1 Method of optimizing the write power for recording marks in an information layer of a record carrier and
recording device using such an optimizing method The invention relates to a method of optimizing the
write power of a radiation beam for recording marks in an information layer of a record carrier by
irradiating the information layer by the radiation beam, $aid information layer having a phase that is

reversibly Cha'ﬂ@&ﬁ&ﬁ)p@ﬂ‘(ﬁﬁ% ﬂé@vﬂk@ﬁ&x@?%ﬁé&ﬁ‘aﬂ% Hﬁﬁ&%'ﬁﬂ%iﬂ\‘ﬁ'aﬁ@ﬁ‘ 1§§&Qﬁi§|}¥c§rﬂe|ates to
such a method of recording marks in a record carrier having a phase that is reversibly changeable

between a crySEIHHASE SRETHS ARt HEESHAAER MBIHRESRR9vention further relates to a recording
device and a recording method using such an optimizing method. 10 When a so-called 1 T write strategy
is used for recording marks in the information layer of a record carrier, said information layer containing,
for example, phase- change recording materials, an OPC (Optimum Power Control) procedure is usually
run to determine the optimum write powers by measuring the modulation change of written test 15 marks

with the write power applieggUHg Wi gRE IBeSEIRSH BSEmIANG: GR G ROSSHAL S raenRiR!ly

performed in the specially reserved PCA (Power Calibration Area) of a disc. An_optimum write power is
derived from aPf@8ulRhE CRINReIPHHEB AR TaRRRIBH Taistscapit e Fisraftequired,
disk-related infafonatioonsteke pmiheddisentsel falidaxampiadn hehihgaaayide tised in deriving the

optimum write power. 20 Increasing the recording speed when.recording on phase-change type discs
cuch 2o, for XS B G e B T b e S egies. A
important fecerslaiesiol oprine midthdde firticddiogonadfstiveagocorld leair®T werites srhasgibs (WS) which have

been i“Corpor%@@ré%f?Eh%g@aﬁ%@t%&l?a'%wséﬁa&ﬁ%%ﬁf%tﬂﬁo&ﬁ@ﬁé%ﬂ%@ﬁ@é@é@%’ standard. OPC

procedures for conventional IT write strategies for 25 phase-change recording derive the optimum write
power from thé"fessn Aeheoalaat dharscoshipreld inTang dvrsoEdinfen ApRG SSefhar approach to the
2T write strategpgiswhgmeararding on the faster phase-change materials is not possible (or at least does
not provide a
10
When a so-called 1T write strategy is used for recording marks in the
information layer of a record carrier, said information layer containing, for example, phase-
change recording materials, an OPC (Optimum Power Control) procedure is usually run to
determine the optimum write powers by measuring the modulation change of written test
15  marks with the write power applied during writing of these test marks. The OPC procedure is
generally performed in the specially reserved PCA (Power Calibration Area) of a disc. An
optimum write power is derived from a resulting curve of measured modulation versus
applied write power. If required, disk-related information stored on the disc itself, for
example in the ATIP, may be used in deriving the optimum write power.
20 Increasing the recording speed when recording on phase-change type discs
such as, for example, CD-RW and DVD+RW requires faster materials and new write
strategies. An important recent development is the introduction of the so-called 2T write
strategies (WS) which have been incorporated in the Ultra-Speed CD-RW standard and the
High-Speed DVD+RW standard. OPC procedures for conventional 1T write strategies for
25  phase-change recording derive the optimum write power from the measured modulation vs.
applied write power curve. Applying a similar approach to the 2T write strategies when
recording on the faster phase-change materials is not possible (or at least does not provide a
robust and satisfactory solution). The main reason for this is that there is no direct relation

between the measured modulation and the recording performance (expressed by the jitter of



robust and satisfactory solution). The main reason for this is that there is no direct relation between the

measured modulation and the recording performance (expressed by the jitter of 2 the written marks), as
is observed for 1T write strategies. Thus, the procedures for optimizing write strategy parameters for 2T
write strategies, such as the write powers, have to be rédesigned as well. 5 It is an object of the present

invention to pryideia-metiee of epLRaiziag the itrnaweLiQr ﬁ%ﬁ@rﬁiﬁ‘ErH&@&'ﬁﬁeﬂ&%ﬂﬁﬁﬂ%‘?ﬁion layer of
a record carrier, in particular when applying an nT write strategég n belng an integer greater than 1,

