09 JAN 2004 1 Methods and devices for recording marks in an information layer of an optical record

carrier, and record carriers for use therein. The invention relates to a method of recordin@$nixk&2004

representing data in a recording medium, said recording medium comprising an information layer

having a phase which is reversibly changeable betweden a crystal phase and an amorphous phase, by

irradiatingéti]e info%m tion layer with a pulsed radiation heam, each mark being written by a . sequence
‘?ﬂ’é’ﬁ]él

of pulses QUISEE b ToRTEPEIRTER & B TG AYTE AR QBB P PAAEAIRE the

informatiosmlayeiovdithaitad it eRdaarpimaving an erase power level (e), a first write pulse of a
sequence of pulses being preceded by a cooling pulse having a cooling power level (c) which is lower
than the erase power level (e), said radiation beam being generated by a radiation source. The
invention also relates to a recording device for recording data in the form of marks on a recording
medium, said recording medium comprising an information layer having a phase which is reversibly
changeable between a crystal phase and an amorphous phase, by irradiating the information layer
with a pulsed radiation aamnytheisecersestnarnsthodiog recasdiniehyrks achatitating dafarmation layer

with a radiation beam havin E%i;l era%{eg%owe level (e), the devicz comgris'n a radiation source
providing TRECTAUREABF BB EF AR T S BB T 0L BRI L PR PRGBS, the
control unitiieing epersible ciehpeavidibgacsaguancalgihasianlisemiorposiinphasgak and controlling
the power. of ctl[klgt) raﬂ%atigg beam SEﬂCh that it haia Efocﬂin pqu%/er Iev%(gcg v@#h is lower 1E|fan the
erase powBPHAVEEEICIPIRRBRNG S VST WP RIS AF 4 D R o P TN EY T VRS h Wi her
relates to edgaencdinfpileshwoniprisiag i Raeceordingtedaize tisaidriecordinksbeditisnasabiphiging an
information Ia(?\{/er. ha ing; % ha£5e V\[hiCh IS, rever(fibly cBan&%able between a crgs}al é%rgfe ?nd an
amorphouSPHALEE STREHTRAIGAG B 314 LEHIKIA SEELPHRE S M STRETIEY A 1281 ihg H&thod and
device aswiascpitied o dhve prarmnbligake kbown procadédriied Gisliag patentidyidd 2, 628in poavkris
written bylfé‘vs?‘fg@e\%ﬁl%ﬂ WiIlle phises and the, Rreviovsy sy iien marks hetwesn e marks. Rging
written are’erased by apﬁlylng an‘erase
a radiation source.
10 The invention also relates to a recording device for recording data in the form
of marks on a recording medium, said recording medium comprising an information layer
having a phase which is reversibly changeable between a crystal phase and an amorphous
phase, by irradiating the information layer with a pulsed radiation beam, the recorded marks
being erasable by irradiating the information layer with a radiation beam having an erase
15  power level (e), the device comprising a radiation source providing the radiation beam and a
control unit for controlling the power of the radiation beam, the control unit being operative
for providing a sequence of write pulses for writing a mark and controlling the power of the
radiation beam such that it has a cooling power level (c) which is lower than the erase power
level (e) preceding a first write pulse of a sequence of pulses.
20 The invention further relates to a recording medium for use in a recording
device, said recording medium comprising an information layer having a phase which is
reversibly changeable between a crystal phase and an amorphous phase, and comprising an

area containing recording parameters.

25 A recording method and device as described in the preamble are known from
United States patent 5, 412,626. A mark is written by a sequence of write pulses and the
previously written marks between the marks being written are erased by applying an erase
power level (e) in between the sequences. The known sequence has a cooling power level (c)

immediately before a first write pulse of the sequence, the cooling power level (c) being lower



power level (e) in between the sequences. The known sequence has a cooling power level (c)
immediately before a first write pulse of the sequence, the cooling power level (c) being 139X 09 200M
2004 2 than the erase power level (e). The cooling power level (c) may be any power level lower than
the erase power level (e), including a radiation sourceoff level. The power level in between the write
pulses may be any power level in the range between the %fés‘iipow r level (e) and thio cooling power

level (c). ALThES SR PERFYSUET k) IS FAMNEEi RO S BRYRGHRERINSE '5¥ o8y (¥ike, a

stable recgrgledspptveanbe feymeecntesy dinglintmaildeoingeelonhdipewcthevittar tethesgtandard
deviation of the time differences between |evel trapsitions jn a digitized read signal a gthe
correspon B’ﬂ%ﬁ%ﬁ?ﬁﬂ%’i’%l@&%‘?&’ﬁél,eﬁﬁé ﬁ’rﬁ%edﬂ‘?&eet’%@v eﬁ&if&@ ABYR&RYed W?ﬁ UeRddBh of one

period of saislialopkwEhrielqun mathoehisisgipneftndiregtouanadiatory BdreottCcarsiekrite., by
writing informatign to be recorded in the informatign layer qf the record carrier and at the same time
erasirgg inPb‘Tﬁ‘?a‘t JAGIEVSTESy WVREAR SHCE %ﬁf@ﬂﬁ%ﬁﬁ%ﬁ% A mEtHOH & Tt ?P{Elﬁt?ea\”ﬁ‘{
phase-chgitge. typefitedrisabet eaiedsdis idikel egabe fitedPAD328BdoRcintvid matficddnilia £dges of

write pulses in sequences of pulses are shifted in time. The extent of these time shifts.is dependent
o proper L TR LA B ST ARG S0 1 Qs A o e e SRS very sl
as comparsgdgnitiriag didralicheafiratioiieop visepdtisdaodraidladekkof the method known from US

5,412,626 that it does ngt head to sufficjently. low jifter in the read signal obtained from reading marks
riton by using the melSaBEEBERRINP et BP0 TR T h VB GIRG Sl 1t i o
drawlivackwfitthe infethedioh tedeaie@ibaljineh&ncformixtaon JBArQS2BY AGbidhaiitieeguitas themplex and

expensive electronics to produce the time .shif{s witp suffi(%ent ?ccurtac .llt is an object of the invention
to providesgnﬁﬁéfﬁ]c?aerc?fs%%é? ﬁ@%g%r%\flﬂ]ﬁg K EFELLBE O TRE ﬁ%ed'paragraph, having a
reduced jitter without th& neetbtbs teiply tadirxpensidecetaaiignigpesihiswbjdatagiachieved when

the methof? describhed.in is characteri %inqthat last write pulse of a sequence is
citectly T By PEe oA Ehod hOe el eSS Poiak BB PSS eiing power
level (r) beungekigleashifiad in time. The extent of these time shifts is dependent on properties of the

15  record carrier and of the recording device. In general, the time shifts are very small as

compared with the duration of a write pulse.

It is a drawback of the method known from US 5,412,626 that it does not head
to sufficiently low jitter in the read signal obtained from reading marks written by using the
20  method, especially when the marks are written at high recording speeds. It is a drawback of
the method of reducing the jitter known from JPA 08287465 that it requires complex and

expensive electronics to produce the time shifts with sufficient accuracy.

It is an object of the invention to provide a method of recording marks of the
25  kind described in the opening paragraph, having a reduced jitter without the need for complex

and expensive electronics.

This object is achieved when the method described in the preamble is
characterized in that a last write pulse of a sequence is directly followed by a rear heating
30  pulse having a rear heating power level (r), the rear heating power level (r) being higher than
the erase power level (e).
Instead of returning to a cooling power level (¢) or an erase power level (e) after

a last write pulse in a sequence of pulses, a rear heating pulse having a rear heating power



the erase power level (e). Instead of returning to a cooling power level (c) or an erase power level (e)
after a last write pulse in a sequence of pulses, a rear heating pulse having a rear heatinQpA¢2004
JAN 2004 3 level (r) which is higher than the erase power level (e) is introduced, resulting in the jitter
of the marks being smaller than the jitter of the marks recorded by means of the known method.

Modifying a power level in a sequence of write pulses requires less complex.and. less expensive
electronickHs H%F@?@h&i#&&%r%?&&ﬁ@ﬁé%%ﬁi%ﬁ? it iﬁlﬁﬂ%ﬁﬂr@%&a@&nﬁﬁ@mi pulses.

