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Met hod and device for recording marks in an
information | ayer of an optical disc The present

w0 pooeneg2on rel ates to a nethod of recordi ng maP&BIB2006/051604
having a time length of nT onto an optical disc
conprising an information |layer by irradiating the

Methedf gidnadvice ot ﬁyﬁﬂlﬂg thitk@inoat mEFmatich Biyeoor dnaspiicalaieh
mar k bei ng record by a sequence of m pul ses, n being
an integer larger than 1, T representing the | ength of
one period of a reference clock, and mrepresents an
integer larger than or equal to 1 and | ower than or
equal to n. This invention also relates to a recording
device for recording marks onto an optical disc
capabl e of carrying out the said nethod. This
| nventi fic BleichiiRlAlio? el AAREEAbE ook AR heviheh ime

cooperating wth the recording device in carrying ou
lengthef slaonto an ohtichl ditewoinpeking anmfoanatfomrlaseax hprpiradi@uigRYy

1nfo1|:rg%}9rn§?3?{s\é %éﬁ{ | tltgge%] rgﬁi é%heagh eflérhl; Veir{gsrlgﬁorﬁed by a sequence of
m pmlaés% BBink QR iht8YE@ Narg&thin 5] T EepresBMAREhE MBHL MM Petiad of a
that is reversibly changeable bet ween t he anor phous
refergner epgks mad 1 iepregenis an infegsr laresy shavenrjequal te 1 aad dovirs dhan or equal
within the crystalline matrix of the information
'I ayer, by irradiating the information layer with
S eq uencEhisGhvention tlso aélatds toonrepotdigsdevicerfoeicaonding marks onto an
uences_of |aser pulses, The radiation pulses mel

optigal isp KaRAble My ngeaU theapid methpghel @%M@&mﬂ S%rsbuthﬁg an optical
A b L B R

after turning off the radiation beamis slow, it
allows recrystallization and induces a crystalline
phase. Consequently such a phase change |ayer allows
| nf or MaRlRRidbR Mdih SBPELRhIA DY THIIRRE darble SRAWEAL Aliny times.
the power of the radiation beam between a wite power
The revesdibla netoading prsessligbased off e use afl eu infoungsionflayemedmprising a

Y O I o —

phasféhﬁﬁﬁﬁpﬂo@y SHarkseé elewrded it fhegystd)Bnd ME@IxAfMKE information layer,
b Si gnals is desirable that the nunber of times the
yl

atingcthe lrﬁerr@ntm@dayeb wethvseauenges islvgt raskidtinnepulies, far example

sl 30 BhbPRI PR BB paRAED B OB AP BR BRRTo
subsbqleemt todling aseaturniag aff tbefatdwnbﬁ%eirﬁ fis BIpid, thendmorpldus phase is
direct overwites (500). A nunber of 1000 direct

frozep, &t the .Stﬂé@qm@eohwﬂeémmg eHrtherEadigtiondea) inplow; i allows
recr%plilﬁhiatfoﬁ Q8 induSed a?g&gfrg%%g ?HaseTégnsglfllgélﬂlrt]lgfgh{:lﬁ ebmeg icga’mge layer

ring the repeate s ofreco
allowoinfornsitiog tabs teaotded faind empeedelsly madwatisg the pbh'er pfths eadiation beam

bervEeR A1 PRI A BB 406 VED THREeHaY Tt RE R AR Bl ine

diff@énces in optical properties between the amorphous and crystalline phases of the phase

ton

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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| ayers. This degradation process limts the maxi num
nunber of achievable direct overwites (DON. A known
waloatizeet f or i ncreasi ng the nunber of achi evabdEIB2006/051604
direct overwites (DOW is bys,using capping |ayers of
stable materials, e.g. Si3N4, around the phase change

recoftih& thénedia ¢tBnpridthgcd ﬂg:kt dfdayené mardtibl b phase th!@%rlayer being
different |ayers. The above nentjoned sol ution

one gkthg daygrs Qfaﬁﬁﬁ‘? A gtaﬂwmly deeradesppiendiiedp .tlaﬂr@ahmermfgslon of
layei'ss Tﬁfé Fﬁ%gﬁh%(tgo § af Ongﬂgtgltﬁkgfnﬁﬁiﬂlﬁ’n gﬁr&ﬂér%‘f f{hl&&ble direct overwrites

es not provide SUfFi gl ent
(DOW])C Adamevn sohitioa fovimbeeasing theatuintbeabf achikvabletdirevisrverwtites (DOW)

specially in the case of. recordi di .
is ot R PDEIB 61O DSt BIREeTR &) Siyir aroung e it Phapee materil,
thus @éﬂﬂéﬁfg 186 1RGO BUABh BetW et ﬁfffe?ééﬁ 'lé%i'st Fhe ﬁ%&ﬁ%ﬁ@& §flution of

by the standards. One expects recordi ng marks
using af canpinghleydre nfjgsahle mmaﬂ%m@mhlww gkpknsive tahé taghsalogically difficult

N N e R R
direQ V6N ABs OdshENhIRGintB5448 lof %coﬁiﬁg A inedkiky udeltT two
quality of the information |ayer takes place because

mfomatmﬂ@rerﬁ it9 rageh the nmbier of achievably dirsctrayerwrifgs (P@W) mandated by
the§t stack. The presence of higher tenperatures
acce erates material inter-diffusion in the |ayer

stack; Ome ee;ﬁ@tﬁhmgairﬂiﬁglnyarkmlﬁdv&gﬂmb hehgestainnelrhgth waduld be the
achi evabl e direct overwites é Anor phous, mar ks
mostham{yilitp thenn{grimation layer ompsised i the lmf%ste@kaf the.eptical disc. This

oL D, Dl B

infomnatioa lgydr sakes plase bdmauw oftintepdifimnarith otheclaygra fablieg the layers

