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1 Method and device for recording marks in an information layer of an optical
disc The present invention relates to a method of recording marks having a
time length of nT onto an optical disc comprising an information layer by
irradiating the information layer with a pulsed radiation beam, each mark
RRINSI %ﬁ@%ﬂ:@%ﬁré@&b@?‘?ﬁaﬁs il RUIBRI RN @biteesidarges than 1,
T representing the length of one period of a 5 reference clock, and m
represents an integer larger than or equal to 1 and lower than or equal to n.
This invention also relates to a recording device for recording marks onto an
optical disc capable of carrying out the said method. This invention also
relates to an optical disc suitable for cooperating with the recording device in
carrying out the said method. 10 Rewritable media, for example DVD+RW,
can be overwiienRaM TGS rdiles &VE Al d BERIBRENY REASHIY g 3EEme

on the use of an information layer comprising a phase change material that
IENBOARI P URZAGEHE PR RRIBRT 1RO A BYISHB A Y B DY HTRAIEU) Hifase.
Avfoarplionsapeakisher @used ragidtvitbait) @ty staliheimatdsroéding indeyueatioof

Rislenadiaing e miamatien iRver withsednensen ofshenadiayan
pulses, for example sequences of laser pulses.”The radiation pulses melt the
ersacervionieanthie reilredetieas iniegs g eiciboling estiel titring loveahidan or equal
tadiation beam is rapid, the amorphous phase is frozen. If the subsequent

cooling after turning off the radiation beam is slow, it allows 20
recrystallizatibHSAAYIMIRIA AEPSHA RHEOHEER deVrfstoq RAAF RISk an
opacgaitzyapadloaysdrianmadiandeaieniepotdgdiandenasea oy dnpadutadingptical

the po f the radiation m between, a write power level and an erase
A G R R R
between the amorphous and crystalline phases of the phase change layer
thereby reproducing the recording signals. 25 It is desirable that the number

of times the media can be direct overwritten (DOW) before media )
degradation BRELHEBSLIadeigrraR s dA¢IBIR WoraBReRBREVHiERgNany times.
PR RMIbRtabeirithgt® taqric atechthatiib asiitie as habstaydpalger t0pisingry

e SR A B e AR e
ph@sﬂe@;m'grghausjmﬁﬁg thereepelatediiniotessrpstalline ’matrix of the informétion layer,
by irradiating the information layer with sequences of short radiation pulses, for example
sequences of laser pulses. The radiation pulses melt the phase change material. If the
subsequent cooling after turning off the radiation beam is rapid, the amorphous phase is
frozen. If the subsequent cooling after turning off the radiation beam is slow, it allows
recrystallization and induces a crystalline phase. Consequently such a phase change layer
allows information to be recorded and erased by modulating the power of the radiation beam
between a write power level and an erase level. The readout is performed by detecting
differences in optical properties between the amorphous and crystalline phases of the phase
change layer thereby reproducing the recording signals.

It is desirable that the number of times the media can be direct overwritten
(DOW) before media degradation takes place is as high as possible. For example, in the
DVD+RW standard, it is mandated that the jitter shall stay below 10% for any number of
direct overwrites (500). A number of 1000 direct overwrites (DOW), while all parameters

stay within their range, is recommended. The problem is that during the repeated process of
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2 recording, the media, comprising a stack of layered materials, the phase
change layer being one of the layers of such a stack, slowly degrades, often
due to thermal inter-diffusion of layers. This degradation process limits the
maximum number of achievable direct ovérwrites (DOW). A known solution

feEJRAFGAGIBEnEaR NUUMBRASIRY BSRIGYEPIR EHER MG tHRSHHRE VARSI USING

capping layers of stable materials, e.g. Si3N4, around the phase change
ARstRl e THerS PEaHRIAG B IRV IM FRALASRS R A e diHBREMRl dpjerS! fFH%O” of
&lyemeThsrﬁegre@dtmmmmwﬂ|mammﬁaammngwlﬁybesaﬁasta@}ebmaimats/mmtes

gB{X\A?AeA‘%QvSV'V?o?Q%‘?SP{h%'r%%‘: il gr o§ Eﬁp 580“(}15?&{‘ BlnFido Dow)

vide sutficient increase in the num irect ovenwrite
(WM”@@B%TEQWHWF&@ slable ofatedalrd g méﬁiaaamMﬁge@@%fdmgwatenal

WRIRIFERIDY ¥ HRerlaifRRRN BrewtedfeRharlisyahle QB@QWQ&%MUW of

(DOW% mandated by the standards. One expects that recording mark
HEl0Me' RenBadaxt i cle R tRAGaRINgE aRk 'ﬁ?&‘&??ﬁéYFrﬁ[]@ RS ﬁ’ﬁt?ﬁ%ﬂgﬁcu“
layerpmmmlsedalortéleoaymmm efifhacnpticaéadisin theisurekgeatatiaevible

d on. thy Wf,g reasonin egrad tlon the lity of the 15
In orrr?g Bl\r/lnlgs% lace e%:itﬁese 0 mtEeerC G S‘Iuglon with aktﬂg 2 § OécrtéNo
fﬁfﬁﬁmﬁgl@lﬁéw@r@ @mmhtrherrph@"sﬁméleﬁabdgmrﬁcéﬁvpewaﬂ@s@@w)emwe@d by

aterakjgter-diffusion in the layer stack; therefore negatively influencing the
number of achievable direct overwrites g OW). Amorphous marks are

written within AR SRS A" RRAirHR bR |HWWH§H%FPT§$EUB§}9 IR qrhs the

inbstmativol keyee widhaegprengescoiphiest radr@tlaylemﬁ@es ORfoptasMiise PRis
u sets As. tr'be write %ul§ ane of comparzii) % ths ne e ctﬂﬁhat the
E"é’ﬁC apot%ﬁwpaesr% dres wﬁﬁ he 1&Var ek 308 reacﬁﬁeg %‘Jurlr}/g recordlng of
th@)imge@ﬂwnegeaslaheae@cea nfumeeﬁlﬁuelqo \ith shestityer ploewghieniegers
QREEXRE B e RRPEIGMRRIAIRS AR %@HQP&E&E‘&F&Q%‘MH ﬁ’i(a%?er

k
information layer tot&‘fjﬁ ?ace during recording of the longest marks.

