Met hod of witing data on a nmaster substrate for optical recording FIELD OF
THE | NVENTI ON The present invention relates to a nethod of witing data on
a mast er wobhsdiw@asa1f or optical recordi ng. BACKGROUND OF PCHEB20NS/E393310N

Rel ief structures that are manufactured on the basis of optical processes
can, for exanple, be used as a stanper ior the mass-replication of optical
record carriers. Optical record carriers have seen an evol utionary increase
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nm. Optical record carriers can be of the type wite-once (R), rewitable
(RE) and read-only menory (ROVM). The great advantage of ROM discs is the
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such as audi o, video and other data. Such a ROMdisc is, for exanple, a
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occurs, WRORN). rEagRatla@yntdRWE R OM Idise€ Isitkchle@y @hbss replication, and therefore the
cheap distribution of content such as audio, video and other data. Such a ROM disc is, for
15  example, a polycarbonate substrate with tiny replicated pits (holes). The pits in a ROM disc
can be made with injection molding or a similar kind of replication process. The
manufacturing of a stamper, as used for replication, is known as mastering.
ROM discs contain a spiral of alternating pits and lands representing the
encoded data. A reflection layer (metallic or other kind or material with different index of
20  refraction coefficient) is added to facilitate the readout of the information. In most of the
optical recording systems, the data track pitch has the same order of magnitude as the size of
the optical readout/write spot to ensure optimum data capacity. Compare for example the data
track pitch of 320 nm and the 1/e spot radius of 305 nm (1/e is the radius at which the optical
intensity has reduced to 1/e of the maximum intensity) in case of Blu-ray Disc. In contrary to
25  write-once and re-writable optical record carriers, the pit width in a ROM disc is typically
half of the pitch between adjacent data tracks. Such small pits are necessary for optimum
readout. It is well known that ROM discs are readout via phase-modulation, 1.e. the

constructive and destructive interference of light rays. During readout of longer pits,
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witing of pits in e central track. This multiple exposure |eads to |ocal
br oadeni AycBRd theesstPREE and therefore to an increased pit noise (jitter).
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20 field and 1.25 for liquid immersion mastering). In other words, a next generation LBR is
required to make a stamper for the current optical disc generation. An additional
disadvantage of conventional photoresist mastering is the cumulative photon effect. The
degradation of the photo-sensitive compound in the photoresist layer is proportional to the
amount of illumination. The sides of the focused Airy spot also illuminates the adjacent

25  traces during writing of pits in the central track. This multiple exposure leads to local
broadening of the pits and therefore to an increased pit noise (jitter). Also for reduction of
cross-illumination, an as small as possible focused laser spot is required. Another
disadvantage of photoresist materials as used in conventional mastering is the length of the
polymer chains present in the photoresist. Dissolution of the exposed areas leads to rather

30  rough side edges due to the long polymer chains. In particular in case of pits (for ROM) and
grooves (for pre-grooved substrates for write-once (R) and rewritable (RE) applications) this
edge roughness may lead to deterioration of the readout signals of the pre-recorded ROM pits
and recorded R/RE data.
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needs to be optimized with respect to the system parameters. A reduction of the data track
pitch is accompanied by thermal cross-write, i.e. the degradation of the data written in the
20  adjacent track due to writing data in the central track.
It is an object of the invention to provide a method of writing data on a master

substrate so that thermal cross-write is reduced.

SUMMARY OF THE INVENTION
25 The above objects are solved by the features of the independent claims.
Further developments and preferred embodiments of the invention are outlined in the
dependent claims.
In accordance with the invention, there is provided a method of writing data
on a master substrate for optical recording, the master substrate comprising a recording layer
30 and a substrate layer, and the recording layer comprising a phase-change material the phase
of which can be transferred from crystalline to amorphous by projecting light on the
recording layer, the method comprising the steps of:
writing a first amorphous mark from a plurality of amorphous marks on the

master substrate by at least one write pulse, and



and a substrate layer, and the recording layer conprising a phase-change
mat eri al the phase of which can be transferred fromcrystalline to
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gr ovdohd oot 84ked on the optical and thermal properties of the material such that it is suitable for

recording using the selected wavelength. In case the master substrate is initially in the

amorphous state, crystalline marks are recorded during illumination. In case the recording
layer is initially in the crystalline state, amorphous marks are recorded. During developing,,
one of the two states is dissolved in the alkaline or acid liquid to result in a relief structure.

