13 February 2007 1 Method and device for recording marks in an information layer of an optical record
carrier, and record carrier for use therein. The invention relates to a method of recording marks
representing data in a recording medium, said recording medium comprising antffgpRaBo#P&yer having
a phase which is reversibly changeable between a crystal phase and an amorphous phase, by 5
irradiating the information layer with a pulsed radiation beam, each mark having a length of nT, where T
represents the length of one period of a reference clock in a data signal and n represents a
predeterminedIEERAFLA ARSI (G EFCOTENS MREKHIYRE BERTGHRRYSY 4T QR RERYY %% ises comprising
(n-1) write pulsas;jdhemdittennohasksideimgueeababdimby irradiating the information layer with a radiation
beam having an erase power level (e), a first 10 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 recor.ding data in the f_Oﬁ'ﬁb FH(/QﬁﬁE}FﬁQQn% E@%C}Fﬂiﬁgdrﬁfs@%?&i iﬂa?%?éﬂiéﬁdﬁﬁdj&éfﬁ poMprising an
information layer 15 having a phase which is reversibly changeable between a crystal phase and an

amorphous pHEREIRE eIl TS RARPIEISGHTT BPTRRTISINSEAR T PEBRHLR IREAYLRRAPRASBne period of a
reference clockhietaisdrizesinhati@ngdeabiesenis arpsed ptasaune dnatiorghousphaseJasger than 1, by

iradiatingthe;ipfarmalion 1ayer BY 3 Pused irdiation *?Eﬁ%ﬁb%é%%é@ﬁ%&i?ﬁ%%i eino% e@%{ﬁ‘ﬁ?‘b'e by
irradiating the m?orma ion fayer With a fadiation eam having an erase power eve?ﬁ F , the device
comprising a rEdigtiere Soapcesgirioviditeyareofanbeirdehamrefiacerceologoinaatosigonitaoting the power of

the radiation hegamethe.GRaiEplHi-RFRaranRIaHve IRfPIRMIdING e nasQuRNEART AR RuIses 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€HEEEGIEISFEFOMRYSIHEECBING 1% RrdeRr IS WiLeNdPa KeRfihEaBP s Mkes. 25 The
invention furtheadelaigste iaforoatidinyseditm faditisenibeamatoini desdpensaiduggoydingsmedium
comprisi%‘; an in{orm g%PaIaS\Xerehavi 8 S%Q%se which d’g » Beversit?mg((:ﬁpuqsneggable betweenng Vgerystal phase

and an amorpw&fspﬁ Sase, an cr(])%%Bri Ing an area contai ir?gccr)gco INg pe%\n e 8cr)g_lmg
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
15 having a phase which is reversibly changeable between a crystal phase and an amorphous
phase, and said 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,
by irradiating the information layer by a pulsed radiation beam, the recorded marks being
erasable by irradiating the information layer with a radiation beam having an erase power level
20  (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.
25 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.
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30 13 February 2007 2 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 5 previously
written marks between the marks being written are erased by applying an eraselpboRsvae&qé) in
between the sequences. The known sequence has a gooling power level (c) immediately before a first
write pulse of the sequence, the cooling power level (c) being lower than the erase power level (e). The
cooling power level (c) may be any power level lower than the erase power level ‘Ferf, including a radiation
source off level. The powef\EFEIB AR08 SRy Gt B AR i) R Pl AR 1RVBI T The range
between the duagtediatey peteat te)ana2ther cnokiivpiwe bieystdondoihvericoplilgs pouvee level (c) is
immediately before the first write pulse of the sequence, a stable recorded mark can be formed, resulting
in a mark having a low jitter. The jitter is the standard deviation of the time differences between level
transition$ in Rrefigiitsavrisien BigabaEendhesnpsikpemiting tiansneciesed Byciely isigjaaErese time

difterence 15 pjng RoETefiFaskikinerducalonal one pRiArkal eld sladcobNAgamR et is suitable

for direct-overwrite on a record carrier, i.e., by writing information tg be recorded in the information layer

