;e3e?0_7?ZZ[\ L\ "6~TO_zf GOPTI CAL DI SC AND METHODS FOR RECORDI NG AND
REPRODUCI NG ESSENTI AL | NFORMATI ON OF OPTICAL DISC 1. Field of the
| nvention The present invention relates to an optical disc and nethods for

recordi ng an i i f i i j

i or mat Lon 1 PETGALIREE ANGME oS PR RERORINGPAGD GEPHOLEGING,
optical disc in which apSSENTALINFCRMATION'®F OPTICALDISTIed by phase
change, and net hods for recording an essential information in and

reproduci ng an essential information froman optical disc. 2. Description
of the Related Art Optical discs, a kind of recording nedi a m(”’mwmm
information is recorded 1 s or from whi ch i nformati on |s repro m’m”mmm
l'ight ragiation, are cl assi BAGKGROUND@RITHEINVEN ROM types;sgsgrite
once read many ( y a random access nenory (RAM type arewitable
(RW type, and tEg‘ﬁPEﬁ‘ea'é‘é’EP'@f?mg to the recording and reproduci ng met hods.
Optical discs argngl %ﬂt'l%dti‘bﬁ%ﬁﬁt@é ftgtaﬁ Eﬁ&@lrm&ﬁ dﬂtethadélt@r'rehawyged' SC

according to the nunber of Information cording |l ayers. Single-
di scs have anlegsenkaliinfoomation on ar@yreprcvcagm@lae@ssemtladmweatmrmﬁy)rraae

noi dont | aoefcal R ABE AR kARl eOs KB B R b Ml o1 "
Dual -1 ayer disertidhinternaron igyrecsrdeddy phdeuchargiea and heothoat If@tﬂréc@}tﬁhg an
regardl ess of whether they are single-sided or double-sided: a first |ayer

i ncl udes a §&sentigl Hﬂ@'ﬁ%@t@ﬂ'nlfﬁw iepragieing §a<ﬁﬁsant%ty@tormﬁtwntr@m énrQPF'P@lctl ve
| ayer. Info tion of the first layer is reproduced by light reflected from
the sem -transparent layer, and infornmation of the second |ayer is
reproduced By | i Qescrigtidrecftbe RelatediAd refl ective | ayer after having

' dth h J d I
cl assi 1 ed i ni'o OPHGREIESt AR DY ot cSaanadnge: & viieh Rreeaatidt. BTReRIFRs | ne

struct ufse obr #rBfh wntcﬁnm@t—m@ﬂorh as/@pr@du@dswﬁgmahmat@h Nalecclabslfed fHig@s have
an information |ayer on onlé one side of the substrate wher eas

doubl e- si detpaf @laly memery (ROMIiYRe R WHiRorRCaIeasdnaNY (Bhtypss arraadar

substrate. i h city
25 Tuo s ngPEraribifiohy (GRS & RintBRARISY fipe" Bng HE 1€ BB6cHy 2R3
manuf act ur ecbmdlagsandgtepfdxchmg mettinds. - |Qptésal dises araslabsa‘redl ihntda above.

Al so, optical te zed into co scs i.tal
Jeroati e apugieByes it A & JonkAses GRC Bebs kita e TumbSTRUBITAIORo ¢ he s
recordi s CaRRfdin |a%‘}g MB for CDs, 4.7 GB for DVDs, and 4.7 GB or greater
for next- generatlén VDs. The speC|f| cations of such optical discs differ
from one anot her Singieayengiscs have ordy engiinigroaier layer regardiass abvketheve t he
sane di anet t: nmm
For CDo. 0. oyarpSToiFided o BiEisided 5 BRI il afion BYveecyart

| aser beam ufmdﬁ?ﬂﬂusenraﬂaamfled:tj\edaymeformed dmethierigfoamatioedayeal aperture (NA)
of 0.4 are used ser be m,.an ective

| ens are used fob {7%%? ﬁg‘)@? f WQQ@W{S@@BE'%?Hd'mcﬂth'“?%"t?é@"ga flue | aser
and a 0p885- P&tgé?aleeswfmétm&he¥afe éﬁhgleaeiaewr dahbe glabdsatmtas{ér iRélugesh an
optical disc 1s divided, fromthe center of disc, into a clanping area,
a burst cut aisegidranspapmn)ayes, arca-segond Iayer mcludesareﬂecﬂve 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
30 semi-transparent layer.

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

35 substrate. Accordingly, double-sided discs have the same recording capacity
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area, a data area, and a | ead-out area. The clanping area is an annul ar
area’'located at the center of the disc to which a clanping force is applied
with a clamng tool. The data area includes a 20 user area, a spare area,

and a guide ar.ea... r.. .arer r in e t .. IThe lead-in area
and t he Iea@-%c;ﬁ’? %’h‘@g'%ﬁ%} &'Sgét edﬁﬁ?owgﬁ]gge'aﬁmf @wtﬂ?—&ide?t[@%&ag&e area conposed
of sectors, mgnFacturathy a shiglefigpevdralurl Bier aists isdedcribede@ols. speci fied
as a BCA field or a BCA. BCA codes for recording essential information on

optical discs, sdd$P.Ptiosl dises are eripperizediite compaghdisas (aPs).afiatalne 1i ke,
Loos: . TR | - | <
"hei do_the. NorSRROAROIBVERY, FARRAGPDYIRFind M LAAURG 1B Oc2! ©

cl anpi ngs ar eecardihg dapdcdpds3MB o CDs| £XtGBdsr RYDe! ahd W7 GB er gredited for
direction. For. the D\[Dmvor CD-R'RW a power calibration area (PCA) and
a program miesk-gengrasop S.are | ocated between so the BCA and the |ead-in
area. The BCA fo i\ ,a@g I 0.8
nm Most opti cal W&F@?ﬁ@g(@%&u%@g I nﬁh%%ecﬁvéB rﬁionﬂefﬂgétpgf%?gé?ﬂgfg

bar code mar ko lhe rewording lcapacityni fgDawayg DViEshavedbe sange diaywter &l R0 thms a

diagramillys t] net.hods. for. recordin codes AN d_s5 r duci ng
BcA codes 1 PuknAvE SRR Sihar oty KiFEREeERr S rBL TRt GRIpsk RS, "8
10 15 W@, Badeboulo.1 fn? Bt ex-geRefaion DYDso A IGsedbedifAf7Boem ane an
recorded in the conventiagnal optical disc ( in the formof a barcode