Moreovertiglesti@pissihorspravidimgdiffe jatsr power dewkisrésueleasy fasexanpe kikeverasehoawer level
and the cooling power leve|) are already vai&able in recording devices, and generally only a minor

modification would be r¥fiFEAN® A RMBREASEAtiIARINTEATY RCHE RIS 18 HETAR SRS R ffay be
apparent ;@ lpsysapeskiNediccthiamry finat aohodinartts afttbauriathesyaecaidmgdodhennvenion,
introducing a reay heatin pulse h@ving more than one_rear heating .&ower level, ucgﬁs, for example,
step-vi’ise SN BERRY RS e AERBNSISG PBISHY RARY FVRI ROYE Erae Pt tevel,
also resultén exsagicati ditesopivecnaviks adheheneibiikarsotdiogel) drealnyantionmispedially has

advantages when used in combination with a record catrier where er comprising an Al-alloy is
replaced BT D LTI £ BT Eh GEAPAN P LR ISR (e cormprising
ZnS:SiO2infplesekindsiaf fieabod caturliaare krawveagsohbsorption Controlled record carriers. A typical

high data rate phase-change record carrier comprises a layer of an Al-alloy deposited on a substrate.
Provided on top of the LEFE SR AETB) SHUICq cDEA 0 TSR A, an
informoatioactayéinbavitg mpbasennwhichbdiscieyarsibiyhehangpakilchhetiesiome thaystat phaseamngan
amorphous phase (i.e., @ phase-change la er%an again.at least onpe dielectric Jayer. In Absorption
Contiolled P Y e Byt ah Py 18 oL o B, SUCEL P Dyer
comprising/reoSiéd 2eanbta tay eraso pprigingy 8i aRdaepsofttinea sudustratetek cothbinatien of the method
according to the invention and a recording medium of the kind of Absorption Controlled record carriers

described above results in a significant reduction of the jitter of the marks, especially when the marks
are written at high recofdingnaheédscording to the invention especially has advantages when used in

15  combination with a record carrier where a layer comprising an Al-alloy is replaced by a layer
comprising Si and a dielectric layer, such as, for example, a layer comprising ZnS:SiO,.
These kinds of record carriers are known as Absorption Controlled record carriers. A typical
high data rate phase-change record carrier comprises a layer of an Al-alloy deposited on a
substrate. Provided on top of the layer comprising an Al-alloy are, successively, at least one

20  dielectric layer, an information layer having a phase which is reversibly changeable between a
crystal phase and an amorphous phase (i.e., a phase-change layer), and again at least one
dielectric layer. In Absorption Controlled record carriers, the layer comprising an Al-alloy is
replaced by, successively, a layer comprising ZnS:SiO; and a layer comprising Si on top of the
substrate. A combination of the method according to the invention and a recording medium of

25  the kind of Absorption Controlled record carriers described above results in a significant
reduction of the jitter of the marks, especially when the marks are written at high recording

speeds.

An embodiment of the method according to the invention is characterized in
30  that the rear heating power level (r) of the rear heating pulse is dependent on properties of the
recording medium.
The rear heating power level (r) can be assigned a fixed chosen value.
Alternatively, the rear heating power level (r) can be assigned a value which depends on

properties of the individual record carrier on which marks are to be recorded. The value of the



An embodiment of the method according to the invention is characterized in that the rear heating
power level (r) of the rear heating pulse is dependent on properties of the recording medigdml.Ale0edar
heating power level (r) can be assigned a fixed chosen value. Alternatively, the rear heating power
level (r) can be assigned a value which depends on properties of the individual record carrier on which

marks are to he recorded. The value f the 09 JAN.2004 4 rear heating pow r level (r) to be used for
an individﬂ%rﬁé?a&’rﬂgc%‘?WgF (5160 ?@ iR BRAR, fsgoadfégfrb%%aéa FlHE S Ences of

pulses, wigheasie, 1500 eREprbasdng: avtidferanamitieofosikesrearthealing pawes ipveldr), aretesed to
record marks, he resulting marks are d back and analyzed. Other test procedures can be
used alterfiH§ 2“3;43 F R RRATATRL for O ReSHAGRENTY BUATEY RV COHESBIERGT an
individual reepbackathie haBy.ae @ﬁc@rnéepbmaaatéecardaeaﬁﬂaraltaﬁa@se@selﬁaelyalm@dpamae directly
read from the record carrier hy a recor V|ce A preferred em t of the method a cording
to theslnver%"b‘?w?%rﬂ?&%?& URERRYR Tﬁﬁ%‘?é &?ﬁ‘?wl%ﬁg T“Fﬁ?ﬁ'rg‘éagﬁf%‘i’ﬁ ﬁ%lﬁbefh‘%% e period
of a referageerdidaknithat dedargignaieanch chiepiesantsvalpeedatberdiradnasuda-omntherclanger than 1, is
characterized, n;)tthat the rear heatlng pulse has a first rear heating power level (ri) when n=2, a
second resP SN BEWENRIRY 1¥S) when n=3, and a third rear heating power level (r3) when n>_4,

the first rear heating power IeveI (rr) the second rear heating power level (r2), and the third rear
heating power level (r3) be gﬁPs(r’[II onP E erties of the recording medium. A grrther reduction of
the jitter is obtained Wh Hﬂeg S| glfg %%P S5t 8%8\)8?’?5 1P & ATEPREHS be
recorded, ﬂﬁel@amheglmgm@weﬂevehwdﬂadpmiepenﬂemugmthedﬁagﬁmaﬂ ibtea mdiekante berccorded.
This results in a si ant reduction of the jitter, especiall rter mark the mark

A po e A il

having a IEhY R B33P Ai S . TR Ty ABLSH GBS & Ehd"Ey é%??eaé%céé%%% fiéd a
fixed choaﬁnhmre%ﬁheraaﬁgqiylsthbaseaﬁmaémglmmgrﬂeweisk(melralamdléa)re@ becassipred values

which de nd on properties of the |nd|v dual re carrjer gn which re to ber d. The
Valtes of T FREPHBA ) ML ETBIETE P48 ) EADR 0B PSR AIEul TRt Ean be
determinegafafceiappieddYeRdEG! PIac8ELERIYBAT BSEHHIRS WSS aMdttheatRd rear

15  heating power level (r3) being dependent on properties of the recording medium.

A further reduction of the jitter is obtained when, instead of using a single rear
heating power level (r) for all marks to be recorded, the rear heating power level is made
dependent on the length of the marks to be recorded. This results in a significant reduction of
the jitter, especially of the shorter marks, i.e., the marks having a length of 2T and 3T.

20 The rear heating power levels (rj, r; and r3) can each be assigned a fixed chosen
value. Alternatively, the rear heating power levels (1}, 1, and r3) can be assigned values which
depend on properties of the individual record carrier on which marks are to be recorded. The
values of the rear heating power levels(r;, r, and r3) to be used for an individual record carrier
can be determined, for example, by a test procedure where sequences of pulses, with each

25  sequence having different sets of values for the rear heating power levels (r, r; and r3), are
used to record marks, and the resulting marks are read back and analyzed. Other test
procedures can be used alternatively. Finally, the optimal values for the rear heating power
levels (r;, r, and r3) corresponding to an individual record carrier may be recorded on that
record carrier. In this case, the values can be directly read from the record carrier by a

30 recording device.