%ﬁlﬂ1t§}‘%€iﬂé§@%€ﬁéb&é’ﬂ hHodian tB% @é@?ﬁb&%féﬁ%!%h'@ %Wé%]@ﬁ%’ M‘HE?&@SWB
mmdrmaasl reahiiiee asiftenclinmofidenyanibe mefidi eEtrevarur g4 W by

S Rl S Ry ST T it R e R st nte
(0] varla nin eng € Mmarks a e mos
wnbmémtbe)mme piileesi g fol derurarelio lergthsqung eohm:éﬁcﬂnet beahigbesture for

EQ&M&UH&%HH% ratigRO0Qkek F&E%@Eﬂ@éeddﬁm\é%ﬁwm |&ﬁ§‘e§kf+ﬁ§r&'§a§s
the maximum allowed Vvalue for the jitter is 9%. When the results for marks
[ﬂgat accumulates due to the repetitive pulses Hence one expects the highest temperatures and

the strongest degradation of the information layer to take place during recording of the
longest marks. The validity of these expectations can be seen by analyzing the dependence of
the measured jitter as function of the number of direct overwrites (DOW), when the optical
disc is exclusively recorded by marks having a fixed length. The jitter is due to variation in
the length of the marks and is the most important source of noise for information readout,
therefore is a measure for the quality of the written data. For example, the DVD standard
specifies that the maximum allowed value for the jitter is 9%. When the results for marks 14,
18, and 114 are compared, the stack shows a faster degradation when longer marks are
recorded, indicating a negative influence of the higher average temperatures that arise in the

longer pulses.
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30 18, and 114 are compared, the stack shows a faster degradation when
longer marks are recorded, indicating a negative influence of the higher
average temperatures that arise in the longer pulses. 3 It is an object of the
invention to provide a solution to the abovk-mentioned problem and increase

the number qf achigufRi& FifehRHRINTES ARRW i dh@bras ke JeaEDRentIdh&

object of the invention is achieved by recording marks onto an optical disc
aabd?m REGY S eATR tHE A WPETARASH AN A 4Ct PMENKTARH S Pk Ganzpe reached.
Thnsefjeeochointeatiosighictietsd byodai}ﬂmgglnmmmtmstaatemsmtktaﬁ@bfem@tto a

D B e T S R o e R S S e
meitifving Hiesstte piidieghne ks efd easintiignbest \Mﬁiﬁwl@ﬂé grdagsghey tattiohorter
ate [REQEHRY; EK/%Oé}v@@m?céﬂﬂ%%ﬁméﬁaﬂmh\f\é@%%él@@omﬂﬁhtes

harmful to the information layer, the most relevant factor in determlnlrgl%éthe

%%Wér%dﬁﬂ@é%@%ﬁ@&t G URRFRERLeqd EBAAS PRACEYE B A BegHion that
maridubglthtmarigmmhbat;é@masueﬁgﬂem&atbﬂadummg\ahmfummmengﬁmﬂmon

Asiag s Jangssuiepylse Wi IR SRR Wis RUISES IMBIQYes KoLy
S|gn|‘f|cantf§/ he num ero ac |eva Iréct overwri es \3\}:4 or examp
Pexdpivhelhe hpemmf/tbermmknbgmae tm@eﬁmlb@fdﬁrm@hﬁwablwlsﬁr&ﬂducmg ‘this
AHRWREBS AN R ISR REER ROTRAIRY S oaiadsi Gﬁs@sk?bhﬁhﬁ/es very

number of 15 achievable direct overwrites ( DOW(gggue to recordlng of
SHECAl HisirRbes ErEIaAg B ikt avsuies, RO¥Mbwn in figure 5.

Clearly, thesegt3maphs, m@mpﬂsmlaay@rmngmvtmﬂldsmeamnmm achievable

Do he.saolandhe amyier mare HUs ExpIaRalien IS, mber of
obsérved phenomenon ST |ng according 04 Stale'o
sduwg}gle iz it msergvrr@@deme@amswilagrefdﬂveaylm@ Woltduplitskecarding of

{GRRBEAME é%fsﬂb%vﬁ‘mtﬁﬂé\'e%aéﬁéﬁ‘lf%&% I%Dﬁ’uta%e&ﬁﬁﬂ‘?sfﬁéiéa&@{? 1BREWrif:

focused increases raE)ld when the ftirst write pulse from a sequence is

prisSefte AL s Wﬁétwéﬁa&tﬂﬁa@d‘)% ’E@rﬂﬁe?&ﬁﬁépﬁﬁ%@@d‘ Artes
Wmﬁm&tmmummwn\n@tm@mhggo@esma:td slugtiarirestr stifysianrk 13 is

outsi he spot. m erature tth end of the coolin riod |sh E
R LR o A R0 S B T e B R e gk
theqpehWhetmrheraweecr@ae&maiseiocm@@mreawmdmmmﬂ%ﬂwmnetrnelse from

SRERNA WS RUSE KrRreseRlstiR; f@B“@s%@%&ﬁ@ﬁ@té%H@%ﬁﬁé%ﬁ?fg 'é{rops
again and drops rapidly as the write pulse ends. As the sequence of pulses
ahéggg@ﬂq@n of time during the cooling period due to heat diffusion outside the spot.

The temperature at the end of the cooling period is higher than the temperature before the
start of the sequence, but much lower than the peak temperature reached at the end of the
write pulse. When the second write pulse is present, the temperature starts to increase rapidly
again and drops rapidly as the write pulse ends. As the sequence of pulses progresses the
average temperature of the stack increases. However the highest temperature in the stack is
very different from the average temperature and most probably is reached at the end of the
longest write pulse. Consequently the destruction of the materials stack by the recording of
marks can be limited by a modifying the recording method according to claim 1. If two short
write pulses separated by a cooling period are used to replace the longest individual radiation

pulse, the number of achievable direct overwrites (DOW) significantly increases.
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average temperature of the stack increases. However the highest
temperature in the stack is very different from the average temperature and
most probably is reached at the end of the longest write pulse. Consequently
the destruction of the materials stack by the recording of 30 marks can be

limited by a %ﬂ%&&&ﬂaﬁé@d@&ﬂﬂém&éﬁ?@%mwﬂﬁ &4 d¢ éfaﬁWstéé’cﬂng
write pulses separated by a cooling period are used to replace the lon