) . 1

mark by bur SPIRFIINRENSBhPERY Adhraerical apertdee (NR) phdrareised faeelisnapd a
substrate 1 L . m mar k, a pul sed
| aser such {gsswy@rflrl?suér;}%;%%@mgﬁﬁg}%érmé{bbj%&g%q%ﬁé@?% ?(!use s'on t he
reflective INextigeh8rationddigDsaré &nawnrig userssbluedasatanchi 0L86-DiA objectye t he
reflective |ayer 13, thereby formng a non-reflective portion 10. In FIG
1, ref er encd® imeral 15 denotes an adhesive |ayer, reference nunmeral 17
denot esyz pr ot ecmh\éegoér%vﬁrphy%w ER6ISURS 6LSUHTER Bptidd dISERI@GidadPfrbftheay er
on which | abels may be printed. In FIG 1, a waveform (2) is detected from
t he convent icentar of theydisc| i cgsnpioglargasa buist)cutting agan@GAea lead-in
non-reflecti I 0 1 on-reflective portion 10 has zero

Vs Pl et o BeRT Byl el

reflectivity S0 orm € non-reflective portion 10 appears
strai ght bel ow aThewlaipiig arealisaalannlier areé llecdted iat theoeritbeopibel gibety

region of the.non-reflective .portion i s, _si.nusoidal_ and has an er age
[ avel equal WSRAaTaInG Tpice 1B @p|iSd wifia Biaming Toalay h8 et ea RALdeS
obt ai negh by sk} 2 alSpRrdaYsd, Und 4 glide?dteheP RSP Bhfa SreRICKidEY AThe Halt®n
signal. A marking detection signal gener ally represents the |l ocation of

address, thareanbEhe isradrinarea apddhe gukargazAre logated ingide andfoutside the
cl ocks, etc.d ?éﬁaa &%ﬁ 3@’(?6% éé) ré Eﬁ\?&?ts t he physical |ocation of a
it 852 DR 3 ée{ ) repr

particular a rm esent’s read cl ocks obtained fromthe
mar ki ng det ect i orsargaavhdrg BQAcodesiaraforoved iSlspechiedsasa @G fiekh or a

illustratin th for recording BCA codes, in and 25 30 reproducing BCA
codes. {om Bonad Giies 186 Ecordfa ssptia drrouneion eBratRl §56S HEREY. | n
the conyent isgnal ndtHBér, davees PBhLfeturdi s thd ke, Bfe'retdfRsy @f&h AREORGEd 1N
the formof a barcode mark by burning away portions of the reflective

| ayers 13a &pecifigd foriger igada redasding@nshiocalediingigde the deaskinoareas ubsgeneres, 11
a and 11 b, i | i

codes are réﬁ%r% ed%@{é@%&gg‘@}n&ﬁ%ﬁg@e&@ﬁ@ Fﬁlﬁoiatgesfl?%@ﬁ%%%mpta?%%hﬁga& 8?"%?@
gnd the r erraigohng nnra}‘irh aqediaedgecm?mnsl-?orlthe FD\ID-FF/RW@'@WBVVLLHYBDWU 15
enotes an adhesive |a nd reference nuneral 1 notes a prot ective
ayer -1 " FORNON aig B GRS P PrOOTAIp BRI BHATRURNAT RiedooReddietwRRn o

| nel udes, 35 fidBarebh@id KadliA e i%@@@-&/& R the DADFYRGY bR CD-RIRAy nak of e
conventional dual-Tayer optical disc (I ). A waveform (3), ichis

obt ai ned by radiiatiength ¢feabost &&mm.(2), represents of a nmarking detection

signal. A wavef or, 4) .repr.esents %cl cks .obtal ned fromthe narki
detection signal l\}gés(tto?qgcqe\lﬂ({)%q%rre&oéﬁ coges 'Q)}ﬁ@ﬁ%&{neomml q:lpqgcog,g a
wavef or m ( Smark ByesuroaMceGniigaway sesoreotdibgayathi ch incl udes the
reflective layer 13b and the second substrate 11 b, of the conventional

dual - | ayer opti c&ilGdil d¢adiagrampillygtiating mettedsder eqasdivoBCasodesimand
35 reproducing BCA codes from a conventional single-layer optical disc disclosed in
2



5 signal is obtained by slicing the waveform (5). A waveform (6) represents
read 'cl ocks obtained fromthe nmarking detection signal of the waveform (5)
by synchroni zation. FIG 3A shows bar code marks formed in a circle in the

(3 tn f1 & LS RHEN NG oLy Rprdhufh ¥ Se E38ch 00&2’%%34@4@?&%553?139‘31 b
as shown i ncodventiinakbicatBiscaf1¢ in tHeRAMDOf 4 b@rc‘b@é&ﬁ@ﬂkrb)( Burniry ainvepa

reproduced fromthe bar code marks 31 a and 31 b has a waveform (4) of FIG

3B. Wien a Pewian ifutsiieptive igyendstforned aasaubgiraiadr with ada@%rstse&m 1Xler, a

veveforim Sk i SO LeRiod SRR bRck sl MEh OISl i PR, (O
L he convent i(6AG) Ianﬁrus‘.ajcudedmthBG’AﬂemtdmlaytelemMOughafasuﬂagm(Mr ks by
urning away

fl ti | f th h-i nt t b
such a3 VAG ¥ndwbflo Bimaes e tanBtiva yiei S, %”&fébhfqr@%?gwé%?rse@eﬁwéa[”ayer.
Fowever, thiericheRs. 0 AgFIeetngte Reft 4Bl GNP BBRLSRA lhfer i nner 20

opti cal I'n particular, en BCA codes are recor
next - gener aré¢ferermedureral i1g desotes a pastestive layenwnm@feramsemeral ¥plied to

ener gy <o+ Hanotes 7 hiitauey GEprioeBRRBRK AL C2nnot be for mea. For a

dual -1 ayer opticah FABST, 4 Wabeforsl (2) &sdetedtedliremeant icoavenatisial hmqb@xna;&arhl gh
thermal absorbance, the optical disc is damaged bﬁ easi |y absorbing the

heat of a hiOQHC@W(‘gWI'%@B@mBéBW?B refgetive mpné p&acarge ¥e nar ks cannot
be formed. thar%ﬂééﬂ\féﬁa rﬁ&?‘@%&ﬁ%ﬁ@ctﬁ/ﬂ?%qﬁ&éW%&A&ﬁ?frgﬁwbﬂh% opti cal
n ase chan

di sc by usi IS case, a separate code recording
process 30 subnubﬂecﬁtudel pmmtlatm 10rdppicars stmughhbphomcasecmﬂi sliceuevakedhean