preferably for &P WHESSRABSICTE 18T FUHET GBS0 PFOIIE R YEEOPAMNY TSt Bhd a recording
device for 10 redesting makks.in an information layer of a record carrier. The object is achieved according
to the present invention by a method of optimizing the write power for recording marks in an information
layer of a record, said information layer having a phase that is reversibly changeable between a first
phase anda second phase, wherein said method comprises the steps of: 15 - recording a pattern of test

marks at least comprising s{hgrgm;ga Bavipgasdte et imnRSHrShattNaraRal Y eRgh oafo the record

carrier by applying at least three ditferent write powers, measuring the runlengths of said short marks
recorded throutjH e YR AR thre B I8 th @ AR 1A 126 PSHASHCAPCE dR IR an optimum
write power baské¢h applyé deniationgoitihegneassingdnrandgangihatbionnihe prefainal, mentepgth of said short

marks. Accordinl%to an empodin}e t as claimed in claim 2 t(§1e olgtimu rite power js f.ou?d when the
.. WITte strategy. It 1S,a ulT er({ €c aDP]TOVl eareciér 11}5 eﬁ%locfgn &re or}i{rrlﬁ vice for
deviation between a measured runlength and the nominal runléngth of said short marks1s zero, or at

least subsfantiaityrderpnrBAiconedponding ldevioé dsatefinedriprclaim 10. The object is further achieved
by providing a recording meifogfor ie TG MR mEER EReRid s Haitnandnfergration layer of a

record carrier by irradiating the ) _ _ _ _
optimizing the write power for recording marks in an information layer of a record, said

information layer having a phase that is reversibly changeable between a first phase and a
second phase, wherein said method comprises the steps of:

15 - recording a pattern of test marks at least comprising short marks having a
predetermined short nominal runlength onto the record carrier by applying at least three
different write powers,

- measuring the runlengths of said short marks recorded through the application
the at least three different write powers,

20 - determining an optimum write power based on the deviations of the measured
runlengths from the nominal runlength of said short marks.

According to an embodiment as claimed in claim 2, the optimum write power
is found when the deviation between a measured runlength and the nominal runlength of said
short marks is zero, or at least substantially zero.

25 A corresponding device is defined in claim 10.

The object is further achieved by providing a recording method for recording
marks representing user data in an information layer of a record carrier by irradiating the
information layer with a radiation beam, said information layer having a phase that is
reversibly changeable between a first phase and a second phase, said recording method

30  comprising the steps of:

- optimizing the write power for recording said marks by a method of
optimizing the write power to obtain an optimum write power, and

- recording said marks by applying said optimum write power.



information layer with a radiation beam, said information layer having a phase that is reversibly
changeable between a first phase and a second phase, said recording method 30 comprising the steps
of: optimizing the write power for recording said marks by a method of optimizing the write power to
obtain an optimum write power, and recording said marRs by applying said optimum write power. 3

Corresponding recording d@g&qg@@@@y@gﬁi@qm&y@ gg;@@qin@aiglgefgr@gaﬁmpgdiments of the
invention are defined in the dependent claims, The invention is based on the idea to look for an

underlying impgREHEGEPRASERSR QICAEVRVERHAR Fchidnag BePolAmsRd S 18¥88r to optimize the write
strategy. It 5 has been fourththat dhimpayametenithtiecesubngsnankiieegiingfitherghert marks recorded

on the record carrier pre er%bL)/O f the sh rest a owed markflien%tlrélﬂSinceﬁihewrattio of the fport (or the

shortest) mark%afgr?ﬁtg Iélhé(éar mar Ec,heoﬁﬁ%r otaPchannel code (e '€ode)'In %%tfﬁctgwécording is

quite high{e.ghdob&h iR that ﬁht@@fasmtmaﬂﬁsei@ﬁigh@rrﬂadﬂ@@%)qf Hrecskinicnatke whordediomarks are
the most difficylt Marks doB&, QRETHARH o B QHRI PRIk ATtk 'i@;?@ﬁ?'%%é@ﬁ%f agiodndyyth

sufficiently low jitter if the shortest marks are recorded satisfactolrél% and with sufficiently low jitter.

