25/09/2003 1 Method and device for recording marks in an information layer of an optical record
carrier. The invention relates to a method of recording marks representing data in an gé%r%%tbgn layer
of a record carrier by irradiating the information layer by means of a pulsed radiation beam ‘, each
mark being written by a sequence of pulses, the radiation beam having a first power level between the
pulses, a second power level after the last pulse of the sequence 5 during a cooling period, and,
subsequently, a third power level capable of erasing previously recorded marks. The invention also
relates to an optical recording device for recording data in the form of marks on an information layer of
a record dsietbodyridddiatin ipthedoddinmg aviads [ayar mformeatiendhgeradiatioptmdnectiné cheniae
comprising a radiation source providing the 10 radiation beam and a control unit operative for

providing a sequence of pises R IiNG,3, MarkRRFLIPKcoRtAliAg e ARueraf g pdigfion beam

in such a way that the radiation beam has a first power level between the pulses, a second power
level afteriteraatipigscsofhieresend enatedbyitgediebod ibcpafivmasion, layerdagmeatly o amnspbwer

level capalle A Grasing, PIEYIQURMLEEOWRAMBKS s &E%%Vggﬂ&@&@%ﬂﬁgﬂjﬁéﬂﬁ?lﬁ%ﬂgfg‘ed in

the preamble are known from international paterit application 97/30440 (publication date 21

August 1993 pawisatrvel eticeensheapsbgaensecotdwite gused after the lepenidss Bl WittteduRIkS
betwgen g Maks ARIPPMHE AR R AR K P BIHEP AL B EQ&SH%‘{%%HQ%\'&%BJQ?

sequences. The 20 known sequence has a first power level, or bias level, betweenthe pulseS and a
return to tFREOfidse poATks- level after the last pulse of the sequence before rising to an erase power level.
International patent application WO 98/36411 (publication date 20 August 1998) discloses an

improved method whiclThasthgdeatiie hatthesanupnag rlcvidia Puses hrsa dighpaweritevel, or
bias level, between thelt%gjlses and.a second power level, or cooling 25 level, after the last pulse of the

sequence!BefFE LAY e B AL HRATEP IBVET 9ha Wsooh apBdmdvatabng it AfHgai8ween the
first powerdpsebpinkihe Sraseinewebiere the change ohiiiafiish aidhiasn Rouet inveidmihgknown

methads affects both the leading-edge jitter and the trailing-edge jitter. The jitter is the standard
devib®on W&lon beam and a control unit operative for providing asequence of pulses for writing a
mark and for controlling the power of the radiation beam in such a way that the radiation beam
has a first power level between the pulses, a second power level after the last pulse of the
sequence during a cooling period, and, subsequently, a third power level capable of erasing
previously recorded marks.
15
A recording method and device as defined in the preamble are known from
international patent application WO 97/30440 (publication date 21 August 1997). 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 in between the sequences. The
20  known sequence has a first power level, or bias level, between the pulses and a return to the
first power level after the last pulse of the sequence before rising to an erase power level.
International patent application WO 98/36411 (publication date 20 August
1998) discloses an improved method which has the feature that the sequence of write pulses
has a first power level, or bias level, between the pulses and a second power level, or cooling
25  level, after the last pulse of the sequence before rising to the erase power level, the second
power level being in a range between the first power level and the erase power level.
A change of the first, or bias, power level in the known methods affects both
the leading-edge jitter and the trailing-edge jitter. The jitter is the standard deviation of the
time differences between level transitions in the digitized read signal and the corresponding

30 transitions in a clock signal, the time differences being normalized by the duration of one



time differences between level transitions in the digitized read signal and the corresponding 30
transitions in a clock signal, the time differences being normalized by the duration of ogge/&@é%%/?zom 2
period of said clock. The method described in WO 98/36411 introduces an additional e

freedom by making the power level during the cooling period, i.e. the period following the last pulse in
a sequence and preceding the rising to the erase po®ver level, independent of the 5 bias power level,
thus allowing the trailing-edge jitter to be influenced almost independently of the leading-edge jitter.
The knowperieihdaiare sikitatie iwtieiteaévdBeaniewo a88ead Gafifidiudes aRyddfiibrgligiereation to

be recorded in the information layer of the record carrier and at the same time erasing information
previouslfgﬁl'ﬁ TR YRR R Gl PR E RSO kP E 40 bt 1BF BRERRDIB v ine the

direct-overwtipingoin ardffiervadind jayednade ofsthphase: ehargwaatevidl. itdsparidisadyaitage of
the knowrb{methods hat t?}% do not allglw a suﬁiciagt .r.eductign,of the jitter in the read signal obtained

from PeadMBSRANE {GHe MBS Mg e SR JRe disddods adu awm%%* F8Nritten at

high recorslinige3patiedg-digs frabject of the invention to provide a method of recording marks of the
kind described in the openi aragraph, havin educed jitter. 20 This object is achieved when the
ethod defined in e BRI ST BRI AeR K T B QUG T U PeRBE S b Hower
level is follamead: yfatnaash anecintesrdediatehparforterendaddnohdkthe dndermecliatel power level is

higher than th d. power level and lawer than the third level, The meth ding to th
iwortion LIRS A LKL TR LA R OO 28Ut R G BB bEvL b S Shcond.