Fecor i ng. aeaecgueof fERerilrg PaRRE ol B foRudtiitie oo BEShusSalamry
OF THE {\VENAHP¥sTEh é@ér&@eﬂé\ﬁel@hquetoc@ﬁﬁsﬂsh@@lle%pbl ems, it is a first

obj ect of the present invention to provide an optical d| sc in which

essenti al infornit FiA 1.4 Wé&@fod@d%wlﬁlﬁﬁé%obwby sligipgitke wayetasA(2bj ect
of the presg reh@?ﬁ%rﬁ H}%’Fklb& d%'iéﬁﬁoﬂeslgnéfm B\C}ﬂa{lﬁﬁr%ﬂsfé%flgh %%pr%?%%ﬂén‘aqi
optical Pic

i nformation an exis up apgar at us,
wi t hout causepreseatsebe |dnatioassraddeass, émengmnbet of frame $yn'd1dorummgna>l‘s thiee

present invention to ovi de hod or reprodyci ng ess I al rnatlon
P F om an_ opt fibatiot edfl Seks Slan HaTes the ayBRaren (S rogreSeaR el

whi ch cgn beypBhicté ;Se?rtlélﬂafQG&&%@SGSAG\K)&\'/éFberﬁ)_?_(éﬁééé?ﬂs?ééHTbI%E!KsreCOfdl ng

| ayer of a recordable dual-1ayer optical disc o achieve the first object

of the preséhtained &am he mandredetecien wianad by sysphropiatiansc i n whi ch | ts
A, (TR S b e e L A
mul ti - ayer reproducing BCA codes from a conventional dual-layer optical disc. Referrmg
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



optical disc in which its essential information is recorded in one of a
plurality of recording |layers as a pattern of crystalline and anorphous
marks. It is preferable that the crystalline and anorphous nmarks are in the

form of bar ending in a, radial direction, formng a circle around
the center %?'q&ﬁgﬁ%%ﬁl&g'al 20 disc. Preferably, the crystalline mark has a

hi gher refl ecti vin FIGham Wagetomr (3 wirepredicedIreined 8btond tdyer,outighal | i ne
mark has a [eflectivitﬁ no less than 20% To achi eve the second object of

the present Nakdas thedeflestivedayer 3k andde seernchsdbstmte ldbopbthey essenti al

i nf ti ; _ ol d b q A : .
amor phous  S3vahicrR) bGBaghRtpricel st o A SRR (6 41 idfghi Herétiion
r ?diMat i g ia _stgmhiﬁamh;ainéddrtg/ $Itmirugd1gb1leomlvmferm (£) alﬁtk waveforar (6} depiepeats remad

t r r r.to.t ratur
cryst al |1 2a6loBks SPaRed Romb o A 4Bl an SiSnEl oL B WeielosRdBh R phous
marks. In tgy,z?rggﬁglaﬂén_e optical disc may conprise a plurality of recording

| ayers. 3o Preferably, the crystalline and anorphous marks are in the form
of barcodes ext enHlGgB3A shaws ddir gbdeimasksiformed by aicirgleadn dhe BGA af sund t he

center of t i i SG. .. Prefer. , r i d 1 i gher
reflectivi t?SFﬂ%I@%LOMS%US wgﬁgyﬁéﬁr@ﬁﬁéj 8%%%6?99@}@ {éﬁ{éﬁér ‘gghas
a refl eqti vihay awavefornt(Ppof RIGO3E5 Bar cunld weekd 8ta bhd 131 bpbs stbwefint(hp
present inventjon, there is provided ? 5 met hod for reproduci ng essenti al
i nf or mat i onOf Fiff 3B, %fﬁtfpﬁ'ﬁ?d yde wayeiorm (Fad e‘oﬂﬁft‘?'sfpﬁ@: HCQQifEﬁmg@e Bapbeam
onto a pat t gbfle flarks WThad ) RS WRVSGRN 34/ GG, 5B, WWREN SBafelency
information of the optical disc Is recorded;” recelving the beamre ecqted
from t he patomponeht ismpassed ithroaghradloanpagshifiiter, eavdvefeml (5) iplobtairédct Bycal | y

converting the received beamto, detect, Lopal . é;él ri t.he det ected

si gnal throﬂ%q{oguﬂpgﬁh?)we?c}rm :ééﬁdoigﬁéo@&‘fﬁ .t# ’\Q{Bg‘@riﬁ'%ﬁ'ﬁ'ca {0

i nf or maig ontid rddagd aatd @ isGbisinégom the filtered signal. It is preferable
that the crystalline and anorphous marks are in the form of barcodes

extendi ng in a r4utha canveatienalpptical dises; BCAiqoges ase seerrded @sdaieede of t he
10 optical di f ; i ; ﬁﬁgﬁ : tivity
t han t he anmagﬁ%g bﬁl&@b@%ﬁgf%ﬁlﬁ%ﬁﬁzﬂ@ rg? ;';ns a{shvﬂfﬁ%&}% as sé{yerﬁéaﬁ"ﬁ,
reflectivit gudoab NG ldser, R0Sausera physigaletedotmatioretotthemefledtivedayeérer n of
crystalline and a hous rks.refers to an arrangenent of crystalline and
amor phous mEOREVER thl¥ TECeling T1ethOd Cauises ARl AT AWESN ARPUST 15 HHRT: or dabl 6
opti cal ofli sgptidlididesl s achi eved by forming a crystalline mark in a layer
that i s anorphous when deposited on the optical disc capable of recording
data by phase chinparticuigs, when B4A apdes aeprasoedast ingmnaxt-gengratioy DA Hhat
change refe : LGalh i i : S froma
variati on i 1 e MRt} miftoythaRaie Mthod dpfiedl @15 leNfond HRfbafuss

t he opti cal theeprteltivg lapet is tamagsd bynbeamiezhargy sedisatchn imtemdext patternrofa dat a

f i cal di i gh- b f ul i dth i
it ed t obAtAEE maKSasnal hE EGRT oA Hur bR oetel AlsedheChtBes by | °
make thg; r egpIsbtAg Idy_%)’ﬁéyﬁh@ﬁ] ﬁi@ﬁliﬁern;]\@ﬁbso?ﬂi@nd@ﬁ@dﬂﬁ@l@ﬁsﬂ iBHdnfdesd by

rapidly cooled to majntain e anor phous 25 phase, thereby resulting in an
anor phous i gashHhabsahingdhr heat oha high-anergydaseykeam sodhaka desired patiern

i nformation t of the optical disc, a | ow power |aser beam
of a wi de pgfé%%%@s&r@(ﬁﬁggéd to heat the recording layer to the
tenrlpe(r]I aturfe of ctryad@iltibh,ZBCAqmdlels_mantulreareqolr@ed m@;@bmd%blemicbsdisbw y
cooled to forma reqular crystalline lattice sg that the information is
erased frorTP§k5‘gtm'@sgafih§nSPeaf“ ﬁE%S"f‘%ﬁvr?gS?R?r?Weggw rECRUMRAY PEPLESShe