According to apréieshodiemaBdiniertbednpee Sarks REhainkg drme sadste &iNBAd P dldWed by the
applied modulapacunmeihachésuehiashifor @xampeDEViused ot O0mnd EhMtetisad jordVD) are
recorded as test marks, and the runlengths of said,shortest 15 test marks are measured and used for
orarmming e B e O S I R A SR AR oy e
EFM moddlatiesrendsheadiigaghrikoativhwtHesufifialeritithoof titesd BIF sharks! imarieasearedbultdr recording and

used for deterininghgy SRIMHIMWHLIR RASY g difference between the measured runlength and the
nominal runlength of said 3T marks is used in particular for this determination. 20 In a further preferred

embodiment, the test mark4 $H& 4@ RRBrirtEcthBROdimsPETARRY Patlie MURES BRIt default
optimum write faweftvalusyaaaid detpplicopivnulatnrite thodvenMalderis obliainedenthedasis of, for

example, prev@ﬂsar?&( Eﬁm%rs]éa Por} DVD) are recorded as test marks, and the runlengths of said shortest

15  test marks are measured and used for determining the optimum write power. For example, for
CD-RW the shortest runlength allowed by the EFM modulation method is 3T, so that the
runlength of these 3T marks is measured after recording and used for determining the
optimum write power. The difference between the measured runlength and the nominal
runlength of said 3T marks is used in particular for this determination.

20 In a further preferred embodiment, the test marks are recorded with three
different write power values around a default optimum write power value. Said default
optimum write power value is obtained on the basis of, for example, previous experiments on
a number of record carriers, or is alternatively set to the optimum write power determined in
a previous recording action or OPC procedure.

25 The method of optimizing the write power may be used before each new
recording action to find the optimum write power. Alternatively, however, the method is
applied continuously or at regular intervals during each recording action (often referred to as
“walking OPC”). In this embodiment the method of optimizing the write power further
comprises the steps of:

30 - recording marks including short marks onto the record carrier by applying a
previously determined optimum write power,

- measuring the runlengths of said short marks recorded by applying the

previously determined optimum write power,



a number of record carriers, or is alternatively set to the optimum write power determined in a previous
recording action or OPC procedure. 25 The method of optimizing the write power may be used before
each new recording action to find the optimum write power. Alternatively, however, the method is applied
continuously or at regular intervals during each recordirfyy action (often referred to as "walking OPC"). In

this embodiment the methoghaf QRIMIZIPGINR Wiite RAWS LILIDEEs SYUTRESES ths teRRafR0 - recording
marks including short marks onto the record carrier };a plyl%g a previously determined optimum write
&

power, measuR§SHied RIERGhRS R S HIARE R L SPHLEBY BATisty HBatsheBvialPletermined

optimum write powen the acjusiiogrimtepgiinmunhe rtenpoivenRadhe basisshbiheaadeviation between the

measured runlength f’:lrlii the n0|(111in Fruq{ength.of sa}id short marks, such that the deviation between the
sub%nla&/ /or the 11 A

measured runleng the nommal rdn %rnlgt‘ﬂ%%‘%%.d short marks is substantially zero and/or the jitter is

minimal. 55Thus patterns oflinsrkatespreSantiky esesedtitg aver detortierdardaibinembodiment, and the
runlengths of thgaRRaH-Maks NCIHARAIAS B M REBIE AR TRBINOSthERGR ¥ EeAnTARd shart marks, are

measured and used for adjusting the optimum write power. To check whether the modulation of the

recorded markESREY At hIRUTMBE raIB 1P Y5 e e RIS HIOR e RIS &Ede She proposed
in a further 10 embodimentTsngaskkingtteethratdativing of saictsiost marksaegordedivitethe use of the

at least three %igfeerlcg‘r);[l ﬁ’t\'gitecﬁ?c\favt%ﬁ’ tﬁg?ctllf(i)r\lxgnwgggnt?r t e t(r;{nocamllyelatri(g)nosoef s%igl ﬁﬁﬁrt marks recorded with
the use of the opflmum ite power results’in amodufation above’a Bredjeltermmearthreshold 15
modulatidf. It ignhoteadhiat the jitter of the recorded marks may not always be at its very minimum when

the deviation hetween a megsfed J Ul GRaH ARHDEHRMBA! HAAIE ARG QLRGN the use of the at

least three different write powers,
- checking whether the modulation of said short marks recorded with the use of
the optimum write power results in a modulation above a predetermined threshold

15  modulation.