of the record dZYREFARY Betere Al ViR 8 Wse oG SFOHISE ol S rRMBL PG IRYA! 1P HRE S IMFation layer.
A method of redualig:the jiterincpbiaek-Thargsitgrsvol keed(d) cayibesiy Rvdidelesamhit then JPA
08287465. In this method, the es of write pulses in se s of _pulses are shifted in time. The
extont of thes DR e e S DRI ST SRTE b R AR MLEEMETS device. 1
general, 1fe tithevsnietaudses viedy kmaall eveidevehiethoviana betiviealitie efaaewarepleisd (95mdithe drawback

of the method B My LERED |'ek§|§_c§.1£s§ﬁ@c%lﬁh§196\ﬁ§rﬁ'&kh€é% ipmedisianbedawiitterdnihe read signal

obtained from reading marks written by using the method, especially when the marks are written at high
recording speBdse Hﬁ%&%ﬁ?&ﬁ%ﬁc@%@b ECREIRIABK ARG T8RRI fR8H Y9830 465 that it
requires complexramniet ggan siesteldattiorpeationubiie canihe tionenshitistwetin favldlaiensiaocsinaey. 30 Itis an
object of the iGYgEi‘{?Eié’d“ régdpsrigxgqgn% e E%Pr%s%grﬁg%%rgrgﬁgi |o%£l<|ﬁ g fcicr)]& signal, the time difference
15  being normalized by the duration of one period of said clock.
The known method is suitable for direct-overwrite on a record carrier, i.e., by
writing information to be recorded in the information layer of the record carrier and at the
same time erasing information previously written in the information layer.
A method of reducing the jitter in phase-change types of record carriers is
20  disclosed in the JPA 08287465. In this method, the edges of write pulses in sequences of
pulses are shifted in time. The extent of these time shifts is dependent on properties of the
record carrier and of the recording device. In general, the time shifts are very small as

compared with the duration of a write pulse.

25 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
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.

30

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

and expensive electronics.



kind described in the opening paragraph, having a reduced jitter without the need for complex and
expensive electronics. 13 February 2007 3 This object is achieved when the method described in the
preamble is characterized in that the cooling pulse has a first cooling power levé [8P#¥ 2872, a second
cooling power level (c2) when n=3, and a third coolinggpower level (c3) when n>_4. 5 Instead of using a

single cooling power level ﬂ‘f)iJ@bﬁﬂt’?@%ﬂfﬁe_%@ﬁlﬁ@&ﬂf@ﬁﬂth&ﬂ%é‘s‘éﬂB@g iHQM\éedré%HﬁJIéﬁsmade depgndent on
the length of the marks to be recorded. This results in a %l}%nlﬂcant reduction of the jitter, especially of the

shorter marksCHaaCHZ e APKEaHEGFRP U AYES BEATUHEOPHNI AMEHIRYR] %) yolkR Prav@isif Y dequence of
write pulses regoliigspessr teraplex wird tess #xpeniiy eciarinovies kaneewesiited for introducing very
small shifts in time of the edges of the write pulses. Moreover, electronics for providing different power
levels (such as, for example, the erase power level and the cooling power level) are already available in
recordingddevices, and gerestally afnlyizgrasaglermodifitaponenisud (opfregllinetkotol® mmoldadenting the

method accorging Qe BIVE EA s ST RIPQR G SO RAGHENS thY %?Q&@ﬁ@?é‘d@lﬂ%&% Rdvantages

when used in combination with a record carrier where a layer comprising an Al-alloy is replaced by a
layer comprisitRy!SilBAIENHficRt e YslieR o o Bisr 'fﬁ?péﬁ'éh/*p%,t"& RApEEEBIRIKFidiPg PHBa81©2. 20 These
kinds of recordgaigiensryta knpninasrbsorption 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 dielectric layer, an information layer
having alfhase which is reMediginechpngedbielbetmeegueacaof statqphdses saydisas kReseqphges phase (i.e., a