25  Phase-change compositions can be classified into nucleation-dominated and growth-
dominated materials. Nucleation-dominated phase-éhange materials have a relative high
probability to form stable crystalline nuclei from which crystalline marks can be formed. On
the contrary, the crystallisation speed is typically low. Examples of nucleation-dominated
materials are Ge;Sb,Tes and Ge,Sb,Tes materials. Growth-dominated materials are

30 characterized by a low nucleation probability and a high growth rate. Examples of growth-
dominated phase-change compositions are compositions Sb;Te doped with In and Ge and
SnGeSb alloys. In case crystalline marks are written in an initial amorphous layer, typical
marks remain that are conform the shape of the focused laser spot. The size of the crystallime

mark can somewhat be tuned by controlling the applied laser power, but the written mark can
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Preferably, a plurality of write pulses is used for writing an amorphous mark,
the write pulses having essentially the same power. Such a pulse train with several write
25  pulses of identical power is useful in order to write an amorphous mark without depositing
too much heat within the record carrier. On the basis of a plurality of write marks, different
write strategies can be provided. The choice of identical power for all write pulses can
particularly be made, when no special requirements as to the leading and trailing edges of the
write marks are present.
30 It can also be useful, if a plurality of write pulses is used for writing an
amorphous mark, the write pulses having different power values. Particularly the first and the

last write pulse of such a pulse train can have a higher writing power than the write pulses in

between. Thereby, the leading and trailing edges of the amorphous marks can be influenced.
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having a length of N times the channel bit length T is written by N-1 write pulses. Due to the
wider cooling gaps between the write pulses, the re-crystallization during writing is reduced.
20  According to another preferred strategy, a mark having a length of N times the channel bit
length T is written by N/2 write pulses. This preferred embodiment reduces the heat
accumulation in the recording stack and, therefore, suppresses re-crystallization during
writing.
According to a further preferred embodiment, the first write pulse from a
25  plurality of write pulses is the longest write pulse. An extension of the first write pulse will
lead to a better defined leading edge of the recorded mark. The length and the power of the
subsequent pulses may be varied to minimize re-crystallization during writing.
According to a particularly preferable embodiment, cooling gaps of adjustable
lengths are provided between write pulses belonging to the same amorphous mark.
30 Furthermore, a cooling gap of adjustable length is provided before the erase pulse.
Thus, on the basis of the present invention, a number of parameters for
optimizing the write strategy are provided, in particular:

- The number of pulses with which a mark is written,



wi der cooling gaps between the wite pulses, the re-crystallization during
witing is reduced. According to another preferred strategy, a mark having
a | engt h wb 200batd433 t he channel bit length T is wittenPoy/IBt@ss3B51e

pul ses. This preferred enbodi nent reduces the heat accunulation in the
recordi ng stack and, therefore, suppr eszzes re-crystallization during
writing. According to a further preferred enbodinent, the first wite pul se
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The nunber of pulses with which a mark is witten; The duration of the wite
pul ses, WRWEH has to be considered in connection with the recording

vel ocity (typicall srh+o)&@rw}ﬁ{ebf%h@&gsé&n{&,;@mmwmﬂoﬁmdmgm@@thtehﬁitysed

phase- change materia power of each wi'te pulse; - The length of the

cool i ng gass diuratibet ween the wite pul ses; The power of the erase bunps,

typically between 2.an AN ' : , t b OF t he
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These andviti feérers pethe smbbditdeatsidesceibtd baremaftdr. be apparent from and
elucidated wth reference to the enbodi nents descri bed hereinafter. BRI EF

DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a schematic set-up of a
convent | SIEFOtSCRIPTIONOHTHEDR AMING8N be enpl oyed with the present

invention; Figure 2 shows a schematjc Cross section _thr Ofg'h a . mast er
substrate for bei n§igurel shows a schematic set-up of a conventional optical disc drive that can
15  be employed with the present invention;
Figure 2 shows a schematic cross section through a master substrate for being
processed according to the present invention;
Figure 3 shows a schematic cross section through a further embodiment of a
master substrate after partly being processed according to the present invention;
20 Figure 4 shows a schematic cross section through a master substrate after a
further processing step;
Figure 5 shows a pulse diagram for illustrating an embodiment according to
the present invention;
Figure 6 shows a temperature-time diagram for explaining the thermal cross-
25  write effect;
Figure 7 shows model calculations for illustrating the controlled re-
crystallization;
Figure 8 shows a pulse diagram for illustrating an embodiment of the present
invention;
30 Figure 9 shows pictures from an atomic force microscope (AFM pictures) of a
data patterns;
Figure 10 shows a pulse diagram for illustrating an embodiment according to
the present invention;

Figure 11 shows pictures from an atomic force microscope;



processed according to the present invention; Figure 3 shows a schematic
cross section through a further enbodi nent of a master substrate after
partly bevogogmsrssed according to the present inventi ®enT/IB2gsns38h shows a
schematic cross section through a naster substrate after a further
processing step; Figure 5 shows a pul se_diagramfor illustrating an

enbodi nent according to the present invéntion; Figure 6 shows a
tenperature-tinme digglamshofs &gﬂk@&ﬁgyﬁ&g o NBudhehBh eRbasmeht dtor8hbest ;
Figure 7 shows nodel” calculations for illustrating the controlled
rﬁgréstaltheimfaﬁehbmyerﬁogure 8 shows a pulse diagramfor illustrating an