It is noted that the jitter of the recorded marks may not always be at its very
minimum when the deviation between a measured runlength and the nominal runlength of the
short marks is zero. In an alternative method of optimizing the write power according to the
invention, the jitter itself (in particular the land jitter) is minimized. Now the method of

20  optimizing the write power comprises the step of determining an optimum write power on the
basis of the deviations of the measured runlengths from the nominal runlength of the short

marks, such that the jitter is minimal.

25 The invention will now be explained in more detail with reference to the
accompanying drawings, in which
Fig. 1 shows curves of the write power plotted against the modulation for
different parameters settings of a 2T write strategy,
Fig. 2 shows curves of the write power plotted against the jitter of 3T marks
30  for different 2T write strategies,
Fig. 3 shows curves of the difference (A3TRL) between a measured 3T
runlength and a nominal 3T runlength plotted against the 3T land jitter for different write
strategies,

Fig. 4 is a flowchart illustrating a method according to the invention,



short marks is zero. In an alternative method of optimizing the write power according to the invention, the
jitter itself (in particular the land jitter) is minimized. Now the method of 20 optimizing the write power
comprises the step of determining an optimum write power on the basis of the deviations of the
measured runlengths from the nominal runlength of theshort marks, such that the jitter is minimal. 25

The invention will now be epplajnggio MR deiil MithRIerRRER 19 BhG AL CRMRAQYIAY drawings, in which
Fig. 1 shows curves of the write power plotted against the modulation for different parameters settings of

a 2T write straf8g§ &Ry PEROME Bl Sdbmgtbswineep s H bR SRANSE thedittercer ¥ narks 30 for
different 2T writexglgrtegieis, Fig. 3 shows curves of the difference (A3TRL) between a measured 3T

runlength and a nominal 3T_runlepgth plotted against.the.3T land jitter. for different wri egies, Fig. 4
o a fowchart ilustrating a HATOT A g L e B g e BT S erence
(ASTRL) betwéetvpateastawc:d P ruwdmgths anddieomah T 3Tierdtndthsliffotadwagairistitagswrite power for
different write strategies, and Fig. 6 shows curves of the modulation plotted against the difference
(ASTRL) 5 between measured 3T runlengths and nominal 3T runlengths for different write strategies .
Fig. 1 shows the curves of the modulation versus the write power for four parameter settings (humbered 1

to 4) of a 2T write strategy fWS) skppatendlyydhenmedidation ol Odsantyeavtita goarobifounrite power. It
e exacty thE SRR BHL PR s 3 2L AT B ay e PSR TR marks.
(especialk theisamdyjitter)ctianef bongidiepabisr ds aforrstionh tofitperapplidd detitdsstiatbgyWsee Fig. 2). For
example, at 43!_5}%%@%%@&%91@% 2ifRR R PiYaRAGOCIRS Qi 8RS cNRRamd midiieRifategies 1 and 4
result in a land jitter of 33ns . Moreover, the optimum write power for
However, for a certain write power the resulting jitter of the 3T marks
(especially the land jitter) varies considerably as a function of the applied write strategy (see
Fig. 2). For example, at 42mW, write strategies 2 and 3 give a land jitter of 28ns, whereas
15  write strategies 1 and 4 result in a land jitter of 33ns . Moreover, the optimum write power for
each write strategy may be considerably different, e.g. 36mW for WS 4 and 40mW for WS 2.
It is noted that the attainable bottom jitter (i.e. the lowest jitter value of a curve) is very
similar for all write strategies. However, this bottom jitter is, for different write strategies,
achieved for different write power values and thus at different modulation values.
20 Another problem, which is apparent from Fig. 2 is that the curve of the jitter
vs. the write power is asymmetrical, with a steep increase on the low-power side and a
shallow increase on the high-power side. Generally, such an asymmetrical curve is not ideal
for optimizing the write strategy parameters; a symmetrically shaped parabolic curve would
be preferred.
25 A third problem for 2T write strategies is that the number of WS parameters
may be large, and the parameter settings are critical at a given write power. Some of the
parameters, especially those related to the shorter marks such as 3T marks, have to be defined
with a high timing resolution (for example a timing resolution of up to 1/16T). The resulting
jitter, especially the land jitter, may be very sensitive to these parameters, as is apparent from
30  Fig. 2. The solution to the problem of write strategy parameter, and especially write power,
optimization described above is to look for an underlying important parameter indicative of
the recording performance. This parameter is the length of the recorded 3T mark or, more