An embodiment of the method according to the invention is characterized in
that the first write pulse of a sequence is directly preceded by a front heating pulse having a

front heating power level (f), the front heating pulse being directly preceded by the cooling



sequence having different sets of values for the rear heating power levels (ri, r2 and r3), are used to
record marks, and the resulting marks are read back and analyzed. Other test procedure8caaNde004
used alternatively. Finally, the optimal values for the rear heating power levels (ri, r2 and r3)
corresponding to an individual record carrier may be r&corded on that record carrier. In this case, the
values can he directly read from the record carrier by a recording device. An embadjment of the
method aBHGTRIMY YRS TRVBRRON R Lh&tdCte HEetIh! e e HUISE'BS 4'88EH BARENE directly
preceded &ys? fewthrating pulse having a front heating power level (f), the front heating pulse being

directly preceded by the cooling 09 JAN 2004 5 pulse having, a cooling power level (c), the front
heating power level (f) @efﬂ&ﬁﬁb%’é’ﬂ ﬂféhgﬂggeé Eo%é"?l?é%e‘f"t’gﬁ %1%8 FHERURESH '5f the jitter is

obtained wheslachobtheriingdedsang polsoduaencraiweendhalcoolingpuuisecand fapdiyshwrite pulse
of a sequence of pulses, the front heating pulse having a front heating. power leve| (f) which is higher
than the 48 tliEF TUERES Ty ﬁBh%%Hﬁ%ﬂ?%"‘fF(Sﬁ?‘f?Qﬁn‘ﬁq’b gég,hpag&ﬁmh%&ré%sf&ﬁwﬂgaf
between thedroal Boitiaddiingatischcs: at pinsgsuiadabgnigmtigdktishiohal seaneaceoffipuises. The
front heating power level (f) may have a value which js equal to the rear heating power leve] (r), or
may v SR AT ERORNT GRS 168 HEHEHG oSG L PRF BB e
method agoareingvtd thenisydatien iskkakadtarizedunl ihaidheafronitigaitigeptwer (Oyel (Hagf the front
heating pulse is dependent on erties of  the recording mediym. The front heating power level (f)
can be as ?&ﬁ@d" ﬁﬁ%v £ lééirﬁ){(‘gfﬁ?é 9&’&%FH%ﬁ%aeﬁﬁFﬁ%%‘%grB%‘fVﬁégﬁYﬁbPBower level (f) can be assigned a
valugéowhich depends on properties of the individual record carrier on which marks are to be recorded.
The value of the front heatin& r(gé)wer le elllérfg%to be, used for an ir%dividual. record carrier c%/n be
1y

determined by a test pﬁ%gal BPdited %hf?gr?icﬁ% Bedid %%ﬁ‘é??%%%% HFSEHBEVE N the
case of thehaethb ddinn dphtidy plovece hardai@ridenel frthahtae g pulseasidgpeaddeit l@vet@idheyedr heating
pulse is dﬁpenderg.onlgr%?erties of the record carrier.
e recording medium.
The front heating power level (f) can be assigned a fixed chosen value.
15  Alternatively, the front heating power level (f) can be assigned a value which depends on

properties of the individual record carrier on which marks are to be recorded. The value of the

front heating power level (f) to be used for an individual record carrier can be determined by a

test procedure or directly read from the record carrier, as described above in the case of the

embodiment which is characterized in that the rear heating power level of the rear heating

20  pulse is dependent on properties of the record carrier.

A preferred embodiment of the method according to the invention for recording
marks having lengths of nT, where T represents the length of one period of a reference clock
in a data signal and n represents a predetermined natural number larger than 1, is characterized

25  in that the front heating pulse has a first front heating power level (f;) when n=2, a second
front heating power level (f;) when n=3, and a third front heating power level (f3) when n>4,
the first front heating power level (1)), the second front heating power level (f,), and the third
front heating power level (f3) being dependent on properties of the recording medium.

Instead of using a single front heating power level (f) for all marks to be

30 recorded, the front heating power level is made dependent on the length of the marks to be
recorded. This results in a significant reduction of the jitter, especially of the shorter marks,
i.e., the marks having a length of 2T and 3T.

The front heating power levels (f}, f; and f3) can each be assigned a fixed

chosen value. Alternatively, the front heating power levels (1, f; and f3) can be assigned



A preferred embodiment of the method according to the invention for recording marks having lengths
of nT, where T represents the length of one period of a reference clock in a data signal af@l JAN 2004
represents a predetermined natural number larger than 1, is characterized in that the front heating
pulse has a first front heating power level (fl) when n=2, a second front heating power level (f2) when
n=3, and a third fro-n&gl(f%aptgin power level (f3) when n>_4, the first front heEting power leve] (fl), the

second froftYfEatNG HOWEPIRPEPRE Ay thi e R RESRTAG PO VRGN HE Y iR dent on
properties@fdhideThediam énodihmfriiisteading poweracsidlg g fronilaeRfing wowsed Rirel(f) for all marks
to be recorded, the front heating power level is made dependent on the length of the marks to be
recorded, HFHRSHBL IS C@@Wﬁi&%{hﬁéﬂ&&a{wﬁe@% ﬁ‘fﬁéﬂ?@gsﬁ%ﬁgw RGO rep@id the
marks haangiér|andti@ibdd ans8in thee dsenirhieatng aiwendoxelsh (i, JRaantetaleadn eackhbe
assigned a fixed chosen value. Alternatjvely, the front heati ower levels (fl, {2 and f3) can be
assigﬁed FEARUASRB e PaR & %Hiﬁ?fi‘gﬁfgﬁlﬁip&ﬁ”&iﬁ%‘iﬂ@g&q}%ﬂﬁaixﬂ&ﬁé??ééS?B {4 on which
marks arepigwe l¢eaqideahdhavalues ofihe feephheatingoRewri @\ elswile?naad f3) to be used for an

individual record carrier can be determined by a test procedure or directly read from the record catrrier,
as described above in the case of the embodiment which is characterized in that the rear heating pulse

has a first rear heating pewaideyehér) ¥MEN AcRod sacRBM sasneatiegt RN Havel (2 avdaen n=3,
and a third rear heating power level (r3) when n>_4. An embodiment of the method according to the

invention FaHAr£ARKERA THSY theF L85y o8t IR I fenahderbonmgopaitiss o bitisdAdiaheBn

proprytiessehifearaindi ast osale eaimathe recording medium. The cooling power level (c) can be
assigned a fixed chosen value, Alternatively, the cogling power level (c) can be ass&{\ed a value

which depends on propLP§Eo B8P INANN A FRCBPPEARTEMSH Sirad gt XAlG HHFERERRY and
on propertigscobthy [aiatiosy $otyeen bbasaliedaf {aacaalion agpweideveh(spdaibedtsre for an

individual ,recor% c?rrier can be determined by a test %rocedure as described above in the case of the

embodiméh FECRIbeAEFOBIVIH R DA ARSI hRRIFRGS5dAPFRPERRFE so.8F HisdfifTithse is
dependeniiicRrPRETBs ViR ta6liE gaRKi@r level (c) to be used for an individual record carrier can

15  be determined by a test procedure as described above in the case of the embodiment which is
characterized in that the rear heating power level of the rear heating pulse is dependent on
properties of the record carrier.

By assigning the cooling power level (c) an optimal value which depends on
properties of the individual record carrier on which marks are to be recorded and on properties

20  ofthe radiation source, a fast transition from the cooling power level (c) to either the front
heating pulse power level (f) or the power level of the first write pulse in a sequence is

obtained. This results in well-defined marks, having a reduced jitter.

An embodiment of the method according to the invention for recording marks
25  having lengths of nT, where T represents the length of one period of a reference clock in a data
signal and n represents a predetermined natural number larger than 1, is characterized in that
the cooling pulse has a first cooling power level (c¢;) when n=2, a second cooling power level
(c2) when n=3, and a third cooling power level (c3) when n>4, the first cooling power level
(c1), the second cooling power level (c;), and the third cooling power level (c3) being
30  dependent on properties of the radiation source and the recording medium.
Instead of using a single cooling power level (¢) for all marks to be recorded,
the cooling power level is made dependent on the length of the marks to be recorded. This
results in a significant reduction of the jitter, especially of the shorter marks, i.e., the marks

having a length of 2T and 3T.