, one..e ect s that the, highest tenper
stack, LA THEeReS SLAT R litss Brcel e R tesial IR i b he layer
stacfthérBford ARy THlUERecing Shd RRhbAGF HéHié\%BFeSdlféH?O\Fe?whfé@ (DOW).
Amqrpﬁet itive pulSes. Hence one expects the highe

maarks are veniftent wighia thezmgﬁslﬂm@l owtridel the mfoﬂmathe layer by

s R R et PR s BP0l DRy e
pulsé2AshiBe HEGPUYEs &f@bﬂdﬂnﬁﬂrameleﬂgﬁ@ e @ﬁgecﬁ thbftBe highest

measured jitter as function of the nunber of direct

tempegatpigs iwithén thedwyer staglete berr@a?asti idueing ercerdingsofcthe langpsy anagks, as
heat &géﬁ{uggtg% ?yeaﬁﬁg rc'elpgﬁ't;fté;&fl filﬁr?cg n? Qgﬁ&ts t-krg' fi é&ttt&ﬁ]gf#émres and

the sidagest dRgradaioh ofﬂwrmﬂ)rmﬁtlmlayer tb adkel plcerdiiing @¢tording of the

readout, therefore is a nmeasure for th ity of the
longgstimar sﬂélstva difoof thessifspestations cnbs saen aélf@yglﬁgéhq depgndence of
the ypBre e B AT o RURETEE of Birp Y oveirill PO ¥ the optical
disc as)ewarsa@ly teberded by knasksowying o fedddengtiegFledéter tndustte variation in

on mar k recorded, indicating a negative .
the IR GE BRSPS st IRparaY Sor LrALpaled oL Svpysation readout
therétbeSi§ a'n*ibaﬁlh'@ 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,

—*

expév(\,nl

I8, 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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| onger pulses.It is an object of the invention to
provide a solution to the above-nenti oned probl em and

W0 pwoazeel t he nunber of achievabl e direct overRET/1B2806/051604
(DOW that can be reached. Thg object of the invention
is achi eved by recording marks onto an optical disc
accor di gs awoledtrif HiRdindentvnad pRvides slldtion td therfbbve mentloned
claimed method is_a consequence of the in

t
problgip and ingEpapsibe ppmber efachiexasle égeqt [PRervitey @JSW ) tﬂp?é 2an be reached.
The B%Qteﬁtthé’qﬂvfeﬁtloql% $6hibved @(ﬁr antr{té"@ntﬁ hﬁ al \Ms'c%l@cordmg toa

ses can | nprove very |gn| er o
metladraselainke irdélaiact. Thearlaimet emetl(dﬂd\)a coifsh:quencs iodj ke 1ns;ght that

sed. on the unexpected flnﬂ% t hat osi t t he
modg BEdDS P rAEED ks blony helogest vt BB S gty two shorter
writd bt’ﬂ?esl &HgltnBr(W@ Wed Q?mﬁ&ﬁlﬂ?‘?ﬁé niiAbeFothchifvdbliedirect overwrites

i nf or mati on ayer he nbSt relevant factor in
(DO&%)t dherinsighy isttasechomtheunctpeatedifindirigl thatdpppssite tovibe axpectsion that

rcof Gy 2P S GRP b pe S o b e iormaion
1ayef TRDinBstiiYleVaR fagor 18 deREmiIndNBS huﬂmeﬂ&aamesﬁolwir&tto\o@rwmes
shorter write pul ses I nproves very SIEPI ficantly

(DONY)Xis @pt B lenghl @fvta@ markybatibe tigiedength oé ongexbwrite pblse Reducmg this
t1meﬁél}%g lrb§ ’(r)?ﬂl&l rgfgggtt}ﬁllte ?ﬁ/sg \%@y\%@%@% p&%g?] improves very

signifeantlylihe gutiber ﬂbdchiﬂvawalrdato&etvﬁ'ltbs (‘D(DW) by the nunber

of achievable direct overwites \é? due to recording

of 13 nHPKEXaENE ibeasg Qe wé 1%&& omeqheﬁa%pmﬁh?n@; achicvable
direGDVERNES gﬂbﬁv) e récor ﬁﬁ% deta IRIHSRed by the pumber of

conprisin very | te pul's are nore

achle‘mbldﬁrhrest achtwrites mDOW) duwtoaedwdmgnf Ksmarkis ané npl duead revording of

he observe h n.is ol | owi.n,
longgE gl 31gToun 41 BEBeG. LSy, thsge b drarks spBRy i ervlgng git
pulsé SFO MBI ANRE A% Mckahdihdkhy 8thér ARG, Thd é)&)l:ﬁfdﬁ&? for the
The tenperature of the material stack in thé spot
obsenyesiphenormenandss thei foHo wingnagosrding tosestate 0 prs agie stratpgyd imark 13 is

recolhgicy g’ of 3 g iyelf10RS e b8 he IEAERER: AR aRg L stack in

the spbBivhérelthe RARFASN bedih & ﬁSc@s%dﬁﬁUﬂé‘dsbmpﬁlﬂy whére thd frktRgrite palse from
cooling period due to heat diffusion outside the spot.

a sequeace isrpsRsent: Mter te firsfavidte pulse it ended.dbe m@ep'cé\alie@émm drops

raplélg %Q gl%ngégg Ef wﬁg d{lﬁﬂ? ﬁ{e%tog lﬁ%ﬁ&{(ﬁir(ﬁle %%og{ (l)ﬁtaﬁe the spot.

The ltéiﬁ;ﬁdﬂﬁdrelédt thehehdest dheocfoolhhg ﬁtﬂﬁ(bd B hﬁgHeS ﬂmn‘t’ﬁrﬁll&nipbﬁtlﬁe bofoee the
wite pulse is present, t erature stayts to

startjqf él?eeﬁggeqcs,pw m‘ilcﬁ t%%t%e tePpgTadTy repchedas thg endeof the

Wi PLRE 0SS RE UL Enf WSEPEARAC SHAED e iy

agait land Hropk eaptidly asrtervatite palse rndh A sshasdquescewd ipylsels plfogresses the

averﬁéeggwi)gr%g?rg Sﬁ'&l%e t i c%%q%tgsu ﬁ-]gw%g/grt tﬂos\fl%glhgsrtg%?}geégnﬁesin the stack is
ve ry@ff@@ﬂﬂﬁ&h'tﬂe é%%g@%%ﬁéiﬁﬁﬂ@éhd%oit EB?OH:IBIyQE ke Be B4t FeKerMof the

the recording of
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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marks can be limted by a nodifying the recording
nmet hod according to claiml1. If two short wite pul ses
waepanzed by a cooling period are used to repP@EB2651604

| ongest individual radiation pulse, the nunber of

achi evabl e direct overwites (DOW significantly

I ncr eas As.adRarfishoans agbelimentib obiaied byithe mdhRirdyad chifm 2. Setting

the measures of claim2. Setting a=2 and_recording
o=2rpad gecpyling n@f%@ohm geguerice\gfivrite pulseseeonaising aiergngeite pulse is
apréf%?&% wn'te: sngg %aﬁl? tﬂeﬁarft"%op E'e%]:)% clfl[‘ Hl ngéegi] rééorgz%bel‘géaﬁ?tlc%l &E@ for

exarhpslé mmm“esﬂﬁ@ctﬁ\& &nﬂﬁﬁyldarad RIW mddid. Fayme&ld oneﬁeﬁypas
For nedia of these types, nodifying the wite strate

modjifying,the Waite ¥ratesy aceerdineds thsrmeasiiremos clagn ddeads toa signifi ithnt