generally, the length of the shortest mark allowed by the applied modulation method, or at

least of the short marks. It appears that the jitter (which is the most important parameter



each write strategy may be considerably different, e.g. 36mW for WS 4 and 40mW for WS 2. It is noted
that the attainable bottom jitter (i.e. the lowest jitter value of a curve) is very similar for all write strategies.
However, this bottom jitter is, for different write strategies, achieved for different write power values and
thus at different modulation values. 20 Another problenf which is apparent from Fig. 2 is that the curve of

the jitter vs. thgdWitR POMRE ISBRUAY PEMIC AV WS RRINGIRASEANIEAPWHRAWEN Sig/ Bpd a shallow
increase on the high-power side. Generally, such an asymmetrical curve is not ideal for optimizing the

write strategy HarETRtSHSS B BpHhiRBRL AN Sraped parabolic curve would be preferred. 25 A third
problem for 2T write strategfaseisihatdhdadimbeds phdMS Patiameiarnst ayibierdacgdcandithie: parameter

settings are critical at a,given write er. Som th a especially. th related to the
Shorter marks o g 3T A L B R R I e mpte a timing
resolution of uparen¢kTyetiings keLlingrifittrategpbeialie thpatabeljitter, gy b é venylasdositive to these

parameters, ag;igapRAiRNLIOM;#ARulof it SAUHIAR darthe ArPRies R iR sifieaRarameter, and

especially write power, optimization described above is to look for an underlying important parameter

indicative of t1iEXEEHRIMG PErGHHTEA e HE HAPREIEIMEthE YERGIRSF 1AL REEBRAsd S tihark or, more
generally, the krfgithohiie shastest maslarliawed mnihegappliehmadidatienFaeshod, or at least of the
short marks. It appears tha{:lth jngr whiﬁp i§hthe p{nost{'mgopan& arameter 6 indicatilYe %fﬂtlhe recording

performance; a low jitter is pl% erre |§e?1|g?ﬁtw eR ézflelrcl)gt% of thBrécorded 3Temarks’iS not correct. If

the curvel Of th¥ 8 Pdeamebiitie b piottetiaginsy thévdiffe renuetivetlaion teevepe dsuiédasd jitieriength and

the nominal 3T, ryplength AAGTRK, RIGIHNESHR rﬂ&l!fé?cf R RURTAIRSS: S6HRYS Wi & 4k WG Strategy
become a parabola (see Fig. 3). A similar bottom jitter (i.e. the lowest jitter value of the parabolic curve)

can be found fB?4iF QlvBRsHt Wtefostr dtisglp pisrairtde cettifgstietRib At B EPLERIAGES. Furthermore,
all parabolas ferdhes diffesest wistpisfittdegiastaressatecitgdhe same "generic” parabola (see Fig. 3). Fig.

3 lllusrates that the Optimi@}'gi%%a%{lyi\/{g %Pe%vgglrﬁtg%gé%%en gFer? }? ngglfetﬁll% three parameters of a

15  parabolic curve. Measuring of more points will improve the accuracy of the parabolic curve.
The resulting parabola curve readily enables the optimum write power (to be used for
recording marks having a low jitter) for a set of 2T write strategy parameters to be derived.

As described, the land jitter vs. A3TRL curves scale to the same basic curve.
All different write strategies result in a similar bottom jitter value for a similar A3TRL, and

20  therefore for a similar recorded 3T mark length. Generally, the bottom jitter is found to be
equal to zero for a A3TRL. For the different 2T WS parameter settings in Fig.3, however, the
A3TRL corresponding to the lowest jitter (i.e. the bottom jitter) is around 0.5ns. Therefore, it
is possible to optimize for a certain target A3TRL value close to, but not exactly equal to,
zero (in this case 0.5ns).