princi pige O%hbma%ﬂ‘dwanliﬁiiianimroh%}obés@aﬁt%tw%&é &9 ab8itiehAPBCATraom t he
data area of an optical disc, described above, Is applied to record and
erase the esseardinglapparaiugat rbe agitionabpmegssd fer regording BfiAcodésit t he
record and h .0t . opposite to those in 35 the data

ar ea. Accﬁcgé%ge%@%?%%é'ﬁg@E&n@w{c’?’gn, recordi ng of essenti al
information in and initialization of a recordable optical disc, in which
informati on can be recorded by phase change, can be perforned continuously
using an existing optical pickup apparatus. Al so, the present invention
uses a Jaser diode 5 commonly used in optical pickup apparatuses so that a
probl emof di sc danage by high-intensitytlaser beamin a conventional BCA
code recording nethod can be solved. In particular, for nmulti-|layer optical
di scs, essential information can be reproduced as |long as the | ayer
including the essential information is irradiated by a | aser, regardl ess of
whi ch | ayer includes the essential information. The essential information
of the optical disc according to the present invention may be recorded in
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i ncl udi ng barcode marks are fornmed; 2s FIG 3B shows record and read

signals for the bar code narks forned as BCA codes in the optical disc of
U. S. Patent No. 6,208, 736; FIG 4 is a sectronal view of an optical disc
according to a preferred enbog AR‘V s 2 ention; FIG 5 is a
flowchart illustrating a method etTT so information in

an optical disc Fpxohd the disove- wsﬁreedqﬁoeleh@umratﬂr@forbjb@t orthegitbsent
invention; FIG 6 illustrates step-by-step a nmethod for recordi ng essenti al

i nf or mat i onINVENHAN épPravdde an wtlaekdrsermwhtca epsenadinfasmatinndereamided byt he
pr esent |nVﬁﬁ5§€?e ﬁzéeG 7A shows the power level of a |laser beamapplied to
record essentra 'fl,% nformation in the optical disc by the nmethod according
to the mesent ihigatsescond obréﬁt@ftr@pmsevvsrrlvbatrmertmprchea méthadrfecor di ng

| ayer in recording essepti n the optica e met hod

e i mg £ g, BT Rlogmali R WiETR sportTge PRIEAnPXISIIg Blical i ne. o
Tethod for RRLeUpE SR ia SHGRIRAYOBy 5 RABRERR), i so accor ding

to a prefer ed | ment o the 5 vention; FIGY9 is a sectional
vi ew of an optrcb:lrs ditbird abjest of trgz pr@sanbmhentrcpntﬁproveiﬁ anmetboddort of the

Cecontial i FatplinG s Soebiay el Rbtictk FRofiah BBHeaidIEE by LB 47 Busiind OBrca

i nventiqn; p@kER@ppéﬂatﬁﬁQMﬁlcﬁ canl g a;b@lbe@toQ@grdtﬁJcerS‘s@nﬂéIQﬂfdihMOhqrcﬁﬁOt her
enbodi nent of t resent invention; FIGS. 12A and 12B are plan and

sect i onal vﬁEMéquf@@SééYﬁ’rv@I%/reC@fd%me@Hﬁl layer gpticalsis%r di ng t o anot her
preferred embodi I?E%fg%‘fe tﬁ% ﬂ?ét &t df'?l’fe?ﬁres%'?rt rﬁ\/éﬂﬂbﬁhth?f%ir;sﬁ?r% foz)é%ea Arar ks

are formed; 15 FI ows a rk Si r eproduced ar code
t ype marks bptica#aﬂrsmntvbhaclmﬁsresaénmalsrmfoahaﬁd)ms& re:b@ﬁdemds aZmtterh 6f 13A shows
an optical di s ccor&(g o anot her preferred enbodi nent of the present
I nvention \MCN? 3{78)6 a protective layer; and 20 FIGS. 13B

and 13Gghows ”BWKe?ﬂ'réthHéctrc#We réy@nr rrﬁ/eh%ﬁqwlersbmﬁrém 4 PhuBdayer the
optical disc of FIG 13A DETAI LED DESCRI PTI ON OF THE | NVENTI ON Pr ef erred

enbodi ment soptical disspiniveich i sssantipl n@fprma*som i rQCQCQﬁCHinr@\eZ@f 2 phualty of

f t | di
by phase onipadfidavis e Ebefe B e Rling erei Aot AR Ahce ™t ot he
aﬁge gded flr pgef?mle fFiaGiheﬂcwlstmmeaan@ajmorrtallr\]omh Entarliaa;:lems;(r]I i thg ftﬁrm of baﬁflgdeeeg
odi mrent o rese n the optical  disc sho n
\ﬁlm ch is a P¥ER H‘&ﬁ E‘?(S'JLQJ Jd} 38%@&"1‘8"@?5%60‘('@/@%%"%8 i MY'Rhyer s
33a andy33bgage P@éf@%brprthélcrﬁtamﬁé n%?rRQfHé SHiher péRTtiGdy hatfe3l b,

respectively. A reflective |ayer 35a and
amorphous mark. Preferably, the crystallrne 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 refiectivity 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
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protective |ayer 37a are formed on the recording | ayer 33a, and a
reflective |ayer 35b and a protective |layer 37b are forned on the recording
| ayer 33b. The first and second substrates 31 a and 31 b are bonded to each

CE s e o FaroRle RY SRR s RRuPE R 4B ool o, il amafis™ oy er s
33a and 33bcom9ﬁﬂﬁgtldd%tbhg fﬁbedﬁﬁ&ﬁtb@ﬁat@ém\/cﬁ criléiﬁlllﬁé%ﬁ@rﬁmb QisirAArks
records essential rnformation in and reproduces essential information from

t he opti cal ingvigh iessential informeation atihs eptisrl disgde resnided; iaseivingthsi Bean i s

detected by f t anor phous
mar ks. Theréaﬁlgg:%, ‘T‘ﬁ’étﬁ%#géﬁ{éf@@%@@%r mt%oyﬁé]e prggse%?ajl nventi on
i ncl udi Bg eplsaoéie@tndanmonventmg the redfmvédabeamftocrratetbted kignal; all‘ldrnagrme)hous

marks is limted to optjcal | e of data recordin hase
change. Thed ﬂ?@?@rﬁ'gﬂﬁ\;@?ﬁqg@rﬁ Spso@ tefnnd é%orpeu?'ﬂﬁdh%ﬁg %‘i@ such as
Chs or DVD- atidhl it iné S pficd cﬁé&f’frebfhtﬁ% fﬂt@?ed’gﬁﬁ@\‘ change principle. The
crystalllne an anDrphous narks Int ecor di ayers 33a and 33b are