RThADY 89 EIRG S IR, 58MMERAD BT W EPHESA SR BRI e AR Y %g@%s IS
§|§mﬁéﬂ@ﬂtryrl@(§t¢él§@ﬁrrﬂthéﬁrﬁ$‘£am%@ﬁfyﬁgmmlF@@%ﬂ?l@@ﬁiﬁﬂd}l Ry, m@f
meas tting a and r INQ. mar uence o
e o SR e R At et Eptreta o Rk i
theddmnfrgnlneamth Nyatdgin a;pe@kmgetcdhdarMesomcaICdﬁso Xtradstamplgnificant
RY@&EBWtﬁémﬂé"f‘&fa@H&Lﬂ% 5¥Vemﬁﬂb§ (Beivipedia of these types, 5

modifying the write strategy according to the measures of claim 2 leads to a

significant inCReaNRIPRUHETINSIBIHhRDIRIBEE Bir &t BERWIRHEE (RIA/)Seting
aégadatﬁ%%ﬁqg maadiment s eDtaLREGRY: e IeazdrRs Rirg 3P Iang?'ﬁ/m@%ulse

a=3 and recording marks 13 and 14 by a sequence of pulses comprising one
SAKIM 'PefRd - ’QWBWW%MB&W%H%'ar‘reé%ﬁél@(é‘ép{bsl}“e%é%f ableBlu-disc
(emrdindndigitspetkd nembiiabfadioveise ditk(BivRriwités COERRE i dbrinethiger

of achijevab ect rwrite obt ecordin marks 13
S LT T o 2 S L0 B g
tRORAteggweRgite pelpreferred that the sequence of write pulses is followed

by an erase pulserefiiRPIAEHOEIRGREAEEVRHSBIIGIS IBNGINBY dhaERE Bulse,

write pulse. 15 When an nT mark is recorded by a seqﬁﬁence of in write
HWIQ@@’%{égdmlﬁ@%WHée RsiRchiguys FH%WE%PH?H@FE‘?}PH e lengths may be
recorded by serwermesmemwrsmoﬁwo;sasequaumbemﬁ/mdse%eE@rcordmg to the

example, when 13 and 14 are ach record
AR A S Rl G e e T
tansegueerce mflsex iﬁlr@xqmrb@svh&myxbe seidoizechatksdB anch bbaliersanih recorded

. .
B L e P i

Bt sialiRg Rolse FROCHIGAHITRp BB BUSE S8rEMEn RTBHORIGES is

§6§iifbﬁ'@f’@ﬂ@@s‘ﬁQQmmht%h%ﬂﬂBﬁﬁtiﬁ@s@!ﬁléﬂﬂ@lblGﬁﬁrﬁrﬂbﬁmﬂéﬂbﬂiﬁﬂnﬂﬁ a further

‘e’r%ﬂ lrrcrje%%o(%ot em Iest‘r?o%l %E%B?g{mg to the invention the power of at least one of the
radiation pulses is set in dependence on n.

The invention also includes an optical disc. An optical disc comprising stored
information, the information being preferably pre-recorded onto the optical disc during the
manufacturing process, the information arranged such that when read by a recording
apparatus it enables the recording apparatus to record marks onto the optical disc according
to a method of any of the previous claims.

The invention also includes an optical disc drive.

These and other aspects of the invention are apparent from and will be
elucidated with reference to following more particular description of several embodiments

described hereinafter.
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information, the information being preferably pre-recorded onto the optical
disc during the 25 manufacturing process, the information arranged such
that when read by a recording apparatus it enables the recording apparatus
to record marks onto the optical disc acco¥ding to a method of any of the

previous claiffi fERGrIVGRLIRRARGNGHCH FMRIHIGA HiSsariRtdd\§m and
other aspects of the invention are apparent from and will be 30 elucidated

foigrena iR el qumanirRy gt heRiEar description of several

embodiment§iglasstrioadingraimatipresbniliieafelatirsgrand ativantagas ofdbreed, a
inventi ill be iated upaon_ referen followin i in
) B R B P SRR
pecoidtieg fathridventi®iethod for recording the said mark and a method for

recording the-paidl Atk ACHRIIBIAANRG A Ve AR USRI S RIS #Ie

of art method of recording marks known under the name N/2 strategy of
PREY B LR OFPGAIRE BRTEh R arksTIangte 3T ®iffidirates a method
of recording FigrRdlasaateingricitaditstresolaiemarks afdbreimventiint dadod mént
i(l)lﬁ ter%\ggnﬁ method of recording marks according to a second embodiment
X

St the Invention. Fig. 5 illustrates the dependence of the measured jitter on

the number dfighireittusiiatenairesth@IO Vi opteliy marksaacersdbiel mgpeansording

wnihgistate AfadtiNeGs 2T Write strategy when: 15 - only 13 marks are
recorded (open squares); - only 14 marks are recorded (full triangles); - only

18 marks ard FecoHiE {t5p &t reradpnce g e TeasseR 4 UeR AR IS MG LAT direct

sqeres) (DeWeaebiativkvd Y datdiig wecordiag i(ulecitates) arNFIgr BT write
iéllrj%rate%ﬂe difference in the measured jitter as function of the number of

et overnrites (DOW) when 13 marks are recording according either to the
state of art - only I3 marks are recorded (open squares);

- only 14 marks are recorded (full triangles);

- only 18 marks are recorded (open circles);

- only 114 marks are recorded (full squares);

- representative DVD data is recorded (full circles).

Fig. 6 illustrates the difference in the measured jitter as function of the number
of direct overwrites (DOW) when 13 marks are recording according either to the state of art
N/2 strategy (full circles) or to a write strategy according to the present invention (open
squares).

Fig. 7 shows an optical disc drive suited for using of the invention.

Figure 1a shows a clock signal 10 of a reference clock having a ‘high’ part 101
and a ‘low’ part 102. A combination of one ‘high’ part and one ‘low’ part together from one
period (T) of this reference clock. Figure 1b shows a signal 11 to be recorded in the
information layer of the record carrier. A *high’ part 111 in this signal 11 is recorded in the
information layer as a mark having a physical length corresponding to the time duration of
this ‘high’ part. Consequently, the length of a mark is often expressed in the number of

corresponding reference clock periods T. In this example the length of the mark to be
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N/2 strategy (full circles) or to a write strategy according to the present
invention (open squares). Fig. 7 shows an optical disc drive suited for using
of the invention. 25 Figure la shows a clock signal 10 of a reference clock
having a "high' part 101 and a ‘low' part $02. A combination of one “high’