enbodi nent of the gr topl Lon., Fi : Letures froman atomc
force m croscope (%&ﬁ}l%gigcsth h@éég;g&ﬁ%%%gnﬁ%@%B%gﬁo?%ﬁé@ro%o&h,re 10 shows a pul se
di agram for il ustFigtieng showealpoldé diegrhmdocitinstiatigg o etmbedipertsentrdingyent i on;
Fi gur% 11 shows pictures froman atom c force m croscope; Figure 12 shows a
pul se”di A RSP UPVSOlst r ati ng an enbodi ment according to the present

i nvention; Figure fidu®hewWsoRh pictii@Sroni smtamicfoestigicfossape; m cr oscope; Figure
14 shows a pulse diagramfor 1llustrating an enbodi nment accor di g to the
present inventi on; Figiguoeshegs §Iﬁ6\ﬂ%dlﬁ$rémﬁg’é’%luwaélﬁgéﬁ e‘é‘?ﬁﬁlﬁl’@mfaﬁ?‘trg‘ gto

M Cr 0SCORR: prble@inGent@nshows a pul se diagramfor illustrating an enbodi nent

accordi ng t% the present invention; Figure 17 shows a pul se di arg{amfor

illustrating an enbigdiertdrshows s onlde digeren fonidlugrasiogan einhodmentRgcoringde e 18
sho a further. pul diagramfor illustrating an enbodi nent according to
t.hewpsjllpeset etprf%a‘\l}telnf'?noﬁ?’ Figure 19 shows pictures froman atom c force

m Ccr oscope. Figure 18 shows a further pulse diagram for illustrating an embodiment

according to the present invention;

Figure 19 shows pictures from an atomic force microscope.

15 DESCRIPTION OF PREFERRED EMBODIMENTS
Figure 1 shows a schematic set-up of a conventional optical disc drive that can

be employed with the present invention. Although the setup is described on the basis of a
conventional optical disc drive and a pre-grooved substrate, the present invention can also be
employed with a laser beam recorder (LBR) and with substrates having no pre-grooves. A

20 radiation source 110, for example a semi-conductor laser, emits a diverging radiation beam
112. The beam 112 is made essentially parallel by a collimator lens 114, from which it is
projected to a beam splitter 116. At least a part of the beam 118 is further projected to an
objective lens 120 which focuses a converging beam 122 onto a master substrate 10. The
master substrate 10 will be described in detail with reference to the Figures below. The

25  focused beam 122 is able to induce a phase change in the recording layer of the master
substrate. On the other hand, the converging beam 122 is reflected into a diverging beam 124
and is then projected further as an essentially parallel beam 126 by the objective lens 120. At
least part of the reflected beam 126 is projected to a condenser lens 128 by the beam splitter
116. This condenser lens 128 focuses a converging beam 130 onto a detector system 132.

30  The detector system 132 is adapted to extract information from the light projected onto the
detector system 132 and to transform this information into a plurality of electrical signals
134, 136, 138, for example an information signal 134, a focus error signal 136 and a tracking
error signal 138. With reference to the present invention, the tracking error signal 138 is of

particular relevance. The localization of the converging beam 122 on the master substrate 10



DESCRI PTI ON OF PREFERRED EMBODI MENTS Figure 1 shows a schematic set-up of a
conventional optical disc drive that can be enployed with the present

i nvent i orwoAbedmasyh t he setup is described on the basi sPofi/iR2008n38asit i onal
optical disc drive and a pre-grooved substrate, the present invention can
al so be enployed with a | aser beamrecorder (LBR) and with substrates

havi ng no pre-grooves. A radiation souré)e 110, for exanple a sem -conductor

| aser, q% Eo?ltl%llgd Vl@ ra%@gro'bag btﬁfc’ru?@lntlﬁ'@ﬁhgtér%ubéfﬁ% e ame Liedvesin iRdfaster

essentlal y parallel "by a collimator lens 114, fromwhich it is projected
to a bearsubgbiafet f0egendra®s. anmtlp@argckleg prarssiganl. Theresdbing migfarence patferels

proj ecte Chnagg sl% éet%@de gﬁd ﬁf]% dlet%a&i %@(@ m hChhdfiPs %gﬁ%eﬁcclg EX%rtgé Mmqg am 122 o nt o

a naster e nas Strate escribed in detail
with ref ereefactly deatetddewibi g:speetstobbd moveTAeilffcrewesignbe&m sbxalledpushipellt o i nduce

a phase change int or.di f the ubs t he ot her
hand % he'&8 Fﬁ%ﬁt?d;olbtéﬁﬁ? ‘?nrg%l lﬁ%g?tg‘%?réd’r g%}ea 1 Se%mgﬁtggfat%]lm and is
then projReked systint DET. 16iS zad 11@&18@ﬁﬁeloabél‘feclﬁaérﬂérir@ofh)l&ﬂf&aﬂa%tlbl}ésﬁebletomlm ective