fornmed as a serilkés plfeferabieaﬂhabﬁ‘rescr(ybmﬂu'ma)d almrplamus narks:dres in the dome loé

dth t f d h I ' th
pover cal | BraiePaRe Brisnonacia bl tRRteR oA & 4 eB AR hEPSRERR! 1R and
amor phogs  15ptigal Wscar Pré@mmsi th@tmamhben@ﬂkamy é'ﬂlgfkfe‘?@eﬂ’é&lvtt'y”'mérﬁmé in
area. For any recordable o tical disc, regardless of whether 1t is a

si ngl e- | ayeaMmorphaus Magker Prejaighly, heseryst medaam kag paetiedpyity ool legs Han
essenti al i cgrmatl on of the optical disc is recorded as crystalline and
anor phous narks by crystallizing a portion of an essential information area
(EIA) in an armrlphhewewﬂnnhverglohaﬂmpﬂt&rerofdmyﬂailne@ndwnorfphbhe naanxsphous

di | Th tall 30 d
ot oot ot Plein v e Grvataline B8 SBSTRaUs TAtSdn ATHSSERRk al | i ne
mar ks 3@a alﬁ?brﬁ@?lohsaréﬁt(Elﬁscﬁatﬂ%GrdWe oﬁn@alrmécy wWHIERYs &Ehibvsd B! Ylf'orﬁhhgy

including tellurium (Te) and sel eni um ( SekEj whi ch are susceptible to
anor phous, a&Eyskaine asl ims layerdhat ismmerp W&the@rdenﬂs'ltedtqnythamtlpabdt@c

recordabl e y phase change. In particular, a
ternary al |‘g@ﬁg%p‘é"éﬁngt@%&%ﬁ?%ﬁége%é@?gexm bits a high absorbance in

t hfeI wavel engt h rEige opticd! disd l@azmblé)eadam@cgrd by paasle bhan@ew@feremo arll
reflectivit c [ ne nor phous ase esse

i nformat i on‘gméf@i\gelﬁcﬁffrﬁéﬁ}\ &@B%@n%%sg e&cfEQfP Y@"act'(?néﬁ re t‘p‘!ft)ésent

i nventign 'Mtwe\éﬁscryﬁan.he%nfd%nbwu@;ﬂ»&sbgyﬁth&a pticl ‘Pé’édrﬁﬁ‘r'g dedrnt 0 the

t enperature of all'ization by layer irradiation with per timng in
response to a ph | istendieddo Irgcqrriny meuoreysemat&areawbamrapu@ai disg®@al and
slowy cool t

crystalliza b'gﬂr{&{] rp %?én%déﬁ§?% ﬂqr']'g)r\lNeBMgé \Mat l\élrrégﬁtécggﬁ &tgé?%&grdbnﬁ tern
of crystal | layer tnal neahingternseraturado kisereby ifdke thel mcarcﬁmg)mleaatnorphom rating

a preferred enbodi pent .of the essential, jnformgtion recordin hod b
phgse changkl® &ylﬁ'ge dtrSC‘PrIq@QpEf\!%ﬁtraP ﬁ??'gﬁmﬁ@'aﬁam %O%USS %/o

record Sse@ﬁé@ thé}teﬁp By i?faﬁarﬁb%h@@é inftreriation Aqaﬁ@.h thsfayta ﬁréd rst
radi ate the EI'A’of the recording layer (Step 101 ). s
recordi ng | ayer v\&ameate@ﬂedti@\eeasemf@rmﬁi@rnatwnéheﬂata9sﬁaa®ﬂth@am‘tlcal qlsm,ep

Comper at ur &4 G LYY e Hpf A8 PARE PP rBlfied f Rod ¥ OBy | n' "

mark in a pl"a?detoeﬂh@téﬁ@efagre)ﬁf oystalizatibr) 4rid ﬂmnhﬂé)recﬁuwlayédlstémwwh 107
are repeated to fully record the essentjal information of the o cal di sc

(Step 109).cqolgd T%E’fé‘s%émtﬂa'l cryatadinedettics sosthagthg pirmation is grasadfrem

cryst aldgi neyngh: ? fhous marks. FIG 6 is an illustration of an essential

i nfor matl on recordi ng met hod according to a preferred enbodi nent of the
present inventi oAccoxting torthe peesery invention; thel prm'céndem,re@ordmgdntnrn@tlbay@r is

first f d t h ti.cal di 70 t 15 th ' 70
s in an anerprecpARaeTBRalGE A F et argd ol off offeai isGRldsilbedi oo 70
shown in (1lapow, |§h§pne@j foSreBOid And badeutheRisbhBalliNforiRtion o a rééoﬂdl’abléWC' udes
a smal|l nunber of fine crystals. Next, as shown in (2) of FIG a | aser

beami s r adoﬁﬁ@di dise: butifereportbansg etase phasesdn the EX) are @Dp@ﬁtﬁ)t@tthéﬁﬁ? i ckup
appar at ﬁl'%b %H] g to initialize the optical disc 70. 20 Next, the power
of the ase % raised to a crystall | zation level, as



shown in FIG 7A, until the recording layer irradiated wwth the | aser beam
reaches above the tenperature of crystallization and below a nelting
tenperature, as shown in FIG 7B. Next, the tenperature of the recording

of erystal [ zati RCoRTBEG R BesBhtReblotugtiing SEpstensl Ifmiailphon™ 1 ©
recordi ng | andrinitisliz:ghest saRRveddbie optital disc, tie WIRdHRiniGendtith ¢4nh Beol ed
rapidly, as indicated by g2, then the recording | ayer may change into an

anor phous pligearded bymiaseichaagrotambeirgsiormed«ntingavsly 4ising an existingr e

i nformati on j r; i LS nmed in
the area of ° ﬂ%élﬁ@g%%@ﬁggﬁr %gé(g?géE&Jr?gerﬁﬁﬁéﬁrg@brur%esa@;{%gk ?j H%%r t he
essEnti a i ﬁbmrmlymgeds? opﬁcGulcﬂJgﬁckwrs]appegatusesrsodhata)psolﬂbm Ubdiagdafaciag{]ephous
mar ks, as shown in .. of FlI .. The ase c e inthe EIA 72 of the
eordi oo 1 By Motihbadin Bsg beaiin Abaraniaral B8 £0doHECOERGMEtMIG OB ¢ he
data area i I t i : @,n@& é‘éb% ; ture
of the EIA ?% sfaslvﬁgi slg(?a{ﬂgcﬁés‘?rgﬁn%@rﬁﬁure rl(%l] Hrs%?’ crys@gﬂnﬁ}gﬁton orfvat/er

t han t he nelbeirepraducedrastiang aisrihe tayasimelddingribe essential dsfoemation is nf or mat i on

di h ' i iaon. .| h ds,..
ot or mat on TARiEAdGRPeH tedataldeSOER AR aT b AR o eRhe e Mo MRton ur e
of the ygcordi ng Thayeisehialtiefdrinatibhof id bpiichl o dcdopdihgrontied prdsing! v
anor phous marks. Al so, neighboring areas of the data area, in which