By assigning the cooling power level (c) an optimal value which depends on properties of the
individual record carrier on which marks are to be recorded and on properties of the radidt$am»o000d,
a fast transition from the cooling power level (c) to either the front heating pulse power level (f) or the
power level of the first write pulse in a sequence is ofjtained. This results in well-defined marks,
having a reduced jitter. An embodiment of the method according to the invention for recording marks
having lengths of nT, whef&OrEsBA¥Es HE Sdfigtfr 8RoOne SRNGBABIS AtiFarta LdchPsBata signal
anfl n rr]epmwtme?ﬁ@deégr,nme@dll%tgr)lad\?]m&mdqeg,e@tmaénci,) iﬁ@h@@s@lgflﬂé@dldl(méb)&thtﬂe cooling ;
pulse has a first cooling pawer leve| (¢c1 en n=2,a second cooling power level (c2 en n=3, an

a third o8RG oW AR itHHY dy alhechrdiREBRRGTpBINEP [RaEES (aéf)t?r%%%%ﬁ“i,&vgc%{i]ﬁﬂ power

level (c2),propkitiestbircheemding poywardeVvehéchsingHepesienbonrperias of, thelradiati®s source

and the recording medjum, Instead of using a single coaqling power level (¢) for al| marks to be
recoraed,ufﬁgd gdgcﬂw%amgﬁ SORTTE FENS S %%%W%W?F?J?Ve%&ﬂ BF PR A BIPIIANS. This
results in msigniticaot teeluatbodiaidhewltieh e sbetialyiotdhie shottrrmaaksting plscrharksikaving a
length of 2T anpd 3T. 09 JAN 2004 7 The cooling power leyels (cl, c2 and c3) can each be assigned a
e chodBA VAR TR e BB oGBS (G S ajcaAh b MG o oaae
which depgrdear peapagigsvalthe dndiyidurhresgrd carrier on which marks are to be recorded and on

properties of the radiation source. The values of the cooling power levels (cl, c2 and c3) to be used for
an individual record carrier can be determined by a test procedure as described above in the case of

the @mbodiment which jsrchamdigizedMibaldnedassdiaating miserasehfishiaatdiealing power
level (ri) when n=2, a second rear heating power level (r2) when n=3, and. a third rear heating power

level (r3) WREHRSCH hotingaulia ARSASH thE RERSECEIRDHIA o tRE MR ZIBAVS IS X FARE AW in

that the rearaeptingpulsanac ool Fantaatias avnthinatearheptingewargvel (1), and arear
portion having a power level which is lower than the erase power level (e). It is a further object of the

invention to provide a recording device of the kind
It is a further object of the invention to provide a recording device of the kind

15  described in the preamble, adapted for use of the method according to the invention.

This object is achieved when the recording device described in the preamble is
characterized in that the control unit is operative for controlling the power of the radiation
beam such that it has a rear heating pulse having a rear heating power level (r) directly

20  following a last write pulse of a sequence, the rear heating power level (r) being higher than

the erase power level (e).

An embodiment of the recording device according to the invention for
recording marks having lengths of nT, where T represents the length of one period of a
25  reference clock in a data signal and n represents a predetermined natural number larger than 1,
is characterized in that the recording device comprises means for determining a first value for
the rear heating power level (r;) when n=2, a second value for the rear heating power level (12)
when n=3, and a third value for the rear heating power level (r3) when n>4, said first value for
the rear heating power level (1)), second value for the rear heating power level (r2) and third
30  value for the rear heating power level (r3) being dependent on properties of the recording

medium.

An embodiment of the recording device according to the invention is

characterized in that the control unit is operative for controlling the power of the radiation



described in the preamble, adapted for use of the method according to the invention. This object is
achieved when the recording device described in the preamble is characterized in that th@ochxNa0odit
is operative for controlling the power of the radiation beam such that it has a rear heating pulse having
a rear heating power level (r) directly following a last WBrite pulse of a sequence, the rear heating power
level (r) being higher than_ the erase power level (e). An I%'mbodim-ent of the recor&ing device

according ¥ SR dhst 2 B eBHarR) e S HETRRIA BRGNS TS RVETE 19V SHeEBR Yhe length of

one periogetaireterencevalinelpinea data signiakandso hepriasenisoby pdelarmiretnattvalyrumber
larger than 1, igs,ch racterized in that the recording device co pri?iz?? means for determining a first

value for PRECFEUIEHES AR bBRAEP ER i NG HEN HLting BAYISE ¥ RiAHAIRE Peshieh AT HER level
(r2) whenpbw3r &vdladhisivatueotomhporar keating pawerdevetisd) e easahodesaid dirgt)value for

the rgsar heating power level (ri), second value for the rear heating power level (r2) and third value for
the rear heating power level (r3) being dependent on properties of the recording medium. An
embodiment of the recoxdismblalliveracdanding teding twendiastisdahar@dierizashifoth@ithe control unit
is operative for controllin th‘re{gﬁwer oféFe,lirad'atiorJ&OQ JAN 20 4(]8 bilar? such that it has a front
heating pGfS8ARFHIENEAY RGN eVAEH birsisienretsdimgl ffemeisdi8tand a cooling
pulse haviegreaobnglpdveddevabia) aieatlypraceding¢detéraiihb@atingapulsabéhtafintineating
power level (f) being. higher than the erase power level (e) and the copling pawer lgvel (¢) being lower
than the SPLBOUREITELE 85 T SURAEHE b PG A0 G BEERG (A He dFion for
recording thafkshhhsingdegibseiel Tf wheen h-r2presenid theukefigtthotionelpatiad pdeeréfesence
clock in a data signal and n repr sentsr%)pred%ts()armined natural numbgej larger than 1, #s characterized
i i

in that the FISPEThY Tt L BIAral et Ahs onGheaHherhey & Ar<e L HrlavBinie HsHHEsting power

level (fl) whgncToriR $RERMdamppdaciep heatisigl Rawerie et {idi \wbampapavandeadhird value
for the front heating %(;WGI’ Itgvel (f3)BWh_en n> 4, faid first value for the front heating power level (fi),

second vAte WrdRaHe foH gtﬁf@lb WEP%%TVEFZ evel (f3) being dependent on properti€s of the

recording medium.

15
It is a further object of the invention to provide a recording medium of the kind
described in the preamble, adapted for use in the method and the recording device according to
the invention.
20 This object is achieved when the recording medium described in the preamble

is characterized in that the area containing recording parameters comprises a value for the rear
heating power level (1).
This object is also achieved when the recording medium described in the
preamble is characterized in that the area containing recording parameters comprises a value
25  for the front heating power level ().
This object is also achieved when the recording medium described in the
preamble is characterized in that the area containing recording parameters comprises a value
for the cooling power level (c).
Using the method and the recording device according to the invention, the rear
30  heating power level (1), the front heating power level (f) and the cooling power level (c),
respectively, can be assigned a value which depends on properties of the individual record
carrier on which marks are to be recorded. The value for the rear heating power level (1), the
front heating power level (f) and the cooling power level (c), respectively, corresponding to

the individual record carrier is recorded on the record carrier according to the invention in an



and third value for the front heating power level (f3) being dependent on properties of the recording
medium. Itis a further object of the invention to provide a recording medium of the kind doskxiNexdid
the preamble, adapted for use in the method and the recording device according to the invention. This
object is achieved when the recording medium descriBed in the preamble is characterized in that the
area containing recording parameters comprises a value f%r the rear heaiing power level (r). This

object is 55 SCABULREIRNGING RACBRAITES mEtiuYA bR ERRBE (e EHY THrE AFABIEhS SNArACEEHSEd in that

the area coRiadingtteGehiighRarNeter S anpisescavaligciardhe drertieiatinDapewdolEvaldf). This
object is also achieved when the recording medium described in the preamble is characterized in that
the area c?iftl%ﬁﬁﬁ?@r Bgr‘affﬁﬁz‘iﬁ?&?ﬁg'fégyc%ﬂW%@%alue for the cooling power level (c). Using the
method and the recording device according to the invention, the rear heating power level (r), the front

heating power level (f) and the cooling power level (c), respectively, he assigned a value which
depends on properties %Pﬁsi% ?Hﬁi%bﬁ‘g?%é%%&%é&ﬁ%éraz} %%ﬁ%‘ﬁ%%%wi e“i‘é’eﬁlélgé‘c‘g 8. The value
for the reaipbeaiing-powes fouelngheot pattheading:pavweivlevetibadehtigsagulisgnvenenevel (c),
respectively, corresponding to the individual record carrier is recorded on the record carrier according
to the invé H%}ﬁafﬁig&lé% 3/%\?‘?86@”@ %ae‘ﬁ”&%sht\éﬁ?ﬁﬁeg recording parameters. This value can be
directly read from the retgugesdriies sweoodiipgaiasbenprniiothbyinierdyandelecaut edhodigrant of the
method and an embodiment of th reco:l:iré%{?)jvice ﬁccording to the .inventjon. These and other

objects, félfl PO HNePAYIR SGRL A AIRBA K ARIHRIPE ®ORSHAFEHE RO AAYBHEN RS Htore particular
desdription of embodimEiia©f e inyedigraaso fliLgtsaieddnl ihe dsiompamyding draldngssmioare

and
Figure 6 shows a diagram of a second recording device according to the

invention.