RROraRf ARenéMoRARISGHNBAraNhesRnReriadil BrofHustaierenss eterkd in

Figure Ib shows a signal 11 to be recorded in the 30 information layer of the
HaearPeaprlermAKhigh' part 111 in this signal 11 is recorded in the
information Iaymrsmaa mackobastogied phipsioalkteingtin |ofrrmapamthm tawing a

gﬁ&?&%‘v@} éhéhé a 'eng 2 %:8“&% ife' P %sé'&%d Br‘?oﬂ%%%%ﬁ ?“e“

xpresse the n er O corres |ng erence C perlo thIS
Hrethapng mhe iefiogmaida iy enadkte rbél@lcrreb@mea heragl lmwhgmﬁ@enegﬁed by a

P&ﬁ%\%ﬁ%tﬁ&%ﬁﬁéﬁ%@ﬁ%éﬁdm'ﬁ 66@(#&'%@1:%131@@@‘%%0% RS fahelcantrol

mark. The signal 11 to be recorded is recorded in an information layer having
é'gﬁﬂé@ér?é%}%%%ﬂ%&%%fe%l@%%%‘ SEER) SENRTEP RY LRe dpfiaiqn source.
@m&aqbauwmmw Signaiciatiegpshesitfarseqiinoelay e it huBsadbediprdueading a
radiati lon rated radi tlon source that,is rol a
e I S R PR A R o
Hreopding:tocs pHer it eibadiennRsTSi26s@ Dy the stalegtiowBeuresording an 15

ﬁgﬂ@%’s%aﬂéfnﬂ%%FW Lﬂ%@%b HESRARARR S ROMENREIRS é’MHttFolpa‘élﬁfeﬁce

used in recording a mark. Figure cHIustratesa pulsed control signal for
F@M&Qj%ﬂ@%ﬁﬁ%b'ﬁb@ﬁéﬁ% El*i* W5)sPesiHEESFAIRG: t@%tWHdYrgﬁ%'é?ﬁé@WB%n
eaqwﬁ:@ha% Wﬁ&eatrammnw&etméesamuwm@ph&emaﬁg [hgsanenediot. The

wWri ses com two radiation S, i thec ntrol se nce,.havi
L e R R R e MR S Bk PR
seyUaree teoling fvvenieviechdé2anvied, itHewerdbatitherieijsulswdsdivgl | Giedere and

H?t%’i‘ IR pI9E t%'&%ri%'%&n%fﬁé%%@&@%&b/e?@é?)é”@ﬁ%ﬂﬂ‘i’ée%?ﬁ)r'&&Qﬁg

cooling periods the radiation beam 15 may have a cooling power level 122,

WRILAURY GGrardibmats- Jhe pasrer F@@@f.aﬁ?esﬂSF@ldﬁB'gﬁﬁreﬁhﬂ'?éhﬁﬁﬁér&glg?fs

HoeIneieplosigal lnasraxnAreaeddaveaiigy plikes3 muthieienrtdy arasingown 2T
ﬁﬁw%usly Becdorded Wﬂks T e power f{he grase signal is higher than that
cusse Wit

uring f%e oo INg periods and "TOWer-than that of the write pulses. Further

details of thiFkgwwevke 2fustrates a pulsed control signal used for recording the same 5T
mark in a method according to the invention. Herein, the sequence of write pulses comprises
three write pulses instead of the two write pulses use in the known 2T write strategy.
Modification of the known method is a consequence of the fact that the second write pulse
from the state of art sequence of radiation pulses as illustrated in fig 1c is much longer than
the first and therefore replaced by two shorter write pulses. Consequently the highest
temperature that is reached in the material stack during recording the 5T mark is lower for the
method according to the invention.

Fig. 2 further illustrates the state of art method of recording marks known as
N/2 or 2T write strategy. In Fig. 2 the sequences of write pulses used in recording marks of
lengths 3T to 14T is illustrated. This range of mark lengths corresponds to the EFM+
encoding strategy, used in recording DVD media. However, other encoding strategies are
known in the art, and the corresponding range of mark length may vary. For example, in the

case of Blu-ray Disc (BD), marks of lengths 2T to 9T are recorded.
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method will be discussed later with reference to figure 2. 20 Figure Id
illustrates a pulsed control signal used for recording the same 5T mark in a
method according to the invention. Herein, the sequence of write pulses
comprises three write pulses instead of the two write pulses use in the

known 2T writesffb RehgMadificadianofhadgene senRDiases comprising
conseguence of the fact that the second write FEulse from the state of art

Sy st RSt M BURIBS Lorifek ey hesig & L9etHIRte 96 yRe Iefdhab B/ thEor

Bixatraie] rlﬂmkamrﬁ tam&c&fcl WEmdsbmuarsmummﬂeemrﬁog&eﬁmﬂmtAmtheuIse
re that i ur e

SIS AL B G S U DR

AhesiRieds throcgsatef SXQVQEBdeﬂlﬁacordlng marks known as N/2 or 2T

write strategyrHirig- Iaw%o?eaqHﬁféCgﬁﬁs@fcﬁ\Fﬁﬁ? ﬁH'ﬁ%s‘éé@%H@ HBEQUHIMSY periods

marks of 30 lengths 3T to 14T is illustrated. This range of mark lengths
EBW@%%BH%"EB%HB‘%YEMQ gl enethaEyTeqreatrin r‘@EB‘rBHﬁeﬁW ¥aBaiG9- 2
Hiovvewera oébewmamggaatpa?degtes@pecﬂmmﬂ umnmﬁr@thsandgﬂneral Wlthln said

ondi F th
A e o S PR\ YR el BRI e e R Rl
ksadih re¢orcbontoetB w&swmce Beastavpit sedse ST riterig ERNGE(HgRY in
Y\é@&?dmélﬁkg\’mﬁé%ﬁlféﬁ?m/ a?i q%@'h’ffe#fk? I@)g%Bl'ﬁ'éﬁ%E WHH&H%W& of

For example, mark 13, of length 3T, is recorded by a sequence comp rlsm|g
BRI GA ‘iiﬁ‘ég"”é%‘ic?%?%ﬁW‘iﬂé@tFS?@@@%W&F@F&F&FU\%S&%&&M%H S€
bighiapeenidiawtitadenterording, for 5 example in the case of 8x DVD+RW

media. The tl,{l’)? Ieagth of a Wﬁete pulse com crjeln a seguence thglcoo{ln

periods betweén two "verr'fFeS%% SH3 R0 The tc%a?‘feené‘cth Bi'a se%rl?éhnbé)e OFwrite®

pulsesenaey steatgg¥rign@villusieatbs mmsmlmwmmmim respebl/towrite

| / :
S S B 0 MM O b
Fdean(@fg th&&&m@tkn%@mﬁhﬂﬁmﬂ%nte pulse from the sequence

used in recoicipg g 1%%@@%@3#&%&&#&% nqqgsig&ﬂémme. vention

sometimes longer t eresto e write ses wit correspon

cfusirseddn i GrEPRaTAiE Sribrstatatel @mg@twe@ rHu@@ﬁea.wQEtanl@ the
aHedNMERRHIRY WHE IBUGHEEY S MXRBRINAH Neyaf RN RIY Reglimeab