phase-change, layeq) 'eaaa?aelgmee&b%ﬁttﬂmagérgaﬁl?&&rﬂ&r'm&d&ﬁ?&geﬂaﬂ Soriraliddererd carriers,

the layer comprising an Al-alloy is' replaced by, successively, a layer comprising ZnS:Si02 and a layer
comprising Si&SH&oY JraMaite nBlsata oreR\s Bl ARRSHCH fahBravEd S K EEBRERIY 66 V8l HSUetidh and a

recording medgk@hphetkingeé fhsarrilenakdine elerAnEsardaaven s darsdpedaapxaresults in a
significant reducti8n of the jitter of the mark?, e?ﬁzeciallx v¥hen the mm’lés are .vvr't%en at high recording 30
speeds. recording devices, and generally only a minor modification would be required for

15 implementing the method according to the invention.

The method according to the invention especially has advantages when used in
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,.

20  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
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

25  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
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

30  speeds.

An embodiment of the method according to the invention is characterized in
that the first cooling power level (c;), the second cooling power level (c;), and the third
cooling power level (c3) are dependent on properties of the radiation source and the recording

medium.



An embodiment of the method according to the invention is characterized in that the first cooling power
level (ci), the second cooling power level (c2), and the third cooling power level (c3) are dependent on
properties of the radiation source and the recording medium. 13 February 200713FFRe@yAR power
levels (ci, c2 and c3) can each be assigned a fixed chgsen value. Alternatively, the cooling power levels

(ci, c2 and c3) can be assigﬂggomlgﬁ%wgpq@\,é]ge@gqq Lfd BIPRArtas ob thsidndividualiresss) carrier on
0

which marks are to be recorded and on properties of the radiation source., The values of the cooling
power levels (1462 Al a8 el blSCoalipdrBe el AU dtial? 300 ) GaM %% 3551959 YRIHSAWIRIEA, for example,
by a test proceehsral svhampsacgieibe sndfvyidisbscoriditaachopeghiehoaiiavrgaifecenided lareisofor the

cooling powerptjgg\)@?lt%s(%if{ﬁ ?a'aijat%”r?’s@ﬂ?c& %rﬁs%mgegﬁgg@gﬁama@gif?,vgcg‘z% EHG ggad back and

analyzed. Other test procedures can be used alternatively the optimal'value tor'the cooling
power levels (¢ie¢onatiadyibireesoindingieocan MditiRIImneecorE Xt Ry test Aroasststded on that

record carrieryjRelbisgasReie Makde Gam PRAYGRIYERL IR RHRRACARs Far Ry DB IhaRAEINg device.

By assigning the cooling power levels (ci, c2 and ¢3) optimal values which depends on properties of the
individual recdfYeE et I IcA PRI Fer o iR SIS BRI PE IEL SRR KAithtion source, a
fast transition nalyztoe @efitgt povvedUrgehiooeitied terddilont Fiatinghp wisinpowetuddueter the power

level of the first write pulse, in quence is obtained,. This results.i ll-defined marks, having a
reduced jiter o e s o AL e g A S e e B e i
the preadtble, recdagre dfdhaysecofitbarnetioliacesrdheyabierraneshtesHy 2ad fiymobiemacdchieved when
the recording dewige,desetirgrdntorereamble is characterized in that the recording device comprises

means for determining a first value for the cqoling power level (ci) when n=2, a second value for the
cooling power level (c2) wiRRTHI NG ARE SAAPPRAVE 6Vl oI FoRT AR WHEh n?4. 25 Itis a
further object gdphreisrventpertiespiovisiadividoar ciog dradisnoiienkintdks are to be recorded and

on properties of the radiation source, a fast transition from the cooling power level to either the
15  front heating pulse power level or the power level of the first write pulse in a sequence is

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

It is a further object of the invention to provide a recording device of the kind
described in the preamble, adapted for use of the method according to the invention.
20
This object is achieved when the recording device described in the preamble is
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 (cz) when n=3,
and a third value for the cooling power level (c3) when n>4.
25
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.