15 Figure 1 shows diagrams comprising two signals, a digital data signal 10 and a
control signal 20, as used in the method according to the invention. Figure 1a gives the value
of the digital data signal 10 as a function of time, the value of the signal representing
information to be recorded. The vertical broken lines indicate transitions in a clock signal of a
data clock belonging to the data signal. The period of the data clock, also called the channel bit

20  period, is indicated by T. When recording this data signal, a 'high' period 11 is recorded as a
mark having a length corresponding to the duration of the 'high' period 11, and a 'low' period
12 is recorded as an unwritten area, a space, between the marks and having a length
corresponding to the duration of the 'low' period. In general, the length of a mark is
substantially equal to the number of channel bit periods of the data signal times the writing

25  speed. The length of a mark is therefore often expressed by the number of data clock periods
when the corresponding data signal is 'high' (e.g., 6T for a mark with a corresponding data
signal being 'high' for 6 data clock periods, and 2T for a mark with a corresponding data signal
being 'high' for 2 data clock periods).

The data is written in an optical record carrier comprising an information layer

30  having a phase which is reversibly changeable between a crystal phase and an amorphous
phase (i.e., a phase-change layer). The marks representing the data are written along a track in
the information layer by irradiating the information layer with a pulsed radiation beam. The
marks are areas of the information layer having optical characteristics which are different from

their surroundings, which makes optical reading of these marks possible.



Figures 1 to 4 show diagrams comprising the time-dependence of a data signal and a corresponding
control signal controlling the power levels of the radiation beam, Figure 5 shows a diagrardoafAaNizsn4
recording device according to the invention, and Figure 6 shows a diagram of a second recording
device according to the invention. Figure 1 shows dialframs comprising two signals, a digital data
signal 10 and a control signal 20, as used in the method according to th{%invention. Figu_re 1 a gives

the value of the digital ISR ShSIN ACaRERSABAIarasBsndng & the dEsierehds8riting

informatiofirte isbetigielac theiMesticahbmkerlines dngigate tsansitigisodkiosk sigpalet afdata
clock belon ing to the data si n?ﬁ he period of the data clock, also called the chanEeI bit . period, is
[

indicated By RO TERCHYRBIEHL d AR s DRIRE R Bisda e 8 tmitien 1axes srhfkeHLiing a
length corsespaating: hdhoweratian of dierdiphiopasiochid paipbaien petiedeld i raeeuedias an
unwritten area, a space, between the marks and having a length corresponding to the duration of the
‘low' erioﬂgmlgeneral, the length of a mark is substantially equal to the number of channel bit periods
of the data signal timesHi@nyntngepeedo Thquiargilo bpalsvarkrisuhrrsiocs alfieingxpeassadby the

number of data ¢lock periods when the_ corresponding data signal is 'high’ (e.g., 6T for a mark with a
oo oG ALy R Ol B ED R MR ise bR AN ik Pover
corresponidiig @ter sipinapdaaing: \kigh' betwe:clatacciogicpesiorls) dihe datpos sviikien (e) ae.ofiical record
carrier comprisi .information layer havin ase which. is reversibly changeable between a
et B G e e PE e S e B b s the data
are Woitte p@handeadradkinatiie indohngapon dayerdbydy redi@tia gathevimdopuiatiof dayquamvith 230slsed
radiation beam, T marks are areas, of the, inf ation layer having optical characteristics which are
Cront T L T G T e AT o o RN R o AN 2004
10 Figurefibtshawpalsonifrobsignat@0XxBraasodngingdoctheydafeosigreatih pulkdizstiemvingdiment of the
invention. The control signal 20 js d for modulating the power of a radiation beam with which the
marks aref%)é{?n%e\a}r\;lrﬂ%e%oi%ﬁ%lg‘fﬁ“cgﬁag’fig’?\ﬁ%@é‘?,c% ‘e“r%%??é mark, only a Single Write pulse 3%

applied, said single write pulse 26 being the first write pulse in the sequence and the last write

15  pulse in the sequence at the same time.

In a preferred embodiment of the invention, the rear heating power level (r) and
the front heating power level (f) are made dependent on the length of the marks to be recorded.
Figure 2 shows a first control signal 31 corresponding to a first data signal 30 and a second

20  control signal 33 corresponding to a second data signal 32 in this preferred embodiment of the
invention.

Figure 2a shows a data signal 30 comprising successively a 2T mark and a 3T
mark to be recorded. Figure 2b shows the corresponding control signal 31. The front heating
pulse 252 of the sequence of pulses for recording a 2T mark has a first front heating power

25  level (f)) 342, while the front heating pulse 253 of the sequence of pulses for recording a 3T
mark has a second front heating power level (f,) 341. Figure 2c shows a data signal 32
comprising again the 2T mark now followed by a 4T mark to be recorded. Figure 2d shows the
corresponding control signal 33. The rear heating pulse 242 of the sequence of pulses for
recording a 2T mark has a first rear heating power level (r;) 351, while the rear heating pulse

30 244 of the sequence of pulses for recording a 4T mark has a second rear heating power level
(r3) 352.

In this example, the rear heating pulse 242 of the sequence of pulses for
recording a 2T mark has a rear heating power level which is equal to that of the rear heating

pulse 243 of the sequence of pulses for recording a 3T mark. However, the rear heating pulse



assumed that the power level of the radiation beam is proportional to the level of the control signal.
Figure Ib shows two sequences of pulses for successively writing a 6T mark and a 2T makJExck004
sequence of pulses starts with a cooling pulse 27 having a cooling power level (c) 17. The power level
in between the sequences is at an erase power level &) 16. The power level in between the write
pulses 21, 22 ar\}\ﬂﬁZS, with the write pulses hayving a write power level 14, is at the cooling power level

(©) 17. TheTAQ M ESOU RIS P Pt dREE S g kP oU P B a4 BaYm ] 15813 Baving a
rear heatipgwpavierdevaldn)id Giffadnheofir shavitatpules: abaisgauencedd iidirecticiecegertdyy a

front heating pulse 25 having a front heating power level (f) 13. When recording a 2T mark, only a
Single it HRITRTE SR LAl LA b hE LD R DET B Cmionce

and the lafdrwetierdngseIm therseaiiesea aitihayshime iimgudrwvhiphelediedemadinentdftie invention,
the rear heating pawer level (r) and the front heating power level re made dependent on the
length of the RS R acbaba AR {rEﬁégbaiB% Lo 8%&3&@¥ir3t
data signala30 andqaAeconsicehitekaigprl 33 corresponding to a second data signal 32 in this

preferred embodiment of the invention. Figure 2a shows g data signal 30 comprising successively a
D i ot & 5T P S BRI D e A P S LRt D el 31 D
front heatirgofi¢lbaiging afitbe: sequanpelef hulsesddroiedarding podEmard hasd firsyfranbheating
power level (f) 342, while the front heatjng.pulse 253 of.the sequence of pulses for recordi 3T
Pk s 5SS A SO 13k AP0 BRbT AR TIRES E e g
againothe whichaskegoay folleweasedy@ Atarding to4ieracortiaday-tgLappaeeahiispiieocekiispanding

trol signpal 33, Th heati Ise 242 of th f pulses f [ T kh
rat rear FBRRG BN U 1§ 345 G108 AT RN GRE T2 P SO Bllcs for

recording laedtTnmh/ha&‘aeMMJehedn'ﬁ@thstgmomﬂe\xeﬁma}é%ﬂmhkf@xm ladihzinahr h_eati.ng
e 262 LU ST S RS o el T ek o e Leatnaponerloln
However, thivectedinhgaing kg ODIAN &0khg pulse may be dependent on the length of the marks
15  to be recorded.
Figure 3a shows a data signal 40 comprising successively a 2T mark and a 3T

mark to be recorded. Figure 3b shows the corresponding control signal 41. The cooling pulse

271 of the sequence of pulses for recording a 2T mark has a first cooling power level (c;) 44,

while the cooling pulse 272 of the sequence of pulses for recording a 3T mark has a second

20  cooling power level (c,) 45.