(v)\}crf'%e pulse comprises the longest individual write pulse from all the sequence, is recorded by
means of a sequence comprising two write pulses. The sequences used in recording marks of
other lengths remain similar to the state of art method. This modification of the write strategy
is based on a new, unexpected insight that the longest individual write pulse is the most
harmful to the stack of materials. The method of recording marks according to the invention
makes recording these marks less damaging, thus contributing to increasing the number of
achievable direct overwrites (DOW) significantly. This new insight will be further discussed
later with reference to figures 5 and 6. While the specific embodiment has been illustrated for
clarity with respect to the N/2 or 2T strategy, the teachings of the invention are applicable to
any write strategy.

A method of recording marks according to a second embodiment of the
invention is illustrated in Fig. 4. Comparative to the first embodiment of the invention, not
only the mark whose corresponding sequence comprises the longest write pulse from all

sequences is modified as described hereinbefore, but each sequence comprising a write pulse
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15 more general strategy, known under the name N/a write strategy.
According to the N/a write strategy, a mark of length N is written by a
sequence of Floor(N/a) write pulses, wherein Floor(N/a) is the largest integer
smaller than N/a. A method of recording Harks according to a first

amhosineRiaf herrurRtion s dHHRIARE JMdiin3n ComRaGatE 19 tistatsy

of art method as illustrated in Fig. 2, in the. 20 method according to the
IO RETR e e Rt ARSI G RR IR  HSKRISH g S g i ERUSRGER RS pulses
psdeteno:@mrmsgmﬂnlesIohg&sémldngdt(asWVltwpwseﬁddmpdkéhmﬂﬁwmcerdlmgIy

RCOred By tmg%n%vﬂ nid ffolTme Sot ?ﬁ ﬁeﬁ"%%w‘grgﬁcé)s“‘ss% Ewnn two

sequences used in reco ng marks ot n remain Simiar to ¢
tete mies method. This modification of the write strategy is based on a new,

unexpected iag{ghtdbsbeRnacRtBdiitdahndiie Ry ReMAShe Mvention,

harmful to the stack of materials. The method of recording marks according

fortPETRIE I 876 SPREKAS G258 SYBERG AR RO T ICs TR TSFRiMeiterudses comprised
ﬁ%‘%@&ﬁ%&g @%m@msw ) ﬁér@fn 2ehinyais dirmrs avennsiies: (RQWhat

ignificantly. This new insight will be further dlscussed later with reference to
f are’l B'ahy®. While the speC|f|c embodiment has been illustrated for clarity

with respect toptidiig & iRlsebtatiagiyiRe [eachittrs of iRgVRN g RaiBlses and
plicable to. 30 write strategy. A method of ¢ cordln marks according
TR P AtD B EEHP L SR I A P U R raive
sedinmn ¢t gech by ohnaré@s1 b bl itfier antviengitin Fuoexmnwethe tmeacksevbidbe sequence used
g e S PTUE TR 2 ucauen
%W&$ﬁ§(é3\r€ﬁi@%l§%c@oiﬁ'@tFP@N@%@P tHﬁ?'tﬁB rﬁ%?&ﬁ'l@@]ﬁﬁﬁ'?ﬁsﬁ@w& In
Bé&ﬁ@?lm&hﬁs éﬁtﬂﬁﬁ@é\htﬂé}?HS{:be@J?ﬁﬁﬂeQMe el i%beéﬁbM&@véEﬂSlﬂg’tele@ 43
) ||c example illustrated in Fi the uences s used in
O G RETR T 6 EHRTSE AT, (L0 Ao 5 MRl L e cooling
aecoddietglyen Asitysisaseth, dhe 46.stommtesgliisehir oequtrecosed spoetdidng to mark
sequences is replaced with two 5 write pulses. When recording marks

according to the second embodiment of the invention, for example in the
specific case\headéise sthyrie-pplseaeanay RieHeost ik LSS BBkfpHERPVAT Of

méﬁmdééﬁ@%é%@h@a\béfr trarinatofed winepaise AR iaaiala dedinesh BrrrmaloFite
I|onutlt_js %t hlﬁta Is%qlaerz tf%(’rigx[ilmple pulse 41 for mark 13 or pulse 44 for mark 15, is set in
dependence on the time length of the mark to be written.

Optionally (not illustrated in figures 3 or 4), the power of at least one pulse
may be set in dependence on the time length of the mark (n).

Preferably, the threshold in deciding whether an individual write pulse is much
larger than the median length of the write pulses within a sequence so that it is preferably
replaced by two write pulses, is set to 5% of the median time length of the write pulse
comprised in the sequence.

Fig. 5 illustrates the dependence of the measured jitter of data recorded onto
an optical disc as function on the number of direct overwrites (DOW) when marks of a single
length are recording according to the state of art N/2 strategy, in the specific case when:

only I3 marks are recorded (open squares);

only 14 marks are recorded (full triangles);

only 18 marks are recorded (open circles);
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10 Optionally, as illustrate in figure 4, the lengths of individual write pulses
and the cooling periods between two write pulses may vary within a
sequence or within sequences used for marks of different length. For
example, in the case of the sequence uséd in recording the 15 mark, the first

write pulse |rbﬂge|§gqhge|3§§résfé@5}gga% f $hearipsequent write pulses
(43,44) and the cooling periods are ditfferent. The cooling periods may vary in

15 between FAREYRUREINN faky Ry eI EIEHIES 00ling period between
write pulses FBe §intel 454c o parsaib i thisedentke o€ ehel genkinarede tengdst

