6 February 2006 OPTICAL DISK AND METHODS FOR RECORDING AND REPRODUCING
ESSENCIAL INFORMATION OF OPTICAL DISC BACKGROUND OF THE INVENEKAMn&dod-ield of
the Invention The present invention relates to an optical disc and methods for recording an essential
information on and rleggroducing an essential information from an optical disc, and more patrticularly, to

a recordable op@@J AL ANP U@'@Hﬂpﬁfﬁ%ﬂﬁQ@ﬁP@Nﬁd\W@é@ INGd methods

for recording an 10 essential pggENGPALNRLO EARTIGNOF'GPTEOMN! Digation from an optical
disc. 2. Description of the Related Art Optical discs, a kind of recording media in which information is

recorded or from which information is reproduced by light radiation, are classified into a 15 read only
memory (ROM) type, a write once BRAKERD (N LYOF THEPIVERCCESN memory (RAM) type, a
rewritable (RW) type, and the like according to the recording and reproducing methods. Optical discs
are cladsifiedlinto a Féﬁ*ﬂl@hﬁ%l“ﬁf%m a dual-layer disc according to the number of information
recording layers. 20T$isgiecku@ri diansibave Ritds apeimspraaliontyat reaahdessafratsibieg they are
single-sided or double-siﬁ.\e , and reproduce information by reflecting an . incident laser at a reflective
Jayer formed AR SR8 TAALSTARAT B AN GRS 655 F G HREM A0 S nformation

layer regardbﬁﬁcla‘l \dh@tfﬁfrjﬁdhﬁw@r%@iiﬂgl Iﬁaﬂiga:,etg& @rr@@u;hé@:bliderﬁst'@éiratdayﬁrwm@m@ﬁ' (o ?5 aI
semi-transparent r, and a secand layer includes a reflective layer. Informatjon of the first layer is
reproduced SR AHGIRCE I aCChrHET BIoparSR A Grd HAEn B e ASIBH ot e
reprodoced bydégiitiziefieforeaatiomithanefteptivdueyry aftersbawiivg trdpsmitied froough tystical
semi-transpa{fnt layer. 30 Optical discs are also classified into single-sided discs and double-sided
discs accordi 5?0 the structure of the information layer on a substrate. Single-sided discs have an
information |&er onedygdpitosideé ibictietatbstrate, whereas double-sided discs have information

ayers on both sidesygf g B  RidACSPISUIAM g WBIRTHSHH IR AR e Rl g

or from which information is reproduced by light radiation, are classified into a

15 read only memory (ROM) type, a write once read many (R) type, a random
access memory (RAM) type, a rewritable (RW) type, and the like according to the
recording and reproducing methods. Optical discs are classified into a
single-layer disc and a dual-layer disc according to the number of information
recording layers.

20 Single-layer discs have only one information layer regardless of whether
they are single-sided or double-sided, and reproduce information by reflecting an
incident laser at a reflective layer formed on the information layer.

Dual-layer discs have two layers each including an information layer
regardless of whether they are single-sided or double-sided: a first layer includes

25 a semi-transparent layer, and a second layer includes a reflective layer.
Information of the first layer is reproduced by light reflected from the
semi-transparent layer, and information of the second layer is reproduced by light
reflected from the reflective layer after having transmitted through the
semi-transparent layer.

30 Optical discs are also classified into single-sided discs and double-sided
discs according to the structure of the information layer on a substrate.
Single-sided discs have an information layer on only one side of the substrate,
whereas double-sided discs have information layers on both sides of the
substrate. Accordingly, double-sided discs have the same recording capacity



1 6 February 2006 as two single-sided discs. The single- and double-sided discs are manufactured as
a single-layer or dual-layer disc, as described above. Also, optical discs are categépaeiptmempact
discs (CDs), digital versatile disc (DVDs), next-generation DVDs and the like according to the 5

recording capacity: 650 MB for CDs, 4.7 GB for DVDs, and 4.7 GB or greater for next-generation
DVDs. The spedfe=tipateotidaethififcal dide sifdefraRfsiuBlfaideeisraiate to the recording

capacity. CDgapgiaMBehaue dermer piarmetai e M, g HaverbEiarapbeabstrate thicknesses
of 1.2 mm for CDs, 0.6 mm for DVDs, 10 and about 0.1 mm for next&gneration DVDs. A laser beam

of 780nm and an oh)EQIRPIGR HISER G eIk HehIiR cORRACt Atgse igb HigitRiDs, and a
650-nm laser/apaaniansise OHvive)ohisatiyerensiare DVEs iondPMRikAaxtaRNRGaOROVDs are known

to use a blue laser and a 0.85-NA objective lens. 15 The general physical structure of such an optical
disc is YivideLEIA QH&%F@&EW&QRJ%%EQWQ& QPR PaEY Do nand AuttfAf QreA 8BEEAJOR lead-in

area, a data a®a,gatbedeas OVDyea. The clamping area is an annular area located at the center of
the disc to which a clamping force is applied with a claming tool. The data areg includes g 20 user
aron, 2 spare arca. AHE SREHICATENS GLoH BAARNeR) AradH B OB ST FREASEG N ea and
the lead-out acex@redordieg tagideinnd Qsidedhp\Vixnaveaicosaoscd aheesiaws ) pgspeatively. An
area where BCA codes are formed is specified as a BCA field or.a A. BCA codes ecording
essential infg?rlhta'ﬁ%%eow?&%t? I%S@ﬁ,ag%éﬁ' %n%%sgéréﬁ'én% rf%a&eggfr&' nmcﬂ%rrég[#osthe like, are
recorded in aanarebowt GHerifietbfonexdey eladeattno DV igsandi daste b amide 7S demd-amaraa. In
general, the BCA js located between the clamping area the lead-in area an tends about 1 mm
a racial BRI ATV 5 LRS00 S (NP SR 2 LRy AT program
memory area6GtOviA saiedobatz betva 3Bl A elBedA \anid tisealeadsedbieaD Vibs BCA for the

DVD-RIRW o S IRW R BuBLiaHRANATB R 3 BT PG BESGR ISSRIHACA codes n
their BCA in théform of a barcode
lens.

15 The general physical structure of such an optical disc is divided, from the
center of the disc, into a clamping area, a burst cutting area (BCA), a lead-in
area, a data area, and a lead-out area.

The clamping area is an annular area located at the center of the disc to
which a clamping force is applied with a claming tool. The data area includes a

20 user area, a spare area, and a guide area. User data are recorded in the data
area. The lead-in area and the lead-out area are located inside and outside the
data area composed of sectors, respectively.

An area where BCA codes are formed is specified as a BCA field or a
BCA. BCA codes for recording essential information on optical discs, such as

25 serial number, date of manufacture and the like, are recorded in an area not
specified for user data recording and located inside the lead-in area. In general,
the BCA is located between the clamping area and the lead-in area and extends
about 1 mm in a radial direction. For the DVD-R/RW or CD-R/RW, a power
calibration area (PCA) and a program memory area (PMA) are located between

30 the BCA and the lead-in area. The BCA for the DVD-R/RW or CD-R/RW has a
radial length of about 0.8 mm.