30 This object is achieved when the recording medium described in the preamble
is characterized in that said area containing recording parameters comprises values for said
first value for the cooling power level (c;), second value for the cooling power level (c;) and

third value for the cooling power level (cs3).



described in the preamble, adapted for use in the method and the recording device according to the
invention. 30 This object is achieved when the recording medium described in the preamble is
characterized in that said area containing recording parameters comprises valués e 2091 value for
the cooling power level (ci), second value for the cooligg power level (c2) and third value for the cooling
power level (c3). 13 February 2007 5 Using the method and the recording device according to the
invention, the cooling power levels can be assigned values which depends on&g&erties of the individual

record carrier on which marRU'&B& 8 AL 2y deu s 08 HRLRASEdbitE S IRy &he 5
correspondingdolhe potirithvalsresroid asaiyied atdus canbadiepribieorepask ey frtectolididgato the

invention in arﬂe%‘&?aa%%ﬂ‘i‘et?gﬁi (GCRIG R AT el eev\éﬁ}éjsei%{c,[%g Po%ﬁﬂ@%%ﬁl)&err‘ﬁ%\‘?elgom the record

carrier according to the invention by, for example, an embodiment of the “methdd and an embodiment of
the recording eR4BRORGHEI P 6 ctived il e fRth CarDieT laEsseRfide d Biethe Ipeerd Crsten AssosMIaH@vantages of

the invention yil RGeRRAAFEH dreedhai NG VerEdiMPp & AREHS Y aheRSrIRIA b eMRedmeaRts of the

invention, as illustrated in the accompanying drawings, where Figures 1 to 3 show diagrams comprising
the time-depefaBHA. EFYHAL I G9S URY Y %r%‘éeﬂgﬂai% S anel g YBReBMEY ﬂ%‘ﬁower levels of
the radiation beethoddndragerebédihens fitkkagraitiaf deliiss aedditiggodayieeeationrding to the invention,
and Figure 5 shows a diagram of a second recording device according to the invention. 20 Figure 1
shows diagrams comprising two signals, a digital data signal 10 and a control signal 20. Figure la gives
the valud®f the digital datal Bégeand otkes abjaeistitpatefesiang, adventegescobthbiénvegtian mibreeenting

information to e AerOfidarnE e I¥RRHGNRIE KRRIIDER dEEfRs bRESIBGNMEAER HarkisigRd e data clock
belonging to the data signal. The period of the data clock, also called the channel bit period, is indicated

by T. When retlgsHAef tRida 268ePanying dsawges JeKEY 11 is recorded as a mark having a length
corresponding to the duratigure$ the higbhatisipdrslcangtisitguh@enedidizigeireartiedagssiynalnwritten
area, a Spacear?chVgce)rEf‘Qsponding control signal controlling the power levels of the radiation beam,
15 Figure 4 shows a diagram of a first recording device according to the invention,
and
Figure 5 shows a diagram of a second recording device according to the

invention.

20 Figure 1 shows diagrams comprising two signals, a digital data signal 10 and a
control signal 20. 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 period, is indicated by T. When recording this data

25  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 speed. The length of a mark is therefore often expressed by the number of

30 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 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
speed. The length of a mark is therefore often expressed by the number of 30 dagreRseYéfdds when
the corresponding data signal is 'high' (e.g., 6T for a ngark with a corresponding data signal being 'high’

for 6 data clock periods, aﬁ%@&faﬂ‘&fs@vm?éﬂf iW_EH @ppfé@rf@m%iﬂgr%ﬁp?igﬂ@ah‘#ﬁ&ﬁhﬁﬁbh fl‘él{_/& data (_3|OCk
periods). 13 February 2007 6 The data is written in an optical record carrier comprising an information

