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 pigemed Genealsmicadinse hawictd aepdptaddyitbrectivinggagionsdisnith teesivieddaser beam
and adds_gr subtr i Is obtained from light recej by the individual receijvin rtions. The
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other arot/itRfitycdrie PPoeLGFRRE R EIPSi§IRaFIgS arfevehdipiities) ddibetiameiesn eAéPpe of optical

disk, thator less. Furthermore, disks having a recording capacity of 20GB or greater are under

development.

[0003] The optical disks may be further classified as read-only disks or rewritable disks.
Examples of the read-only disks are CD-ROM (read only memory) and DVD-ROM. Examples
of rewritable disks are CD=R/RW, DVD*=R/RW, and DVD-RAM (random access 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 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.



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. IA and 1B show groove tracks G and land tracks
[arranged in opposite ways. In FIG. 1A, a tracking signal has a polarity that changes from (+) to (-). In
FIG. 1B, the tracking signal has a polarity that changes from (-) to (+). As described above, the polarity of
a trackingopigsial isT Alagatfienbasomaciasiviriangbunfess dopgentm Por thelsiy shangiaikrnhat) to (-). A
wacking sigpal s differently processed, depending pn dhe polarity. of fhe tadking signal, Henee, f the
polarity ofa tral ?ﬁg sighal is wrongsly recognized, G may not'bé’ pro el)fy repro Beed! AQcCor(eilneg,
when an piptidealdisrie Madeaka vvhtenlikhal e coriimicahtfs: idppodudinghaymirastrackyyBizes the

polarity of qytiacKingRIONaHHIGHEh b J595 AnFrken folowsRERSk NaishHHRRfi#a has been

recorded, based on the information about the reco_gniz_ed polarity. In tléaigway the user data is read from
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changed by the physical shape of a pit. The sical shape™of a pit m erent depending on the
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e po racking sig rough trial"and error, delaying recording

and/or refpelinetRianal daaniaa s Rt AITODBD]THepidkeya mivacktion Whishdesbdagpliaalietdrmation

storage madiriedoBaybichrfermrtvatRPoaAtineke oy sargNdinghiehaypihehare daglticularly,
information l?outlﬁ]‘%)ush-gull olarity, has been recorded, and a method of recording and/or reproducing
data on a[ﬁaaof?m P |cdé mformation storage medium. [0010]JAccording to an aspect of the present
invention, there is provided an information storage medium having at least one information storage layer,
wherein dRigaO&ItRded in the form of protruding or indented pits in the entire or partial area of the
information storage medium, and information regarding the protruding or indented pits is recorded.

[0011]According to EBa ct of the present invention, the information regarding the protruding or
indentedﬁgi R -pms%mity information.
[0007] Thus, the conventional reproducing apparatus spends some time obtaining
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



[0012]According to an aspect of the present invention, the information regarding the protruding or
indented pits is recorded in or in front of a frame sync. [0013]According to an aspect of the present
invention, the information storage medium includes a burst cutting area (BCA) and a lead-in area, one of
which stores the information regarding the protruding or indented pits. [0014]According to an aspect of the

present ipventaim, ghamyotssling erdadridenisamryhod vwiabblirgngittdA0 tophsaadinede an aspect of
the presennt JFJ\( rnotriT?[[h é}lgt%ciglqr?fmr)degotr)]yspoerrfoerrmn L an exclusive OR operation with respect to the
push-pulfapo arity’ information angd'dgta reproagcede rom 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
reproductff $ta MERPEINBRAARIE StOF AR RIRSERINTMRIVIAY dbfea st BIRYIHFBRAJNGREPAye layer, the
method isgldjegrianond g hatatirdedesmohpERisH digage i Rgen et im indbasrite ddiartial area of
the information, storage medium and recording information. regarding, the protruding.or_ indented pits.
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or reprodu€iigrasgadrofartnatipnoaaatibrodts aeirmaguen ipJestefbpifing 'eeeilad on the basis of the
reproduced push-pull polarity information. [0018]Additional aspects and/or advantages of the invention
will be sqofrth in pacbiditpesiascripianonviteipfedenymasdtion, pasgtinfolnhstiob vigusdirgmnde description, or

may be IenadiRy & Adkea" SRS Ly ENB0n ARLARI SRR B ECtS

[0012] According to an aspect of the present invention, the information regarding the

protruding or indented pits is recorded in or in front of a frame sync.