Most optical discs record BCA codes in their BCA in the form of a barcode
mark by partially burning away their recording layer.
FIG. 1 is a diagram illustrating methods for recording BCA codes in and

35 reproducing BCA codes from a conventional single-layer optical disc disclosed in
2



mark by partially burning away their recording layer. FIG. 1 is a diagram illustrating methods for
recording BCA codes in and 35 reproducing BCA codes from a conventional singleslsyefy@ptieal disc
disclosed in 2 6 February 2006 U.S. Patent No. 6,208,736. Referring to FIG. 1, BCA codes are
recorded in the conventional optical disc g{l%)@in the form of a barcode mark by burning away a portion

of a reflectivédeyeP a8 MR PetP] L36str RS eI NEN@ MSerlh & LodaSaiRirRF RS HEEode
mark, a pulseg Rt ?tﬁ&i%@{ﬂmwmﬂ?ﬁrﬂ%f a b sRanR Bﬁyﬁtﬁqr@;é%yeélective layer
r 13, there

13 through a focusing lens (not, shown) to burn away the reflective laye y forming a

non-reflectiv®PERHATBrHea Y ellaygelchirmamerpsyRekates! Ailihaare TR M éference

numeral 17 deneigfiagrsoiesdvedmsdeandfefersneeawneraldh 4 BlimkiayeT-garndtch
labels may be printed. 10 In FIG. 1, a waveform (2) is detected from the conventional sin%;Ie-Iayer

opticalfisc (1) MALERG S AT RtISRHE SBIEGH V! ¥ el d A FRHIA Gh IPSHSIRL dEHSHBRT 10 has zero

reflectivity soghelva)wesiamaiayibe et edlesive IRwIdS) dBRRTG strrahidielswe second slice
level. The reflectivity of the periphery region of the nop-reflective portion 10 js sjnusoidal 15 and has
o Dancast g G

an average IER%F'QHUB to 51 ?/%f‘ﬁ‘?rﬂ@.‘ﬁf 9@4’69?1‘? @n\ﬁ p:‘ﬁsfé’% ¥ftled by slicing the

waveform (2)yefergrsemsragrarkindsiaiemtiarpsigselive mgskinndeigetioncignahgesierally represents
the location of address, th

, the number of fra chronqus signals, the number of read clocks, etc.
Here, the wa\qg%(? ?ﬁ pé'ﬁ'ﬂ%ﬁfs%&bl%ﬂ%?&%%%@r%% e§<’;\\rticular address. A waveform (4)
represents read clo¢khs~IGhtainedviroefdime (Bpikidgtdetedticonsigreatoyaymisriansiagienldyiés. 2 is a
o R B R S D A B oes o, )
BCA codes anemneedleietv@portibe fidhay zebaredetindyksoytbatiaivgaefaymdroonthef the reflective
R L O UKk Ho e Weieoid
portion 1 Oa refle@ivigndfitie neengihery regleotvktpemionseffeEli@e pordifanettes mimismdab denotes
an ad’ﬂ?S‘Ve |§’r¥8rhas an average level equal to a first slice level.

In FIG. 1, a waveform (3), which is obtained by slicing the waveform (2),
represents a marking detection signal. A marking detection signal generally
represents the location of address, the number of frame synchronous signals, the
number of read clocks, etc. Here, the waveform (3) represents the physical

20 location of a particular address. A waveform (4) represents read clocks
obtained from the marking detection signal by synchronization.

FIG. 2 is a diagram illustrating methods for recording BCA codes in and
reproducing BCA codes from a conventional dual-layer optical disc. Referring
to FIG. 2, in the conventional dual-layer optical disc (1), BCA codes are recorded

25 in the form of a barcode mark by burning away portions of the reflective layers
13a and 13b, which are formed on the first and second substrates 11a and 11b,
respectively, with a laser beam 21. As shown in FIG. 2, BCA codes are
recorded as a pattern of the non-reflective portion 10a or 10b and the remaining
reflective portions. In FIG. 2, reference numeral 15 denotes an adhesive layer,

30 and reference numeral 17 denotes a protective layer.

In FIG. 2, a waveform (2) is reproduced from a first layer, which includes
the reflective layer 13a and the first substrate 11a, of the conventional dual-layer
optical disc (1). A waveform (3), which is obtained by slicing the waveform (2),
represents of a marking detection signal. A waveform (4) represents read

35 clocks obtained from the marking detection signal of the waveform (3) by
3



30 and reference numeral 17 denotes a protective layer. In FIG. 2, a waveform (2) is reproduced from
a first layer, which includes the reflective layer 13a and the first substrate 11 a, of Hagrcai\e@osonal
dual-layer optical disc (1). A waveform (3), which is obtained by slicing the waveform (2), represents
of a marking detection signal. A waveform (4) represents read 35 clocks obtained from the marking
detection sig@¥N6NtRBIGAHRAorm (3) by 3 6 February 2006 synchronization. In FIG. 2, a waveform (5)

is reproduced from g.serqnd layeavette il (RERCHYmlayss dettiangeneavtrgond substrate 11
b, of the conventional dual-layer optical disc (1). A waveform (6) of a marking detection 5 signal is

obtained by dicHEeRdReARIBANY BRYe iR B (88 assnd triecld&LObHi8ined from the
marking deteggAncHgBALPHIRE-1GUeiREITE e PPChIRMZRESHNTIS). SHa Fharksngedsreeadnarks

formed in a circle in.the BCA of a conventional optical disc. A signal used to record data "01000" of (3)

in FIG53B 151AIHQ0LEIR0 @Y SHEIRG. 188 ERHSIBHE Rirk< SWAGHAM L (P ERIRAN IR @5 %f FIG.
3B, are formegaxshsbysavedoioni2h e rnaidRilg eriedticedsftral brthawaoe maks By a and 31 b has

a waveform (4) of FIG, 3B. When a low-frequency component is passed through a low-pass filter, a
waveform (5)%”&9(51?1@@.“@9' reproducing the waveform (5), data "01000" (6) of FIG. 3B, which is

identical to 15 the reEo@®] gAtgr(awgqo@bt@djmwmamsef@Qﬁgantiqpairomii_(ra{hgsg@ﬁgﬁa_codes_ are
e STl S EES X SIte teres Ou gy e
methad cgusaaﬁmmlelfomheﬂ) apled @thirB;mrétﬁUepﬁmkdi%a ang3tiscués sivben B\C(A)codes are
e S YR T L B SRR e
of barcode ncadks camke3ia fanchSd bHusiaiwalvieipemof@t)cal BIS: BBt ind/hdesad Ab-theteetncylayer
naving 2 hioh (ISFRRLAPRCHaRRER, 115 0RILGn dIp S SAMAORT bk B B e dRgHEs Mg 2
reproducing the waveform (5), data “01000” (6) of FIG. 3B, which is identical to
15 the record data (3), is obtained.
In the conventional optical discs, BCA codes are recorded as barcode
marks by burning away a reflective layer of the disc with a high-intensity beam,
such as YAG laser, to cause a physical deformation to the reflective layer.
However, this recording method causes a problem when applied to thinner
20 optical discs.
In particular, when BCA codes are recorded in a next-generation DVD that
is as thin as 0.1 mm by the same method applied to the conventional optical disc,
the protective layer is damaged by beam energy so that an intended pattern of
barcode marks cannot be formed. For a dual-layer optical disc that includes a
25 dielectric layer having a high thermal absorbance, the optical disc is damaged by
easily absorbing the heat of a high-energy laser beam so that a desired pattern
of marks cannot be formed.
In addition, BCA codes can be recorded in a recordable optical disc by
using phase change. In this case, a separate BCA code recording process
30 should follow an initialization process and thus needs an additional BCA cord
recording apparatus. The additional process for recording BCA codes
increases processing time consumption.