Q]S‘;}‘H Chl evabl e

1ncr%1= ?gict?lb%\a/@%,%%g%?%\?néﬁnva vantgﬂﬁous enbodi ment is
obt ai neAnkadvirtagevansmbeadimefit is lobiained bym casyreyod caind 3. Setting
recording marks 13 and 14 by a seqTence of, pul ses

=3 @aﬁﬁwogdla@n@ﬂ@ I3 aﬁ@ I4\py & gequisnesofinilsgs gorgnkising prRoleng pvrite pulse
A R R A I i g o o e

(BDacAn mv:tdakeemdhe mﬂ:mb@\oé’ tavhictable dlEKBV‘))verWrmﬂst(BiOW Yistyptained by

R NN TN N L

comBHélﬁ R,VO%Itéﬁll%Od results are al ready obt ai ned by
ying only the sequence conprising the | ongest

vvr | t e pWhik, gobdre¢snls aicraimeadyeosained by smodifymigroaly tha sequence
refer,red e nent t he nmet hod according.to clai
com g e i E ROt e Blrneh b ustRep e R b pfe Bl
embb@RERF of tha Mtk A¥BEHART th D1, Plerdih 8ac sefgenie! b&ﬁﬁnsmg an write
conprised in the sequence is nodified such that the

puls¢ dmger thap theen@;hmbngtb of ¢! wiitecpulsgs cowpriediin thadegeence is modified

f I i Si ' I
w5 R GRS BT efPafal il fssuonc
compfisih@ a it pels€ e et 1east $Yrahaemy endiean Iendih of ﬂiee;drite pulses

such that the | onger vvrltetgul se_is repl aced by

comppiseddn #hp seguence ds mgdlépéﬁ%th #t they lﬁng%‘éﬂ?éﬁﬂﬁéﬁé éep&ced by two

wr1t¥"¥>ﬁ1ts§s pul ses is followed by an erase pul se, the power
0 e erase pulse being lower than that of a wite
pul se. Wiepreferred Thatehdksdqaenceodmaitel phiyesas Seltpwexddy anmferase pulse,

wite _pul ses agccordi to.the invention, marks of

the ppvyer of Hicorase miise Dpperewerihamibat e VHEPU- sequences
conpri S'W}Q:ntaﬂ%'[slﬁﬁ% i %Feﬁfed ‘BSI aﬁ%ﬁe‘%@e of lewﬁﬁééﬁmle? according to the
when a is set to 2, marks 13"and 14 are each recorded

inveptjory nm@@hhﬁemohqnnc &ingthstoay eukswded Be sauewres Lompiiiging the
addifional . fi t uni f the se nce radiatio

samg b Ghaytsss, HEg GRATAIG, Vi G Ehiio AR AC00f e geh greorded

by alsBGuenBY E8thiringd ﬂs?o pulses. Because of this, additional fine-tuning of the sequence

of radiation pulses may be required. In an embodiment according to the invention the

position of at least one radiation pulse in the sequence is set in dependence on n. In a further
embodiment of the method according 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 according to claim 10. 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
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position of at |east one radiation pulse in the

sequence is set in dependence on n. In a further
weedvodz9rent of the nethod according to the i nvRPOI/IB206/051604

the power of at |east one of the radiation pulses is

set in dependence on n. The invention also includes an

by a@pédréiap afpasuacanied e récoeding BdpPatud'sd rogird @firk ordé the optical
conprising stored infaormatigon, the information being

disc gearding g 9%@@@@6}/&@&%@?@0@%@1@“ cal disc duri ng
the mangfa ﬂl&gal hcfordss aﬂgkglc'apélgé Rl &@oﬁil{gatg 10.
such that en rea y a recording apparatus i enab es
the rec Wheheragd afiransgicus of theriacantidn aey dparent fromrmd will be

ti.cal, disc acc ng to a nethod, of .any of th

eluclﬂg |V6‘E}§fe£?f81?‘%ﬁ‘r§° ?‘ﬁ@é" g& VAN P%HC‘QP%‘EPSF%}% §e‘éﬁ¥a1 embodiments
descPBbd hidkinditeC drive according to claim10. These and

ot her aspects of the invention are apparent from and

will be elucidated with reference to foll ow ng nore

particul ar description of several enbodi nents

descri bed hereinafter. The features and advant ages of

the i NVERS kARrYY ddd AQaBBes OfF it 1ﬁdeﬂﬂi@ﬁrw1ane%§féeﬁteuqlpon

the followng drawings, 1n which: Fig. 1 shows
refexgneqyiodhe follopreg drawings, @ whigksk signal, a 5T mark to be

recorde

o 0o Y B 9 D BT T TR cora.
knowh éneithivdefot teoordity the said Inhdrkl aihd abheshod foi fcordidg the aid mark

nmet hod of recordi ng marks known under the nanme N 2
accogdipg tQthe iB¥enfigor di ng marks, for narks of |engths 3T

to 14 T I E’ﬁﬂ{

mar ks agé': 2 Ill%si%ra‘{e% agﬁ#{ ?iatq?e foﬁg%to R{o g 5B under the
name IN/2 strategy oﬁegordmglmdrhs tforamerks af lmgﬁne 3Tab 14dtor di ng

rmrksacord to a second e di mept of
vent | B deielsd atnGod SireSoTRG ekt pkrarties tra frgeembodiment
Oftﬂgqg,%ﬁgg_ J itter on the nunber of direct overwites
when narks are recording according to the state
of art KNg4dluskrategminethad ofaeeapdingimarks agrbydingtormsekend
are r ded en squares); only 14 marks are
B Fientpr

embpdimsn g% i angl es); - only 18 marks are
E fE‘Clolf deléhg( gﬂﬂl;ﬂitl@teﬁ ¢heSdchendinby oflthd nmiBaklked fAfter Jrehe he@Ber of direct
u uar es

overwrites (DO ) when marks are recording according to the state of art N/2 or 2T write
strategy when:

- only I3 marks are recorded (open squares);

- only [4 marks are recorded (full triangles);

- only I8 marks are recorded (open circles);

- only [14 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 I3 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.
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representative DVD data is recorded (full circles).
Fig. 6 illustrates the difference in the neasured