[0013] According to an aspect of the present invention, the information storage medium
includes a burst cutting area (BCA) and a lead-in area, one of which stores the information

regarding the protruding or indented pits.

[0014] According to an aspect of the present invention, the protruding or indented pits may

be wobbling pits.

[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.



[0019]In an information storage medium according to the present invention, tracking polarity information
(i.e., push-pull polarity information) with respect to protruding pits and indented pits is recorded so that
data can be reliably recorded or reproduced without trials and errors for obtaining tracking polarity
information. Also, if data is recorded in the form of pits, each of the pits may have various shapes, like,

inocliented [oopa?c@tru;zti(ﬂwt@iﬁal_ @ﬁw@ﬁaaﬁ@g Srasmiagsd 0P &Y fﬁb@rﬁbbﬁgﬁllaﬁ%é_@ Q_thgnrfq;jlawmr@nd
advantages of the present invention will become more apparent by describing in detail exemplar
e T I RS 1 R S e o 0 Gt TP e T BT Bhow
different freaskieryppdheritieendiepending 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
embodirr;qa\,tgﬁt@r@égmé%@@ [0023]FIG. 2B shows indented pits formed on the substrate of the
information storage medium according to an embodiment the present invention; [0024]FIG. 3A is a graph
showing the amplitudes of a differential phase detection (DPD) signal and a radio frequency (RF) signal

versus titt@19lan iReMiRERAIN R MEINANYA dnRgt o RIRSE HIYRIMGAIHEPHEI[ORIPSIEIG. 3B is
a graph shrwirgicheiamplgdpsiigiaabty Drtgmalianyleith Résisignal prysuditignsiténead indertatios storage
medium Ps”n‘nfvc%'r%l‘eg?{)a g %&SBQQS@S&P&S& X grﬂf:é roéAc{eSd%gh%BPtﬁQ%"é'ﬁ‘@ ea}rgHsS%'P“” signal
versus time 1n an information storage medium on which data i1s formed as protruding pits;

obtaining tracking polarity information. Also, if data is recorded in the form of pits, each of the

pits may have various shapes, like, indented or protruding pits.

Description of Drawings

[0020] The above and/or other features and advantages of the present invention will become
more apparent by describing in detail exemplary embodiments thereof with reference to the

attached drawings in which:

[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;



[0027]FIG. 4B is a graph showing a push-pull signal versus time in an information storage medium on
which data is formed as indented pits; [0028]FIG. 5 shows an example in which tracking polarity data is
recorded in a sync pattern 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 aeERrping-ic arBeswgEipIEsH AliHEansasRHUINYRREPGevdae reniEaigking ielaoiniaonagtion has
been reanrg Igninno% \s&%ﬁ E’é‘%‘%”}ﬁlgg%o]iﬁ' er?t‘e gAi nd 7B show different layouts of an information
storage medium accor mg% AhOther efmbodiment of the present invention; [0031]FIG. 8A schematically

shows a structure of an information area of a recordable information storage medium; [0032]FIG. 8B
schematiC4IRPEh ol a>s SR OPETIPIR ARG Brekind RYBPPLHRRRISHESR ATk dHA AMBR RIBPABe

medium; §ACe3ftem & sRMNEga Aieiaht actaydniPitsankehbddindiaistranes @evehbilingraigay of pits;
[0034]FIG. 10 shows an example in which tracking polarity information has been recorded on an

informatigghStarage, 818 A ARG, DRNeM L aTRed R BLIEPEr SR HRYAMEBH storage

medium according to an embodiment of the present invention where tracking polarity

information has been recorded in a specific pattern;

[0030] FIGS. 7A and 7B show different layouts of an information storage medium according

to another embodiment of the present invention;

[0031] FIG. 8A schematically shows a structure of an information area of a recordable

information storage medium;