of marks cannot be formed. In addition, BCA codes can be recorded in a recordable optical disc by
using phase change. In this case, a separate BCA code recording process 30 slyordgrfabproes
initialization process and thus needs an additional BCA cord recording apparatus. The additional
process for recording BCA codes increases processing time consumption. 4 6 February 2006
SUMMARY OF THE INVENTION To sol@MMaseU e tenb SN \GEODIENY it is a first object of the
present invention torgrayigde e YpisAl-dissdnpMaipaIsRiat iBfarmationiéer ot ardastbyeRhase
change. 5 It is a second object of the present invention to provide a method for recording essential
information WRNBNHYhERRIPNEIR Ay Apliezldiss BpMiFRIaRT B pRIfRatAmiSECRIdR]y Ramage by
laser beam eprE@y dhigriy8hird object of the present invention to provide a method for reproducing
essential information from an optjcal disc by using an existing optical 10 gpickup apparatus, which can

be applied to reprodtié® 28E5RHA ARIGThRLITERIFSERY INMESHATL DL BeS ARG dual-layer

optical disc. Teceetiayeckxfitsl abieghafidrevatareatdnventioe, tieTg Ehrsrigtied apticdtical disc in
which its essentjal information is recorded as a patterné)hé(clj%;talline and amorphous marks. 15 The

first object ofR We%@ﬂ?ﬁﬂ%%ﬂ%ﬁ gﬁlgé%ﬂ%gm '-%ryg?at%l‘?&ﬁré’i%c in which its essential
information is recordei ia winel dbgetustlite Prassat dive taiver scasrawadermetiesystetine and
amorphous marks. It is preferable that the crystalline and amorphous marks are in the form. of
parcodes. ex ERAAST AR LI A P LR ASR O UR1E8 QAR 5P ePa disc.
Prefenably, thsickyptalbiperamess Waich bighbe rafiplitiuity tepndtecenesgdis imaim&tiofefadty, the
crystalline mark has a r fle?tiv[ﬁti/ nﬁ less th I20§/°' ITIO achie\ﬁe the .second object of the present
invention, thlDXd B BUAIAS 8V etk ad 75 TERB R A AR 4RT AR 8o in an optical disc, the method
25 t_:omprising: heatihy aq:hi&nertbimﬁls'retxjm_dtrtg‘ kngep@seve ithvetaiopethareisbhoyisiedization by
radiating b%%'ﬁc%‘f%ﬁ)srg'ﬂ%%i%rpng tggsl%%tﬁ'gﬂlrbfocr%ﬁ%tne% recorded as a pattern of

crystalline and amorphous marks.

15 The first object of the present invention is also achieved by a multi-layer
optical disc in which its essential information is recorded in one of a plurality of
recording layers as a pattern of crystalline and amorphous marks. It is
preferable that the crystalline and amorphous marks are in the form of barcodes
extending in a radial direction, forming a circle around the center of the optical

20 disc. Preferably, the crystalline mark has a higher reflectivity than the
amorphous mark. Preferably, the crystalline mark has a reflectivity no less than
20%.

To achieve the second object of the present invention, there is provided a
method for recording essential information in an optical disc, the method

25 comprising: heating an amorphous recording layer above the temperature of
crystallization by radiating a beam according to a photoelectrically converted
signal; and slowly cooling the heated recording layer to the temperature of
crystallization or below to form a pattern of crystalline and amorphous marks. In
this case, the optical disc may comprise a plurality of recording layers.

30 Preferably, the crystalline and amorphous marks are in the form of barcodes
extending in a radial direction, forming a circle around the center of the optical
disc. Preferably, the crystalline mark has a higher reflectivity than the
amorphous mark. Preferably, the crystalline mark has a reflectivity no less than
20%.

35 To achieve the third object of the present invention, there is provided a
5



signal; and slowly cooling the heated recording layer to the temperature of crystallization or below to
form a pattern of crystalline and amorphous marks. In this case, the optical disc grregpcampPLse a
plurality of recording layers. 30 Preferably, the crystalline and amorphous marks are in the form of
barcodes extending in a radial direction, forming a circle around the center of the optical disc.

Preferably, tHE&} ‘mhé%mq%qwqum%fmﬁ\}'ﬂﬁ‘aﬁﬁ%’eaﬁr%?ﬁﬁb%sﬁné'ﬁl@ mRRadbly, the
crystalline magk RaaepliaeiMinga R5sHamo2 YakerT oSSR AhichARinsh 668 Raesent

invention, there is provided a 5 6 February 2006 method for reproducing essential information from an

optical disc, t'f'ib"YHéih&f%rl@fﬁé”@éﬂ@tiﬂb@%@&?ﬁ%rﬁt§%'Eéﬁ@ﬂﬁ%%rﬁ?&l‘ﬁ’ﬁégaw& BeRMhous

marks in whigdflggranti@infREIRIObING RRETRAOEIaRRSIYRESs inaekdrthéhe beam reflected from
the pattern of crystalline and amorphous marks and 5 photoelectrically convertln?%{he received beam

to detedt a siBRAFORRFHGRNE C&’é‘l‘é@t@@ﬂsﬁ@ﬁépﬁﬁlﬁ&rp&%hoﬁé%@ﬁit@rs'gﬁélréﬂ HRiMFthe essential

information ofigigceeticagaigatireytng w@ﬁe@b‘@@mﬁbﬂtman@br@el&m&ﬁ@e@y@m@ne and
amorphous m ks are |n@3 e form OF@W >jjes. exte a raqlal direction, forming a circle around
I

the center of 't'hé’ T@%?J’ﬁ %(995 r?ﬂ%t ﬁ'l%?l? has a higher reflectivity than the
amorphous mark. Pr&fem@ﬁerﬁtﬂecmataméecm@mIh@emceﬁamwnoo@ leaskidrarne 20 el fotie giresent

invention, the pattern of crystalline an S marks .refers to an arrangement alline and
amorpinous T EONPS P EERS AN S ACIRTAE LB TR 61 SLe AL B AICE! B ioR i
achieved by t@pmagdscrysmén‘mahl&mh@ @ﬂw@nlmmmpmh@m%ﬂmﬂmmm the optical disc
capable of recording data by phase e optical disc cap ble of ord I;L se change
refors o an- SHCATILE PR R LG L RS o Ao e e

between crys28itine and amorphous phases of the optical recording medium. When intended to record

information in a data g, ofano tlcal Isc, we Iase l@] am of,a narrow pulse th is
radiated to heat theqrec{:ﬁoé:dp reS(f"ay 8r<l;1|0mne,*lﬁI r}J[Bpré]rgt{ur 'Qreegncrln%rl?g rt'hke]zor[z(i:gc:or YrYfggl layer

amorphous. refers to an arrangement of crystalllne and amorphous marks in an essential
15 information area (EIA) of a recordable optical disc, which is achieved by forming
a crystalline mark in a layer that is amorphous when deposited on the optical disc
capable of recording data by phase change.