. , .Ng : .
i nf or mat i oniNveNtign may:be deeprdad én 3nywoge duding BEACOHBI ng heated to the
melting point so that the neighboring areas are crystallized. In contrast,
the EIA 72 is irradiated by a | aser beamand slowy cooled to record the
essential information as BRIER DESCRIPTAON O THEDRAWIMGS phous marks. The

acoraing 1 ayer WREGPUERDINGE P ACRPRIAgFSH dne PyStemtin AN s ILOSOME o

fllowchaid i hotatdpparérst BIdeRFiBHg Befériéd EbodtieRBRNEEHE inefmivigs ,
according to a preferred enbodi ment of the present invention. The essenti al

i nf or mat i onrefepnageithey atteched drawipps és whigh:at i ng a | aser beam onto 15 the
EIAwth a pattern~of . j . .
detecting an el ec'::'?gi iéﬁcé?ﬁ%ﬁéw |2§snt€é§ﬁ}gg®'é¥rf%%ﬁ§r f?%dé@lﬂé%%ﬂr(é%fsé}eyg@gf rom
t he El A andaresjeioded ibhyand rppaidadigetbe@CA Sodps 11od) a dingledayergpptical distect
signal through a hi.gh-pass, filfter 115), and reproducing the essenti al
i nformation JﬂﬁSPHa qgl F@Feé'ﬁ &q'&é@’?g@ep 117). 20 In a conventional

opti cal odli sc, t heiedligs diadram MfistatiEhetrids fB?Fbcﬁfr&iﬂg?CA%dé@Wéﬁung

| ayer, which has been physically renoved to record a BCA (burst cutting

area) code #&@pradbeingdae eodes fromha dunhlayesopieal discndiaclored int.$.he

nei ghbori ng . ha. reason, a detection signal fromthe BCA is
filtered thf'%ﬁ%ﬁﬁ“|%@&’%2§§ filter to reproduce the detection signal. In
contrast, for a FGr8Ashdaislan opiidat disciisciosed by diSiPdtentNpr 6208736 and
enbodi ment of the gr esent _invention in which essential information is
recorded as MEIYAPG barcqge PAKS 3l 'PHBednd anor phous narks, the reflectivity

of the sgystalli ppGMaBkhbsTeesieind Ry $ifAaIsTor tHasaBydeAdksBFked @st hat
a detection signal fromthe crystalline mark is filtered through a

hi gh- pass fBGAfodes indpeslical dine oflbkBciPatent BiogA=308,B36FI G 9 shows a
DVD- RAM i : i N '
Tnformat fon s r St Ague SReidT vy BERk cpgtid Bod Bl B ke

protective lemiridifdat oftheqresehtigvérdioat 45, a protective layer 43a, a

reflective | ayer 47, an adhesive Iarye,r 49, and a protective |ayer 43c,
whi ch are sequenfil@l Pys adlowehagllust

Alpgt methash for racording ¢sneatiahove, a

bar code,t yp : } g haki I m
ont ot r& ¥ eSnElofFirfar bifed gt Aiddrdifa o Fretented AbBHImdr 1 Brpsefl! |

t he | aser powentioeaches a crystallization |level. Because the reflectivity
of the crystalli rk 40a 1s higher than. t of _an. anor phous. rk.40b, a
reproduction si g{'ﬁ(ﬁ'rrgr”ﬁ‘rﬁtr ﬁees %P%ﬂé?etppr?emﬁmqlgﬁt&’ﬁ56%0@5'(90?‘%95%”?'8@[1@“\389? and
a reproduct iirpanvptival diéc¢ asedrimgaot pleisisedantbodittheResiane Hresantinventiont! G

10 is a diagramill ustratlwggI an essential information reproducing nethod
accordi ng to the Fifdedfmhows\ibaPiower igvel of adasgraan AgRlied i regerd essential

35 information in the optical disc by the method according to the present invention;
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"0010010" is recorded as the essential information. 10 As shown in (1) of
FIG 10, a barcode type mark appearing in a |eading half of each period
corresponds to "0", and a barcode type mar k appeari ng in the follow ng half

of each period c espon " r ied to s cord
t he barcode type%rhérilg ﬁhg) ﬁﬁ%emrqe F%?faéf?g&%m% I?Yrgr '§)fe§$ﬂﬂ?€tf3ﬁ

si gnal synciiferhatesh ivthBidpficRPdiSc by|th€rrﬂlétﬁod AceoHRNNY toTt*l‘@ dr@fséﬁlcrhk/éht‘i% ;of
the 15 barcode type mark i s hi Ig’)ther than that of the neighboring areas where

no barcode type k8ilsafflomebart ilstetivgrn methad fasreproducing esggngial 0010010

Fepr oduced. TEPEatar Rl PRACRGRRIORD LR EIRRI LB ob I BRET R °

accordi rg tpreﬂmi‘rﬂlfennbﬂ;‘ erred enbodi nent of the present invention.
Referring to Fl 1 er optjcal disc.includes nulti

ayers Lo throughl@ gé%aééﬁt'? el i gedtel ig ateding © sxcthenpistelied
Ro through BmuiRiaEst 6f1R tihvartiops of the respective layers Lo through
L~. FIG 12Arqs a pﬁan v?epq %ﬁl dé ‘Oﬂ I ayer optical disc having only the

| ayers Lo and Li Ft&. FO Qlusiratésma véactsigbal chidinedymetheseseenBabintbrmadioa f or ned

2 d f di by rad b h h a 0.6-NA
obj ect ve. 1 EoREBd bl Eciniing Yo I bReRPLPe 3R car ui e 51 of o