25 Based on the observations above, an example of a possible OPC method
according to the invention for determining the optimum write power for a given 2T write
strategy by measuring of A3TRL will be discussed below, with reference to a flowchart
shown in Fig. 4. In a first step S1, a drive writes random test marks on three tracks of the
record carrier (for example in a specially reserved Power Calibration Area) using three

30  different write power values around a default write power value, while using a default
parameter setting for the remaining parameters of the write strategy. The default write power
value may be obtained from a previous optimization process or from a number of

experiments using the same type of record carrier. Said random test marks include at least a



10 WS parameters, becomes straightforward when using the relation between the 3T land jitter and the
3T mark length. It is noted that the pit jitter remains almost constant when the writing power changes.
Therefore, it is not required to consider the pit jitter in this optimization process (although this pit jitter
may be considered also). By measuring three points oné can already derive the three parameters of a 15

parabolic curvg, Meas\Fing el Paara B U s WAL IRRrove, fIe ACRUIREY PTG RBIabPliscauR- cPhe resulting
parabola curve rea%enables the optimum write power (to be used for recording marks having a low

jitter) for a set itEPefeRugy HERSheters to be derived. As described, the land jitter vs. A3TRL
curves scale to the same basicccutvely AtbplSbrend uike sliaegidsviest isiioAcsimiatsiottom jitter value for

a similar A3TRL, and therefore for a similar recorded 3T mark length. Generally, t ottom jitter is
found 10 be eql T SHI3 o 8 L O THE TR 55 e por el ettt omever, e
A3TRL cofrespbsdihgntchehioieetsnjitkera(i enarratoditbiitejittend isnaround 0.5ns. Therefore, it is possible to

optimize for a certain targepAARL HAUYECLORETIRE RUWh XELHY SAUANINensBIOAA IS GARRI0-ONS). 25

Based on the observations above, an example of a possible OPC method according to the invention for
determining thB'diSBRTLAY SRitENBERE PRk S GhVBRTST-Whitd OStraRaGy BiF MEXsatitG BFIKPPRE will be
discussed belawtsudthameteranigetmmdi wehkatoshoniigh - Qpdonillg, fif sistegifatioasdrbie writes random

test marks on three tr§cks eof g}}e rf%%%rd carrier, gg)rrﬁfamlgle in 3ﬂ§§)ema||% reserve(fi alF;o er Calibration

. measyred.n St er curve of VEISUS mo tion 1S determined, as shown in
Area) using three W itfereht wiite power values around a default wiite power value, w s using a default

parameteilsettiing fod tirdattanainingapdramedarsiothewetistesFategletcrmend dfasd ARl palves, value may
be obtained frogy &p¢ ?ﬂﬁ?@t@ﬂﬂﬂég@rﬁiﬁé‘p%w&@%}%ﬁ%m@iﬂH’é‘lﬂﬁéi@ﬁﬂ?){ﬂg{ IMGRISHRIRG dhe same type

of record carrier. Said random test marks include at least a 7 number of the shortest allowed marks (for
example 3T méEiestest rECktdpiR o RAVRitADIS I BN st Bvib Afse rbiishy eattietd)! BuBs¥tTently (step
S2), the runlengthokvsaidywiieorshoHestondnksiso Mmeastield faieach ehdha thiag. difarest write powers.
Optionally, theoli)%%lflllggq zgntrfln l?sghl lt%ti(%?esrmine those write powers which result in a sufficiently high
15  modulation.
In the next step S4, the optimum write power is determined. A method of
determining the optimum write power is based on the derived parabolic curve of the write
power versus A3TRL as shown in Fig. 5. The write power is derived from this parabolic
curve, which is expected to result in the optimum A3TRL. The optimum A3TRL itself is
20  either set to 0 ns, or to a value previously determined as the A3TRL for which the jitter is
expected to be minimal, for example based on the parabolic curve of A3TRL versus (land)
jitter as shown in Fig. 3, which illustrates that the jitter is lowest for A3TRL = 0.5ns. The
write power thus determined is then used as the optimum write power for the optimum
parameter setting of the given 2T write strategy.
25 This optimum write power is now used in step S5 to write data. When
subsequently a “walking OPC” procedure is applied, the runlengths of at least the shortest
marks in the written data are measured again in step S6. The A3TRL can then again be
determined for the measured runlengths, and the new A3TRL can then again be compared
with the optimum A3TRL so as to adjust, if necessary, the optimum write power in step S7.
30  Fluctuations of stack thickness and material composition in the record carrier or drive or
temperature variations may cause changes in the optimum write power for different areas of a
disc. It is thus possible to adjust the write power for such fluctuations and variations during
the process of writing data in that such a “walking OPC” procedure is carried out. After

normal data (i.e. data not specifically intended for the OPC procedures) have been written on