The optical disc capable of data record by phase change refers to an

optical disc from which a signal can be detected from a variation in reflectivity
20 between crystalline and amorphous phases of the optical recording medium.

When intended to record information in a data area of an optical disc, a
high-power laser beam of a narrow pulse width is radiated to heat the recording
layer to a melting temperature to thereby make the recording layer amorphous.
Next, the heated recording layer is rapidly cooled to maintain the amorphous

25 phase, thereby resulting in an amorphous information mark in the data area.

When intended to erase information from the data area of the optical disc,
a low-power laser beam of a wide pulse width is radiated to heat the recording
layer to the temperature of crystallization, and then the recording layer is slowly
cooled to form a regular crystalline lattice so that the information is erased from

30 the data area.

According to the present invention, the principle of recording information in
and reproducing information from the data area of an optical disc, described
above, is applied to record and erase the essential information of a recordable
optical disc, but the record and erase phases in the EIA are opposite to those in

35 the data area.



Next, the heated recording layer is rapidly cooled to maintain the amorphous 25 phase, thereby
resulting in an amorphous information mark in the data area. When intended to erpsgruafppusgion from
the data area of the optical disc, a low-power laser beam of a wide pulse width is radiated to heat the
recording layer to the temperature of crystallization, and then the recording layer is slowly cooled to

form a regular crystAfRerRif st emateRenhiByeRiIRM KLersdid bR HMesmAbRNABcording to
the present inyeNigRafBaiRinGinie ok srassinspEaRIOMIN BN FFBFRskiRcCRTas@ation from the

data area of an optical disc, described above, is applied to record and erase the essential information

of a recordabiBCOIIRAPYiBNaRR Bha 8o RARPHAILTIRAEOMI MO B HRNSRB &S hose in 35

the data areag§tiedf eskap g AGEOr Moo aepPeaseninveRiBANIses  t@ OfRReNtial information
in and initialization of a recordable optical disc, in which information can be recorded by phase

changd, can BRBRIRAMESRDINiAREERNPISHE SRRAIRERS S AR bRRIPPIIBLLAISC ARBIABR present

invention usesyahigdeintie@eplaeBpealy isedcbroptitiainRicRaNsRs b is58liPe thatiecrreiem of disc
damage by %h-intensity laser beT‘argn ina corv ntional BC'A code recording.n{;thod.can be solved. In
& &8

particular, fo L?Iﬂl-‘fgyer dBtR%rlt@i SERGLT AYEHAREGR %%%@Féﬁmtﬂu ’ %HH §8the layer
including the Igsseptiadifednaationdsas ashiatgbbinallatiay tegaskessiafiwbichdayerigcludes the

essential information. . 10 The essential information qf the optical disc according to.the present
nvention ma)l BE AESH L IR8Ry CoRERIERTURG B FAC AP e BB ISP
DRAWINGS The abibe obgetrttauncfadvalitagestné toptiomistint iaventiingiid recpresehd more
apparent by describing preferred embodiments thereof in detajl with_reference to the attached
drawings in wWRIGH 'IQIrgr.#ﬂsgf cﬁleacg%qt?ﬁcﬁl'ﬂsﬁ’yiﬁa%%%l@?& (?({:ér r% BCA (burst cutting area)
codes in and reproducing the BCA codes from a single-layer optical disc disclosed in U.S. Patent No.

6,208,736; 20 FIG. 2is a dlagraé’rmlll__ﬂ_stfjaélggmstln%B[:r?ggqﬁ%%ﬁé%des in and reproducing

the BCA codes from a dual-layeroptrcat arsc arsctosed
The above objects and advantages of the present invention will become

15 more apparent by describing preferred embodiments thereof in detail with
reference to the attached drawings in which:

FIG. 1 is a diagram illustrating methods for recording BCA (burst cutting
area) codes in and reproducing the BCA codes from a single-layer optical disc
disclosed in U.S. Patent No. 6,208,736;

20 FIG. 2 is a diagram illustrating methods for recording BCA codes in and
reproducing the BCA codes from a dual-layer optical disc disclosed in U.S.
Patent No. 6,208,736;

FIG. 3A shows an optical disc disclosed in U.S. Patent No. 6,208,736 and
including barcode marks are formed,;

25 FIG. 3B shows record and read signals for the bar code marks formed as
BCA codes in the optical disc of U.S. Patent No. 6,208,736;

FIG. 4 is a sectional view of an optical disc according to a preferred
embodiment of the present invention;

FIG. 5 is a flowchart illustrating a method for recording essential

30 information in an optical disc according to a preferred embodiment of the present
invention;

FIG. 6 illustrates step-by-step a method for recording essential information
in an optical disc according to a preferred embodiment of the present invention;

FIG. 7A shows the power level of a laser beam applied to record essential

35 information in the optical disc by the method according to the present invention;
7



Patent No. 6,208,736; FIG. 3A shows an optical disc disclosed in U.S. Patent No. 6,208,736 and
including barcode marks are formed; 25 FIG. 3B shows record and read signals ®rébeidarcosle
marks formed as BCA codes in the optical disc of U.S. Patent No. 6,208,736; FIG. 4 is a sectional
view of an optical disc according to a preferred embodiment of the present invention; FIG. 5 is a

flowchart illustratingfd FhetRotN RV Bt RPELaLHELN D IRESHAGIRYS R sPeREing esRRbiaing to a
preferred embagifaRbATNETSSEEA EReSPRiE Hethdtstases SR iesipBse MaNesenrecording

essential information in an optical disc according to a preferred embodiment of the present invention;

FIG. 7A shows the pdtefIis 81 iavchae bR RN RE &l eI NG §sRFARion in the optical
disc by the matapsarse b i hetiRaEst BvestNAg TP skiears RERHEHImR Shams the

temperature of a recarding layer in recording essential information in the optical disc by the method
according to HESFEEENSRYRRtoN; FIG. 8 is a flowchart illustrating a method for reproducing essential

information from an pigicgligiscsaeaoringiévaperfeptidearediaritonighe dnprreeptémaaton; FIG.

9 is a sectional \%%  of ané())gp ical disc ac.cordini%to another preferred embodiment of the present

invention; FIE™ {agat ?e%rc%?dﬁd%ﬁﬂi Bd by the essential information reproducing method

according to the preBght Ny iniimitdd &kead biginruvsisamdt-ay eteptisahdisidsioraraliias to another
embodiment of the present ipvention; F|GS. 155\%%%% 8182fﬁ1 are (Eg#an and sectional views, respectively,

of an optical 'GREP 888?&%9 Qa%gﬁ?é)rr V&getr‘? Ehi& 't?l@;present invention in which

barcoge type marksFi@. fotnsadwiSaiisil ti-PLy shoptical sk sigoadirgp toduestitl drasmibedbaccade type

marks formedf:f the 0 ticﬁ disc of FIGS. 12A and 12B; FIG. 13A shows an optical disc according to

another prefe?r Bee%eooed} ré‘ﬁ?%??ﬁe present invention with barcode type marks in a protective
FIGS. 12A and 12B are plan and sectional views, respectively, of an

optical disc according to another preferred embodiment of the present invention
in which barcode type marks are formed;

15 FIG. 12C shows a mark signal reproduced from the barcode type marks
formed in the optical disc of FIGS. 12A and 12B;

FIG. 13A shows an optical disc according to another preferred
embodiment of the present invention with barcode type marks in a protective
layer; and

20 FIGS. 13B and 13C shows mark signals read from the barcode type
marks formed in the optical disc of FIG. 13A.

DETAILED DESCRIPTION OF THE INVENTION
Preferred embodiments of an optical disc and methods for recording

25 essential information in and reproducing essential information from an optical
disc by phase change will be described in greater detail with reference to the
appended drawings.