%né?t%ﬁt u?'éff%¥en’6‘isf5%? tﬁ}%r%oc?'éﬂ%fo% ‘?h*@?e% 95 Vﬁ%@%‘?&ﬁt% i gf‘Qf

prlse e seguence usea in recor hg to mar e seque ce

Wﬂwfﬁtﬂ@éétanﬁyr 8o ntanidd BY Brsiendais! prasidietivad vwenad nrontAkdowessealue
RO 8% REGs ovsenhaniB iRl ta H?ar%”ﬁ?ié”aﬁ@nﬁf%lré'&%rﬁﬁ’a?@tp Rhesthik Bews

write pulse within a sequence, for example pulse 41 for mark 13 or pulse 44
Po“rﬁ?ér‘i@i@@é‘%’él"ﬁ?ﬁ@@ﬁ%‘?‘fd@%é B RRerHRYe Waﬁtﬂ%g?ﬂé{?ﬂﬂ%ace of the
wigtieraverpgoraipelnoidd| usiraiid imtfig g Sparsdy, Thes pemanﬁahmet one

Bulee. (A Scl I (SREAISHGE. o0 16 WG ICHAIR AL A 20 owever
r%ﬁ“era r{% %res g'l decidi iIng w et ual wri e pu

Agatlst Oa@etattms, theordingithe Rhagestanatiel ndtdgpuiest Slaniesing s”wue@d@ o)
?Q?c&é% indPsederaily Jﬁ?e?'w&%%@tmf%ﬁrﬁb%@ﬁdiﬁea%\}é?v‘ér%e%&lﬁ/vt')‘%%ared
llustr

time length of the write rg?ése comprised in the sequence. Fi ates

fﬂéhaéﬁ%ﬁﬁé‘h%"ﬂftﬂ@ ASETdE %@W&%&F&%&Bﬂﬂ%&"sﬁ?&“%%lhs%ﬂbal
gliseréindunaian mf@mmnehenga‘sdmeﬁnmmmtm(gmwas\ementmaﬁ@eéla

'rn‘g%'e !ure%%te}“?e%%%ordd Gopd ‘iﬁorr‘é'c%%h? thFé‘ﬁ Wb AENVE B ﬁ‘ the
SPECITIC Case W en. only S are recor open square
mariauarderapgypded lmﬂIlsmemmtst)urmlms\/mmeracesse&@rwede(rdpeh Ieading to

%Bcé?r%?r gst%t}fa]d%ﬂdﬁ‘ef‘fﬁe%ﬁtéﬁ‘é%ﬁ% (full squares); representative DVD
data is recorded g full circles EgﬁThe jitter is due to variation in the length of the

marks and isftie "R BRI ITe NI BIRB YRS AR IS A abhe number
dTeneforevienarme @R/ favHée1 g ualike efe recording according either to the state of art

N/2 strategy (full circles) or to a write strategy according to the present invention (open
squares).

Clearly, the jitter remains more stable when the a write strategy according to
the invention is used: the number of achievable direct overwrites (DOW) greatly improves by
a factor of three from 200 to 600, only by modifying the sequence comprising the longest
individual write pulse, in our particular example mark 13. Based on this insight, it is desirable
to choose the new duration of the write pulse comprised in the sequence used in recording
mark 13 equal or shorter than the duration of the write pulses (the so-called multi-pulses)
comprised in the other sequences, in order to limit the peak temperature during recording of
I3 marks. The degradation of the information layer due to use of a long write pulse recording
of 13 marks cannot be solved by simply reducing the time length of the write pulse for
recording of 13 marks in the original strategy, as this would lead to a total reduction in the
amount of energy dissipated in the information layer and, consequently, the mark will either
have a shorter length or the power may not be sufficient to record the mark.

Next an embodiment of a recording apparatus wherein the invention may be

practiced will be described with reference to Fig. 7. The recording apparatus 70 comprise a
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5 the written data. For example, the DVD standard specifies that the
maximum allowed value for the jitter is 9%. When the results for marks 14,
18, and 114 are compared, the stack shows a faster degradation when
longer marks are recorded, indicating a ri'@gatlve influence of the higher

ANBFATR IREIRAIRLLERATD AleaRSPONHISJQRTRY RYSRS abI St arh G At E he

expectatlon that recording longer marks is more damaging to the information
rEGRIRLRRR ¢ OF 3y AnaR BRI IO RESUERRIMYRAe WY RiERMMY BD-RE.
th& momﬁdajn&glagmh@wmgoﬂwyfasmsthylwm inetine Tidke rrasohtivatipitiotp

t'?Ué”%%R/%S“ Oa’ﬁr (&R AP t\é‘é)refwgorH‘R reskiloitng e vdr ettt %"}‘ﬁg&

SES used’in I‘ECOI’ Ing nger ma e se uencé use In recor mar

at@rmmprrgbtwwma@emeuwdmalm@ma pulseployingeqediation heam@aR. To this
Eﬁﬁb@%%b‘ﬁ%af&ﬁmé RRAresh @FF&%H@S VRECIR H’ﬂ%ﬂﬁﬁ:&hlé}}érlc%mﬁm g Higheble
an

the 15 maximum temperature that is reached during the writing process
BRERSShERIETIGR! b Mdnsh s Hestns Rptca! deepaltiatiBhilut thetrline Fhpaakous
BtigeH ﬂheammmhfeajﬁfmemaoﬂmlaadrmau re@brtﬂteg amdnnzipacobiidiag to the

H. tat?eﬁf?fm% 58“ °"e g r é‘ p é—% F’afos areieror! H%?B%é’r{ Aoty
estae art | Icie oaw estr t
a@@mﬂwgttoemecmememmmﬁﬁmKuml@ovsmmwommmmesméej|&EM or EFM+

E%H‘élﬁ%‘é:@%?e?ﬁﬂ'ﬁd’v NERthRANIE FHRICORPCSARHRGAD %ﬁ\)&‘éﬁﬂt?ﬂ&fﬁ

used: the number of achievable direct overwrites (DOW) reatly improves
ARt SPes e Fah 6 Y 608Y G196 5, PRRLIIBAAG &H@% U@ﬁ@éﬂ%ﬂﬁﬁéﬁi}éon

dme@ugmam@db&mh@wﬁ@wﬁsed o w&m%b«mhma«ibﬂ@re&smthe

i Insiaht Abis desliehle 25, 10.chasse o dyatienof e wiks Ui
comprised In he seq ence use ording mar equal or horter

fagel nmtm Lwﬂttﬁ@a/wtw p@hife@qdﬁw s;neml&e ntkseBee)! tootPqdirpnivanse’ 10
R BFSRAMGRSRHJ AR EFR IR AR L IIRR A KR T 09 dRE RN & o ded