[0032] FIG. 8B schematically shows a structure of an information area of a reproduction-only

information storage medium;
[0033] FIG. 9A shows a straight array of pits, and FIG. 9B shows a wobbling array of pits;

[0034] FIG. 10 shows an example in which 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



[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
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examples of which are illustrated in the accompanying drawings, wherein like reference numerals refer to
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an embodiment of the present inyeatign, data.is recorded as profrudi its 10 on a substrate 5.
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[0040]Thp fsviaEmetiairkRUhERuRTOtruding 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 tracking signal

[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 tracking signal
may have a polarity that changes from (+) to (-). When data has been recorded in the form of
the indented pits 13, a tracking signal may have a polarity that changes from (-) to (+). As
described above, because the polarity of a tracking signal varies depending on the shape of a
pit, the tracking signal must be performed differently 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



may have a polarity that changes from (+) to (-). When data has been recorded in the form of the indented
pits 13, a tracking signal may have a polarity that changes from (-) to (+). As described above, because
the polarity of a tracking signal varies depending on the shape of a pit, the tracking signal must be
performed differently depending on the pit shape so that data can be normally recorded or reproduced.

[0042] ThgTcreAdiiangsaskiaselisod aitimulatiereperierved thcisegtiadh dhaishaiackesistiese@fa dracking
signal are shown in Table 1. [0043 e_1]10044] LD wavelength ( 2, ) 400nm Numerical aperture of
ooatvo AR HEbee e L e maddGhas KR R ek e R R B e
width 0.1%nging indelnddhirneghng8E 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 the indented pits 13.
Referring to FIGS. 3A and 3B, the DPD signal does not depend on the shape of a pit.

[0047] FIG. 4A shows a push-pull signal when data has been recorded in the form of the
protruding pits 10, and FIG. 4B shows a push-pull signal when data has been recorded in the
form of the indented pits 13. Referring to FIGS. 4A and 4B, the push-pull signal depends on the
shape of a pit. Hence, if data is reproduced or tracked using the push-pull signal, information
about a tracking polarity depending on a pit shape needs to be recorded. Accordingly, the
information about the tracking polarity may be information about the polarity of a push-pull

signal.

[0048] When recording information about a tracking polarity, as shown in FIG. 5, an optical
information storage medium according to an embodiment of the present invention includes a
plurality of data frames 15, and information about a tracking polarity, that is, push-pull polarity
information. The push-pull polarity information can be recorded in a sync pattern on a frame
sync 14 included in front of an area including a predetermined number of data frames 15. The
sync pattern may be a pattern not used as a user data pattern or a pattern of specific bits. An
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



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 m
is 1, datanfPhalied nisy eediteidanh a pievétd bk dengthioxisopebraanitivaeitmclia When m is 7, data
"1000000910900000% Is recorded, ansha it wih. an, S lenah existe hetween pdits L ere. T
denotes e‘feng oA IRTMan n?aPk,%é’t IS, a m|n|mun'Yp| HEncENin MER (?_Y\ﬁ, hoduiation
method, daterigveseadsarinhhe foerfiashgisgnadding 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[op#g form e oBudiog pifertot RiouBRshewsoandrbrsigsrabanteaibii Reigiaayben data
has been.fccpried in s dorm plhe.dentod pis 13 REEIING R EIGS, A ang 3R M5 DED signal does
not depena onthe s ape oq‘ta pit. [B&?fiﬂile; shows a push-pul S|gnglewnl11en Uata has Béen recorded
in the foraPOTRING predrGdiddWis cLttinthar FACB4R) siedvB . pertripaieddnad werirdgiaradbéed fecorded
in the forr@a‘aféb?dmé?[@dm&cié’rnﬁﬁgﬁfﬂwd%&&% 4A aed dRicia prslRRidovens) dergngiagn the

shape of a pit. Hence, if data is r%%ro uced or tracked using the push-pull signal, information about a

tracking FBREHESFPERANE'BA 2 PR

shape needs to be recorded. Accordingly, the information about the
tracking polarity may be information about the polarity of a push-pull signal. [0048]When recording