or caolingupewer teuelpeadbefaie-thetiiitnOoermsefaawebiegkrthisladtiiphal-ohinigrmediate,
power level, be.ir‘ig in a range between the cooling power level and the erase power level, results in
the jitter of e Harks being smaller than the jitter of the marks recorded by means of the known
methods. 30 A preferred embodiment of the method according to the invention is characterized in that

there are at least two Ir}tt(allénge IIS%EE/ nqt\é\{geer(!ﬂ/heelﬁ&n%r\}\gnlpng[ﬁg({? ﬁlgl‘t\lt-fl%grtgo not allow a sufficient
reduction of the jitter in the read signal obtained from reading marks written by using the

15  known methods, especially when the marks are written at high recording speeds.

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.

20 This object is achieved when the method defined in the preamble is
characterized in that during the cooling period the second power level is followed by at least
one intermediate power level and in that the intermediate power level is higher than the second
power level and lower than the third power level.

The method according to the invention introduces at least one additional power

25  level during the cooling period after the second, or cooling, power level and before the third,
or erase, power level. This additional, or intermediate, power level, being in a range between
the cooling power level and the erase power level, results in the jitter of the marks being

smaller than the jitter of the marks recorded by means of the known methods.

30 A preferred embodiment of the method according to the invention is
characterized in that there are at least two intermediate power levels, and in that the (N+1)th
intermediate power level is higher than or equal to its directly preceding Nth intermediate

power level.



intermediate power level is higher than or equal to its directly preceding Nth intermediate power level.
25/09/2003 3 In this embodiment, a gradual transition from the cooling power level to % If %power
level is obtained by introducing a sequence of increasing intermediate power levels, resﬁ) (rl%o%?
especially the trailing-edge jitter being smaller than the trailing-edge jitter 5 of the marks recorded by
means of the known methods. 10 15 An embodimen3s of the method according to the invention is
characterized in that at least one intermediate power level is a function of time, and that the

intermediate power level {isenibydausht, BgradsingrAsiMen shomeeg@siial pansitiovcfrenththe cooling
power level to the erase power level is obtained by applying ap. intermediate power level which
continuou‘é‘@sﬁmBPéf%f‘QEV%lésaoﬁfﬁEt? SARHRIUFIIE SHEHERR H’E“H&aélﬂﬁq‘r?ﬁ%??’&\#&ﬁt%ﬁ’%% relation

between pevedy, dexeliagehtixschityalse wiherdudsionesbsih@smialee Xenpie, tRaragotigsiigtions can
be applied, Anem odimegté; the meth%a?g cordin&}%) thd%invention is characterized in that the
secord chi\L/g}elé’\lf"ér TEetarto a8t 8 Q¥R WHBRA%he second, or cooling, power level is equal

to the first, or bias, power level, a good cooling of the information layer of the record carrier after
irradiating the 20 information Jayer by a uence of pulses is obtained. When the cooling, power level
o the. ange betweert hERBNLR VST P hALEPALE B BV SIS T RBOI Boor tovel
higher thaghdhst hias powerdevetiihepesadingwilide fassitinss opiinah @ blecatisenetithis pdieermarks
recorded in this Waé will have an enlarged area and an enlarged jitter compared to the marks
recorded With a>co: Eﬂﬁub el ich is equal to the bias power level. 25 An embodiment of the

method according to thainvestionis gladmattesizedoin fitat tHwereokngriywael intdnmadiziaseower level

having a constant vaue and thet the value of, e liermediate powerlewel s wiin g fangs fom 03

as a function of time. This function might be a function with a linear relation between power
level and time, but also other functions such as, for example, parabolic functions can be
applied.
15
An embodiment of the method according to the invention is characterized in
that the second power level is equal to the first power level.
When the second, or cooling, power level is equal to the first, or bias, power
level, a good cooling of the information layer of the record carrier after irradiating the
20  information layer by a sequence of pulses is obtained. When the cooling power level is in the
range between the bias power level and the erase power level, i.e. the cooling power level is
higher than the bias power level, the cooling will be less than optimal and, because of this, the
marks recorded in this way will have an enlarged area and an enlarged jitter compared to the

marks recorded with a cooling power level which is equal to the bias power level.