 1Th 0
layer having S8R MUCRL S RYBRIPL SNSRI BERNRSE R S¥rid ii35R 4e PaMdrphous phase
(i.e., a phase-phaadgieclay ehpsd-foramprky g prasemntrkg rtipesskaitin g thevddtiemealong raaluagkaittack éninformation
layer by irradiat] informati ' iati rks s of the
information Ia%ﬁﬁgl\?/ﬁ%ﬂg%n a@ﬂﬁé@t@ﬁﬁé@eﬁmﬁ:&%@qﬁgFﬁ%};ﬁﬁ{%@e%@@F;éubr%ﬁ]lgfs%,%vhich makes

optical re&dingnakewearaaaidirossmneat iy lael hamrmepicebenprciegnbie Pahiohrie SRR idthe data

signal. The condsal SHnAiREs ISVHRACHTRL ABHIRe A oVUSs RhadPdiaiim beam with which the marks
are being written in the information layer, where it is assumed that the power level of the 10 radiation

beam is proportional to the 18V 1 ShRNSShEPsi Sl GRErsRanaing tabesddjaaleeak Bigulses for
successively wittng sighal Qtairkuseddod Addolatikg Eragivae ookncel iafipulsamstariswich theoakiag pulse 27

having a cooling power level (¢c) 1.7.The power level in between t ences is at rase power level
@16 The. po B b e g B R iR A T BR E Bming a wite 15
power lelR| 14adiatenthearn ilipignsstianeldo e dgvelofthe dartrobsignpluise of a sequence 23 is directly

followed by a rear heating piglse 24-RaXE8 SERIRSRAHIP NV ESISXRELNER, ARMTHS cfirstantite pulse of a
sequence 22 is directly preceded by a front heating pulse 25 having a front heating power level (f) 13.

g puls . |
When recordifff 3T Mtk RS SIEmGRePhRitsss seEs 'R 2 gapliRa PuliPLingY d At YINE@ ¥ being the
first write pulsival ifap ISeque poweane thenlbsiweiehae2squasesnstheasecise poreatithel $9§me. thime. Figure 2

shows a first cayiol Sianaly 3, eoresnonding o it dera signgl a0, o seden qanirgl sional 33
correspondlnd) 0 a second data signal 32.'Figure 2a’shows'a” data sigha comprrsing successively a
2T markland adTnkevid fd e abecetingipgpuver Jyel (c) 17. The last write pulse of a sequence 23 is

directly followed by a rear heating pulse 24 having a rear heating power level (r) 15, and the
first write pulse of a sequence 22 is directly preceded by a front heating pulse 25 having a
front heating power level (f) 13. When recording a 2T mark, only a single write pulse 26 is
applied, said single write pulse 26 being the first write pulse in the sequence and the last write
20  pulse in the sequence at the same time.
Figure 2 shows a first control signal 31 corresponding to a first data signal 30
and a second control signal 33 corresponding to a second data signal 32. 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
25  pulses for recording a 2T mark has a first front heating power 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
30  heating power level (r1) 351, while the rear heating pulse 244 of the sequence of pulses for
recording a 4T mark has a second rear heating power level (r3) 352.
In the example shown in Figure 2, marks having a length longer than 4T will be

recorded, using a front heating pulse having a front heating power level which is equal to that



shows the corresponding control signal 31. The front heating pulse 252 of the sequence of 25 pulses for
recording a 2T mark has a first front heating power level (fl) 342, while the front heating pulse 253 of the
sequence of pulses for recording a 3T mark has a second front heating power 1é3&eFRE2200Zigure 2¢

shows a data signal 32 comprising again the 2T mark-now followed by a 4T mark to be recorded. Figure

2d shows the garesneBsia LR AFIORR Sing BheararbiiratinseMdlERAR A OB REsIR8 eI Pulses for
recording a 2T mark has a first rear 30 heating Eower level (rg_léa?;Sl, while the rear eati_rlkg ulse 244 of
)

the sequence ‘YHALISEIYRI G A HFRATY HeFTPR AAT DU RV IRRAKHL B ARSI IF8) 352, In the
example showheiarFigiraagksrhavks) hdstigo dolergthaongendh aledbtivitlyble remmoddedisirsj et front heating
pulse having i I ich i 13 F 07 1. recording a
4T mark and L B SRRt F e LIRS e or
recordinga 4 ek iRNGtmBSsisesapp eaririterdiroperer ekl eshant thrfepmttheatinthpryveidowed (8 .1alsgth longer