informatitPPaBbut &raedreneplRsiRriffoBaiivnirpn e G eardad dpiiteaPrforrsatidn LairHe énfABBAteD
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pattern of,aBattsT thelcrpaGifig Rits An 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

informati val "1" are read put consecutively, this means, that data is recorded in the form of
orotrucin B s PR e ) L G LD LT 8 form of
indented lpsfer§GOSISTAR diackbredfter Hukitiscps laate théor merivn attebfioie gaes hTpull, poladigriafegation, may
be recorded amuniitesefaspecific 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 reprod fter tracking, the polarity of a tracking signal is processed conversely sp that data.can be
romery oo R e A S R R P e e
HoweverthesBshdyaieanB-IG. 6B, the tracking polarity

[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



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 medium
according to another embodiment of the present invention. This information storage medium includes a

clampingcargeNedaubestreuting-praadBritl arpfobm atieadbouateadckifgusattgianarea plishasua lead-out
area LO. The {:Iarg(%ign% area C deno&es an area which is pressed down by a clamping apparatus for
T6OER1?

clampingngl)I isd. rgtﬁﬁ%q%?ar'ity information may be recorded in the BCA area B. Unique

information about a disc, such as, a serial number, a manufactured day/month/year, and the like, may

also be rédnakd iWie Baia e ResnrerpesiedAn the Boach ey PRy HeaRille e e IeSHidY area C

and the |leadsinvanerngl pitg\veeidions stiomiidi-tan BB réaerBée rataavid bhfas DeclosalassinTihent of the
clamping area C. [0053]\When tracking polarity information is recorded in the BCA area B, it can be read
ot berord e SRR S RSO LR L B S R, comvo can be
efficientlyrfopnatfentect TEobn) theenpRblea ¢ PoRAItPNITErHeRIIBRINA APARIL IS GedMRd 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[besggcordesbinnibeitercarobpissriyedpar eingie pacerdablecinistoaiiossiaiags awmum, for
example, in a lead-ir I alead- rea. Jnformation ut.the shapes of the pits, that is, tracking
potarty A o e R B T PR e Rl B Bl e

[0056]FI@SERGHREDIRE SIRY0IaY pefisd UBLIDIS-6ARE i o HSRRU Shenage maydigrHsathastreRang Yolarity

informatigd} eastiRiERRPEdROB R HifeHE [abBBIiRfosMRation 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

hon aACOGAL pettl Eai€ SXIas W B S U bty A6 A MNP A AL,
reproducB@ a9 eGRniENE RN E0RER IR A8iR &R DRECERRBIRHUSHIERDEaS I ef suRPRBRIl technique. If

tracking ighodulation technique, a frequency modulation technique, and an amplitude modulation

technique.

[0061] Referring to FIG. 10, in an information storage medium according to another
embodiment of the present invention, tracking polarity information is recorded in an area in front
of a predetermined data frame, and although data is recorded in different forms, the data in
different forms is decoded into identical data by performing an exclusive 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...".



controlled using the push-pull technique, information about a tracking polarity, that is, push-pull polarity
information, is required. [0058]When data has been recorded in the form of a wobbly line of pits
(hereinafter, referred to as wobbling pits), additional information can be recorded in the wobbles
themselves. The data recorded in the wobbling pits is reproduced using a sum channel, and the additional
infOanatimDBﬂl}OTdRéféﬂrtih@tWFIIIbJQ&Iﬁ,&ﬂﬁh@l@@fp&l&ﬂgﬂimmﬂ@rﬁ@@dihgmﬁﬂir{l@%ﬁﬁgwwging pits
can be arrayed in a single _pattern, which is c ose pjts_each having. identic ngths and spaces. In
the sing RS T e i S e S T A et D& B o =
push-pulPeteityn dbia aptéhastadaedete clearireftheregrodaleifig iatandeyasdaim XGRepieriiendits. [0060]When
data is reqarsieddBdieyfasm ef1\webbling pits, it can be recorded using various modulation techniques. For
example, data can be recorded using at least one of a phase modulation technique, a frequency