W@ paovar92as function of the nunber of direct ovRCTAB2@E#051604
(DOW when 13 nmarks are recorging according either to
the state of art N2 strategy (lull circles) or to a
wite stgateem/s}amQrcﬂbmlgxﬁl 1ihef prefsende dlovketdlvingh high’ part 101
(open squares) shows an optical disc drive

and g (lowe gait 4 2./ m@b@ﬁﬁ%@f oney Bighy e%rt pndyonee lovy pariggether from one
periB 151 ORAL A et 1l gl HEY) 06 Rt B

infotntpin’ lam of t}mrrdcardl earrienwX ‘high’ tpattdgétlin ¢his §ipmahldnerecorded in the
. eri T) of this.refe ence cl F re Ib shows a..
info as g ek pavipng 4 eaysical | ing{o |t]£,‘rétp ation of
this tlﬁ@l’&ﬁ&ocgnééaﬁédt@"' the"?‘enéﬂi 8a mBf & oﬁ@ﬁ- ekptedsBa £ b Qhﬁﬁ‘x'ber of

is recorded in the information a er as a nmark
corrmtonchgg sefprapes dadk p@@gs . Imﬁlrswpmpth thg lengtht ¢fghe mafek to be

rec%‘#ér aa”r‘rﬁtpﬁre%%e ﬂ’fe? 8’&% ﬁ?}? 8};@‘881%‘1?1 e%ma/ ‘8?& s 280 Hidhred in

the #0485 BIBIkNg reference clock periods T. In this
exanpl e the length of the mark to be recorded, and

t her ef oTBe sigaal Hjtgjpe rengrdedds recprded injaminfarmetion daysrhaving a
phash bt TBly TS b ef Bl bl fiod sl AFarRliobtad Pl by
irradlartfngrthatﬂfaﬁndtlay ddyeh anthngadiatidrabeant. he radifition wdamnig gaﬁéraed by a

between a crystalline phase and an anorphous phase
radigtionsgpeeethay is epntroHed byra congrel sigpal 1241 8 nlhe posesr deviebal & control

s1gn£’l%ﬁ]e%pmﬁs Ak ﬁbwgpoﬂﬁf‘fgéﬁ%mg%%%ﬁgﬁg r%fﬁ?%hbﬁ gource

sourc s contro a co
Condygemttyshe cbn!vcdlmgnﬁl ¢dnmspm1dts |t®h sajugnw ofc)mlte @B}S@U@dtmnrecordmg a

t 0 the r ation be ted t
mark. Jqp 56 1§ V1Sispiet & PoBiH SRl ieng! PR eioms bmats gfgheth ST 15),
accor@hf §5PPAGSart ﬁ\eﬁma %Hﬁﬁ QSN oMIT GRitONERES. Vﬁféﬁ réd’brdmg an I5
recording a mark. Figure Ic illustrates a pul sed

mark; dhe $e@1ue1megxf arité pulsctssmmmsmgtva) radiakion pulsesigithe GNtrel Squence

hav@g %Sﬁé‘ %?rolavel q% ol:q 1{3%8(%:& ag)gagﬁ) x M’Fe],pglrlseg E‘om the
sequefeEIRNe diffdretiniceleRgths aBe §RBTd Wﬁ%plﬂywoeﬁ@loﬂgéﬁﬁan the first. The
pul ses in the control sequence having a wite power

writ¢ pylsgs are separated by eoodipg Perieds I2éakpihe coeling nemdwhﬁtr@dlatlon beam

may?ﬁkfec‘g%o&fn JOW ?l&gﬂrﬁ; é(?lai\é v%rftfla%rtpﬁan %ﬁgw%rﬁgvgﬂ{lrﬁefore and

e Secon e pul’s onger
aﬂethhe witltd pelsgaiths esntel 6 gﬁﬁpﬁs ah eﬂtsé)poweldb‘ireﬂl d2p eufifioidat fo? Brasing

MR T R
coolﬂ%‘#ﬁ? Pﬂfrﬁi toweEhah ?ha@ﬁﬁt}éfm hﬂ@s %hh?r (Rtgdsﬁgﬁ ﬁﬁ@nown 2T

signal has an erase p l'eve i cl ent
meticarwith tesdistysyeddateowith yefereocy tdeftgumaz ks. The p ovve r of

the er alg,e 2 ﬂp ﬁfusilrg’teshall %Eerd éotl]l gl 5121%}1 lg%rsel:(P %r recordlng 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 ST mark is lower for the

method according to the invention.
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cooling periods and | ower than that of the wite
pul ses. Further details of this known 2T nethod w ||
wheoodiizeessed |ater with reference to figure 2PCHIRPIO051604
Id illustrates a pulsed contrgl signal 14 used for
recording the sane 5T mark in a nethod according to
the i nVEfgt D Gurthdriihesitrates thesstaie gfiem artiold offrédoading ielss known as
ses three wite pulses instead of the two wite

co
N/2 en?ﬁ agite sEategy. TmEig A Siseduenses elevEierpasegsed in recording marks of
R PR S S B S e
encoaling mmggnmdmrﬁ racardiigg DVID mpediacHowsvdr) dthatenaddiog stratégies are

lc.i er tha thefirst and t herefor .
Kooyt et By PRECTrIPrUPE Aee of Bl oehCBNCYTEHY 5 TR in th
casemfm%l D%Wﬁb?trﬁirﬁs Bmh%ﬂ@ ZTQ@QT% ﬂe@(l)rHQ& mat eri al

stack during réecording t ower for the
met hod écmmkdlf rhglgﬂon tmcwrdacbbut a wquﬁn@ ofawriite pulses comprising

Floo&(k;émt rtgtpe SES mO{(&/étd'e% %I%fgﬁrtggtgéeq'{sn llg{'atillétsn/Z For

exarSEUaNkES, &‘fleﬂg’th B, B@é@)@&edl’@%ﬁlsdgﬁeﬂc@ complisigg ARk Qﬁte pulse.
Iengths 3T to 14T is illustrat hi s range of mark