| ens 120. At Ieast art of the reflected beam 126 i ect dto
condensergrp@igsA 112‘813@81‘ o thrermird poitipr pilh legd topgpre Oéifﬁg éﬁﬂ%t UP&FFLerdy

focuses guoQuRMELIHRE. @ﬁ@ﬁ@ff@%@c@@é&l BecdRle8 fbRYers Yank §10ah B8 usc8 réd i BahOr

system 132 is adapted to extract information fromthe |ight projected onto
t he detedpoirwrﬂyssmm:meglr@dwo transformthis information into a pl urallty

of elgctrical sign &Rl & 134,
a focus error si gng g%i% “é%%b?e&lgaglﬁlcﬁogg Seer%ﬁor 5@’311{1%%@3 %ﬂaﬁqr efe ence to
t he presembcessed@ndarding td the ptesar kivagricsr, Figuresd grma«ls als8Bemagicafospagctip ul ar

rel evance e .o aI|z n of. the conver 122 on the na

subst r at ethrf@g}% ELHﬁ“F %ddmwté’fa mASIEr Jip g @'Tgrpﬁﬁfl G RO% Sseelar?ﬁcso gl

subst r at ehd Presehh ﬁweﬁtmvA&hbﬁghttﬁeeerﬂmﬂhﬁén@wasﬁdﬁ@tte Figrge aged Etgereanar@ ptical
tracking error signal. The resulting interference pattern |.s f| aII

pr oj ect edlifferers, i kestilgiossibls o disss fhemdogethes dlheermbod $50r¢ing 'i? d%g% t he
beam j55 pe Ho?@él&%rﬁ@ Hag rf.ﬁ‘éjba‘éﬁcteﬁlbfﬂi%{%ﬁﬁatcc&‘alﬂgh@ FiuRoY on dpdiftfeanstee si gnal ,

t he so-cal ush- signal, is created on the basis of nultiple
det ect or SSUbrrtramJlQ 3 mo@ecu@n brediS ispighided. heforotepsion dayet2is 3ol fyme al It is

zero in ttﬁﬁev acffssg Ve? ﬁlrgo?&% tl((;)ﬁ.'ﬂtdg\%l é 1&;| gu&ea@ taﬂd N%@)Pief?& éxgmbfée

groove. I-on € centr Itron w I nmore or | ess
l'i ght on tl‘hb’lpromtlm hlbrm/z&mmhsd:smfims Sp@jmsphoﬁnw&!tl Tlfeehlekwms of theplotdgierones

o T SRy Rl o BB TR PSRRI o
for bm ngadded to prevent large-scale migration of molten phase-change matenal under mﬂuence of
centrifugal forces during rotation of the master substrate. The protection layer should be
resistant to the high recording temperature of around 600-700 °C in case of amorphous
writing. Furthermore, the protection layer should be removable to form the relief structure in
the information layer and possibly in the interface layer I1 as well. The focused laser beam
25 122 is projected onto the protection layer 28. Underneath the protection layer 28 the
recording layer 12 is arranged. The recording materials are preferably so-called fast-growth
phase-change materials, preferably of the composition: SnGeSb (Snis3- Gei2.6- Sbes.2 (At %))
or Sb,Te doped with In, Ge, etc, such as in InGeSbTe. These growth-dominated phase-
change materials process a high contrast in dissolution rate of the amorphous and crystalline
30 phase. The amorphous marks, obtained by melt-quenching of the crystalline material, can be
dissolved in conventional developer liquids, such as KOH and NaOH, but also HCl and
HNOj5. Re-crystallization in the tail of the mark can be used to reduce the marklength in a
controlled way. Thereby it is possible to create marks with a length shorter than the optical

spot size. In this way, the tangential data density can be increased. The data pattern thus



processed according to the present invention; Figure 3 shows a schematic
cross section through a further enbodi nent of a master substrate after
partly bevogogwmsnssed according to the present inventi enT/iBeonsroisgsi t he
enbodi ments according to Figure 2 and Figure 3 are different, it is still
possi bl e to di scuss them together. The ﬁz odi ment according to Figure 3 is
nore el aborate than t he basi c enbodi nent”according to Figure 2. On top of
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pr ef er abl { between 10 and 40 nm The first
the embodiment of Figure 3, contains pre-grooves 16 for tracking purposes. In order to

enhance the tracking error signal, a reflective layer 26 is deposited on the substrate layer. On
the basis of these pre-grooves the mastering, generally performed on an LBR, may be carried
on a conventional optical disc drive.

25 With reference to Figure 3, recorded marks 32 have been generated in the
recording layer 12. These recorded marks 32 are amorphous areas with crystalline areas in
between. The recorded marks 32 and the protection layer 28 are subsequently dissolved in
conventional etch liquids, such as NaOH or KOH to end up with a high-density relief
structure. This high-density relief structure 30 is shown in Figure 4.