0. 6-mm {di ckness F|E] sﬂraﬁslaSmartp ?tar abu@eﬂ@tswé@orerhg\w@hotﬂte eMtSdditner

optical disc shown in FIG 12A. Referring to FIG in the dual -1 ayer
optical diséfthe B@ﬁﬁn"t'ﬂdﬁ@tﬁ%ﬂ ent 30 layer 55 as a recording Iayer a

refl ective L 2YC! Fids, O dhdR(AH G KA drty S4Bl RS RABRIVAL o 4  anged
on a transparent su Strate 5 arco or on the
surface of bbbcalrcbsrs@mcedmgstu mthrqarEMrecherdbadinMromemrﬁ inviemtioned
onto the recowg Ia&ri\rt t he tfrans arent layer 55, through the

bar code typ Slypedngl Slaie OHB®E: a mark si gnal reproduced by the
essentigf infor nﬂeomc%nba@%mw( %hﬁpﬁbpilﬁé@ééd ﬁ'@mttﬁetdé@ccid@%@tmarks _
invention. In FIG 12C, A denotes radi o frequency (RF) signal appearing
in Channel formeghia tBG@@iI@NerS@OfF%‘Fu anddi2Bsi gnal . Even through there

Thi ckness. (a), ¢ EISTAgh BbyRah FlsRLfRe %%Bf@ﬁé Rpeh@ieF BB, R ubst rat o

53a is appaesibdodimefhefthelprdserftiiftventidA wittobarcadeapbe erdrkslirsa protestive h
barcode type marks are formed on a protective layer 0.1 mmapart froma
recordi ng | Y& radi ating a | aser beam through a 0.85-NA objective | ens.
FI G 13 shows aF@SktéB%@Hé’C QhG\%‘Fﬁérﬁ%@'}’aléP@é’cﬁfraﬂt fhel RFEHIPRRE ont o the
recording |ayer O. art fromthe protective |ayer on which the barcode
type marks maikstﬁrmaﬂi lnrtﬁeoptgatcbmast&i nmetAk signal detected by focusing a
| aser beam onto the protective |ayer having the barcode type marks. As
shown in FIGS. 13B and 13C, the wavefornms of the two signals are al nost the
sane, even with a focusDEQ'A&LEDrDISC];BPWIONr@rFTHEINVENmaCDNnt fromthe

results of the dyal-I|ayer i cal djsc, hecayse a, space. |l ayer forned
bet ween two | aye §ef98'e§rﬁ!“@‘ig) 'H@@tsdf’{?\”é’PH%%' I$paRg H&t@ﬁ’dﬁ ﬁérﬁe%@f Y vim a

pat t ernoof  GL¥siRl ritBfnaish wmrdo@v&dtf@ﬁdféswrtrarﬂquﬂnéﬁ& fréiedn bBtidr record
essenti a ormati on can be accurate r eproduced by focusing a 20 | aser
beam t hr ougIdIS@ lyy. i gecchssjgecwilhbe cumrbedtno grmeodatarl withykefenence ita tkenot her
preferred e j e essential information reproduci ng net hod
accordi ng th?%QH%?Q %?'Ytlpb?nventl on, it is not necessary to record essenti al
information in eFBy4 rsacws@nmtloayeisma‘ccardm@ td alpasferredmrmbedintdrn of tHen

particular, once essential informati recorded as a barcode e mark
in one arbi pregent syentioa, by therpptical g‘ﬁc ISES’WP 'B[ﬁécél walchds a;1eeo tial

f
| Fr o i ORI PersafielRec IS0, rOdtdRty laperspRtaratie sSKRSe ified on firt
record dat aand seconegubsirates ddaaarfd .’rbtb aeepemtrveltayeqt reflectica layei §5a arfd a
essential inf tion i recorded i n e |layer Lo e essenti.al,.

Ut ormati on EaIRCRNe Bliet 3rh BESFaGed ShniecBiding IVer Ra: SR BIEEEC e oyt e
so through ©hg dn@b@brdt@cﬂ\/é lapad3 Ak rdﬂmealdh Ple reed dﬂﬁt?ﬂ“a%reﬁ'@ts@ t trae girstom
Here, the |l evel of reproduction signal from essent information

recorded as aadp?@po@d substrates slaianche ﬁEﬁ berderhinueachetosr ica symmeirical t he

present ,inv q?sﬁg\/{% t of a reproduction signal from
conventlgbnas{}y&ﬁ{?c esrEY ??'Ie ‘his ipvention has been particularly
shown and described with reference to preterred enbodi nents thereof, the
preferred enbodi nents descri bed above are nerely illustrative and are not
intended to limt the scope of the invention. Therefore, it will be

understood by those skilled in the art that the s essential information of
an optr cal d| sc can be recorded |n the formof ~any mar ks ot her than the

I a —— S " - o o




advantageous in that its structure with a pattern of crystalline and
anor phous nmarks as essential information can be applied to any type of
recordabl e optical disc based on the principle of phase change, including

si ngl e-l ayer and r t or
recordi ng essent fAéSShrE&‘fr{ ':nrr%lﬁ/gh Cﬂ)ﬁ?@ﬁn ﬁﬁ gg\féagai'g’e%@d %%]@éﬁ%hgﬁg é

accor di ng t eeddidingriggerst33anaren88iorespetthad dythﬁseesmﬁedaébwd @hérptesymwan be
recorded at the sane tinme as the optical disc is initialized using a

exi sting | nineRIiPR FoROrER eaPARYA MiPtmBtien inseed feATogHCasErseI! inferationy
f
epr oduci ng' L ORfEEF sk e BRI i B pRAYE Ehafe Bl 98 Tahalie.

accordi rgy tdetdmmd)bxeaeefractmtyrmrmmnsbat\haent:htst@lmseanddmmrphousmmr&e can be
r epr oduced ' for a multj-|ayer

L. K ddi t
optical di sths"l Eénggééat'éag%' %I B Bgﬁ%tngF%?%\?HB’(?”It'aRﬂEC'AWQI%ﬁgm'% t he

mul tipl e | aysimaMorPRane 1673 08erRElMdaARg ahﬁbrbﬁ@ué)hfb?ﬁéﬂs lirRiY&did Qﬁtlcélhe
essential information can be reproduced easily due to a high reflectivity

of the crysdigchicapableefeiata zecordingtby Bhaseachasntpa.s: The praseopinveationicasnon

anor phous nPEEPIed 5 POl dils, SbEES R o P PROME, Bnfeh L3} Blepldif, C°

and anoiphotise pieddecldnggd pnrﬁch@leform of barcodes extending in a radial
direction. 3. The optical disc of claim2, wherein the crystalline and

amor phous narks ahe °<§Y$1§W§@@nﬂrﬁrﬁor&hpé‘ﬁé“%i'tkél!"r‘néhq FRECEEIRG dayesp A3Rcanshesl al
disc. 10 4. a;ré" ﬁféb'é?é sghéﬁg e}cﬁ 2B %o oée)W%E%?%fbrEf%% |ﬁra¥’éﬂ'é’r{e rBGndrer K

has a hi gher ctivit e anorp di sc of
cl ai m 4, whﬁrreacentehef thlemtm:al dise, tuetvﬂeehatbea;latﬁplngfareatalndlthg pmwdress t han