Said| N/dgvrits strafege isppanrateried write strategy o btghrspgerktemﬁ:&gj«;/ recording, for
C | However, other encodi ng
exar}sfél?g’%glgicé% ﬁ%m%%’%t fe art, and the correspondi ng

range ofherdfi 1bmpigbha Wﬂl‘ye p!tﬂsalconﬁﬁrfsedé iparpdgaendenthiet@oling periods
case of Blu-ray Disc mar ks of | engths 2Tto oT

between tye m@@&sewﬁﬁwo lqngﬂ)gqfra yeapence of Biridepulpss may vary. Flg 2

/ t
S SH6R L AL §55 £ S0 RS E ol G i
N/2 wmitesteate gzr;rﬁiel lemgeshadlvrduﬁl witer pudscaauptesponds b the 3ingha‘ write pulse

use SE togdlag I’t ggM((j) maeéesl e etg %§]§$ %n‘glggll) nce used in
recoRlifg ﬁfaﬂ%%f%é\ﬁe% 1§ﬁg’tﬁ‘FI§9V7 f® '11 hhMlSP%%@nfeﬁﬁfeb iRt than the rest of
recording, for exanple in the case 8x DVD+ medi a.

the Wtite nuilses WIthnghh cmfrespondlng sequghesebut Ghtp‘tell‘;ﬂm theisipgle write pulse

e Ilng peri ods between two wite pul ses
useﬁﬁge%%éngaq;is gth of a sequence of wite pul ses may

vary. FNR o2T Writséttaddgsas dxéapkRsEhdréilsl dffarAddntbodithéht of a
respect to said time lengths, In general, within said

mor¢(geneyglistrategy, kapwgpndertbe hane e Wriel bivategalAcaprding to ihesd/oL write

sra(F 2% BrORG) IELS TAPHO R Scsihed RoriSf e golses. aeren
Flooﬁgxﬁ/g? Lsf}ﬁ%,?géf{;i,ﬁ@%%@ﬂgf& Mdn@¢er di ng marks of uneven

1 and 113) is sonetines |onger
t han t hA methbd of ret:lmdmgrhmdts pedosding Vo 4 firsh einbediment of the invention

N T T T T T .
met}YUd' Jc@orﬁi é‘"ﬁ) %m@élt%qw&mﬁlle%fjmgﬂé'@)' %h@seQﬁ‘)‘hte‘sﬂdﬁldﬁ{g sequence of

nmbodi ne
write 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
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nore general strategy, known under the nanme NNa wite
strategy. According to the NNa wite strategy, a mark
w@toobaegeh N is witten by a sequence of Fl oor PC¥/E2006/051604
wite pul ses, wherein Floor(Ng a) is the |argest
I nteger smal ler than Na. A rret hod of recordi ng marks
clariacwith @éspectto the N/2ros R Tesrargy e teathinghéf theiteBhticinare applicable to
illustrated in Fig. 3. Conparative to the state of art
any Welth$EMe- i | | ustrated in Fig. 2, in the method
accor di Rgntfod Blere'c ﬁ%trhﬁ’&s ta&% A@%co{i@&lﬁb&&iﬁ)ent of the
whose correspondi hg seguence of te pulse conprises
invehtien Isahgstratediin dfig: 4dCampurative tthb fiest embodintdnt bfhe invention, not
guenc i s recorded b neans of a _sequence
oy R PhgPere RSP 8 S asBes Comerised frdabest Watspule from all

sequeRER i$Hnd8ifER K detib&d RGEinbSREL Bt éa@H@é({heﬁéer@dnﬁfrlsiﬂg 4 White pulse
state of art nethod. This nodification of the wi

that &t loages ghet ithe thedianileogtheofitbawvritemitise ¢n the Saldsﬂﬁglhﬂncc isat:placed by
two 355y A Bpdso Sty Gla e SFeink 8, £55 sebfiitet of putses

used M réSordia g el &F unSvdniength (BN17, 29, IMRKES 113§ 6 Modified B&dedingly.
mar ks | ess danmmagi ng, thus contrlbutlng to increasing

As illgsdratpdnthe rla%wrﬁ%nmlétvﬁgmeth@i reregsponslieg saduersss isxeplpced with two
f| cantly. This new insight will be further
wntg:p‘glcg:éfjssed |ater with reference to figures 5 and 6.
Whi | e t Wheapemirding nexmkyosticomirig thake seeend éthbodiment &fdhe invention,
forclarity with respect to the NN2 or 2T strategy t he
for exampleiindle wecifis casewyen shopsipg & ‘a%ﬁh? swmber af gvrit pulses eqmprised

i BN B S R RSy mer

is lafgeg/thaft n/iONpar ati ve to the first enbodi ment of the
i nventiogn, not only the nmark whose cqrrespgondi n

sequencOpéierally avillustrde inghigrae 4. the .1q®1§mfé®md6¢hwtp pulses and

| |
the GRAEPETHS WeitRtl b S8 BulSRREHY BRY wRFH ROkRESy: sitin
seqwmns usdrkfomadirianof] cbffgbht lefigth Héorwxamplepinl the sase rmf theseqainde used

I
in reRRREIBE 13 THEvie i R BT RALRR L fene g 1ogE8T e the subsequen

4 NIhdBSJER
wr1t§gﬂlg§srm915§’£nld;t‘ﬁb %sglﬂ%%%ogﬂ%&ﬁ%@gr IndBidiihe PeriddhEB vary in

between oradksyfl different lengthisfor example theecopling pwth‘t@t\mﬂnserlﬁe mokses 43
di | ith t it .
and 38 B8RRI elBk FFIE Fee Sink BT RACTS, B fifterotihuh iccooting

perlmﬁbéEWht@uHeB a5iafy ﬂBtdoﬂ[bnsE@In 1B 88Geficd Wbell Merecording to mark
speci fic case when choosi ng a = 2, the nunber of wite

- pul ses conprised in a sequence is given by

Cei l i ng ere; e o
smal | esg‘ﬂ é rggqgaer fﬁ)éér?e ?gis{eéa@g%pé ﬁ%)g‘%rdt /b&tedi(%{}lg 8 HlaSF’I t%/l? power of
the a@asei pullsedeingtlewemnthhn ghat ef #writdyguliee hygdirrad thd peaditiondifathe last write

wite pul ses apd . .
pulse within a sequence, for example pulse 41 for mark I3 or pulse 44 for mark IS, 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.
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the cooling periods between two wite pulses may vary