than 4T may afietnativg boRRrReerds s urinadiaghlisating RoVBEIBHAISARE keRthRatBehARwer levels

which are optimized for each individual 5 mark length. Besides the rear heating power level (r) and the
front heating PORREIERAEFY), also the cooling power level (c) of the cooling pulse may be dependent on
the length of the marks to Ae g@bodilachtAntrembeahtioans sifdive invéniies.isige\ea shomigaat3. Figure 3a

shows a data _sj 40 comprising successi T and a 3T mark to be rec . Figure 3b
Shows 10 the B P T B S Ty B P e o
recordingG 2TheneaikaspendifigsiondolipignbdierTies/eoqinodniswiilé aidhesetivepeanseulss tithe sequence of

pulses for recs?eréﬂrmn% I MALI MES AARACRARINING RIVSEPXEMARL fR: i RISBOWSA frcording
device according to the invention for recording data on a disc-shaped optical record carrier 150.

Alternatively, B58485€6 1Y RUISER FMNBy BN el 1Bk ASSr S AKECRINRUGhISVEIIC2 Gmprising the
information to be recordedrAytresfetionet Rakndsiedonesiedity ochanirvtntivhGor Roouthentsaurce 61

within the control it 60, hae e, QUIBLIS: hePrGn RNCLE, QBT ARIVIAES Agjtegyinich, when fod
to a radiation Sodrce. 1 . rBugeh acon rorS|gnaI C, Witk restlt th'& radiation beam lgﬁhﬁavmg an erase
power |ébel ()rmikbatiare; dudpiats ®alCSdocamgrisipgdtideformalio tekeirdeeydedthetherfasmaobver level,
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
151, through a control signal Sc, will result in a radiation beam 152 having an erase power
level (3). Likewise, outputs B, C, D and E provide currents resulting in the write power level,
20  the rear heating power level (r), the front heating power level (f) and the cooling power level
(c), respectively. The current of each output A, B, C, D, and E can be selected by a switch unit
62. The switch unit 62 is operated by a pattern generator 63 controlled by the data signal Sp
and a clock signal Sk. The pattern generator 63 transforms the data signal Sp into sequences of
pulses having a cooling power level (c), a write power level, a front heating power level (f), a
25  rear heating power level (r), and an erase power level (e) in accordance with a desired pattern.
The clock signal Sk is obtained from a clock generator 158. When the recording device is used
for writing at a single speed, the clock generator 158 is preset at a fixed frequency. When
writing at a variable speed, the frequency of the clock generator 158 will vary with the actual
writing speed.
30 The control signal Sc, provided at the output of the control unit 60 and carrying
the sequences of write pulses, is connected to the radiation 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.



20 the rear heating power level (r), the front heating power level (f) and the cooling power level (c),
respectively. The current of each output A, B, C, D, and E can be selected by a switch unit 62. The
switch unit 62 is operated by a pattern generator 63 controlled by the data signal3STsPE#Y2e¥dck signal
SK. The pattern generator 63 transforms the data sigrgl SD into sequences of pulses having a cooling
power level (c), a write power level, a front heating power level (f), a 25 rear heating power level (r), and
an erase power level (e) in accordance with a desired pattern. The clock signal SK is gbtained from a
clock generator 158. When the reGAPHIRG SNEE LRI LMGARAREPHIROIMENR BRI clock generator
158 is preset adcarflivecbfraqliserstyapbilopticabridogl at aivat Bl lessgaeatlcthiefibg trencheafith@@leck generator
158 will vary with,t tyal writing. rol sign ' t u of the control
unit 60 and C;}%}{/&IIH ?%(g @éﬁ%ﬁ%ﬁsﬁﬁ?ﬁgﬁ SP§ Q@ﬂ éoﬁr%rﬁée%%géf?gq}géﬁégi%gﬁ §fltjﬁr)%ép il%i{ Ql'he control
signal ScSconedrsaiéepoliedattsienal dalforPhrestadls 2 beih éPaetimbipifedpirimingHosoneeas151. The
radiation beanfloghie fQ%H§ BYhe aRSsARI QDA TREIRR leh sPhOMIR B fbeatdar 150. The