25
An embodiment of the method according to the invention is characterized in
that there is only one intermediate power level having a constant value, and that the value of
the intermediate power level is within a range from 0.3 to 0.6 times the value of the third
power level.
30 When the intermediate power level is within a range from 0.3 to 0.6 times the

third, or erase, power level, both the leading-edge jitter and the trailing-edge jitter are found to

be minimal when applying one intermediate power level.



power level. 30 When the intermediate power level is within a range from 0.3 to 0.6 times the third, or
erase, power level, both the leading-edge jitter and the trailing-edge jitter are found tozgﬁ)%%i@al
when applying one intermediate power level. 25/09/2003 4 A further embodiment of the" metho
according to the invention is characterized in that there are only two intermediate power levels, the
first intermediate power level having a first constant4/alue and the second intermediate power level
having a second constant value, 5 and that the first constant value is within a range from 0.3 to 0.5

times the value of the thireh@vemisydihangd snensesemnd Consialih y abuadSivithii @ ikdgeatien8d6 to 0.9
times the value of the third power level. By applying two intermediate power levels, a further reduction
of partiou B HHEHA AT RAde RIS Gl R S BN HEN HETHSH e PREER AR5 P OREP el is in

the 10 rangidrosndladtodud tindasdhecthidinesraiatiaciomes lievel andiibha secoadsitanmedinie power
level is in the range from 0.6 to 0.9 times the erase power level. An_embodjment of the method
accoriingafbstﬂ]élti?ﬁ%ﬁfi%r‘f‘?g%ﬁ%trgﬁt'é?i?e‘alfﬁnlﬁm %?@?r%e%oﬁ%ﬁspg{ﬁ%ﬁ %Pf&‘?ﬁéiﬁ&%fﬁ&g during a
fixed perig@vibelehwdianted vdatahiisodhaitdepaniianttbintheavpitingsoEedo BY miaiek aiainglacfoed

duration o thﬁ}in ermediate fﬂower level, which duration is independent of the writing speed, a further
reduction OftHe fitM§ obY&ed when recording marks at variable writing speeds. Variable writing

speeds arise, for examplg aphlgihpeoas diidgmivaidks povadiscet)afactiecaidhcasiarMmedaivigaatya
constant ular.velocity (CAV). 20 It is known from WO 98/364.11 that the cooling period is preferably
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the method according to the invention, the duration of the intermediate power level is fixed and is
terefore independent o f1e wiiha speef e s, SYRP RS SoRInE PTioS e ap oce

that the intermediate power level is maintained during a fixed period, the duration of which is

15  independent of the writing speed.

By maintaining a fixed duration of the intermediate power level, which duration
is independent of the writing speed, a further reduction of the jitter is obtained when recording
marks at variable writing speeds. Variable writing speeds arise, for example, when recording
marks on a disc-shaped record carrier rotating at a constant angular velocity (CAV).

20 It is known from WO 98/36411 that the cooling period is preferably made
dependent on the writing speed. If the cooling period is too short, the erasure starts too soon
and will erase too much of the mark just written. If the cooling period is too long the erasure
starts too late and previously written marks immediately following the mark just written will
not be erased. There is an optimum duration of the cooling period when writing at a certain

25  speed. In this embodiment of the method according to the invention, the duration of the
intermediate power level is fixed and is therefore independent of the writing speed, while the
duration of the cooling period can be made dependent on the writing speed by adapting the
duration of the cooling power level. By applying a fixed duration of the intermediate power

level while optimizing the duration of the cooling period, a reduction of the jitter is obtained

30  while maintaining a correct erasure.

A further embodiment of the method according to the invention is characterized
in that the intermediate power level is maintained during a fixed period, the duration of which

is dependent on properties of the record carrier.



duration of the cooling power level. By applying a fixed duration of the intermediate power level while
optimizing the duration of the cooling period, a reduction of the jitter is obtained 30 W %9 Z%?lnlng a
correct erasure. A further embodiment of the method according to the invention is char er|

that the intermediate power level is maintained during a fixed period, the duration of which is
dependent on properties of the record carrier. 25/09/2003 5 The optimal duration of the intermediate
power level, which duration is independent of the writing speed, is dependent on properties of the

record carrier. An optimﬂiewgﬁ@ncﬁmmﬁd betHetarenneddereact recardvaakiguriien smbodiment of
the method ccor |ng o0 the invention i ra rlzed in that, for recording amark ith a period of N
channel bi Eth‘}Srﬂﬁg’e%sSR?? e! écﬁ’ﬁ %@8%’&]?&’&%&85@%"2’0}5\ T AR gnal

with a perma@fi)w Sganhet kissermihare theparind ot daese channel bit corresponds to one period of
the data clock of the data signal, is generally recorded by applying a sequence of (N-1) pulses. The
method according to the invention introduces an asymmetry in the retrieved signal because of the
additional intermediate Javehalodhacandfahtheanotingdqediad.td s aﬁmmmatrmambeﬁeé@md by