Wi thin a sequence or within sequences used for marks
w@ooditgfer ent | ength. For exanple, in the casePOl/IB20&/051604

sequence used in recording theg 15 mark, the first

wite pulse in the sequence is longer that the

subsequBiy 5Wilistratep thesdpehdbdced) tha mekakured fined dmﬂta recorded onto

periqds are different. The cooling periods rra

an oeme\l\é@ﬁ ag fngtion en therrughen of digery P¥eTwritRs (DOW) Poen ﬁ@rks of a single
lengﬁpe% Y QQrdify %g&:@r&}ﬁ% [ WERD sidfe JM)Z&%‘E&@? 13% spec1ﬁc case when:
conpris he sequence use ‘ecording to nar
15, i s odnliyfl2 nenks dre cevotded (ol sqnareger i od between wite

pul ses nd 46, conp n, sequence used in
" recordi H@lyﬁﬁmﬁlfsl@ri’?ecoﬁ‘iﬁ’a g’é]’qtﬂ'é?%k‘ &)of wite pul ses may
. be foll gmqg%r%gg&ggdeg%ﬁ cifcg);pover of the erase

pul se being lower than that of a w'ite pulse. In
- general onllyrélfbommmre@ﬁrdtedéﬁlﬂlasquam);te pul se within a

f | 3 I
34 1 or wareonat s OO e ekt R e i b

| engt h The jillgr ifBHK o varifoVin the et P the Rklsyand ithe most
illustrated in figures 3 or 4), the power of at |east

impeyteat perexofmpjsefor Bdprmagion s¢pdatie theeefeng is ameasure fqréh@qmahty of

. | P
e G S ok flle hE P b el A TR RS L v
for théfitteres D8 Wissnghdireshilts foe markst 1@, I8y hsdEl 4viré boripared, the stack shows
sequence so that it is preferabqﬁ% repl.aced by, two

a fasfgr; degragdafiienowhen longerimarks apgregordade indicating a megative dpjiepce of the

S
it LA R B SPGB o s e
expattdtian itiet occdeding hingeramankp is wate dhinmgingsto ftheninforonatiom layke However,

ogaiBgt T oA B8 B SIPHN etk oo 0P AT gy stavipg the
fastedf inchage 1§ttﬁ@}1ﬁ’é}3é1s it tibh S f 8eefinitef of &8t N?&Gmté%r(bb\ﬂ@ Compared

mar ks are recorded (open squares); - only 14 marks are
to the sequetiegiof] Witel plldses usegl msqcordmg jonger markksthe sequerncsarsdéin

recofdie Pt (35 Bise e okttt 1B Balliea i Rttty e peak

temperitGleaBit is Tdahdd duriE thereBording®\sach & 130Markiis hiphet BBGHR
of the marks and is the nost i1nportant source of noise

maxfragmiteinparaiare hat is seaghed duringdhe waitiag iprocgssal adonger ik, leading to
ata. For exanple, the DVD
the ﬁ%’%%éré%aél{élgp‘tf %te{lhes eCeram mum al | oned val ue for

t he it Fgy 6iiBustites Weadiffeeace msthié treaduped jimsr ks funétiod 8f the number

and 114 are _conpared, the stack shows
of direct overwrlatles (DOW) when I3 marks are recording according either to the state of art

‘el

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 I3. Based on this insight, it is desirable
to choose the new duration of the write pulse comprised in the sequence used in recording
mark I3 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
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a faster degradation when | onger marks are recorded,
i ndicating a negative influence of the higher average

W@ eovpareeures that arise in the | onger pul ses. PAHIB006/051604
trend confirns the expectatiofpthat recording | onger
marks is nore damaging to the 1nformation | ayer.

of I3Hawukky @hnncd akolséd By piaplypiddaciag theatiré tingth dfhke iy pusd for

mark 13 is_the_ nost.danagi ng, show ng the fastest . .
recordipg ebBanarks imibejoriging} Stepte e ISOHOUIA 6g do A daislaedugtion in the
o « «
ool Shefly S o R W CHBPBS eSS Rl it it
haveseshoeter ngthent thenpavesr anadi nog besnfficiedt waepord skesmbtke

| ongest _j ndi vi dual. write pul se. Consequent | t he peak
t ener aNGT G Grtod o5 Eeoraiae PR HR REEYY e i capion may be
pracﬁé!&f‘wﬁfbé&s&ﬁ{eh with fé‘f&@ﬁdﬁ: th @ 7t PRe f%&dfﬂgﬁﬂpfﬁﬁﬂﬁsr’m dé)‘hﬁ)rise a

that is reached during the witing process of a |onger
recording metlimartienefving méans J04 forgecsiving g remenablerrecdrdinganedia 701. The

terial ack.. Fig. .6 4l.l ustrat. t.he differ '
recofdaf redie 7P 35 e romgBat it BRI . Tt & SUPFRW or BD-RE.
The @'é'obﬁﬁ%g MeaiaWol tiefotdtidadily Whedh thdrofiiok Snadns 7046 Q1 tiRal pick-up
_according either to the state of art N2 strategy
unit 70 movablecin@gpdial ditestian af theaecording apdiaatscised forgeqasding gnarks
olon 3SR 88 o A SRR UL ) PR Yy bl . o i
purpascthe dedogdihg nicdia 101\ie pidvidedivaithusei@ fortnation laybeconrising a suitable
achi evabl e direct overwites (DOWN great|ly inproves by

phasg Ch%&edpateqaaltvvhlelbhaFSrdgsffﬁrzetmh&aI@eperg?ﬁ i the crypailing on gmorphous
s PuSBHEDN S 1 LSRRI O0o| BRSESII e 1 5is o e
digitahinformasippy kignals to bsredeslied die digttaldhfoometiothsigmed ave been suitably

encadgl it HF o HIeAD 15r KRSy B O VoPoQHBH et RS G or EPM
and @¥R@cHBP eﬁodfﬂgggl‘f!ﬁ‘t fnBarRU13 ,e\%}ﬁﬂzh €y SQmniplsk 249D conversion means

mul ti - pul ses) rised in the other sequences, in

and/or sperificanteifaget citcuyryp ey reeiyseanatograadidn digilgl inferorationgn addition,

ad s R eg A oG T £ Semtnt PR iRt fBrmion gt on he
recofdiff) friedae703 ODeE] fforfialibh ¥ighsld of ithdretfifled eBialmRayidredd by the

the wite pulse for recording of 13 marks in the
samg picljupainitsiOo dyesyitable seadiigsmeens (788. hese eenngetitpdggoding means 710
t4.004: | SSi ' h
o b AL IR TR Rl SR BIBLAL MR P dcoded
and eéﬁwd shgnats dre shnpnttgr, v:]mgpdttimg michres ’nayvezhichgiyayrmimmise D/A
suffjcient, to record the nmark. xt an enbodi rent of a
meapsalQfi SHifablp uer, °ﬁ§lf\‘ixﬁ€b’eﬁhﬁltlér?é‘"}7lb°ﬁ%fﬁ9$ Olﬁ‘ﬁ}loﬂélgnalfs-
practic el | e | r j . .
The rec%?&%% Ogg%a{rg g‘?ﬁ% g%ﬁjﬁg%ﬂrlrl% rgrlesgﬁlg[)l?éélcc r%llg r?ghtgn%glg%lrhmt 714.
The centenllingignin@bhmay 0dmpose a proeessinggné wlechoxinates according to a