disc-shaped record carrier 150 is rotated around its center by a motor 154. 13 February 2007 8 Figure 6
shows a recordfif§devio8 LEdsraiR g8 TRENA BRTIRAP TS raRBIRRHA D Y s Lingp &Y BstRUPYECord carrier
150, using valoés:donéhentrpoivberiial povise(frievtdlettrancbitee keet) v atng ponveslesssd (9revhich are
dependent on the length of the marks to 5 be recorded. The data signal SD.is connpecte aunit 70
comprising e B o S e B A B R I gt o
the markdto Iséngdeontiedt, rExdiingdentstig heolsergeyelfod theaidd igtibe heatarbeld, aitipridpEade current settings

for the 0UtpUt%u%&%W%FMWEH?M&%%QrQ&%H&Wr‘i‘&ﬂé‘ﬂéb F levad qfitRe-ahuisnt source 61 are
selected and transferred to the current source 61 through signal 71. In this waa}/, instead of a 10 single

current, resultigTh HeS1ALR P AGHERRT BpHHEIRRaNdRBHOR M ESHRP b TR Be SERRATES May supply
different curresitsilaesahimguincaifier esidionsttiayeie odltis fadiationlingaowehieveiue of the currents being
e orne st o B B B B R B e,
the front145 heeating povee tdealdf)Andrie tieer iecating aawegr pewekl ey ghmhagernerbd eependent 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,

20  may be read directly from an area containing recording parameters on the record carrier. A

similar technique can be used for setting the values for the cooling power levels.



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 supplied3beEuamaid7by a test
procedure determining the optimal settings or, alternatjvely, 20 may be read directly from an area
containing recording parameters on the record carrier. A similar technique can be used for setting the
values for the cooling power levels. 13 February 2007 9 CLAIMS: 1. A method of recording marks
representing data in 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 informatioﬁ'-tﬁ%rs\'/vith a pulsed radiation beam, each mark having a length of nT, where T represents
the 5 length of one period of a reference clock in a data signal and n represents a predetermined natural
number larger than 1, the marks being written by a sequence of pulses comprising (n- 1) write pulses, the
written marks heing erasaevayhistadiasiogthg rinieematiesanaye dyvitiha reaciaiigneaiim, Raling an erase
power level (e), a first write pulse of a sequepce of pulses, being preceded By a cooling pulse having a
Cooiing power TSORH ) TCE BRSPS e i R o peing
generated by eheadéatiterbsiveare; otyatal pieasgedd ian oo eoinsg, pylsetiaing firsirfoutiaiopower level (ci)
when n=2, a SepanihFAHNGLBRUETIIRRAIG L RaRTRiAGY R FAPIRAROYRIRYS(GR when n24. 2.

A method as claimed in claim 1, characterized in that the first cooling power 15 level (ci), the second

cooling pAwer 898 FEOTE RRHA & thideCeRRIos ket Jaifetiona) 3k HRsessas R RSAIRISPURERs of the
radiation sourgguaarchtiebee taedingamedivi sk heneihadtas Bjaikegdetite i pukesbanatidizad in that the

T T R e BTGRP
medium, said nesigidirgandthiving corepssnyvaniéntb(epatitrst swee halsmef a slaaseevfiohlsss reversibly

changeable bgiyy %?e@eﬁ%‘d%?'a%%ﬁﬁgﬂﬂﬁs@ﬂa@m&%\o&%ﬁdjﬁ&w& B0 &5 HIMATKS AmhAYin@dengths of nT,
where T represents the length of one period of a'reference clock in a data
10  erase power level (e), said radiation beam being generated by a radiation source, characterized

in that the cooling pulse has a first cooling power level (c1) when n=2, a second cooling power

level (c;) when n=3, and a third cooling power level (c3) when n>4.