13 marks. The degradation of the information layer due to use of a long write

5%@rrr@%ﬂfiwaa&ai%%faﬂk@%dﬂmewteét%maaﬁ/@%qmwaaﬂf@'ﬁarmasmﬁé’%
laegihaatiihevteimsgter BRureotiingl ahdBrmaadisy irnfthmamﬁi RRynalsateqy,

as this would gad;{o & fotal ted #“gp”rﬂ'f{r‘aﬁt Ear%rE‘é’%mH ‘?ﬁ%%é’dﬁolf’ateé’nf{‘n4
the mforma‘uon Iayer an conseq% e Mar Nave & SHorter

fﬁﬂ@hmth@pwaﬁmwmnwmmmswg@wmme npam;emvmmg toa
9;5@999'W@d?&ﬁfléaﬁ%ﬁ‘?ﬁqméfiﬂﬂ@fésw&%@?% [RErUmERL R MY BEording to the

practiced will be described with reference to Fig. 7. The recording apparatus
m%w{bdg@a‘étlcular the controlling unit 714 is resp0n5|ble for generating the control

signal that is used by the recording means 707 and the optical pick-up unit 706 in generating
the modulated radiation beam 702.

Optical disc of rewritable type comprise am information zone, where user data
is recorded in a continuous spiral track. The track shows periodic variations from a perfect
spiral known under the name wobbles, which a reading/recording apparatus uses to generate
a clock signal. Several pieces of information may be pre-recorded on the optical disc during
the manufacturing process. For example, in the case of DVD+RW optical discs, said
information may be stored by means of phase modulating the wobble of the tracks (Address-
in-Pregroove - ADIP). Said information may comprise information referring to the allowed
write strategies and physical parameters to be used in recording the optical disc. In a
preferred embodiment of the invention, an optical disc comprises, preferably pre-recorded

during manufacturing, information enabling a recording apparatus to record marks onto the
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10 recording medium receiving means 705 for receiving a removable
recording media 701. The recording media 701 may be an optical disc of
rewritable type, such as DVD+RW or BD-RE. The recording media 701 is
rotationally driven by rotation means 70414an optical pick-up unit 706,

BIRaRIR iRy BIERRERRPSLRR IRGEEINGSMRAIADE HeREhIRFJRCSIEMI

marks 5 along a spiral track 703 on the recording media, by employing a
(AR B AP CPBPT AR LT SR FOlking FRLGF YIRS R rovided

with an infornmatiombayerf poisestis iouses it adaerdttps makam gengiate fied eximable,
has different optical properties in the crystalline or amorphous_states. The
D R e Gl AR S R o
tagedtbaalinformation signals to be recorded. This digital information signal
have been syitally, 10 SneRted Mt ARead Qrﬁ?ﬁﬁ@éqﬁgﬁceedpgh%é'{‘&é@ﬂ}’"
modulation schemes like EFM or EFM+ "and CIRC error encoding. Input
FREUADY 2 MafhitR BN deiafbrise A/D conversion means and/or specific

interface Circiiinoua (RRSI:NRIS e tatinfommetionraaliion.
ress 1nding means are.provi 0 determine. addre .
T e e e A RS AR T e g gesion
orrthelteoceticle d mbedisenizyWitb a@ar eyt ithgefdBnshersequie kfupewapitendédinyaims. It is
Sylabl FAEa Rt R URSR CORRELIR ASSRNA MERTa i s ony

orms decoding and CIRC error correction according to known schemes.
T dagedbribenr idted Huerdansis AarsParacy ahuadaniaace g pitemarreans hgh,
¥hiehréoaiag R D/A means and/or suitable interface circuitry, digital
and/or analog information signals. All units of the recording apparatus, are
Controlied by HES SRS (98 805 PECh RIBAG I AEAARE: AR) notbe
corrrﬂmningaalirrdmm;ﬂiaglaimt_ Wi ol thpeeabeﬁcmcqnisﬁhgnnb‘mﬁmmt’iﬁnqﬂmgram
I3 tiBr@&&‘?w%%’?fﬁ%%%é%r%&gﬁge@fwﬁ?em '&E‘r%@g?%}ﬂé’gﬁaf{ﬁ’d&qsf&é@ﬁq a

controll ponsi

invention. In particular the rolling unit /14 Is re e for generating
I o Rk it tAERNS RISeRfDY aneelepettiags melrsl vdrrthmpresracsstical
BiGkatity BNt AP dmaRaaningetne atae raiation P arahy ORhAeviaRrtical
disc of rewritable t#)e comprise am informatign zone, where user data  is

FOEUYV RO REXeL iR LIGHE PP AALRY T8 QLRUNGS PLiioaievarulfiagparatus
friaim anperéeating penardnosensusederalsf thasaenaanb inhay bevbiabodied by one and the

E;ﬁ‘fé‘ﬂ% F RN ARR LS YSAR tr%e%%%{%%t @efig‘?ﬁ‘ﬁ]gk‘%[}%% FEYEIMPigces
0 p g the

Information may be pre-recorded on the optical disc durin

meitaciffaignprepesientelriexanei @oiintieatatater MMM opthest dsasired
8@t be used to advantage.
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the tracks (Address- in-Pregroove - ADIP). Said information may comprise
information referring to the allowed write strategies and physical parameters
to be used in recording the optical disc. 1A% preferred embodiment of the

DestHiteapat 2Qhigal disc comprises, preferably pre-recorded during
manufacturing, information enabling a recording apparatus to record marks

onto the 11 optical disc according to a method of the invention as described
hereinbefore. Such information may comprise any of the following and/or
combinations thereof: the number of pulses to be used in recording a mark of
length n, for example in a preferred embodiment given by the formula

il / mb I b h
Fidh of an il BURLH 50 GO ReS 0 BRIt SR g

off mgmeatmn@mr [by voadchtbey tiatdcfelaatine lapeney-mersishedigmbodamentsark
@139 B3R IRy UIHSHEaLaRBER FNARClrR G G REGE: A thah Bipsggkilled in

e art'will be able to design 10 many alternative emb Iments without

FRERAATGFibmIeRetsebpre BEtNY appETierenceIsivnk. heiadasprierdIPyotedierss
mb}mﬂgigmu&mt bAitegtite phgempuﬂﬁﬂeawtbdauﬁgqsérr@@@rms WFkE.pAiSes within
scribed e fg invention Iso artl uIarI vanta us w
R B e e e e i e R oDt
péauettéseiweeepopdmmgse@@mdiﬁemme mEEJ&ngttstrtkedrmlhnmlng dHevaiditm have
b "I onj t
e DA o e PR AR cerines
mauhfgﬁﬁmmatlsﬂaﬂeotm nprevidieig ariselemtegeduegbaotaegaritde tnequal to 2.