eSO 2 T S R 5B o e

inveBlibriEn particular the controlling unit 714 is responsible 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
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The recording nedia 701 is rotationally driven by
rotati on neans 704. An optical pick-up unit 706,
worewahte2i n a radial direction of the recordi NBCTERI0E/051604
is used for recording marks ajpng a spiral track 703
on the recording nedia, by enploying a radiati on beam
the ni@difactarifgproc@ur i eRarhple, ingh@t4bc 09 DYHHHQW?@ftichISdiscs said

provided wth an infornmation | ayer. conprisi
mfognﬂtmﬂn@/ lgﬂnsagréd Ok Jpraas abphase modilating th@dgolwhler ?feth% fracks (Address-

PB4 AP RS MR ATEDIRG e tovs
Write ettajegiesr@dr[ﬂgsnsaIWarmIm talbergsetian téwrdjilgt}teanlptical disc.Ina

n on sighals to be recorded. This digit
prefyHTRRATDR G PR RE: B B b PTG B pre-recorded
durnl?é] ﬂﬁﬂl‘lﬁ&uﬂﬁ@ rlﬁfoﬁggtlolﬁéﬂébﬁﬂg a QeCKHHfiﬁ & o QBcord RaPBSonto the

11ke EFM or "EFM+ and CIRC error encodi ng. |nput neans
optical disc abdordingtya osthedi of ¢hesihzent iomag idssanibe drbenainbafou¢. duch

cific interface glrcuitr. i ve anal og.
infoffiol e dstuetise AR of o FPlwabe AR iR ond ke
- findi ngtH¥aaRHer dBpiasc 10 bOvscdat rédrdlfs 8 B 6f lehgth n, for example,
address informati on present on the recording nedi a 701

in a prefiregidtembadithentiginendiy the raiula Geiling(e/o)ewbergedisrmpdntgger number
1 ngg be read by the sanme pick-up unit 706 by suitable
AP I 7 g means 708. These connect to decodi ng nmeans 710
- to perf tefBaxd@aRdkidth GMch V@1B?u@§erfﬁfm & 6quRiéd MMpulses used in
according to known schenes he decoded and corrected
recogdipga markypla giyemlengd, vi a outputting means 712, which
may COMy h&&ja%’e%ofé‘a agtﬁe”ﬂ!o% Ir?e%k15§$d e%nl&c[lf &Eﬁt@&% fe tmpant to
CII‘CUItI‘y rgrta [‘oranal o or mat1on Si

illuséhie rivhet tha® fimitithe reetich. Agdakg almb ykillad én the raftrv(ilﬂﬂlﬁdlblb)fto design
the controlling unit 714, The controlling unit 714 may

many giginplive embpdiments Migoutlepatimg ch?%B’@rsﬁ?I&O fibe apnended %ﬂns Itis

espe@iaﬁ? S6tefiit tﬁ’ﬁeoig(l olnqélggtﬂnhl?ed% Yse R Bulti- ﬁnyeﬂ ¢&cot® only.
performt neth accordi ng to e invention:

As demrtbied lehﬂmer ttieineentionds hiso gartticularly ddvantageespwhai d;jphed or high

ener 9 the control signal that is used by the

Spee éE‘ES)F f@3hs 707 and the optical pick-up unit 706

in genef@ﬁﬂe nghg‘ ean?‘i’%feﬁ&@&gﬂ@ﬂh@d‘ By QPR eflfieses shall not be

ptical disc of rewitable ype conprise’am
constiupd astamiting the pleim viberad thes eerbsisrompirse’t asiofindude”rand their

iral.t k. T k shows
coniightiont P8 A3t EUHE o frRiebis SLRPMERS Kr SRR ThBiabat o upigd in o
claidODlR Bficle P 61ar® précdin ?%fe@&ﬂélﬁ d6& it BRéladd the PERENde®f a
plur%gner ate a cl ock signa Several pieces of informtion

y obsughrelements ride dnvsntiemmay peiimplemented byuneang ofbardware
m%@ﬁz‘%\; Hltrl lafy P@tr Cﬁi’eglgeéﬁs %Ig(fljtg ﬁé@gﬁ)f g?ﬂ%«rx}e%gl; %g%gt{/gér%%a/apparatus

clairh yenmfaaraang)ﬁevpfaamaim denendliofl hesd meumshheboémbbdied bpoksand the

(Addr eSSI n- Pregroove - ADIP). Said information may
same, {eigof dardwareonaeftware. The ajere gt that ¢eriaingmeasysy al jepided in

mutﬁl@%ﬁgﬂeﬁlsd BeheRb Xlﬁinﬁsa(!ld)eg g{)ﬁlﬂgitcg%ﬁh&t% BbiR%En 'of these measured

I ng t e optica
cannot be used to advantage.
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preferred enbodi nent of the invention, an optical disc
conprises, preferably pre-recorded during
woregeafizeeeur i ng, i nformati on enabling a recor di PQI/IB2006/051604
apparatus to record marks ontf)the optical disc
according to a nmethod of the Invention as descri bed
CLA®MSi nbefore. Such informati on nmay conprise any of the
foll owi ng and/ or conbi nati ons thereof: the nunber of
pul ses to be used in recording a mark of length n, for
exanple, in a preferred enbodi nent given by the
formula Ceiling(n/a), where a is an integer nunber
| arger than 2; the maxi mumw dth of an wite pul se
froma sequence of pulses used in recording a mark of
a g| ven . . . .
1 Spaves ndh iR prieoR kB omOAEbbrcalis M oprcal dige comprising

an mfatrhmrontliibaam, By iffiatliating tHerixifonmation laJ}dSeryt dypdlsddhradiation beam, a mark
killed in the ajt will be able to design many

(3. 5149 8RYIBE pVERRBRIOfB it R TRFISARING Apicee | ﬁ@q ﬂlawpﬁ and T
epr R 6 14 SPORINRGA B epdd oo BERE LRI B e

compmi$ing ml wyimrplﬂlses semrated by1 bgohngspededx; thebwdteqalses twnthnt the sequence