30 Figure 5 shows a pulse diagram for illustrating an embodiment according to
the present invention. The fundamental aspects of the write strategy according to the present
invention are explained with reference to the N-1 write strategy, in which a NT long mark/pit
is written with N-1 write pulses. The Figure also shows the targeted mark pattern. The

amorphous mark prior to etching, which will lead to a pit after etching, is written with 6 write
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center part and the trailing part of the mark. Obviously, the higher erase power level of 5 mW

leads to higher temperature over a longer time, thereby inducing more re-crystallization of
the present marks. The calculations illustrate that the replacement of the erase periods with
short erase bumps to shorten the marks in the central track is beneficial to suppress the

25  thermal cross-write effect.

Figure 7 shows model calculations for illustrating the controlled re-
crystallization. The controlled re-crystallization in the tail of the mark for shaping purposes
can be enabled by adjusting the erase power level, the duration of the pulse and the time
between the last write pulse and the erase bump, thereby providing a cooling gap. Computer

30 simulations of the mark shape after controlled re-crystallization of an I2 mark due to a
variation of the erase power of the erase bump are given in Figure 7. The write power was 7
mW, the erase bump had a power between 2.5 and 5 mW. The solid line indicates the molten
area, the symbols indicate the mark after partial re-crystallization. In this example, a

significant reduction of the tangential mark size was achieved by increasing the erase power.



i nduced by the applied erase pulse. The erase pulse is just |ong enough to
cause the required re-crystallization. The erase pulse is followed by a
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re-cryst ghlse thhecplulseiraﬂ Héllﬂﬁdfoph@uslemprk&npd eden ttha axtentied \adjea:mbn willr ack,

hence thermal cros rti.cul ar if t the
di st afce BEEIEEHSE le’g‘é‘aﬁtéen{‘)gﬁgf R R A ]Sletag %?T‘EFFS W%L,g? }nﬁS pbtf t he
adj acent tracks defanicd $o®s alpliRe Blagiaor dbisGativef daSembbilignehtofths prevent a
tenperature-tinme diagramfor explaining the thermal crosswi t(geeffect In
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di stance g g@o'[ o%er iV} bvhhﬁ@ t}:@fsnﬁﬁ a8d 19MBEKmbits IsRerGERI TS ist rack for
two erase are shown. The distance of 200 nm corresponds

r oughl y txmdlt:etted wdlg @wolf andﬂ’@v %re]mwrasa pulh@toas@pm@n trading edge of the sppomales are
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part vi'ous hi g erase’ power
| evel of Zpdmé/il addz,2and meghEVentlétmamumaf rm@rstaﬁlzhnmgrsnhetsame,, th¢ hehiaiey

i nducing nore re-crystalli.zati on_of the prese ks. The .cal cul ations

i 11 ust r at!@MPHARrS wi P/l?eé?)‘i"%fd’éﬁ@ﬁta SBeTt P ‘érwr{gt% gt%%? 5 ngﬁ‘g?rf‘seé?'u Ee bunps
to short %Thiéh%r WhitdgsonleNistpRéee&inth rsﬁépettﬁéiﬁﬂ of & shehehikcNale, thet Sionhe pssert he
thermal cross-wite effect. Figure 7 shows nodel calcul ati ons for

i |1 ust r atlpyels Witkindeslongst pelge fraie etesdiffpnenty 8q thate furiher RagHRGIg fprapfluencing
re-crystajl é@?&bf’ﬂle'n’{hﬂ%h?g bdidqof the mark for shaping purposes can be
r

enabl ed by adjustin ase power level, the duration of the pulse and
the time between tﬂfgurea&showsmt@rpﬂﬂr@@ anntbmip foree missossonpd AFMBicaIsP) pf dvi di ng

a coolin a 'l ed
re-cryst gq ?‘1 Igagtem(g i m ﬁ?ﬁ%ﬁtbgt Sltage%vgai; stpﬁonQ%P&I) E&ﬁ@éh’g ower of
t he eraserdsamp; @) @e@T\peﬂn erasdpudser & 075va71’ el variable ppbedEngthas ap?phed The

duration of the erase pulse (Te) was similar to the write pulse length (Tp) in Figure 9a. In

20  Figure 9b the erase pulse is twice as long. Results for a three times longer erase pulse are
given in Figure 9¢c. An elongated erase pulse leads to more re-crystallization and therefore to
shorter 2T marks. It is further noticed that the induced back-growth is very reproducible.

In the following embodiments (Figures 10-19) only the write pulse sequences
are depicted. The erase bump as described in Figure 5 and detailed in Figure 8 can be applied

25  to all described write strategies to enable the controlled re-crystallization in the tail of the
mark.

Figure 10 shows a pulse diagram for illustrating an embodiment according to
the present invention. Figure 11 shows pictures from an atomic force microscope (AFM
pictures). According to the N-strategy, an NT long mark/pit is written with N write pulses.