FIG. 4 shows an optical disc according to a preferred embodiment of the
present invention. In the optical disc shown in FIG. 4, which is a recordable

30 digital versatile disc (DVD-R), recording layers 33a and 33b are formed on first
and second substrates 31a and 31b, respectively. A reflective layer 35a and a
protective layer 37a are formed on the recording layer 33a, and a reflective layer
35b and a protective layer 37b are formed on the recording layer 33b. The first
and second substrates 31a and 31b are bonded to each other in a symmetrical

35 structure by an adhesive layer 39.



layer; and 20 FIGS. 13B and 13C shows mark signals read from the barcode type marks formed in
the optical disc of FIG. 13A. DETAILED DESCRIPTION OF THE INVENTION Pefesi@drgntoediments
of an optical disc and methods for recording 25 essential information in and reproducing essential
information from an optical disc by phase change will be described in greater detail with reference to

the appended drawfig8heye. ip 4.8k ReImakecaPdiRg 3R iR Adembbdiient of the

present inveryigrdininpBrcabdismhanmy) isdpéetibeWhichisq serpisiabiso o thgitalasagtile disc
(DVD-R), rec_ordln%Iayers 33a and 33b are formed on first and second substrates 31 a and 31 b,

respectively. RYRARRHVEFYER S58HIRH NRHRRALQR IBRIBBPRdUERS FRNIR IosRAtS Tayer 33a,
and a reflectiygfayre S5lcandisdwaiasdivh iaeparbisiee dopRaseothiige seiatl aygial3®. The first

and second substrates 31 a and 31 b are bgnded to each other in a symmetrical 35 structure by an

adhesive laySeRCIBE BB ARIFISHY XGNP RIMFEN £ ¢RI MO HRRPH & B%re formed in

the recording steis @3 arndptidal tRspeditertindsgierspheseabivasiierPiesedint eeatafgecords
essential information in and reproduces essential infarmation from th o%tiﬁal.di%c based T] the
i

principle of p 8&”&%%%8\%%#8% rﬁiygaglﬁ\?l@& (?BVEPF@P&SCW SariAnBieBdadieR ystalline
and amorphatis¢sarkpabideraiate, i ajitigebyishansertingdo thiheresamriniinbmckistiog

Capable of G418 PRV L5 HHR00 dlRreyc b COLR DA O AP 45k S AH- only
discs,1quch am@@handlih@r@@wm@h do not employ 10 the phase change principle. T.he .
S losahblie 1 Rt T SR N
area and the p@nwerroatbastmserniea (P 4] aFoactieapiis | tscar s fiomegstalineeedesoaphous 15
L R I OSSR & EEARBH g1 0Pt e
calibration area (PCA). For other optical discs, such crystalline and amorphous
15 marks are formed between the clamping area and the lead-in area. For any
recordable optical disc, regardless of whether it is a single-layer, multi-layer,
single-sided, or double-sided optical disc, essential information of the optical disc
is recorded as crystalline and amorphous marks by crystallizing a portion of an
essential information area (EIA) in an amorphous recording layer after deposition
20 of the amorphous recording layer.
The crystalline marks 30a and 30b have a higher reflectivity than the
amorphous marks. The reflectivity of the crystalline marks 30a and 30b is not
less than 20%. A binary alloy or ternary alloy including tellurium (Te) and
selenium (Se), which are susceptible to be amorphous, has been used as a main
25 material for currently available recordable optical discs that record data by phase
change. In particular, a ternary alloy of Te, Ge, and antimony (Sb) exhibits a
high absorbance in the wavelength region of a laser beam and a large difference
in reflectivity between crystalline and amorphous phases.
An essential information recording method by phase change according to
30 the present invention involves heating the recording layer of an optical disc to the
temperature of crystallization by layer irradiation with proper timing in response
to a photoelectrically converted essential information signal and slowly cooling
the heated recording layer below the temperature of crystallization to form a
crystalline mark, thereby resulting in a pattern of crystalline and amorphous

35 marks.



single-sided, or double-sided optical disc, essential information of the optical disc is recorded as
crystalline and amorphous marks by crystallizing a portion of an essential informgtiepr@igeg¢edA) in an
amorphous recording layer after deposition 20 of the amorphous recording layer. The crystalline
marks 30a and 30b have a higher reflectivity than the amorphous marks. The reflectivity of the

crystalline marks 305/&h@ 308 oM ast IR0 RNSIeArOhRSPSCIBRRHPEIRS Af88BHRY tellurium
(Te) and selgfigfmAREN NIBISRIRS FHEBGEaIYInEE SMPIHHAUSREHGESRIESsEa8A main 25 material

for currently available recordable optical discs that record data by phase change. In particular, a

ternary alloy BiveslieR. aReiERiRDIR TE8) BAABRSY AR R IAFBaHANCHAR QRlieah d8Gion of a
laser beam agqqaéanee-MiTRr araa adisesie i e TIRCH! cResatibRIM aaeEiegs phpses. An

essential information recording method by phase change according to 30 the present invention

involves heatifthRERR A RRY SIS BRIRG PG TR e tRRGIBIIE ! G kRRIMAIRb P Aayer
irradiation witfogoPET HEnag e regrensiahs reahsdaeiesiory]iagenye eriviseeblEl ifarmation signal

and slowly cqoling the heajed recqrding layer below the temperature of crystallization to form a
Crystaline maPEREEALLF L GNATA IR S PBILR CEAT Gk arAErD Aoty S R KR & Fobruary
2006 FIG. 5 ipradieweahiriedivstiaiingf aher EfpxreStepbomestapshe eshesligh iToranation recording
method by phase change accordin the present inventjon. Referring.to FIG. 5. to re essential
information of RO 0 B L e ERSRIPLO L/ BIRHPE 5 B SHACEH AR5 Sip B yer (Step
101). mNext, The exwdiiag illyemstivrale dealondedlzs tepaksatuoe ofstutindizaitbantStepol@3). The
temperature of the heated recording layer is slowly cooled to the temperature of crystallization or

below (Step {6%3 ) form a crystalline mark in a predetermined region of the EIA (Step 107). Steps
101 through 107 ard-I@peascantdl iigtyatenont Hreesssntiad|linformaticomrettreinptioaticizt (Step 109).

e e S S BaND LS AR OARUP R
present inveraivnpAdardisasi€rimgrecording layer is first formed on the optical disc 70 so that

15 the entire optical disc 70 is in an amorphous phase, as shown in (1) of FIG. 6.
The optical disc 70 shown in (1) of FIG. 6 is not fully but partially amorphous as it
includes a small number of fine crystals. Next, as shown in (2) of FIG. 6, a laser
beam is radiated onto an EIA 72 of the recording layer by an optical pickup
apparatus (not shown) to initialize the optical disc 70.

20 Next, the power of the laser beam is raised to a crystallization level, as
shown in FIG. 7A, until the recording layer irradiated with the laser beam reaches
above the temperature of crystallization and below a melting temperature, as
shown in FIG. 7B.