. I nyent 1S @ art r advant ageous.
being EVEd ) v it pite oS eyl AR LS PR sothE equences
corrséﬁahdlﬁg MYk OF QIrRAGHR ti%h&l@ﬁgtﬁé B&RE alkRy MR haPad R R e %gths m
all not be construed as ITimting the claim Use of
beinglan 1Megdyslumbgng|velsby Fhoodn/a)nwhemdd oarfrd o) defines the largest integer
s do not exclude th pre ence of el enents

ugatlo
smallir AT G BRI & FedD IHRESENWELH Gerihan o oat) (OPhe
ﬂwlﬁ&LP&dﬁn oriRAIN" preceding an el enent does not
exclude the pre ence of a plurality of such el enents.
The i nvewntifpmgmticaiiahé sqgbenmerbenprisingtixalosgest wiide pulse ich that

conpri si ng.seve stinct el ements and by neans of
the IGBERL T DU 5 el by B0 VLS BISS a ua ol ot m

enuner ati ng several neans, several of these neans may

be enbodi ed by one and the sane item of hardware or _
2. sof t war & mathed pfregording marks acepeding tmclmémhe@cmed by setting

L e R sl L
pulsé@nnot be used to advantage. CLAIM5S 1. A nethod of

recording marks onto an optical disc, the optical disc
conprising an information |ayer, by |rrad| ating the

|nformat|onl sed r tlon nm ;
5. (1o 11y SRoR HEfesSuiR R o e frdifitn PadPachrgRl fy seting
= ranldas, 47,8 { B
O R 4T, I0BARRL, ek dorded by

sequeness Icdagiribing gachetyoewtite pulses.

4, A method of recording marks according to claim 1, 2 or 3, characterized by
each sequence comprising a write pulse longer than the median length of the write pulses
within said sequence being modified such that the longer write pulse being replaced by two

write pulses.

5. A method of recording marks according to claim 4, characterized by the

number of write pulses comprised in the sequence used in recording the mark of length n
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conprising mwite pul ses separated by cooling
periods, the wite pulses within the sequence bei ng
w@bkloomest2t o have different tine | engths, the wWCT/E2006/051604
pul ses conprised in sequencesygorresponding to marks
of different tinme | engths being allowed to have
beinglgi\feﬁfb?@eili@lﬂﬁo&)ﬁwhéfhiﬁ@dﬂﬁh%{ﬂlod) ARG thOSHEIRSt BitegeNthBYis larger
| oor(n/a), where Floor(n/a) defines the |argest
thanimteger snaller than n/a, wherein a is an integer
nunber |arger than or equal to 2. the nethod
characterized by nodifying at | east the sequence
6. CONPri SiANEethb® of RUSRISTg MArkk Bcddrdifg teslaimsi 4t 5, Ichracterized by each
| ongest wite pulse is replaced by two wite pulses.
sequence/ofinsises doprivieg » witepulsalongerdbanthgimrgliandength ofihe, write pulses
. racterized elol b n =2 K. 13 Vi .
with RS ahloaSEioh bifha Wi AL uR e I RERH e Bt eine
rqﬂMkﬂb?ﬁWUb&Bé& 3. A nethod of recording marks according
to claim1, characterized by setting a=3 and marks 13
and 14, having lengths of 3T and 4T, respectively,

7. Dol RGRGASSFOMIRERS ORI B B8 L B s

charadterized by tBe sequanceaifavrite palsevisingdfolleaeld bg anwease pulse, the power of
conpr i si.n wite pulse | opger.than the nedian | ength
the ezpse e\bF&tggOWE‘i é%%ﬁwpto?ﬁeﬁogguwﬁlt%% tfence bei ng

nodi fied such that the |onger wite pul se being

replaced by two wite pulses. 5. A nmethod of recording
8. mar ks adcvoettipdgf tecording marks acdoading teeanyzefdthdpretéring claims,
nynber..of , wite | ses co ised in .the sequence used
charplerzed B e BOY Tt ok gt e Pl Primg 58! i JepEncery »

Ceiling(n/a), wherein Ceiling(n/a) defines the

smal l est integer that is larger than n/fa. 6. A nethod

9. of recofdnei§odraf tesordingonarkngeaosding &t any of the pweeding claims,
crar B AL R S RS U L ASRRERPH B

pul ses within said sequence by at |east 5% bei ng

nodi fied such that the longer wite pul se bei nn%_ .
10. r ep| aced 1W5ording apnaras arranged toEqaQEHMarks ot RRtgakdisq, the

ops 38885 i YD e B O 0 by el
radidtionl beamcla lgiveamazk f8elld)hawvng b iiemedength obNT i heepesserting an integer

g ongPn oBEDF o PR o b PRk brelyRgie ok harscerized

in thRf R €6bA&s Thedh§Tor carrying out the methods according to any of claims 1-9.

11. 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.

12. An optical disc according to claim 11, 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.



characterized by the power of at |east one pul se being
set in dependence on n. 9. A nethod of recording marks
wa@ewonzizey to any of the preceding clains, PCT/IB2006/051604
characterized by the positionpf at |east one pul se
bei ng set in dependence on n. 10. A recording
13. appar at A% opticaldiethet @rdingao cthirf k1) kRharadwerigddt in ¢lédt the pre-
di sc, the_ optical disc conprising an information .
recoded dpformpgtiqny qospprises wdormagion mrthTRERcEid theyleagthinf each write pulse
com| Héeﬁﬁda §e§?ﬁﬁ’&'f&‘#p&ﬂmlg LmBVEh R Hehdd: - 114) having a
Ime |en of nT, n representinhg an Tnteger |arger
than one and T representing the | ength of one period
of a reference ¢lock, characterized in_ that it, .
14. Conpr | S48 RagdiseGEoami SHBU TR . Aatestesieed inghaghe
optida® dRBYs PleviitMIEPVD Qisc11. An optical disc conprising
stored infornmation, the informati on being preferably
pre-recorded onto the optical disc during the
manuf acturi ng process, the information arranged such
that when read by a recording apparatus it enables the
recordi ng apparatus to record marks onto the optica
di sc according to a nmethod of any of the previous
clainms. 12. An optical disc according to claim11,
characterized in that the pre-recorded i nformation
conprises information with respect to the nunber of
wite pulse conprised in a sequence for recording a
mark of a given |length.13. An optical disc according
to claimllor 12, characterized in that the pre
recorded i nformation conprises information with
respect to the length of each wite pul se conprised n
a sequence for recording a mark of a given length. 14.
An optical disc according to claim11,12 OR 13,
characterized in that the optical disc is a rewitable
DVD di sc.