Figure 4 shows an embodiment of the invention where the rear heating pulse
includes a front portion and a rear portion. Figure 4a shows a data signal 50 comprising a 3T
mark to be recorded. Figure 4b shows the corresponding control signal 51. The last write pulse

25  of asequence 23 is directly followed by a front portion 54 of the rear heating pulse, having a
rear heating power level (r) 15, and subsequently by a rear portion 55 of the rear heating pulse.
The rear portion 55 of the rear heating pulse has a power level 53 which is lower than the erase

power level (e) 16.

30 Figure 5 shows a recording device according to the invention for recording data
on a disc-shaped optical record carrier 150. Alternatively, the record carrier may be in the
form of a tape. A data signal Sp, comprising the information to be recorded in the form of
marks, is connected to a control unit 60. A current source 61 within the control unit 60 has five

outputs, A, B ,C, D and E. Output A provides a current which, when fed to a radiation source



11 242 of the sequence of pulses for recording a 2T mark may alternatively have a rear heating
power level which is different from that of the rear heating pulse 243 of the sequence of pOfs@ANa@004
recording a 3T mark. Likewise, the front heating power level of the front heating pulse 253 for
recording a 3T mark may alternatively have a value wRich is different from that of the front heating
power level of the front heating pulse 254 for recording a 4T mark, although they have an equal value
in this exalrﬁ&éﬁ?fu “ﬁ?bae%mmélgﬁm,iW&lda?ﬁtz{nrﬁaméaﬂavihaaauéﬁ%,%m%&? (A3 2PV be
recorded, lgs1939. Todisatingnise, lavnghd b hidatbngaawesienel Whikh vseepahia 1baél used for

recording a 4T mark and using a rear_heating pulse having a rear heating power. level which is equal to
that used foF FEoHERHGSPRY ?ﬁé?lé‘?i?%é@%@%ﬁﬁ%%ﬂ% Mﬁéﬁg&i@ﬁ gi}fr‘ RRIRg ANSME having

a length Igagesshasniddymaycaligraativedydeoigserae®, usimy fiahk baabingepansdrievels acshrear
heating power levels which are optimized for each individual mark length, Besides the rear heating
power |ev8i2(6%%34%ﬁ é%ﬂaafﬂsa FDRICH! &8G28 SHHHOH%%ME%?%B BEWL Woling

pulse mayhé delpekdpmabBEhe patiral dhe:rmiiks3 teahefsaaottedatgigiea BS sty queatassignal 40
ed. Figure 3b shows the esponding

comprisin uccessive?/ a 2T mark arl(% a 3T mark to be reﬁzor ';Ilé %2
control siggjrgffeéffaﬂﬁg NG HRRE LY e e S8 (FR G PR ATV HRET RS RPY FT e hds a first
cooling pawmrHeaald ¢lpwés Iwviilerihendanlinggepse @7 ef e iseqguentacf witlsesldoncaparting a 3T
mark has a second cooling power. Ieve%é]%) 4 .ql%i ure 4 shows emﬂlgodime t of the inventio
whore the 105F HERSHEBUIC: FRIAES 5 PR B HGRSFI fehr SO G A SROSTo S Hath signal
50 comnprifing ftthe dnasinigldepeedptiedobiggecdhandsssthecarsespnrdifg qanity) Bigeal 51. The
last write pulse of a sequence 23 is directly follow, g by a front portion_54 of the rear heatin Ise,
aving a PRV HEAthY RIS ok U 15 R, Biols SR 35 oty 55 R S oY e Per Hébeimg
pulse. Thedeapppetion 55 of the rear heating pulse has a power level 53 which is lower than the erase
power level (e) 16. Figure 5 shows.a recording device accordi the inventian for recording data
O a disc-shapect oprioal TR EOTH Co R 0. PR T IRLAr SR M 68 A e

the sequences of write pulses, is connected to the radiation source 151. The control signal S¢

15  controls the power of the radiation beam 152 generated by the radiation source 151. The
radiation beam 152 is focused by a lens 153 onto an information layer 501 of the record carrier
150. The disc-shaped record carrier 150 is rotated around its center by a motor 154.
This embodiment of a recording device according to the invention is suitable
for executing the embodiments of the method according to the invention as shown in Figure 1,

20  using a single front heating power level (f') and a single rear heating power level (r) which are

independent of the length of the marks to be recorded.

Figure 6 shows a recording device according to the invention for recording on a
disc-shaped optical record carrier 150, using values for the front heating power level (f) and
25  the rear heating power level (r) which are dependent on the length of the marks to be recorded.
The data signal Sp is connected to a unit 70 comprising determination means. This unit 70
analyzes the data signal Sp and determines the length of the marks to be recorded. Dependent
on the length of a mark to be recorded, appropriate current settings for the outputs C (rear
heating power level) and D (front heating power level) of the current source 61 are selected
30  and transferred to the current source 61 through signal 71. In this way, instead of a single
current, resulting in a single power level of the radiation beam, both output C and output B
may supply different currents, resulting in different power levels of the radiation beam, the

value of the currents being dependent on the length of the marks to be recorded.



form of a tape. A data signal SD, comprising the information to be recorded in the form of marks, is
connected to a control unit 60. A current source 61 within the control unit 60 has five out@9tSAA B}
D and E. Output A provides a current which, when fed to a radiation source 09 JAN 2004 12 151,
through a control signal Sc, will result in a radiation b&am 152 having an erase power level (3).
Likewise, outputs B, C, D and E provide currents resultin% in_the write power level, the rear heating

power level (r), the fronPREERHBTREPRAAN P AP 8 LB AHYTBNES IARS TeeP Hsdp &silfalf The

current of ieach ®piirde Bl @) dhdand ELarhmhsplesteddylqiguitshasd B2ddfeaduitehunit 62 is
operated by a patter enerat%r 63 controlled by the data signal SD and a clock sigr}glk?SK. The

pattern gl 8PS0 S AR LIS PRI B BT GHAEH ARG QG T RE R P IR R G A IR power
level (c), aswgitefpoavgietasielra drafaheatingwiaviediey el (f)barceabeatiiigopeviaslieyed (hiera an
erase_power level (e) in_accordance with a desired pattern.. The clock signal SK is obtained from a
c|ock5gen£5%$11%‘§3%(;ﬂ%n %IPE%HP&%(&&Q%%T}EIEEEE ‘?8?%?1%&%8%%%?&8&8&&%‘%& BbeRe
generatorstipflisdyfesekaindlixed fregusieydivhaseniiing: abaomiiadlecspesdoihatbieguesigy of the
clock generatqr 158 wjll v ith the actual writing speed. The control signal Sc, provided at the
output of tHYCBRIBIHEEH ARMEAR I CILHBE RS B AR B S E R HUAEH M the raciation
source 151. The control signal Sc controls the power of the radiation beam 152 generated by the
radiation source 151. The radiation beam 152 is focused by a lens 153 onto an information layer 501
of the record carrier 150. The disc-shaped record carrier 150 is rotated around its center by a motor
154. This embodiment of a recording device according to the invention is suitable for executing the
embodiments of the method according to the invention as shown in Figure 1, using a single front
heating power level (f) and a single rear heating power level (r) which are independent of the length of
the marks to be recorded. Figure 6 shows a recording device according to the invention for recording
on a disc-shaped optical record carrier 150, using values for the front heating power level (f) and the
rear heating power level (r) which are dependent on the length of the marks to be recorded. The data
signal SD is connected to a unit 70 comprising determination means. This unit 70 analyzes the data
signal SD and determines the length of the marks to be recorded. Dependent



on the length of a mark to be recorded, appropriate current settings for the outputs C (rear heating
power level) and D (front heating power level) of the current source 61 are selected and tiEhEANr200w
the current source 61 through signal 71. In this way, instead of a single current, resulting in a single
power level of the radiation beam, both output C and lsutput B may supply different currents, resulting
in different power levels of the radiation beam, the value of the currents being dependent on the
length of MRS to be recorded. 09 JAN 2004 13 Besides being dependent on the length of the
marks to be recorded, the front heating power level (f) and the rear heating power level (r) may also be
dependent on properties of the recording medium. Information concerning the optimal settings of the
power levels for a specific record carrier on which data is to be recorded may be supplied to unit 70
through signal 72. The information concerning the optimal settings of the power levels may be
supplied, for example, by a test procedure determining the optimal settings or, alternatively, may be

read direcfly from an arga,coNRAIBINGGLRRY R RARTICLERRR dhe Eﬁ%gf&&ﬁﬁﬂg%@%&é%%ﬁm 14