30  The write power can be varied to obtain wider marks. Figure 11a shows an I2 pit with re-
crystallization which is well-shaped by the controlled re-crystallization in the tail of the mark.
Figures b and c show an I7 pit written with moderate power (40 ILV), Figure 11d shows an
17 pit written with 45 ILV. The recording velocity was 2 m/s. The three Figures 11b, 11c, and

11d show that severe re-crystallization occurred during writing of data. The used material



mMA the erase bunp had a power between 2.5 and 5 mMW The solid line
indicates the nolten area, the synbols indicate the nmark after parti al
re-cryst avbiaeti4e211 I n this exanple, a significant redueCiran20$/0330&
tangential mark size was achieved by increasing the erase power. This
controlled re-crystallization can al so ig achieved by a | onger erase bunp
or a shorter cooling gap between the erase bunp and the last wite pul se.
The re- Cr%%ttg% ks 261 ﬁl@?ecgfdlﬂé"@elécrl 'olf 'ZQH’S eﬁﬁf‘gh@lfreE&@xné‘WBﬁW@ulﬂrﬁﬁﬁroG@-n al so
be achi ev y an extension of llast write pulse in the pulse trail.
This is, thoweskelormdtioss pr ef erred sr nce the extended wite pulse wll cause
re- crystallrzatronfr e | ess
wel | defined pit. glﬁeﬁe ﬁgwgla%gﬁe 812%{3& fopﬁg}é?g{m f%%h}bf)?lh%?frjd 6(1:? ?rrclﬂgn%e{ﬁ
enbodi mente piesédnln ﬁlvartmentguneme;hbws)pmtﬂdmfsonwam ttomsd ﬁowce]gyroscs)pem@hcmcmg as

corrparedtot ewrites e r di ta ure

witing t ﬁéh | Y28y aPﬁﬁt?Pg ﬁﬁ?l%%‘?}s wr% Iﬁgl Wpl’tﬁrpglsFS %P%Hf‘{eéfgg“’&r th
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i ndi cat e lgmemroéfhlsnpuam s 3rhigyrd onghobagispf e opit wjigen with Y hHE-Vap fiHrof
re-crystajdyl z4af; (@Qﬂ}; §e\;epeﬁn§a@l% iftdhGyRETY BULthat Wﬁfﬁv@fl@p &ich bihearkover i n
case a short mark iS witten. ]here fore, an extendéd erase pul se of higher
wite povshowns preferred to shape the tail of a short mark. Note, that also

the power |evels thr I [ ect baj t a
furter:1 par anet erWF § nf u‘évrsrgr ﬁ% flﬁgj(ag}]%%gﬂls at?{%gan%ah{b&g&?eg{%rc%@f&&g&g.
Figure 9 thbpwserpinvtntioasn thisrrbodiateatyitlee Iﬂdrsﬂnetegy&vmmsh@mep(rwﬁl\dsppmpamés) of a

dat a pattern consi st n s. t hat se ted b a

(1 ands): Sl‘?éuq"ﬁgy 69" *F‘gi%%ﬁupe(@)ls @@ éi&ﬂg% Cﬁg@gﬁpg P%Bl glgbv and
vari abl e cﬁ’dérstg shpRa$ theihBatR@lnh@stion g t@licHdﬂ&d @8 rétrydthigzioasethpUdadimg( Te) was
simlar to the wite pulse length (Tp) in Figure 9a. In Figure 9b the erase

pul se i s edapch higden virig POREia Fedsired o VTite Hpass ¢ ithesemegriger Fightde shavsa ar e
gi veny 4 naﬁlgl;ﬁa&m%%f aAD a8l Qﬁgf?)tne FhElARRg P4 tlllee;ﬁgﬁ alntdstBY Bide as the 2T pit

re-cryst tiron and therefore to shorter 2T marks. It is further noticed
that the andcblrzaeld Wbd,m: Itzhagrthﬁ/\mhlm Hawedia. rAemddweialbﬂrese prige eanebefused ovartiplly

enbodi nent s s, 10-19 cted.
The eras erebcu eté%lfxrl%ec;&e a]}égénggle Cgﬁ% ge al ﬁﬁﬁy@g& Cﬁ{ogﬁlgﬁgla{n be
appl i ed tGe@lrdllydﬂ}s@frthéJadbmhmems s;tpiaan@mrfelsom eragapii$es carhiee modhﬁcd)by ed
re-crystallizatio e tail of the mark. Figure 10 shows a pul se di agram
for illustHPAPnyc Frra?—z Hfment according to

20 Figure 16 shows a pulse diagram for illustrating an embodiment according to

the present invention. According to the N-1 strategy with variable pulse lengths, an extension
of the first write pulse will lead to a better defined leading edge. Length and power of the
subsequent pulses may be varied to minimize re-crystallization during write. In the example
shown, the first pulse is three times as long as the subsequent pulses. All pulses have equal

25  write powers. The duration of the cooling gaps can also be varied to suppress re-
crystallization.