recording a mark in th data si nal ith a chh nnel bits b aseq nce of (N-2)
uises. THEShAEA LEGRI 26 iy b L R A V1L B AL hBT R Brgnal contars
marks witbeqdem@tbﬂ;ﬁn@mgcfﬁamlﬁ ghannel bit periods to 11 channel bit periods. It is a further object
of the invention to provide a tical recording device of the kind desgribed i ening, paragraph,
adapted for use of the glﬁggl ?g? Stg't W%?eré}ﬂ ﬂfﬁpﬁ aBB]%é‘ E}‘ﬁr gg ?ﬁjﬁ?e optical
recording dleviterdriibacintpopdeasmbie peihardairizad dotaitie danibnualitisdentreaioperative
for controllin té'ue Eower af the radlatlon m |n uch wa@/tg édurln .the c ollngz(gerlod the second
?f igw FH89
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level is higinexltihan thassecoedpoithe levedamicksigie bitansthes thiscgiivi@ralemetrmediate level at

the end of the cooling period. This asymmetry can be reduced by recording a mark in the data
signal with a period of N channel bits by applying a sequence of (N-2) pulses. The data signal
15 may be a so-called EFM or EFM-plus coded signal, which signal contains marks with a length

ranging from 3 channel bit periods to 11 channel bit periods.

It is a further object of the invention to provide an optical recording device of
the kind described in the opening paragraph, adapted for use of the method according to the

20  invention.

This object is achieved when the optical recording device defined in the
preamble is characterized in that the control unit is further operative for controlling the power
of the radiation beam in such a way that during the cooling period the second power level is

25  followed by at least one intermediate power level and in that the intermediate power level is

higher than the second power level and lower than the third power level.

The objects, features and advantages of the invention will be apparent from the
following, more particular description of embodiments of the invention, as illustrated in the
30  accompanying drawings, where
Figure 1 shows diagrams comprising the time dependence of the data signal and
of the control signal controlling the power levels of the radiation beam,
Figure 2 shows the result of a measurement of the jitter as a function of the

cooling power level,



The objects, features and advantages of the invention will be apparent from the following, more
particular description of embodiments of the invention, as illustrated in the 30 accom%%' 9(]0
drawings, where Figure 1 shows diagrams comprising the time dependence of the data’s g&a gnd of
the control signal controlling the power levels of the radiation beam, Figure 2 shows the result of a
measurement of the jitter as a function of the cooling power level, 25/09/2003 6 Figure 3 shows the
result of a measurement of the jitter as a function of the intermediate power level, Figure 4 shows
diagrams comprising thg;j gime dersndercesaittbedatasignabang thefiagantiolsignal eonteolling the
power levels of the radiation beam, at various writing speeds, and Figure 5 shows a diagram of a
recording WEHRSURERAKY {6'He invention. Figure 1 shows diagrams comprising two signals, a digital
data signal 10 and 10 gonirelssigoak2BagrehRiToaspusatt ithdhamtoatped Racorsling: t@atheiggaiian.
Figurg 1 a gives th valu? of the digital data signa 10f s a fynction of time, the value of the signal
representitiy SHRShES8RA P BEYe POV ViE A dBRH al‘ﬂ?é’sl’ﬁ‘ﬁf’i]ce?fevﬁré?\%?t%ﬂgrfﬁ PEFSCK signal

of a datagidck belonging to the data signal. The period of the data clock, also called the channel bit
period, is indicated by Ti. When recording this data signal, a “high' period.11 is recorded.as a 15 mark
having & length correspoRUTig RVIE AILHEHTSY 1He oA oI LA IOk BUROEVE2 € rocorded as
an u\nwrlitten_area, a space, between the marks a_nd having a length corresponding to the duration of
poriods of the dath cigrEiFias S G Bp e R A B AR A VTSI AR AR Bipressed
by the numbercditake elbekdiEyjedsid iwhes fimtm&mpﬂtid'gﬂg) deddrsignadis Fhygle (e.givésltheor a
ar it 21 RORAng i S P L o o gk o) T data rven
track in thinfofarmmatian beyec el rddiatienidaédmhdhBnwiikd @ite asaasiohdhe inflorkaipnlayar having
optical Chﬁg%: tc (r)ic ti%%l\(l)vrpgiﬁlhgatl{)ethe data signal. The period of the data clock, also called the channel bit
period, is indicated by T;. When recording this data signal, a ‘high’ period 11 is recorded as a
15  mark having a length corresponding to the duration of the ‘high’ period, 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 data clock periods
20  when the corresponding data signal is ‘high’ (e.g., 11T for a mark with a corresponding data
signal being ‘high’ for 11 data clock periods).
The data is written in an optical record carrier having an information layer. The
marks representing the data are written along a track in the information layer by a radiation
beam. The marks are areas of the information layer having optical characteristics which are
25  different from their surroundings, which makes optical reading of marks possible.
Figure 1b shows a control signal 20 corresponding to the data signal 10 in a
first embodiment of the invention and Figure 1¢ shows a control signal 25 corresponding to
the data signal 10 in a second embodiment of the invention. The control signal 20 or 25 is used
for modulating the power of a radiation beam with which the marks are being written on the
30 information layer, where it is assumed that the power level of the radiation beam is
proportional to the level of the control signal.
Figures 1b and 1c each show two sequences of write pulses for writing two
marks. A ‘high’ period of N channel bits in the data signal 10, also called NT mark, is

recorded in the embodiments of the recording method shown in Figure 1 using N-2 write