CLAIMS: 1. A method of recording marks representing data in a recording medium, said recording
medium cEeIHEIEg A IHTosMBRB RGBT ARG EopRae Whitle is Physrsiblghdhasisasble between a
crystal phage, a0, A,eMRENCYS RGPy AU adiatigdins I iRsRaionayeh i &ipriaadHaeiation
beam, each mark being written Dy a sequence of pulses comprising at least one write pulse, the

written matk§IEiRbaaraksas @Gy iraRMRGCRITE Mabrheatd W THRS RYith ATeRNetioh MB&HH having an
erasespowgh|EMelHe k FEEb NI HE RURASR! feSEAHENtRAlURES PRI PESGRABA MY ARO0lINg pulse

having a cooling power level (c) which is lower than the erase power level (e), said radiation beam

being genéafai by el #xeliatich 2 sadivtionchryadiaringRhorass BIRSE Ioned sk selBstaste pekefsidirectly
followed by, eeak DERURASBYRE PRYUIBEA b J&ﬁi@i@?ﬁﬁg\é’ﬁémgeh%oﬁ &k haating pageeievel ()
me

being higher than the erase power level (e). 2. A od as claimed in claim 1, characterized in that

the rear hEJENEHOWR N RIapery OF théchshhetif dadintend eapdseenedispiep bitie sadfahrecording

medium. source, characterized in that a last write pulse of a sequence is directly followed by a rear
10 heating pulse having a rear heating power level (1), the rear heating power level (r) being

higher than the erase power level (e).

2. A method as claimed in claim 1, characterized in that the rear heating power
level (r) of the rear heating pulse is dependent on properties of the recording medium.

15
3. A method as claimed in claim 1 for recording marks having lengths of nT,
where T represents the length of one period of a reference clock in a data signal and n
represents a predetermined natural number larger than 1, each mark being written by a
sequence of (n-1) write pulses, characterized in that the rear heating pulse has a first rear

20  heating power level (r;) when n=2, a second rear heating power level (r,) when n=3, and a
third rear heating power level (r3) when n>4, the first rear heating power level (1), the second
rear heating power level (1), and the third rear heating power level (r3) being dependent on

properties of the recording medium.

25 4. A method as claimed in claim 1, 2 or 3, characterized in that the first write
pulse of a sequence is directly preceded by a front heating pulse having a front heating power
level (f), the front heating pulse being directly preceded by the cooling pulse having a cooling

power level (c), the front heating power level (f) being higher than the erase power level (e).



3. A method as claimed in claim 1 for recording marks having lengths of nT, where T represents the
length of one period of a reference clock in a data signal and n represents a predeterminél a4
number larger than 1, each mark being written by a sequence of (n-1) write pulses, characterized in
that the rear heating pulse has a first rear heating power level (ri) when n=2, a second rear heating
power level (r2) when n=3, and a third rear heating power level (r3) when n>_4, the first rear heating

power leva! (ri), the secOrBetst ReAtmERINERIBVS (P afidiacd thitertdas FRatiRePHBRBOWTel (r3)

being deprreed) onterapartiraaidhalkecodipehiradbimprépAtinctiortasaimgeisitlaim 1, 2 or 3,
characterized in that the first write pulse of a sequence is directly preceded by a front heating pulse
having a front heating power level (f), the front heating pulse being directly preceded by the cooling

pulse havigg a cooling pewtide el daintbeifrentiheating aantniervatkh ikeing highek banrthe erase
power level (e). 09 JAN 2004 15 5. A method as claimed in claim 4, characterized in that the front
heating pa‘wg@ VEPI BT TI5RE e m&aa&%d@%ﬂeﬁéd?mﬁ? B PrapaLiaa S ¥albrding medium.

6. A methagasciaimpe datclaiined forniedarging:marks: aing dacgisrkibeing wihieteh byepresents the
length of one period (af 1referenc§cloc}?ﬂin a data%sign I aé%jg represents a1 redete mir}ed natural
number 1aigRIE DL AL HERDSh G IHHER By A s 08 ‘B’ft?}.efltj%rﬂ‘é a8, WhiEbrized in
that the frasitheppogpuiselnds aficatdfrant featiddrpovieatavep(favhrprlnt wheeeedddidnt heating
power level (f2) when n=3, and a_ third front heating power level (f3) when n>_4, the first front heating

power levEITH) T ReBPRYST REiNG Pl edelieo) st A B HRE PSR SRR S HoWer level (f3)
beingy depessient:on: REABALIESWS the JEGDYdinG Medivmtrdnheaaiosbasclaimagdimnelaim 1, 2, 3,4, 5

or 6, characterized in that the cooling power level (c) of the cooling pulse is dependent on properties
of the rad SRRSHLBN L PIRBEHES RABFdFP B MEIS ™A method as claimed in claim 4 for recording
marks having lengths of nT, where T represents the length of one period of a reference clock in a data

signal and n represents a predgtermined atural number Iarjger than 1, each mark being written by a
7. A , 4, 5 or 6, characterized in that the cooling

method as claimed in claim 1, 2, 3
power level (c¢) of the cooling pulse is dependent on properties of the radiation source and the

15  recording medium.

8. A method as claimed in claim 4 for recording marks having lengths of nT,
where T represents the length of one period of a reference clock in a data signal and n
represents a predetermined natural number larger than 1, each mark being written by a

20 sequence of (n-1) write pulses, characterized in that the cooling pulse has a first cooling
power level (c;) when n=2, a second cooling power level (c;) when n=3, and a third cooling
power level (c3) when n>4, the first cooling power level (¢,), the second cooling power level
(c2), and the third cooling power level (c3) being dependent on properties of the radiation

source and the recording medium.

25
9. A method as claimed in claim 1, 2 or 3, characterized in that the rear heating
pulse includes a front portion having the rear heating power level (r), and a rear portion having
a power level which is lower than the erase power level (e).

30

10. A recording device for recording data in the form of marks on a recording

medium, said recording medium comprising an information layer having a phase which is



sequence of (n-1) write pulses, characterized in that the cooling pulse has a first cooling power level
(cl) when n=2, a second cooling power level (c2) when n=3, and a third cooling power levis {83y 200z
n>_4, the first cooling power level (cl), the second cooling power level (c2), and the third cooling
power level (c3) being dependent on properties of thd 6adiation source and the recording medium. 9.
A method as claimed in claim 1, 2 or 3, characterized in that the rear heating pulse includes a front

portion haliHg T EXSSARPHSNEER VRISt RIRSCA PAANFBPEERIALY SE: BEWERRIBSIAfch is lower

than t:e ei&ﬁs%mwméwewﬁhaa %)le%d’;@dlﬂﬂiﬂlg mmql@fe&ﬁ@édiﬁg&?%mghmaﬁam eymﬁdﬁshonha
recording medium, said recording medium comprising an information layer having a phase which is 09
JAN 20041 SRR STRAIAE Behadin g By pAsea Bﬁ‘&%aarﬁ%ﬁ&%ebﬁ%l By fadiating

the infornaatie ayeprwiipa pulsetbradiatiepheadindhierechided beatksleing fiasahlefoy means of
irradiating the information layer with a radiation begm having an erase power leyel (e), the device
comp ismgogtrgrﬂfaﬁ& %Wéyé%t} &WH@%%&'FBQHH?&HW% THiMfore é%lﬁ%wg% the power
of the radigijaprkeanwiie poRbOfdMilrhaipg apekativedaitbiging posegvetceraditiie pedses for

writing a mark and.controlling.the power of the radiation beam such that it has a coqling power level
(©) which FOMRH S SRS RYREITSE (o) BrBCBORE i PE r t6° DRt Je2eHence of pulses,
characterigeddaiiigat fire: oafik plulidiita epgrativediopdeniroling dhepower/oftive tadiasiamheam such
that it has a rear heating pulse having a rear heati ower level (r) directly following a last write pulse
of 2 sequSREGHTRG TBSTHEMTA DOV Bl 1 B AR RSP L ohalt BT TR B GY . A
recording lsienigeaasalhbagakipoiaimel o] chdiscidyizeitbinitizad the vacerping: oeviegwampribes means
for determining a value for the re rgleating ower leyel 5{3 which valu?{ r the rear heating power level
() dependSiaIEE PRSIV TRLSAR RSHRTAR (15 SRS ESTIIUE as claimed in claim 10 for

recording marks having lengths of nT, where T represents the length of one period of a reference
clock in a data signal and 0. [epresents & RIGdE RIS At al HumBsaer AR dhargterized n
that the recording

device comprises means for determining a value for the rear heating power level (r), which

15  value for the rear heating power level (r) depends on properties of the recording medium.