Figure 17 shows a pulse diagram for illustrating an embodiment according to
the present invention. Figure 18 shows a further pulse diagram for illustrating an embodiment
according to the present invention. Figure 19 shows pictures from an atomic force

30  microscope. According to the 2T strategy shown in these Figures, an NT long mark/pit is
written with N/2 write pulses. This write strategy reduces the heat accumulation in the
recording stack and, therefore, suppresses re-crystallization during write. Such write
strategies are well known for high-speed and dual-layer applications. A 7T mark can be

written with 3 or 4 pulses. In the examples according to Figure 17 and Figure 18, the lengths



the present invention. Figure 11 shows pictures froman atomc force

m croscope (AFM pictures). According to the N-strategy, an NT |l ong mark/pit
is witteanmowadn4deimrite pul ses. The wite power can be wamiiBzhos/es30ft ai n

wi der marks. Figure 1la shows an 12 pit with recrystallization which is

wel | - shaped by the controlled re-crystalhization in the tail of the mark.
Figures b and ¢ show an 17 pit witten Wt h moder at e power (40 ILV), Figure
11d shows, gl 14 g{sﬂsﬁsl (gb!o}a?lgprpggggﬁ% Iéigthé ka\t cobliBg EERALS Ad TR) ek cﬁ]?fel:r%?og n's.

The three Figur , , show t hat "severe re-crystallization
occur r ed aidrangd gvemmarksdn Bigurtal9a and héhaugrewthrack of alharark e dleasly beseent he
recordi ngnV. i I i ] : ve the
mar k. for i b feboing g Slelys, ('t W Een LAEMCRAR SHELAFpo b, FighR L

enbodi nemi vadcleadigglgt ds théreesplt, elsant-crystediivationhas BegusuppikSsedhows pi ct ur es
froman atom c forge .m.croscope...Accordi ng t e N-1 strate an NT | ong
mark/pit is wi tteﬁq%v?lﬁnf\ﬁtfdo’&?‘ihpggﬁ’ﬁﬁ E%tscgscff?ga %oag?naé’c?jﬂoﬁ’ﬁﬁgégﬁ@? bet ween
the wit aNﬂﬂqu@?ardngmm @ie k@sps of treGivesitian, Wit is Qefinda fin thg avtdrigdnyiag can be
seen in Figure 13a. This picture was achieved on the basis of a 6T pit
written Vil&WS50 ILV. In Figure 13b, additionally, several marks witten
with 70 ILV that partially overlap each other are shown. Figure 14 shows a
pul se diagramfor illustrating an enbodi nent according to the present
invention. In this enbodinent, the NN 1 strategy with shorter pul ses as
conpared with the strategy according to Figure 12 is expl ai ned. Longer
cooling gaps are obtained in order to suppress the heat accunulation and to
reduce the re-crystallization in the | eading edge. A higher wite power is
required to wite marks of the same width. Figure 15 shows an AFM picture
of a T2 and a T4 pit. The leading edge of the pit is alnost as wide as the
2T pit and clearly wider than the pit in Figure 1la. An additional erase
pul se can be used to partially re-crystallize the trailing edge in
tangential direction, as explained with respect to Figure 7. Cenerally, al
of the enbodi nents expl ained without erase pul ses can be nodified by
appl yi ng such erase pul ses. Figure 16 shows a pul se di agram for
illustrating an enbodi nent according to the present invention. According to
the N-1 strategy with variable pul se | engths, an extension of the first
wite pulse will lead to a better defined | eading edge. Length and power of
t he subsequent pul ses may be varied to mnimze re-crystallization during
wite. In the exanple



shown, the first pulse is three tines as |ong as the subsequent pul ses.
AUpul ses have equal wite powers. The duration of the cooling gaps can al so
be vari edwoaosuppriess recrystallization. Figure 17 showsCa/ipriosessdsiagr am
for illustrating an enbodi nent according to the present invention. Figure
18 shows a further pulse diagramfor illustrating an enbodi ment according
to the present invention. Figure 19 shdws pictures froman atomc force

m croscogeamvgcording to the 2T strategy shown in these Figures, an NT |ong
mark/pit is witten with V2 wite pulses. This wite strategy reduces the
heat accunul ation in the recording stack and, therefore, suppresses
re-crystallization during wite. Such wite strategies are well known for

hi gh- speed and dual -l ayer applications. A 7T mark can be witten with 3 or
4 pul ses. In the exanples according to Figure 17 and Figure 18, the

| engt hsof the last pulses (Tp,o0 and Tp,e) and of the |last cooling gap (Tg, o
and Tg,e) are diff : J t he

gr owt h- b?'ick of a %%hﬁtgéigfég% o eﬁ%gﬁaggﬁk&%%hgo%@gﬁ&éﬁgg g%g@to

Fi gur e 1@estérsubstiatetcempuisinga rdverding kyerdd Peand gypubstretsriaiion (i Y.onlitijure 17. A

wi de | eading. edge is the result hu - j '