modultiogjeshninye, andan amplitude madaign teshinaue, [NUOTIReeing EIC.d0 nan
information storage medium according to another embodiment of the” preSent Invention, tracking polarity
informatiadkingdesiaEty idpémane dain fiepiodt eegrsaetdfinidath ¢ambearpasd eitheuefldaw is recorded in

different faeagedhediniiels diRrRMdpiRasit dRe eI ifRNbE A ciata dYiRe AP inscanRMesive OR
(XOR) operation with respect to the tracking. polarity information.and data read out with the tracking
olarity iGAAS ABRAHHRAMR S SBIS0R) 6t GBS CHHRY B TBliched 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 indentE¥pfk wifiLibhR O e SeibErRd/IHERY dIAT EEsHIRS NAlaNE ffRTBRRBLhag pHSNPtthcked,

U\?ﬁkin% polarity iiﬁfB?H‘Et@Hﬂﬂ% é&s%(ﬂe@gorg%@?%f%%é'?ithgfﬂ@iﬂﬂi@@d@@ﬂ?&%é@bﬁé@ﬂ&%@@ﬁ'é@l@ﬁjl_---- |
en the same data has pbeen recqorded In the form of iIndente Its, trac nag. olarity InfoQrmation IS rea

e o o e e e R O S ELD b B r BT, f tracking
polarity infiterrmation i (gactitedimde ntedgiesris edautien candaeRdoyanec liadasttadfdrovatian is-th data

frame is 11dQ9%he S ¥ BRiRERAIRED AL AR R dRiRHaiBeiRR drombifa B th fatRifigpaHRAergo an
XOR operation to obtain decoded data "11001...". [0064]Referring to FIG. 11B, if tracking polarity

informatiSHYSRHRIG IGTRrdeiHY PirtedTerayaed RAIEHaAC repf U AR R BN Aa¥PR R a frame is
"00110...ditFerena &ldimo oo [ tie thabai resntptite daidate ie dtan deahafiee its- o [eita kaeversadergo an XOR
operation to obtain decoded data "11001...".

[0067] The information storage medium according to the present invention is applicable to
multi-layered information storage media with at least two information storage layers as well as to

single-layered information storage media.

[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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[0065] As described above, since data is decoded using an XOR operation with respect to tracking
polarity data and data reproduced from pits, data can be properly reproduced and restored regardless of
whether the pits are protruding pits or indented pits. Also, decoded data can be obtained without extra
change in a controlling operation. [0066]Furthermore, data read out by using tracking polarity information,
that is, pagiinpbl PRGEHYHfeRRIRICRoRR A SRIGICHRNTHB A sanReceither Aiteietr@rtrut as decoded data
or outputrgsrggggtgoedaggtrgl%%?er the polarity of the data is reversed. In other words, if tracking polarity
informatiof IS Tecoraéd in a predetermined pattern, and read-out tracking polarity information is the same
as the predetermined pattern, data is directly decoded. However, if tracking polarity information is
recorded[P&0bredBLERSTRERD SRktEIR IHAFVEI /50t YEadRIAG D BIRB FHHSER AR TOHifictaRt drefhe
predeterpéieenila emsidaja dhweicodas efiarstsnpaanty hrevesasd. dodeBiednietmeairmgtorage
medium aecardingde e presant invention s ARRIGALIE o gnuifk ayered nfermatan siorage, media with at
least twohRformation satorage ?ayé 59 Well5s oysmg(ﬂenjleéyerédnin Ormaton storage media. R)068]FIG. 12
is a flowdharidessheting eddses teashkiathpodaidyoniepraiiciaght cibbdrivce aifirihadliak @ieodiment of the

present igyRAERNESHRIANIERID En I BhoRYaHEN=EIRA infermalinnssiademesliimpémgaded on a
disk drive. In opgration 55, ?SF o%igrakfﬁlélu&included in the disk drive reads tracking polarity information,
HREtIR ol

that is, pﬂ%‘ﬁqmﬂ SO&fity RF e Sﬁ?f@ﬂﬂﬁ%ﬂ%rage medium. The tracking polarity

information is recorded as in the embodiments described above and used as a basis on which a tracking