5 of said written shortest marks are measured at the same time. From the difference A3TRL between the
measured runlengths and the nominal runlength of said shortest marks (3T marks), (part of) a parabolic
curve of the write power versus A3TRL is determined, as is shown in Fig. 5. Optionally, if the modulations
were measured in step S2, a further curve of A3TRL vérsus modulation is determined, as shown in 10
Fig. 6. The lattgpghinyg aﬁoet}ﬁeusiﬁgsi{h@ﬁﬁmﬂ%hﬁ%éﬁv&gm@%dgy&%&h@ﬁ@eéﬁlﬁ%y@é%, and thus
implicitly those write powers, which result in a sufficiently high modulation of the recorded marks (as
specified in th&'tEfeR@H'standard). Alternatively, or in addition, a curve of the write power versus the
modulation of the recordedimnsaskisias sbewhin driger bk caplberabiaingdandrisiseddo sietarmsre those write
powers which fesultin.a.suficlenti.njgh 5 maduladan. Jn (he R 2lep.S4, (he oplimun write power is
determined. A‘methbd of determi ng the opttmum Write pgwer i based on the derived parabolic curve of
the write powepmbrmsekABTRImMgstsdermizriclgnghsTihng thetopowel) maderivedrofithis parabolic curve,
which is expecieghin g il RELRIMUAM AR TRE sThe opimim ARTRIHsifisg0igiher gokto 0 ns, or to

a value previously determined as the A3TRL for which the jitter is expected to be minimal, for example

based on the PéHbBIRCERY P YA BRESASFals (PRHEY HiteY 4 SRBAHTHCRY " SeiRRRhNiE&H ates that the
jitter is lowest foeAs TiRh z Thbnsichhien wiike power thats, gatacminegbisoihetousethas, the aptineim write
power for the optimym parametey setting of the given.2T write strategy. 25 Thi Imum write power is
Pow used in S B P e R N e S R e B D e
runlengthd of dypeadtreherdhamiestt pnapks itypheofriter datacendhnedasioedlbyaihindgtep8édeThe ASTRL

can then again,be; fpigiNinad iR mMEaTURAUING g8 R16: BS RRMASHRECAR RpMGIaIn be

compared with the optimum A3TRL so as to adjust, if necessary, the optimum write power in step S7. 30
Fluctuations oPStaEeteRAARS BFRT Yratera¥dhTsBaitRmn s ragBrdl Exitierdt a0&6r temperature
variations mayrgausgishangasintitsopionymwidicheaxken iatodiflerantraraasrafiangise. It is thus possible
to adjust the write power for such fluctuations and variations during the process of writing data in that
such a walking) BEEH BrASEREE 1 EammEt ke hfiy e of itk BE RAELBER R

15  somewhat longer 4T and 5T marks. The pattern of test marks must then be adapted

accordingly.



normal data (i.e. data not specifically intended for the OPC procedures) have been written on 8 a disc,
the drive measures the A3TRL, compares it with the optimum value, and adjusts the write power. It
should be noted that either a single writing step for writing test patterns or two separate writing steps for
writing test marks may be used for the above-mentioned 5 combined measurement of the mark lengths
and the (optiogglhmgasurement of the modulation of the recorded marks in step S2,. Furthermore, the
invention is not limited to 2T write strategies, but may be generally applied to any nT write strategy, n
being an integer greater than 1.The invention is not limited to any particular type of record carrier, but
may be applied to any recordable or rewritable type of record carrier, such as any CD, DVD, or BD 10
type of record carrier. For some types of record carriers, the shortest allowed marks may be not 3T
marks, but, for example, 2T marks, as is the case for BD record carriers. It is further possible to use and