Next, the temperature of the recording layer heated by the beam radiation

25 is slowly lowered to the temperature of crystallization or below, as indicated by
g1in FIG. 7B. If the recording layer is heated above the melting temperature
and is cooled rapidly, as indicated by g2, then the recording layer may change
into an amorphous phase so that it cannot be identified from a data area where
information is recorded.

30 As a result, a crystalline mark is formed in the area of the recording layer
exposed to the laser beam so that the essential information is recorded as a
pattern of crystalline and amorphous marks, as shown in (3) of FIG. 6.

The phase change in the EIA 72 of the recording layer differs from that in
the data area. The temperature of the data area is raised to the melting

35 temperature, whereas the temperature of the EIA 72 is raised to the temperature
10



an optical disc 70, a recording layer is first formed on the optical disc 70 so that 15 the entire optical
disc 70 is in an amorphous phase, as shown in (1) of FIG. 6. The optical disc 70eshgbriraindgeof FIG.
6 is not fully but partially amorphous as it includes a small number of fine crystals. Next, as shown in

(2) of FIG. 6, a laser beam is radiated onto an EIA 72 of the recording Iayerﬂ% an optical pickup
apparatus (n&f SheviAlizatiandeyetibaptharaltingtennestuirdphivea P admetdidhsm is raised to

a crystallizatigadgNghiaicTHRMBITY E4Grdi A HRSIHOE seearding eYpidisRsiated wihte laser beam

reaches above the temﬁerature of crystallization and below a melting temperature, as shown in FIG.

7B. Next, the tempelARiREsNRER dBiaMAlRR ineaeWsd tRdNsdriaairaioy raBid%rRAINBwered to
the temperatyig edepysiallieatisint kelevsing iagiraiediy Bl Meiting dbinesaepning layer is

heated above the melting temperature and is cooled rapidly, as indicated byggz, then the recording

layer may ch&RGP!HED-ABABHMSUD B Sse S0Pt HARARD&8aRRIHSF0RIB ISR HPea where

information isyigiepr e e as st te dortisdatine davly isdorssegiartbeiaseacfidertoeerrding layer
exposed to the Iﬁésner beam so that the essggtial information is recorded as a pattern of cryg@line and

amorphous AP DK A TH%&B“& REEBOTRE Bﬁ%@% %Waﬁ@étiﬂllfdﬁ@ddElA"?;%'f'ttrﬁétre@& ing layer

differs from trat i irifaelidedel iea. |dber teszpriatidreloihedelecaie adsdrithe stiuntiagiting 35
temperature,.w, ere\ﬁls the temé)q(?ﬁaturefof the EIA 72 :(? raised,to the te eraétHre 10 6 February 2006
of crystallizat‘B [G%RPthER th 8[%% EpEraG 8" f?{é‘%%'ﬁ%ﬁﬁ%% th gsiwgpﬁwérmation

recording meglaets adchedptt i @teasgparitvehtitniniti althenomondsisiméaondiignl iy eeaatstd in the
data area by ra}é‘a{idlx ool%g th temp?ranﬂe of the recording layer heated to the melting point to form
bR 3 TNEIgsSH

5 completely\g §rpRbUE RS Al ng areas of the data area, in which information is not

recorded, are slowlyrtGol@ dsadtéoveimgy hidasichtnthan restergi plamfosmétiatthepredindiogng areas are
erysséﬁyize?ri fﬁré;]%rf‘%ﬁégzgg% %t'gAtJ% f‘?réﬁréa{‘?‘a CAaiIRRRE BEAE @P%%'&Wﬁmgﬂﬁbendhmﬁﬁ%fd the
pattern of cfystalliné and amorphous marks. The amorphous 10 parts of the
pattern are thespantsabinfer ingtisdrareprpbocmgeomttiod layevwesicdiating a laser beam onto
15 the EIA with a pattern of crystalline and amorphous marks (Step 111), detecting
an electrical signal converted from a light beam reflected from the EIA and
received by a photodetector (Step 113), filtering the detect signal through a
high-pass filter (Step 115), and reproducing the essential information from the
filtered signal (Step 117).
20 In a conventional optical disc, the reflectivity of a predetermined area of
the recording layer, which has been physically removed to record a BCA (burst
cutting area) code as a barcode type mark therein, is lower than that of the
neighboring areas. For this reason, a detection signal from the BCA is filtered
through a low-pass filter to reproduce the detection signal. In contrast, for a
25 recordable optical disc according to a preferred embodiment of the present
invention in which essential information is recorded as a pattern of crystalline and
amorphous marks, the reflectivity of the crystalline mark is greater than that of
the amorphous mark so that a detection signal from the crystalline mark is
filtered through a high-pass filter to reproduce the detection signal.
30 FIG. 9 shows a DVD-RAM as an embodiment of the present invention
where essential information is recorded. Referring to FIG. 9, the DVD-RAM
includes a protective layer 43a, a recording layer 45, a protective layer 43a, a
reflective layer 47, an adhesive layer 49, and a protective layer 43c, which are
sequentially formed on a substrate 41. As described above, a barcode type

35 crystalline mark 40a is formed by radiating a laser beam onto the recording layer
11



were not irradiated and crystallized. FIG. 8 is a flowchart illustrating an essential information
reproducing method according to a preferred embodiment of the present inventierrebhgressmntial
information reproducing method involves radiating a laser beam onto 15 the EIA with a pattern of
crystalline and amorphous marks (Step 111), detecting an electrical signal converted from a light

beam reflecté® f¥hiGhdSEaR@RNFee arhen Kieagis@denditibe (Sasy POVCHiRAFEMAE detect signal

through a highyagsAiRy(Ree 115), and reproducing the essential information from the filtered
signal (Step 117). 20 In a conventional optical disc, the reflectivi'%éolf a predetermined area of the

recording layer, whi8l®FRL35:E18 pallertiily rehibecdveiatiig AR iR a0 batihgatbal ebde as a

barcode typegRainéiprRilsimigwerohaa tBptedibgonaighle fagnarensry=Raline paseaoa detection
signal from the BCA is filtered through a low-pass filter to reproduce the detection signal. In contrast,

for a 2B recoRRANE'65H0 NI RABAME R W HFRA sl9 Bt BRI aRhRES SRR H Rtion in which

essential infopaedipds serreRd as a pattern of crystalline and amorphous marks, the reflectivity of
the crystalline mark ﬁégre ter than that of the amorghous mark so, that a detection signal from the
ltefe

crystalline mark is f P Qrﬁigh'-lléjﬁgaﬁff& 8 ' é'ﬂ%@@f&fié% - 30 FIG. 9 shows
a DVD-RAM ag:gberabositiagtiofttkegesantiineanitenwithene essentialiorfenaedatais recorded.