signal is H&{étted BRigatand pedesierer danyorerfeaming abeO D 0BoTREhYER reRAkiRiF6IaMly varies
dependinghRiitheaieindcingh Pisrd@uebl on?piter thaul)deedpiis 48RUEIGegRdriEaeKINg signal is

differentl ﬁrocessqd .?ccording to tracking polarity information. If tracking polarity information is recorded
inthe B 3‘?’@@ B28H"hformation 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

from the (88642 inR¥a &R diersgen imediarts Thiig trsiiaPeBRioiNE I atfeRrRIdPEraigietuction are
reliable. [QRQ)dopatatian68udbeidish dbivpucss it daia anpurepiedunesiyriadionca daiamega by

performing racking senirabiibonlrialsand erors on e hasis of e epioduced racking polarity
information, at IS, pus%-%uﬁ p%far‘l]ty information. In ofﬂer'c\)/vorgs, the opﬂca?pltﬁup provides the
reproductackinckpatppvlareyrirgtemistiba santreasi shedpredetamonitrre dighednivdatoisbie ate dgsregdpickup on

j[he baSi%ﬂ the 6ﬁf‘&iﬁﬁﬁdf‘ifﬂFH&f mﬁl‘?rﬁ@Fﬁh&‘ii&mQ%’&M&%SQﬁ%ﬁr@@e@érﬁﬂ%&?&ﬁ!%}jme
information storaéye medium. [0071]Data can be decoded b%performlng an XOR operation with respect to

tracking PORSF Y dRGKLIP ALY dY B ARIC it AN R ES I B B Tl RIR ss of a tracking
polarity. [@cteiEdcadaeis pdiasey iomeverdeaisis of the tracking polarity information may be either

[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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directly output as decoded data or output as decoded data after its polarity is reversed. In other words, if
tracking polarity information is recorded in a predetermined pattern, and read-out tracking polarity
information is the same as the predetermined pattern, data is directly decoded. On the other hand, if
tracking polarity information is recorded in a predetermined pattern, and read-out tracking polarity
informatipuoissfiffergdfiemithe Regidatesrigedreaitenn daleadgcde aadeshabmstronelatidysiteeversed.
(00731716, 45 sehematicall lustiates,an apparatys forrecording dain in andiorreproducing data from an
informatiBi stBrage Rediins acéor Ing to he prese'nt AvVErtion The appara{us inSlufed'd plc'Eup 50, a
recordingiMéphatbenny rsifgrieglctssvif@mating stoeeedlledivm Misreosyedeicalytheheigiekup 50 includes a
laser diogleoBastas: ieslialipe igifcanyimating e Reraa derspilinaine tr gkl agutteskivnilisidaser diode

51, a beam splitter 54 for changing a path of incident light, and an objective lens 56 for focusing light

passed tARSUGH IREBAINYRIREIE 2 GH AN M ANREANEESR PSR G GR D J AT T nt e REA¥ from the
informatiowistorage menei pho i dsteetiecd@dgotive tedhmts jplit tel e &4 cah digeatbyeiti by pitiotad etector, for
exampIeCﬂé&ﬁ'@@%&h&&%&@ﬂnﬁﬁs@@wIagigﬁig%rgi&pgn the 4-divisional photodetector 57 is

converted into an electrical signal while passing through an operational circuit 58. An RF signal, that is, a

ignal is output via a first channel. Ch1 and a differential signal used i h-pyll technique vi
Cocond RRA CH'S St SARERAL & StReton < BIa g LA 4 AR Rl lr 70 contol

the pickuipf60natiprojeat aldeom dmtortoenatonrsiticry s toexyemiedilime Coamadlegd@scontralsignal into which
a beam IefleciPeduatlin Baroen SipEaRmRdLT Pt o iR ycidaianal processor 60, More
specifically, the beam reflected by the information storage medium D is applied to the photodetector 57
via the objective lens 56 and the beam splitter 54. The beam incident upon the photodetector 57 is
converted into an electrical signal by the operational circuit 58, and the electrical signal is output as an RF
signal. [0076]The signal processor 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. 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 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:
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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 i 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 Ry BB diRIRi9 MIGHRRTHTNAY RIREGESOFdSIMIS BriintoRlRIHY sdeigratilium
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

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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