25 different from their surroundings, which makes optical reading of marks possible. Figure Ib shows a
control signal 20 corresponding to the data signal 10 in a first embodiment of the inveggiﬁ?/zg Figure
1 ¢ shows a control signal 25 corresponding to the data signal 10 in a second embodiffient ot the
invention. The control signal 20 or 25 is used for modulating the power of a radiation beam with which
the marks are being written on the 30 information layer, where it is assumed that the power level of the
radiation beam is proportional to the level of the control signal. Figures Ib and Ic each show two
sequencepuddey e plses Tahyylitingebyalcdaskss 4 whighppeeodias heebanniglditsipstisi dasasignal

10, also call ? NT mark, is recorded in the embqdiments of the recording method shown in Figure 1
using N-2§/\?ﬁ e FAVAR BltRulsey, thehasraht 18-l d RIS aRY ' Witd bulses). However, it is

also possible to use a ditepentcntiien eéntteppssshepakashilvingaNries peceidingiaroNJ anark.
The power in between the pulses, the pulses having a write power level 16, is at 5 a first power level,
also Salled BIALRISHREISeer S8 5 CBENY BERIS 92 SriBrtheaice Baré%ﬁ%z ﬂ@eggmﬁsﬁtc%%@m%efore
rising to atteikd uewes daudlc Risorbade ther dsedamnves lkevel, hisobellgburesd@velds st avatkecond
power level, also called.cooling power level. In the . embgdiments of the invention shown in Figure 1,
tho seconbt N NS IS LH B EHOMET FoorISErIe FEVESEPYSE ELtod Bomer level may aiso
have any ehbsdinRawefligrahiveifdaaieanithe fias Ranesdesal povanddng Bragepewes texel 17. In
the embodimené ofeéhg inyention shown in Figure IE, tilere isﬁ?nzlgitntermeg}iate powerr\gvef 1 at the end
of the cooliiy Pefit %%&%\f?&%%%&%ﬁ%% ¥ feVEPahd Ut bEbr & 1ISIHYRE Bras&’ fdwer level
17. Fipurebdtwshows biaspokediswent 8fathktirvantiopoveeieviiare are two 15 intermediate power
levels 2 and 3, where the first intermediate.qower level 2.is lower than the second intermediate power
n‘?’ ”ﬁéﬂ“ 8 e j;bd i

level 3. The introductionof & TRESHRSET A RO F ORI STRENE fiewrg frahSitfon from the
cooling pawernedédttopiheceiasel pawedicexelofttheay biéngprraiah 2tg ks skilkbach tlitlgepant dhat
introducinpe more drjlltlespgg oir%t%slﬁl\éetlﬁerg%%g% (I)I’\]N aneven more gradual transition. 20
Figure 1c shows an embodiment of the invention where there are two
15  intermediate power levels 2 and 3, where the first intermediate power level 2 is lower than the
second intermediate power level 3. The introduction of the intermediate power levels results in
a gradual transition from the cooling power level to the erase power level. It may be apparent
to those skilled in the art that introducing more intermediate levels results in an even more
gradual transition.
20
Figure 2 shows the result of a measurement of the leading-edge jitter 311 and of
the trailing-edge jitter 321 as a function of the cooling power level Pc, the bias power level
being at a value of 0 mW. It is clear from this Figure that both the leading-edge jitter 311 and
the trailing-edge jitter 321 are at a minimal value 35 when the cooling power level Pc is equal

25  to the bias power level (i.e. 0 mW). Especially the trailing-edge jitter increases significantly

when the value of the cooling power level P increases above the bias power level.

Figure 3 shows the result of a measurement of the leading-edge jitter 312 and of
the trailing-edge jitter 322 as a function of the intermediate power level 1 in Figure 1b. The
30  value of the intermediate power level 1 is normalized by the value of the erase power level 17.
The normalized intermediate power level is represented by P;/P.. During this measurement,
the cooling power level is equal to the bias power level. It is clear from Figure 3 that both the
leading-edge jitter 312 and the trailing-edge jitter 322 are minimal when P,/P. is in a range 36
between 0.3 and 0.6.