Referring to EJG. H\rﬁ)e DVD-RAM  includes a pratectiye layer 43a, a recording layer 45, a protective
layer 43a, a r@ég Id@é?ﬁ?@ﬁgﬁn@?ﬁs t é’,‘x&ﬁ%‘ t'&%tective layer 43c, which are

sequentially formed Ag shewosirale )4df. AGdeockbear ety ¢y pebantdzplyparidiy trystaiommark 40a is
when deposta TLAFD PELG PSRBT e L R BRI e LA PR TN ot the
posited, un er powe a crystall vel."Because the Ivity of the
crystalline maokeWmdsHatffefraheh peaioaf canrespamdets thark #ok |asenrodiectiondigppliéom the
SRRl T G S W SR AL
signal synchronized by high-pass filtering is shown. The reflectivity of the
15 barcode type mark is higher than that of the neighboring areas where no barcode
type mark is formed. As shown in (4) of FIG. 10, data “0010010” which is
identical to the data recorded as the essential information is reproduced.
FIG. 11 shows the structure of a multi-layer optical disc according to
another preferred embodiment of the present invention. Referring to FIG. 11,
20 the multi-layer optical disc includes multiple layers L, through L, sequentially
arranged on a substrate 51. In FIG. 11, R through R, denote the reflectivities
of the respective layers Lo through L.
FIG. 12Ais a plan view of a dual-layer optical disc having only the layers
Lo and Ly of FIG. 11 in which barcode type marks B and C are formed at
25 opposite sides of the disc by radiating a laser beam through a 0.6-NA objective
lens onto the surface of the dual-layer optical disc 51 of a 0.6-mm thickness.
FIG. 12B is a partial sectional view of the dual-layer optical disc shown in FIG.
12A.
Referring to FIG. 12B, in the dual-layer optical disc, a semi-transparent
30 layer 55 as a recording layer, a reflective layer 57, and a protective layer 53b are
sequentially arranged on a transparent substrate 53a. A barcode type mark 50
is formed on the surface of the transparent substrate 53a, and a laser beam 59 is
focused onto the recording layer, the semi-transparent layer 55, through the
barcode type mark 50.

12



method according to the present invention with the assumption that data "0010010" is recorded as the
essential information. 10 As shown in (1) of FIG. 10, a barcode type mark appeasrgiruajemdsng half
of each period corresponds to "0", and a barcode type mark appearing in the following half of each
period corresponds to "1". The laser power level applied to record the barcode type marks is shown in

(2) of FIG. 10. In (3)FdEFIZQ shawsighaairriarsireer edused Puisirerantial JAKmatiag reflectivity

of the 15 bar@@ﬁﬁ)a{m afieif dhesshanrghatn thrBeiahkesRtoRr eamWier e DE bargedgtdype mark
is formed. As shown in (4) of FIG. 10, data "0010010" which is identical to the data recorded as the

essential infofrf3dionfieJEBRSYUERT) Bl arpRAINGI Gharne! df anduRidapeiesadseidaccording

to another pigigiiredypBIPodiReNtRbtithRFRSENS e RLiRibUSRIgIEREte 0@ il 20 the multi-layer
optical disc includes multiple layers Lo through Ln sequentially arranged on a substrate 51. In FIG. 11,

Ro thréugh RiPHESBRHE94AdBe HbstGig Digepersild) idhe g Rigngh erae ceshiie plan view
of a dual-layaneRiifeachsef hawisg IS SRy e g i i, OhEHReL1.in which barcode type marks B

PO LT e L L L e T S U o
sectional viewwhtheotsietiiayayopicahdisaphevirom blfecdriddIaisiripg tadtting 2Bagethe dual-layer
O B e e B SRl oo 2t
formetbon theleledess lof foedsimg relestrdvbsmadatiodacard or g dgamd 3onen fapaseomto the
e B T v A e R o e o o
to the presermﬁlmﬁama_hk EI@]élZI_éie,‘btdmhbydmwm@cafrasmepear(%teigmbwmnagaydﬁhannel
e B Ry A e A e 0o
waveforms of the two signals are almost the same, even with a focusing error of
15 0.1mm.
As is apparent from the results of the dual-layer optical disc, because a
space layer formed between two layers Ly and Ly has a thickness no greater
than 30-35 ®m, a pattern of crystalline and amorphous marks formed in the layer
Lo to record essential information can be accurately reproduced by focusing a
20 laser beam through a 0.65-NA objective lens onto the other layer L.
In another preferred embodiment of the essential information reproducing
method according to the present invention, it is not necessary to record essential
information in every recording layer of a multi-layer optical disc. In particular,
once essential information is recorded as a barcode type mark in one arbitrary
25 layer of the multi-layer optical disc, the essential information can be reproduced
as long as the barcode type mark is irradiated, not focused, by a laser beam. In
focusing and tracking to record data in or reproduce data from a multi-layer
optical disc, if essential information is recorded in the layer Lo, the essential
information can be reproduced as an arbitrary information layer is focused
30 through the layer L, to read data therein or reproduce data therefrom.
Here, the level of a reproduction signal from essential information
recorded as a pattern of crystalline and amorphous marks according to the
present invention is inverted to that of a reproduction signal from conventional
BCA codes.

13



the surface of the substrate 53a is apparent in Channel 1. FIG. 13A shows an optical disc in which
barcode type marks are formed on a protective layer 0.1 mm apart from a recordjirgdapey Soosadiating
a laser beam through a 0.85-NA objective lens. FIG. 13B shows a mark signal 10 detected by
focusing a laser beam onto the recording layer 0.1 mm apart from the protective layer on which the

barcode type marks¥fil ot tnvertiondtassheRis Remisk iyl Quicafchdsp sk aghyil laser beam
onto the protesti@iR¥elo pryiBerdiedhareeradvRe tRsvds: AseshrneriBdEmpokiRenid 13C, the

waveforms of the two signals are almost the same, even with a focusing error of 15 0.1 mm. As is

apparent frorA886"RedIRPOV e guRRIN St hara gt tepdesd igimibiicesraegvekn two

layers Lo andHe [iReAtiOICKNERS ROGIEC AN ItharLABetatdam by Rrsts ikl esyriahivedmeanterphous
marks formed in the layer Lo to record essential information can be accurately reproduced by focusing

a 20 lader beSRTEME YA BIBEIR RiuHeRblicabAS B RRRE BRReF e INe FPEMHh 8N Y rBIRIHEd
embodiment gft{bethgsemiéabarsawtige reRIkdUCI T creekmtiaceaolingtior e eapeat apwmetion, it is

not necessary to record essential information in every recording layer of a multi-layer optical disc. In
pattiouiar. ol B HRT AN L S1AL 10 B0 O typl RO e JoMary 25 layer of
the multi-layedioptiigl oishishevessrijahiaigsmatnd saogweotprotiesttias dooaldhedfaredde type
mark is irradiated, not focu e@, g%/ a Iase[]be m. I% fﬁé:usin and trac in(?. to rFﬁcord datg in or
reproduce d § BRAIE )9 ”Bf)’[ircai &is ,Eﬁne AR U rrrr%gt?cm 2GHRG @(ﬁjﬂ??ﬁ' (an/er Lo, the
essentfal infaoadon can be reproduced as an arbitrary information layer is focused 30 through the
layer Lo to read datrz‘th r%inri%r &gé%q/uc?hdata r&e eélrom. Hoerr | hthgchlﬁ]vel (r)f aern prq/d% Ii%nisignal
from essential informAton° recoried As a pgt?eor r%tgﬁl%e he o?pRo%?s ANE] 8orc§’|ng to the
present inverdbrarstagestsd tathaitefsirveuos witioa paietrfrontoaiaiinéomad &Gdvwiodes. 13 6
February 2006 While this invention has been particularly shown and described with reference to
prefonedt oGRS BEILON Do LTS BL AL CaLir s b eHes i e
and are not itiecdss el lonithieepsicmi@l@bf phase change, including single-layer and
15 multi-layer discs.
An advantage of the method for recording essential information in an
optical disc by phase change according to the present invention is that the
essential information can be recorded at the same time as the optical disc is
initialized using an existing initializing apparatus without need for an extra
20 recording apparatus and additional time consumption.
An advantage of the method for reproducing essential information from an
optical disc by phase change according to the present invention is that the
essential information can be reproduced using an existing optical pickup. In
addition, for a multi-layer optical disc, once essential information is recorded in
25 any layer of the multiple layers by phase change according to the present
invention, the essential information can be reproduced easily due to a high
reflectivity of the crystalline phase.
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the invention. Therefore, it will be understood by those skilled in the art that the 5 essential information
of an optical disc can be recorded in the form of any marks other than the barcodeéypeinaoks. The
essential information described above can be expressed in any code including BCA code. Therefore,
due to the diversity of this invention, the spirit and scope of the invention should be defined by the
appended clammtriatarsithed jby the preferred embodiments described 10 above. As described above,
the optical disc according to the present invention is advantageous in that its structure with a pattern