suppres s@&?rglﬁag%\f}%‘foénrﬁnssmgr? %ﬁst’)ed?hta%%%’t%ia%ﬁ%ﬁh%@{a%eéfcv?@%ﬂé%H‘a g\éagpi%nggd al so be
enpl oy edfravh ich@tatling ep anbdriphgusfbygiojetigngsiéghpen tie rédoslinghpert thomethwldi ch i s
defined in the acconpanying clainms. CLAIMS: 1. A nethod of witing data on a
mast e¥ sERETSEE eIy 0?'or optical recording, the master substrate

conprising a recokgiing aliRt @motphélis Atk @2pHOE hpdirdit 8y &horphdys makslot he
recordi ng | ayer conprising a phase-change nmaterial the phase of which can
be t r ansthemegar subgraie byaitieast onsevits PaerPHous by projecting Iight on the

recordi ng | ayer, . : L Sd f t 4 [tfegt
E}%{dﬁ%ﬂbg&gﬁg g@f bSfoRARE H&t §ﬁ1ﬁ1§ﬁoﬁ% marlﬁ’?i) wifl bé v&frit{eﬁ

anor phous mark (3 Ity of anorphous mar on the nmaster
substrate by at |east one wite pulse, and providing a cooling gap before

t he pext.,anor phou K, (32):.w || ' . - [ to
cl ai mel, 2'\/\,her ein z‘fgatﬁ‘r’%%i"f’ ‘39‘“%% tov\c/rlalqﬁel\oy&%}seglga Rléaﬂ@eoﬁg€BW@¥§ ?{rll%hg%

anor phougritigy 4 anidiphous intagk, phe wete gudses hayiessemtiallyl thy sasrthepeeere power. 3. A
met hod according to claim1l, wherein a plurality of wite pulses is used
for witing an anorphous mark, the wite pul ses having different power

val ues. 4. A met hodmame@idtoriing © il IMwhereWheplaiality i@ phlb® iatsedgast one
wite puxlvfit?ﬁg 'ff:;[ amorphous mark, the write pulses having different power values.
15
4. A method according to claim 1, wherein, after the at least one write pulse, at

least one erase pulse is applied, the erase pulse having a power less than the write pulse.

5. A method according to claim 4, wherein an erase pulse following a larger
20  number of write pulses has a lower power than an erase pulse following a smaller number of

write pulses.

6. A method according to claim 4, wherein the duration of an erase pulse is
between 0.5 and 2.5 times the write pulse duration

25
7. A method according to claim 1, wherein a mark having a length of N times the

channel bit length T is written by N write pulses.



| east one erase pulse is applied, the erase pul se having a power |ess than
the wite pulse. 5. A nethod according to claim4, wherein an erase pul se
fol | ow ngwe 2b@vogariinunber of wite pul ses has a | ower p@eENBOSNS3AF er ase
pul se following a smaller nunber of wite pulses. 6. A nethod according to
claim4, wherein the duration of an erelﬁe pul se is between 0.5 and 2.5
tinmes the wite pulse duration 7. A nethod according to claiml, wherein a
mark hay ng a lengxtrget%d %c&ﬂdﬁ?gstotcth@mqh‘%ﬁ%h a%érk%ﬁﬂgébléﬁg’thsom {itnbeAedy N
wite pulses.8 A nethod according to claiml1l, wherein a mark having a

| engt h othavel bitdengthieisotrétendy Noil tvrite nglses. T is witten by NI write pul ses.
9. A nethod according to claiml, wherein a mark having a |l ength of N tines
the channel bit length Tis witten by N2 wite pul ses. 10. A nethod
accordi g to cl ai m rhethodhaceaiding theldinrls wheeintasngplhsdng rdength @INitimks the of
wite puI ses th on t . wite pulse. 11. A nethod according to claim1,
wher Ilhisl &g‘s{’ﬁf‘%ﬁ%}j&g\%l"gﬁ?gﬁé‘?hs are provided between wite

pul ses beI ongi ng to the sane anorphous nmark. 12. A nethod according to

claim4, wherein a cooling gap of _adjustable qu ﬁth i s_provided before the
erase pullse. 13. A@?%%WO%H%tPéﬁﬂlméanﬁﬁméen 15 WHE?r@%Ste yromsp PRFAIEY ¢ uct ure

produced,hy @ ﬁqgéshg)ql%q&%ggl“qgebglsgny of clains 1 to 12. 14. A nethod of
produci ng an 8pt| cal data carrier using a stanper according to any of claim

13.
10 11. A method according to claim 1, wherein cooling gaps of adjustable lengths are

provided between write pulses belonging to the same amorphous mark.

12. A method according to claim 4, wherein a cooling gap of adjustable length is
provided before the erase pulse.

15
13. A stamper for replicating a high density relief structure produced by a method

according to any of claims 1 to 12.

14. A method of producing an optical data carrier using a stamper according to

20  any of claim 13.