Figure 2 shows the result of a measurement of the leading-edge jitter 311 and of the trailing-edge jitter
321 as a function of the cooling power level Pc, the bias power level being at a valueg 8%% Itis
clear from this Figure that both the leading-edge jitter 311 and the trailing-edge jitter i 13
minimal value 35 when the cooling power level Pc is equal 25 to the bias power level (i.e. 0 mW).
Especially the trailing-edge jitter increases significanfy when the value of the cooling power level Pc
increases above the bias power level. Figure 3 shows the result of a measurement of the leading-edge

jitter 312 and of the trailimgredgieibtandn a&@:&l@@Hﬁﬁbgftﬁéaﬂﬂtﬁfgﬁié@%ﬂ9wweﬂalah%ﬁigUre Ib.
The 30 value of the intermediate power level 1 is normalize %s the value of the erase power level 17.
X
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cooling pmrdemhtmgqualwlﬂt@bﬁgm@méewl(@Awaewréram Rigirg 3pat otbatee waeding-edge
jitter 312 and the trailing- éltter 322 are min maI \r%]i‘ n P1/Pe is in a range 36 betweerﬁlo .3 and
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speed is eﬁﬁatmtﬁ[ed)ffﬂreexam@ke;rﬁeﬁountered when writing on a disc- shaped record carrler rotating

at a constant angular veloc the writing ncreases when.5 from writing an
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near the |n err tPa recor |er s 4a,. 4b, 4¢ and 4d re drawn at the_ same icale. The
frequency® fsﬁﬁé Qt%e ERALGHR: t?n ercad?# “Sa&&%%%’gl?éé?g%“&f‘%mfor% er AR st 08" 6t € radius.
Hence, thét;Haninel 4altgpe deovh2aththenrnenradius fseqbawytwfaheaﬂatamg)als ihehehamrehbitperiod

T3 at the out ?dlys 15 E ontrolﬁ gnal 73 u%ed t rec d the 70 at t?efouteﬁ radius of
the recordsc Prler |aeC Gt H hic é’FVv%rn n?g spee IS’s ovl\}lﬁm gu’re Ier héj%%(r)r ro S|gn§I 72

used to reokd tmmmab@nabvwearsﬂmgrmﬁheaﬂimer Iblnq;eemmrdj:arﬂeroatshmdmm Figure 4d.
15 The control signal 73 used to record the data signal 70 at the outer radius of the
record carrier, i.e. at a higher writing speed, is shown in Figure 4b, while the control signal 72
used to record the data signal 70 at the inner radius of the record carrier is shown in Figure 4d.
In this example, one intermediate power level and a sequence of pulses with each pulse having
a duty cycle of 50% is shown. However, more than one intermediate power level and pulses
20  with a duty cycle other than 50% may also be used.

The cooling period at the inner radius 74 is about twice as long as the cooling
period at the outer radius 75. Therefore, in this example, the cooling period is dependent on
the writing speed. However, the period 77, when the intermediate power level 79 is applied is
identical when writing a mark at the outer radius compared to when writing a mark at the inner

25  radius. Consequently, the period 77 when the intermediate power level 79 is applied is

independent of the writing speed.

Figure 5 shows a recording device according to the invention for recording on a
disc-shaped optical record carrier 50. Alternatively, the record carrier may be in the form of a
30 tape. A data signal Sp comprising the information to be recorded 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 into a radiation source 51, through a control signal Sc, will
result in a radiation beam 52 having a write power level. Likewise, outputs B, C, D and E

provide currents resulting in the first, or bias, power level, the second, or cooling, power level,



In this example, one intermediate power level and a sequence of pulses with each pulse having a duty
cycle of 50% is shown. However, more than one intermediate power level and pulses gg/ligﬁ?a duty
cycle other than 50% may also be used. The cooling period at the inner radius 74 is about twice as
long as the cooling period at the outer radius 75. Therefore, in this example, the cooling period is
dependent on the writing speed. However, the perio® 77, when the intermediate power level 79 is
applied is identical when writing a mark at the outer radius compared to when writing a mark at the

inner 25 ragdiustcapnseausstlys thepatibthd thikdiesn thasdirrmeadiale pevset e} Tthiscapelied s
independent of the writing speed. Figure 5 shows a recording device according.to the invention for
recording G ACHRE. ehefpect Shis %%3&3%%%3?8}@3&%@%@%&9, o PR GRS be in the
form of a 3pdiapel ¥y daiarsignainshtcormeising e byfaiediianitefaseaardedoscanng@gdithea control
unit 60. A current source &%%Nith' the %c?)ntrol unitaig has five outputs, A, B C, D and %Output A

provides &R SERTRAT ArREd s ARt B%ﬁ,qﬂ%ﬁ?éﬁ%‘géﬁtp&%?w 88will result in
a radiatiopbeanedel hauiegaweiiteeower igvehddkawisey autpuls B,aCedadanct b/ provigigiestdrents

resulting in the first, or bias,.power level, the second, or cooling, power level, 25/09/2003 9 the
ormediGH B P TUEE AP SRS D BB TR E by N SRR G X output
A, B, C, DisareldH@anrhimgalectatkhyspeadjtitlh vlodibgdendnataviteh prutdatia foperalehdycq pattern
generator 63 controlled by the data signal SD and a clock signal SK. The 5 pattern generator 63
aneform G AR SRS S e BP0k G s et ey level
and ioternediglte powespesels in accordance with a desired pattern. The clock signal SK is obtained
from a clock generator 58. When the recording device .is used for. writing at a single speed, the clock
generator 56 1 preset At IRBAAIGIANSS POTHER AR Va6 S b AR Y ™ e
clock gendiatagbéedll vbiyritdthulbes tQ@aivatkwiitig spdedod heuaantiolBigrah&olpigriddd at the