12. A recording device as claimed in claim 10 for recording marks having lengths
of nT, where T represents the length of one period of a reference clock in a data signal and n
represents a predetermined natural number larger than 1, characterized in that the recording

20  device comprises means for determining a first value for the rear heating power level (r;) when
n=2, a second value for the rear heating power level (r,) when n=3, and a third value for the
rear heating power level (r3) when n>4, said first value for the rear heating power level (1}),
second value for the rear heating power level (12) and third value for the rear heating power
level (r3) being dependent on properties of the recording medium.

25
13. A recording device as claimed in claim 10, 11 or 12, characterized in that the
control unit is operative for controlling the power of the radiation beam such that it has a front
heating pulse having a front heating power level (f) directly preceding a first write pulse and a
cooling pulse having a cooling power level (c) directly preceding the front heating pulse, the

30 front heating power level (f) being higher than the erase power level (e) and the cooling power

level (c) being lower than the erase power level (e).



device comprises means for determining a first value for the rear heating power level (ri) when n=2, a
second value for the rear heating power level (r2) when n=3, and a third value for the readh&an )04
power level (r3) when n>_4, said first value for the rear heating power level (ri), second value for the

rear heating power level (r2) and third value for the rddr heating power level (r3) being dependent on
properties of the recording medium, 13. A recording device as claimed in claim 10, 11 or 12,

characteri¥d in that thé* BSREBNEMEYCE 38 BRI IAR ity BEdsEikar S tHEH ABRERSATEE S such
that it hasd@ffentongaiieg pulss Raviegadiangheating foewerfiovehhtrisgsslypreoening wHicst write

pulse and a_ cogling pulse having a cooling r level (c) directly preceding the front heating pulse,
the front h@é‘ﬁ%&’b&%ﬁﬁ‘?&b ?ﬁ)“&é?ﬁ&’?ﬁé;%@?maeﬁ?él 8&@'&%&%%%&@5%&"?% B581HY- power
level (c) being lower than the erase power level (e). 09 JAN 2004 17 14. A recording device as

claimg:d in claim 13, characterized in that the recordin de\ﬁige com ri§i.es m%%%\% for. determjning a
value™for the: front heati PHVRYE, AR GhINE e FEAFHELtHY (O Eﬁna ends on
propertiesofhtheviegerding mediy nhe 1on Atrecordipgritriide: asfelanmed dokciaimndida fogiscarding marks
having lengths of nT, where T.represents the length of pne perjod of a reference Iockindal data signal
and - regRSETR S PSSP R W AP B b A A2 B AP SRE B ording

device coawisesompans ok aiei€omdstogharingt v fikeainthfibsttheatiegtheweneavendl)  fiynen n=2, a
second valye for t efrontngjea%j%gﬂpo%er eve\)gz when nzf, &b%yt%r]l?ird value far the front heating
power lev&f {13 RSO R DRITR PR G SIS ?iY%-I GVer (st cBHu\aiie Yor the

fronti beating powetclaual fayand i, yaluenfar theafdntheatingropeeetdav akitbeinarpendent on
properties of the recording medium. 16. A, recordin%device as claimed in claim 13, characterized in

that the rédbrdffRgndeGlE (nfrEosthealine B Hekdeiiriky 2 A i ted AIBRAL BbIR K el (c),
which vallgﬁngrmquglm%éﬁggﬁ{ (@pj@p@még @m@g@@@ﬁtﬁﬁg)ﬁlmd@_cording medium. 17. A

recording device as claimed in claim 13 for recording marks having lengths of nT, where T represents
the length of one period of a reference clock in a data signal and n represents a predetermined natural
number larger than 1, chatreiaiizedcvidbat WgineeordtIgim 13, characterized in that the recording

15  device comprises means for determining a value for the cooling power level (c), which value

for the cooling power level (c) depends on properties of the recording medium.

17. A recording device as claimed in claim 13 for recording marks having lengths
of nT, where T represents the length of one period of a reference clock in a data signal and n
20  represents a predetermined natural number larger than 1, characterized in that the recording
device comprises means for determining a first value for the cooling power level (c;) when
n=2, a second value for the cooling power level (c;) when n=3, and a third value for the
cooling power level (c3) when n>4, said which first value for the cooling power level (c)),
second value for the cooling power level (c,) and third value for the cooling power level (c3)

25  Dbeing dependent on properties of the radiation source and the recording medium.

18. A recording device as claimed in claim 10, 11 or 12, characterized in that the

control unit is operative for providing the rear heating pulse and controlling the power of the

radiation beam such that the rear heating pulse includes a front portion having the rear heating
30  power level (r), and a rear portion having a power level which is lower than the erase power

level (e).

19. A recording medium for use in a recording device as claimed in claim 11 or 12,

said recording medium comprising an information layer having a phase which is reversibly



device comprises means for determining a first value for the cooling power level (cl) when n=2, a
second value for the cooling power level (c2) when n=3, and a third value for the cooling @DJvex [20e4
(c3) when n>_4, said which first value for the cooling power level (cl), second value for the cooling
power level (c2) and third value for the cooling powerlievel (c3) being dependent on properties of the
radiation source and the recording medium. 18. A recording device as claimed in claim 10, 11 or 12,
characteriZ¥t AR TR EBrit P ol REB5&ratitR 1B19PEORTRG e TRACRERESY BARE™ER controlling
the powercohthipinadirtiefihepamaiehihaidhe roardienting misednebidasiadrRabanngon having the
rear heating power level (r), and iZ;J1re?r portion Il?ving a power leyel which is lower than the erase
power leVEItBICFE WIRRIGIHAY MSalGh o r G TR FAIGInG Felide as claimed in claim 11 or 12,
said recording medium comprising an information layer having a phase which is reversibly 09 JAN
2004 18 changeable between a crystal phase and an amorphous.phase, and comprising an area
coma?nmé'ﬁecordmg AR AR e R R AP CEREF TREO A Pl fiekers
comprises#d/aluerdoidhecthameaiingspowariigvahtor taydr Beviigingpisd i b Liss disbRecording
device as &{?ime%)in claim 14 or 15, said rec(grdin medium Eomprisén% an information layer having a
phase whitKSFaS RN ThaRGSHb R BETAR ﬁ%agi‘;“}&?BPBﬁB E& QT AROIBRBAS Pise, and
comprisingoamaiigg reonidiningrasereis)ghaameias charegieizactintiiatih ecasedimontaining
recording parameters comprises a value, for.the front heating power level (f). 21. A recording medium
for use in %a@%]c?ﬁﬁfﬁﬁoélé‘?ﬁg) Sa%V(ﬁElﬁ?é)ﬁ %ec%)lﬂ]i egtg}gl@(’)ws%igeyg% ding medium comprising an
information layer having a phase which is reversibly changeable between a crystal phase and an
amorphous phase, and comprising an area. containing recordi arameters, characterjzed in_ that the
area contahing recordify PATARER SATAHAES Mt et iy amer e fo or 17

said recording medium comprising an information layer having a phase which is reversibly

changeable between a crystal phase and an amorphous phase, and comprising an area

containing recording parameters, characterized in that the area containing recording

15  parameters comprises a value for the cooling power level (c).