of crystalline and arqqrphousnmﬂ[@% 85{?89“&#&8%9@%%%%& %ﬂg Iig%ao(%rgy%?g?(gﬁarc;gzbfn

optical disc based on the principle of phase change, including single-layer and

d f th hod for. di ial inf iqn i ical disc by ph h
accorting to 170 HrESERU IR R B E0R S DRl OHRER O Lo 5 oot B PLne Seme time

as the optical disc is initialized using an existing initializing apparatus without need for an extra 20
recording apPAEIEY HHdRRIMIGERTNS eSna RRAREtHhohe vlvdinagndrame mBAIME keproducing
essential information from an optical disc by phase change according to the present invention is that
the essentiawhereiratiosn agsthbinepratkseteisimmed byisting optical pickup. In addition, for a
multi-layer optical disc, once essential information is recorded in 25 any layer of the multiple layers by
phase change accofingy &I?d?’fﬁﬁﬁﬂbd@V@NJﬁabr?%gﬁ%H&}éﬂf%ﬁmeﬁr‘é@tﬁ‘r@%fePFOdUced easily
due to a high reflectivity of the crystalline phase. 14 6 February 2006 What is claimed is: 1. A
multi-layer optj % | [ i e (ﬁ)] S ' : RA iQn are
recorded in aé[t%%![s |cu lE‘r%ql g@@ﬁ%ﬁ“ﬁ% §ggﬁraﬁt%|/% g Ire@ggrlt%r%ﬁllgt)gegrlsg %?f géé) t@ﬁpgﬁ g@/stalline and
amorphous marks, 5 wherein the crystalline marks are formed by: heating an amorphous recording
layer above tRE& perature of crystallization by radiating a beam according to a photoelectrically
converted signal;

slowly cooling the heated recording layer to the temperature of

10 crystallization or below to form a pattern of crystalline and amorphous marks.

2. The multi-layer optical disc of claim 1, wherein the crystalline and

amorphous marks are in the form of barcodes extending in a radial direction.

15 3. The multi-layer optical disc of claim 2, wherein the crystalline and

amorphous marks are arranged in a circle around the center of the optical disc.

4. The multi-layer optical disc of claim 2 or 3, wherein the crystalline
mark has a higher reflectivity than the amorphous mark.
20
5. The multi-layer optical disc of claim 4, wherein the crystalline mark

has a reflectivity no less than 20%.
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slowly cooling the heated recording layer to the temperature of 10 crystallization or below to form a
pattern of crystalline and amorphous marks. 2. The multi-layer optical disc of claisgFébnvéagraiosthe
crystalline and amorphous marks are in the form of barcodes extending in a radial direction. 15 3. The
multi-layer optical disc of claim 2, wherein the crystalline and amorphous marks are arranged in a

circle around the cegter of thmepiis@ligisecérding Bxdtnayemdptinatidisenoh Pabt 2atidg whesein the
crystalline mark has a higher reflectivity than the amorphous mark. 20 5. The multi-layer optical disc of

claim 4, wherei e-Gr, ' r Vil 3 g 66.A
method for ré@éarg%éﬁeé{s?ﬂkﬂ?mrﬁ%%@rﬁ%e%ké%u%aﬁgyggg [r?%r{lpgéhof%a% é:f 3[ Pa%ijt@{%%ﬁrgegcording
layers of a multi-la¥er optical disc, the method comprising: heating an amorphous recording layer
above the terﬁ%@%ﬂﬁ#‘@ f 5 crystallization by radiating a beam according to a photoelectrically
converted signal; and slowly cooling the heated recording layer to the temperature of crystallization or
below to form a pattBRAHIFRAMAECANY AFFSPRNG Iiakaboy e thantempaist et @kim 6, wherein the
crystalline and amorphous marks are in the form of barcodes extending in a radial direction. 8. The
method of claipsialivieiiom biye atiestial) rzelmairaactcqrioong i ar ks aiectecancat) incncedisdaround the
center of the optical disc. 15 9. The method of claim 7, wherein the crystalline mark has a higher
reflectivity thagythe-afrgrphous mark. 10. The method of claim 8 or 9, wherein the crystalline mark has
a 20 reflectivity no less than 20%. 11. A method for reproducing essential information from a burst

cuting area in one gf 9B g9\ RRLUI AUSSMGBYF GRS BpRIGice Bp 16 6 February

crystallization or below to form a pattern of crystalline and amorphous marks.

10 7. The method of claim 6, wherein the crystalline and amorphous

marks are in the form of barcodes extending in a radial direction.

8. The method of claim 6, wherein the crystalline and amorphous

marks are arranged in a circle around the center of the optical disc.
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9. The method of claim 7, wherein the crystalline mark has a higher
reflectivity than the amorphous mark.
10.  The method of claim 8 or 9, wherein the crystalline mark has a
20 reflectivity no less than 20%.

11. A method for reproducing essential information from a burst cutting
area in one of a plurality of recording layers of a multi-layer optical disc, the

16



method comprising: radiating a beam onto a pattern of crystalline and amorphous marks in which
essential information of the multi-layer optical disc is recorded; receiving the beagFépfleejeddsom the
pattern of crystalline and 5 amorphous marks and photoelectrically converting the received beam to
detect a signal; filtering the detected signal; and reproducing the essential information of the optical
disc from therfieried soangliskiywherein the detected signal is filtered through a high-pass filter. 12.
The method of claim 11, wherein the crystalline and amorphous marks are in the form of barcodes
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receiving the beam reflected from the pattern of crystalline and
5 amorphous marks and photoelectrically converting the received beam to detect a
signal;
filtering the detected signal; and
reproducing the essential information of the optical disc from the filtered

signal,

10 wherein the detected signal is filtered through a high-pass filter.

12.  The method of claim 11, wherein the crystalline and amorphous

marks are in the form of barcodes extending in a radial direction.

15 13.  The method of claim 11 or 12, wherein the crystalline and

amorphous marks are arranged in a circle around the center of the optical disc.

14.  The method of claim 13, wherein the crystalline mark has a higher
reflectivity than the amorphous mark.

20

15.  The method of claim 14, wherein the crystalline mark has a
reflectivity no less than 20%.
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