Ut o i EoRBLAL S0 U e s setcen e i s oo e
radiation saditt&b bedines 2 adfatisedbam1bsis Foctsad bycateiisbBipants Hnohfosrated dayanr 501 of
the rﬁcordSSaﬁrfl%rdisc-shaped record carrier 50 is rotated around its center by a motor 54.
This embodiment of a recording device according to the invention is suitable
for executing the embodiment of the method according to the invention as shown in Figure 1b,
using only one intermediate power level 1. However, it may be apparent to those skilled in the
art that embodiments of a recording device according to the invention using more than one

20  intermediate power level can be realized by adding additional outputs to the current source 61

and by extending the switch unit 62.



15 50. The disc-shaped record carrier 50 is rotated around its center by a motor 54. This embodiment
of a recording device according to the invention is suitable for executing the embodin‘%zé\%&%%
method according to the invention as shown in Figure Ib, using only one intermediate rievel 1.
However, it may be apparent to those skilled in the art that embodiments of a recording device
according to the invention using more than one 20 intermediate power level can be realized by adding
additional outputs to the current source 61 and by extending the switch unit 62. 25/09/2003 10
CLAIMS 1. A method of recording marks representing data (10) in an information layer (501) of a
record carrier (50) by irradiating the information layer by means of a pulsed radiation beam (52), each
mark beingvyitigg by a sequence of pulses, the radiation beam having a first power level (18)
between the pulses, a second power level after the last pulse of 5 the sequence during a cooling
period (22), and, subsequently, a third power level (17) capable of erasing previously recorded marks,
characterized in that during the cooling period the second power level is followed by at least one
intermedidte power leve (¥thnd i tbcatrtheg imteky sgictepovgstdev@isihigherftmentice keeond power
level and rt the third. level 2. ethod as claimed in clai characterized in that
there are §t)q(<{:)agtP %L?S%ﬁégrgrﬁé%?gg Sp%e%raé\%eﬁé%?dl}rﬁb trﬁ}a%? %?flrmr%?’ht?r%%{rgr]ﬁegigéssgwer level is
higher thandatiegushto (&2 iractynprédedingiticimtermedinte povipulessitht5Blidiondthad as claimed
in claim 1,0r 2, ¢ erized in | inter i ower level is a f ' f1i and
that the I ] B A B o T, 2 o
3, charactédzeduentradthe secontin20qrowd? lovehds sdpaeduonthe firdtibpverdeleiclS1A) wraididd as
claimed in glaim. 4 ' int rei ne ; int ] level having.a constant
Calle, and L T B T e tne
value of tisectmitipooweetefeslak followed by at least one intermediate power level (1) and in that the

intermediate power level is higher than the second power level and lower than the third power

level.

10
2. A method as claimed in claim 1, characterized in that there are at least two
intermediate power levels, and in that the (N+1)th intermediate power level is higher than or
equal to its directly preceding Nth intermediate power level.

15 3. A method as claimed in claim 1 or 2, characterized in that at least one

intermediate power level is a function of time, and that the intermediate power level is

continuously increasing.

4, A method as claimed in to claim 1, 2 or 3, characterized in that the second

20  power level is equal to the first power level.

5. A method as claimed in claim 4, characterized in that there is only one
intermediate power level having a constant value, and that the value of the intermediate power
level is within a range from 0.3 to 0.6 times the value of the third power level.

25
6. A method as claimed in claim 4, characterized in that there are only two
intermediate power levels, the first intermediate power level having a first constant value and

the second intermediate power level having a second constant value, and that the first constant



25 6. A method as claimed in claim 4, characterized in that there are only two intermediate power
levels, the first intermediate power level having a first constant value and the second %ﬁp@%%i?te
power level having a second constant value, and that the first constant 25/09/2003 11 Valueis within a
range from 0.3 to 0.5 times the value of the third power level and the second constant value is within a
range from 0.6 to 0.9 times the value of the third power level. 5 7. A method as claimed in claim 1, 2 or
3 for recording at variable writing speeds, characterized in that the intermediate power level is

maintainedatiuiRgvaiiivedpesiotoh®. Jwatv datyhichidsdnsiepe tdenhohviig vt sSResstoBdA

method as claimed?ij"l claim, 7, characterized in th@t he interm%%'ate ower .10 level js maintained
r

during a XS BBHEYUEHE WHRGTBISRATEME- AP AntEMES NS rEhBFRId s} ¢ %?8{85? ier. 9. A

method as claimed in claim 1, 2, 3, 4, 5, 6, 7 or 8, for recording a mark with a period of N channel bits
in the_data signal, characterized in that, foy recording a mark with a 15 period of N channel bits, the
number of pulses in th?&@’c’fﬁé?gcgsél%mgi%ﬂﬁ%q@frﬁbﬁ’ﬁﬁ%ﬁéﬁgraetcv(ﬁla & QW & ording
data in the/feraref-marksmo: ate inforimation fayesr(ROE) eimaiecoiddcadriag (DX &y peiasdating the