RIERRIRR Cha QLN P THEG B0 RISt RAINAOLANIAY SRITPIRMS RS

by means of hardware “comprising several distinct elements and by means of
BHRVare. In a system/device/apparatus 20 claim enumerating several means,
several of these means may be embodied by one and the same item of

d ft h fact that cert :
Prtuty i R BB BHAEA LGRS oY A it £ R AR AeBkin

these mdsesloredr tanribd medizetdrigtiadi/tetagke fdses Wlthln said sequence by m=2

write pulses.

3. A method of recording marks according to claim 2, characterized by the
number of write pulses comprised in the sequence used in recording the mark of length n
being given by Ceiling(n/a.), wherein Ceiling(n/a) defines the smallest integer that is larger

than n/a..

4, A method of recording marks according to claims 2 or 3, characterized by each
sequence of pulses comprising a write pulse longer than the median length of the write pulses
within said sequence by at least 5% being modified such that the longer write pulse being

replaced by two pulses.

5. A method of recording marks according to any of the claims 1 to 3,
characterized by the sequence of write pulses being followed by an erase pulse, the power of

the erase pulse being lower than the power of a write pulse.
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MODIFIED CLAIMS 1. A method of recording marks onto an optical disc, the
optical disc comprising an information layer, by irradiating the information
layer by a pulsed radiation beam, a mark (I3..114) having a time length of nT,
n representing an integer larger than oneldnd T representing the length of

gne period Oh@ﬁ%@ﬁﬁﬁ‘eé‘dﬂﬂhg being 5@&9@@&9!@_8@%%%?{10@@”9”9
a number of m write pulses separated by cooling periods, the write pulses

AR SRY ERAVBEH GRSV £ 15 08" 09REF M PERARIRISG ML the write

pulses comprised in sequences corresponding to marks of different time
ngths, the mark ing allowed ave different le i n
Ficgor numbey oUgs By e et Sy R e R oL
rhrrgeterdzad iyt pasitian wihairerstane pwlseiteder sstihdepdaderaetdan. or equal
to 2. 10 the method characterized by replacing the longest write pulse in a

sequence by m=2 write pulses. 2. A method of recording marks according to

Blaim 1, charAdRERUBIAPPRIIAE FEP LSRR SAISIBIHG AP 1h A tPkcAhdisan

ngihisiiglae iwWisienpridadsyeithigigaitnagqUsnae)mavitga thibeneigtipufses.n3. A
methad of recordin markﬁ]accordin o.claim 2 cparra\ct?rizgd by the
representin an.{nte&e larger than one noglgregresentmg he lengih o oneéﬁerlo of a
namber of write pulses’comprised In the 'sequence used in recording the

raterenee idackhthe seiriding\aphangtGeiimg(s/ad; wherein Ceiling(n/a) defines the
seadiariRAa Ak i@ié@é%"ge%@réﬁa@r tﬂn%éﬂﬁw@fnﬁ%ﬁﬁéﬂmgwa* ks

according to claims 2 or c_haracterlzed?aby each sequence of pulses
cBEMHSHEY (it TBLREIERGE AR Bh &' SRRIHEEH IBAERFP B I & RATt (AUfS &
widbinagaifssieiaeiatentheah)east Hix theimgrriedifiecosimeibihatdhetengempribiag
RHRROSINA AR raergfé‘?ﬁ%d bo%ﬁWOfP%‘.'?g%St R arieiod offecqrding marks.:,
accorai%g 0 arPy SrtheTamer 1o , charac hized %Vy the sequence of Write
plidgess kehayefdifderend thyealengthsdhsuisic thispowemoitethin eeagrnensise being

(HBLIRME D RANE OPHRMVENE (RHESENdRs BeifyMRINRE B HRRAUHIORINRIG S, m

according to any of the claims 1 to 3, characterized b;/ the power of at least

8RB JBIEIST SDETIEP EM ddIREEN . Ve RiRettive) SeFies thfgrassl-kgeger
araREARaNtR/ YRk dRrCiaim ek der dumber larger than or equal to 2, and such that the

longest write pulse in a sequence is replaced by m=2 write pulses.

9. An optical disc comprising stored information, the information being
preferably pre-recorded onto the optical disc during the manufacturing process, the
information arranged such that when read by a recording apparatus it enables the recording
apparatus to record marks onto the optical disc according to a method of any of the previous

claims.

10. An optical disc according to claim 9, characterized in that the pre-recorded
information comprises information with respect to the number of write pulse comprised in a

sequence for recording a mark of a given length.

11. An optical disc according to claim 9or 10, characterized in that the pre-
recorded information comprises information with respect to the length of each write pulse

comprised n a sequence for recording a mark of a given length.



5 characterized by the position of at least one pulse being set in dependence
on n. 8. A recording apparatus arranged to record marks onto an optical disc
comprising an information layer, a given mark (13..114) having a time length of
nT, n representing an integer larger thartbne and T representing the length

Qﬁlone_periqqa@f@ti@g trieERBSRIRP R IR w@mm&@a&&mm&%mgr -
an optical pick-un unit %94?)'} to generate a radiation beam on the information

RRie! dise (A tryriaR'e ffGenerating a control signal used by recording
means (707) for modulating said radiation beam, such that the marks are
recorded by a sequence comprising m write pulses separated by cooling
periods, the write pulses within the sequence being 15 allowed to have
different time lengths, the write pulses comprised in sequences
corresponding to marks of different time lengths being allowed to have
different lengths, m being an integer number given by Floor(n/a), where
Floor(n/a) defines the largest integer smaller than n/a, wherein a is an
integer number larger than or equal to 2, and such that the longest write
pulse in a sequence is replaced by m=2 write pulses. 20 9. An optical disc
comprising stored information, the information being preferably pre-recorded
onto the optical disc during the manufacturing process, the information
arranged such that when read by a recording apparatus it enables the
recording apparatus to record marks onto the optical disc according to a
method of any of the previous 25 claims. 10. An optical disc according to
claim 9, characterized in that the pre-recorded information comprises
information with respect to the number of write pulse comprised in a
sequence for recording a mark of a given length. 30 11. An optical disc
according to claim 9or 10, characterized in that the pre- recorded information
comprises information with respect to the length of each write pulse
comprised n a sequence for recording a mark of a given length. 14 12. An
optical disc according to claim 9,10 OR 11, characterized in that the optical
disc is a rewritable DVD disc.