N e L O

cryst al {§ neniiks arfdpmeidsbatwelsh thd Blamping arsa bhd theyeid- mnatreaal Far afy Of
claim6, wherein the crystalline and anor phous nmarks are in the form of

bar codes exf%qmda@e.qptlaak@a@apgaml@%&@fo\ﬂhef@er#n%arﬁnglelaiwemudip{ay@a,l di sc

f cl 7, t 5
 irele ar SHSE-d, BFaGuMEtdtlad BN diceo e SRR othE JHiIoBDERE
di sc of cl aismecormdedBas wiystadiine ameamoyphalsd maeksray krystallizing iagbartion of an

of clai m 9, SRR FCHBAT &4 [EVRLAN RmiedRhol SEPIINg P A8 HeBesiin

20% 1159 A Bﬁfﬁy)gnf)ﬂjhd’l_@ngg,lm Ryeential information in an optical disc,
t he net hod conpri sing: heat i n% an anor phous recordi ng | ayer above the
tenperature of 1%he crystallme 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.



crystallization by radiating a beamaccording to a photoelectrically
converted signal; and slowy cooling the heated recording |ayer to the
t enper at ure of crystal I i zation or belowto forma pattern of crystalline

oo en U Ul 5T A Mo BB eslrg) o BredaTed untitikgat of i Senkdl o+ °°

12, wherei nlrﬁfbﬁnﬁfdﬂe'ﬂdrdlﬂg reéfod by sHENeDER & @Edesdinbqo ite pPesdn®r m of
bar codes ext endi ng in a radial_di rectlon 14.” The method of claim 12,

wherein the n@v%lpm | Reéersng t@ﬂfé@pﬁotspsra@ar%smlaérnf@rﬁ@@twn of an eptieal disg;, ound

the center qf ein the
crystalli ne%nlg%%e '§ﬂ4$tgé(ﬁgtregfl&tétqp\e/ﬁ]y thanp(%h amﬁog%‘%po(u %\g@ﬂ 16. The
met hod of cINext) thé recorﬁﬁxg laber isi hedtée aboys thad tanserature dizsystalligdticar{Stept v
no | ess than 20% 20 17. nmet hod f or re{produm ng essential infornmation

from an optil@3) dT@%temP@aH#?rﬂf&h%Bﬁﬁﬁ% 8 Iipg daver i glow I eaniedrie dhe

tt f
bF the opt | 2Pyl GpSaRERIANGLBCRRL [Siobd ORI rra Sglind Mk TR, he
pattern of @rgdetatrhined rag@na:nf(bhqﬂlﬁl;ﬁs{sm k@?)an(StppSJtl Ot ltleoughcldlA greconverti ng

2 i ghe pase PR ay 10 4 BEcnSl B AU EiakPR of e PRl R PP gl "

opti cal 1¢li sqhereysehtigl ihforinarief isecordddbs aliFatteth®f rcria,tstmﬁn@éna lh dPohdlis
wherein the CriiSt al l'ine and anor phous marks are in the form of bar codes

ext endi ng i MYAKBadi al direction. 35 19. The nethod of claim 17 or

wherein the crysiggl g aﬁn@sh%g?ngm&%ggﬁt.gﬁ@%mﬁsg%wa@d%bg@ cirol o

around the center of wher ei n

the crystal Iajcoerdmgto aﬂseferrbd@mmtnodlmreheof thel presehiinvehtioranokfpdranastesing. 5
21. The net hod

o1 ess t naAngoakose Z0a8 RedoraIng (Ryar Rlrat e oA e ORUsALgisg 70-apat; |
QUSN{ valgb] & ahirl @%%@E@Mélﬁﬁh%@@h@% pAhsa] &nbkews M @ﬁlcﬁqfheahca] cajc
a] ca] ca] ca] ca] ca] caljca] calca]cTa caln
The optical disc 70 shown in 1) of IG. 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
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|nvent|on in which essential mformatlon 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
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5 becomes logic high, and a reproduction signal from the amorphous mark 40b

becomes logic low.

FIG. 10 is a diagram illustrating an essential information reproducing
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 appearing in a leading
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) of FIG. 10, a
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 Lo through L, sequentially
arranged on a substrate 51. In FIG. 11, R, through R, denote the reflectivities
of the respective layers Lgthrough L.

FIG. 12A is a plan view of a dual-layer optical disc having only the layers
Lo and L, 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
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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 are formed. FIG. 13C
shows a mark signal detected by focusing a laser beam onto the protective layer
having the barcode type marks. As shown in FIGS. 13B and 13C, the
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 Lo and Ly has a thickness no greater
than 30-35 ®m, a pattern of crystalline and amorphous marks formed in the layer
L, 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 L,, 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
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S described above, the optical disc according to the present invention is

advantageous in that its structure with a pattern of crystalline and amorphous
marks as essential information can be applied to any type of recordable optical
disc based on the principle of 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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3. The optical disc of claim 2, wherein the crystalline and amorphous
marks are arranged in a circle around the center of the optical disc.
10
4. The optical disc of claim 2 or 3, wherein the crystalline mark has a
higher reflectivity than the amorphous mark.

5. The optical disc of claim 4, wherein the crystalline mark has a
15  reflectivity no less than 20%.

6. 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.

20

7. The multi-layer optical disc of claim 6, wherein the crystalline and

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

8. The multi-layer optical disc of claim 7, wherein the crystalline and
25  amorphous marks are arranged in a circle around the center of the optical disc.

9. The multi-layer optical disc of claim 7 or 8, wherein the crystalline
mark has a higher reflectivity than the amorphous mark.

30 10.  The multi-layer optical disc of claim 9, wherein the crystalline mark
has a reflectivity no less than 20%.

11. A method for recording essential information in an optical disc, the
method comprising:

35 heating an amorphous recording layer above the temperature of
15
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14.  The method of claim 12, wherein the crystalline and amorphous

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

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

16. The method of claim 14 or 15, wherein the crystalline mark has a
reflectivity no less than 20%.
20
17. A method for reproducing essential information from an optical disc,
the method comprising:
radiating a beam onto a pattern of crystalline and amorphous marks in
which essential information of the optical disc is recorded;

25 receiving the beam reflected from the pattern of crystalline and
amorphous marks and photoelectrically converting the received beam to detect a
signal;

filtering the detected signal through a high-pass filter; and
reproducing the essential information of the optical disc from the filtered
30  signal.

18. The method of claim 17, wherein the crystalline and amorphous
marks are in the form of barcodes extending in a radial direction.

35 19. The method of claim 17 or 18, wherein the crystalline and
16
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