information layer by means of a radjation beam 52), the device comprising a radiation source (51)
providing ﬂll‘éa}/é?d%éﬁdrﬂ’goq 6%51%@8%‘58“68[’?% Wﬁﬁ?g@cﬁ’s rative for providing a sequence of pulses for

writing a mark and for controlling the power of the radiation beam in such a way that the radiation
beam has a first power Ievelé&%SB(%b tween the pulses, a second power level after the last %ulse of the
sequence’during a cooh§PERSATEA K ?}é]’ég uéfﬁﬂ@ﬂ%@ﬁ‘?@ %(E@F IRGAMETRECBBRYSE erasing
previously¢esdedadintenks, diraiact €tz gen ddatibdgattivbiinhisHusthereapeiatueipéatesattrolling
the power of the radiation beam in such a way that during the cooling period the second power level is
followed bty%ﬁ%(g Bhehtermediate power level (1) and in that the intermediate power level is higher
than the second power level and lower than the third power level. 30 11. An optical recording device

as claimein claim 10, ghargetarized i HRLRIR, 715 3 RS ISR AR SRS f0 20
period of N channel bits in the data signal, characterized in that, for recording a mark with a

15  period of N channel bits, the number of pulses in the sequence of pulses equals N-2.

10. An optical recording device for recording data in the form of marks on an
information layer (501) of a record carrier (50) by irradiating the information layer by means
of a radiation beam 52), the device comprising a radiation source (51) providing the radiation
20  beam and a control unit (60) operative for providing a sequence of pulses for writing a mark
and for controlling the power of the radiation beam in such a way that the radiation beam has a
first power level (18) between the pulses, a second power level after the last pulse of the
sequence during a cooling period (22), and, subsequently, a third power level (17) capable of
erasing previously recorded marks, characterized in that the control unit is further operative
25  for controlling the power of the radiation beam in such a way that during the cooling period
the second power level is followed by at least one intermediate power level (1) and in that the
intermediate power level is higher than the second power level and lower than the third power

level.

30 11. An optical recording device as claimed in claim 10, characterized in that there
are at least two intermediate power levels, and in that the (N+1)th intermediate power level is

higher than or equal to its directly preceding Nth intermediate power level.



higher than or equal to its directly preceding Nth intermediate power level. 25/09/2003 12 12. An
optical recording device as claimed in claim 10 or 11, characterized in that at least onflzrg%z%ﬁdiate
power level is a function of time, and that the intermediate power level is continuously? asing. 5
13. An optical recording device as claimed in claim 10, 11 or 12, characterized in that the second
power level is equal to the first power level. 14. An ogical recording device as claimed in claim 13,
characterized in that there 10 only is one intermediate power level having a constant value, and that
the value of the intermeglipép RONMRKLIRUR| dwilbénadrngediam s 10 0:6 inps eyalkiepline third
power level, 15. An optical recording device as claimed i ,claimré:/% characterized.in that there 15 are

only two iﬁféf’ﬁ?éﬂ%é%%&ﬂ%’\?é:@}”ﬁ Hret mierReeRe iR gﬂlié]\’ﬁrf@tﬁrﬂ}% IRBRNYH value and

the seconetasresttiaiepawaideveindaving a second constant value, and the first constant value is
within_a range from 0.3 to 0.5 times the value of the third power level and that the second constant
valueTis within a range from 0.6 to 0.9 times the value of the third power level. 20 16. An optical
recording prvice as claimeshticglasroiding Horideafos1eedinglaimverjablemiitingsperdsed in

characteri%%d in that the intermediate power Iefive IS maintaine during a fixed period, the duration of
which is if@EpERASHRBERAY SrEH éspegaé’& S5 TR Rptidalfeording device as claimed in claim 16,
characterized in that the intermediate power level is maintained during a fixed period, the duration of
which is qapendent Onflgo p%rctﬁsre%fo}glenée e?vri%ecgg rcl?arfmed in claim 13, characterized in that there
10 only is one intermediate power level having a constant value, and that the value of the
intermediate power level is within a range from 0.3 to 0.6 times the value of the third power

level.

15. An optical recording device as claimed in claim 13, characterized in that there
15  are only two intermediate power levels, the first intermediate power level having a first
constant value and the second intermediate power level having a second constant value, and
the first constant value is within a range from 0.3 to 0.5 times the value of the third power
level and that the second constant value is within a range from 0.6 to 0.9 times the value of the

third power level.

20
16. An optical recording device as claimed in claim 10, 11 or 12 for recording at
variable writing speeds, characterized in that the intermediate power level is maintained
during a fixed period, the duration of which is independent of the writing speed.

25 17. An optical recording device as claimed in claim 16, characterized in that the

intermediate power level is maintained during a fixed period, the duration of which is

dependent on properties of the record carrier.