2. A method as claimed in claim 1, characterized in that the first cooling power
15 level (c1), the second cooling power level (c,), and the third cooling power level (c3) are

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

3. A method as claimed in claim 2, characterized in that the first cooling power
level (c;) is substantially equal to the second cooling power level (c,) and the third cooling

20  power level (c3).

4. 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, and said 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, by irradiating the
information layer by a pulsed radiation beam, the recorded marks being erasable by irradiating
the information layer with a radiation beam having an erase power level (e), the device

comprising a radiation source providing the radiation beam and a control unit for controlling



signal and n represents a predetermined natural number larger than 1, by irradiating the information layer
by a pulsed radiation beam, the recorded marks being erasable by irradiating the information layer with a
radiation beam having an erase power level (e), the device comprising a radiatibh sbiae gRViding the
radiation beam and a control unit for controlling 13 Fefgruary 2007 10 the power of the radiation beam,

the control U“th@ﬁmpmt%ﬁlﬁ%ﬁ’@}ﬂﬂ'@l%%&ﬁﬂiﬂ@ﬁﬁ%é?ﬁg"&ﬁé?aﬁ%%?JRIVYMFH{;PQs@q'ﬁ‘e%Ué gnd controlling
the power of the radiation beam such that it has a coollng ower leve %‘ﬁ%},lWhICh is lower than the erase

power level (e} eRYs oL WHLRARant A0d eantralling dprR éﬁf%ﬂfg‘@%r QRREATEE R thatheSrecording
device comprlsesommmvmné/de(tf)mhmimg mﬁmtthaiuaefmasbgmlingep@Nmml&daig(al)uwhﬁntm 2,a

second Va'“eéﬁﬂl\ - 51 & eenleneb oY ol Jgs"%hé?éétw Bﬂtﬁaﬁﬁéjr@&}? «'a'x}‘F %‘;?Hbgc?%ré‘} qyyer level (c3)

when n> 4 eV|c as c¢laimed in calm arac erlz ue 10 for the

cooling p&werdrse@Nifting %Uémkwalﬁé fog ¢hel l@@cﬂwfpléwﬁé(qmmwﬂfarﬂjsﬂﬁmwé fepithtie cooling
power level (cg)ofifR felminad dpraadeas, %ﬂ&&%%%ﬁj@?&hﬁ]é%@?ﬁgbmm&eﬁﬁg tggiecording
a

medium. 6. A recording device as claimed in claim 5, characterized in that the first va ue 15 for the
cooling powen“l%‘*/el (cl) is substantially equal to the second value for the cooling power level (c2) and the
third value for the cooling power level (c3). 7. A recording medlum for use in a recording device as

claimed in clajm 5, said regordin ium co ris n ation la ving . se which is
reversibly 20 ¢changeable b%fﬁ?@é&ne? F}Yé‘fgfaf) g‘t % %ﬁ' (%Hgﬁtgrb%g %a%&%ﬁ{ﬁ |salW§ an area
containirid redordmgparegpeiees |oieb(agioemnd inltieafios #id craingonvegniagetécdeaichthipiaraneeters
comprises valg SRl S WS YAILRFL R CRAIARAYEIBKR! (HSBEARE oS (R bIPGBRING Power

level (c2) and third value Tor the cooli g power level (c3).
and the recording medium.

6. A recording device as claimed in claim 5, characterized in that the first value
15  for the cooling power level (c,) is substantially equal to the second value for the cooling power

level (c;) and the third value for the cooling power level (c3).

7. A recording medium for use in a recording device as claimed in claim 5, said
recording medium comprising an information layer having a phase which is reversibly

20  changeable between a crystal phase and an amorphous phase, and comprising an area
containing recording parameters, characterized in that said area containing recording
parameters comprises values for said first value for the cooling power level (c;), second value

for the cooling power level (c;) and third value for the cooling power level (cs).
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