measure not oi[;Iy the runle%ttl%oo({ t?e shortesttﬁnarks, but also the ﬁjnlen%gls. of langer marks which can
then be taken into account for o&te rﬂ%%z te gﬁﬁ‘%ﬂ?w Orprg\‘i\?é "ol 5&?&%1 %ﬁ%he 3T marks
may be used, bytaida thevfkbcsormehyhanioaiger tdd iafiodhbiliondaks. Witteapattetivobtest saatks must then be

adapted accofghnglyidn fab&Mvind 2 MRINOH 2§ SRUIEINGNG IR B&W@éxf%rfﬁ%gﬁﬁgé@%ﬁ@rks in an

information layer of a record carrier by irradiating the information layer with a radiation beam, said
information laysfs\iese pPEBESIAEL is reversibly changeable between a first phase and a second

phase, comprising 5 - a recoreingistendpfacesding (S 13 hpnatieot ofiestmanks wptedha record carrier
by applying different write owei and a determini tep of determining (S4) an optimum write power on

. n
the basts. of (HATISA D NIRRT IEEF R P RIS Minat

- a determining step of determining (S4) an optimum write power on the basis
of the recorded marks,

10 characterized in that
- the pattern of test marks comprises short marks having a predetermined short
nominal runlength,
- which short marks are recorded in the recording step by applying at least three
different write powers,

15  andin that
- the method further comprises a measuring step for measuring (S2) the
runlengths of said short marks recorded through the application of the at least three different
write powers,
and in that

20 - in the determining step the optimum write power is determined on the basis of

the deviations of the measured runlengths from the nominal runlength of said short marks.

2. Method as claimed in claim 1,

wherein in the determining step the optimum write power is determined on the basis of the
25  deviations of the measured runlengths from the nominal runlength of said short marks, such

that the difference between a measured runlength and the nominal runlength of said short

marks is substantially zero.



the pattern of test marks comprises short marks having a predetermined short nominal runlength, which
short marks are recorded in the recording step by applying at least three different write powers, 15 and in
that the method further comprises a measuring step for measuring (S2) the runlengths of said short
marks recorded through the application of the at least thfee different write powers, and in that 20 - in the
determining stgp the optimujp:MyitesROMELISAgigMined on the basis of the deviations of the measured
runlengths from the nominal runlength of said short marks. 2. Method as claimed in claim 1, wherein in
the determining S et RTIT A PoREPRE BRI S BT thebasig et trdh2B 8 0EHSNs of the
measured runléngitisnl onttiheeieursdatrldiigmg hoaf seideshian malkks;isucithalothenslitiekanice between a
measured runIﬁ;lgfttltpeairt1t((j¥rt51fe5£11 rmgal rgrrf(lseps%qnoélgpid short marks is substantially zero. 10 3. Method as
claimed in claim 1, wherein in the drétlgrmmmg sfep the optimum write power is determined on the basis of
the deviations of the measured runlengths from the nominal runlength of said short marks, such that the

jitter of said short marks is iRl idmMETheeas claigpgd in claim 1, 2 or 3, wherein in the recording
step (S 1) shortest marks having the shortest runlength allowed by an applied modulation method are

recorded, and WHEFEANHhaEcTdRe TRy Sl phmEsLimmsky iaxipg e heteiBut agikallomechdadtred and

used for deterappiieg theiopticaun hsiarpeswerdaiihed M dekenminng:sepndstdpatRadnis girireed in claim
1,2or3, whereirzi in the ecoLdinI% steao (rS 15? %t Ie%s th({%e dlfferegjt wri%e gower around a,default
sail S arc medsu ed n or ac 1m he

shortest mar use eérmining the op m write power 1n
10 determining step.
5. Method as claimed in claim 1, 2 or 3,

wherein in the recording step (S1) at least three different write powers around a default

optimum write power are applied.

15
6. Method as claimed in claim 1, 2 or 3,
further comprising the steps of:
- recording (S5) marks including short marks onto the record carrier by applying
the determined optimum write power,

20 - measuring (S6) the runlengths of said short marks thus recorded by means of
the determined optimum write power,
- adjusting (S7) the optimum write power on the basis of the difference between
the measured runlengths and the nominal runlength of said short marks.

25 7. Method as claimed in claim 1,

further comprising the steps of:

- measuring (S2) the modulations of said recorded short marks recorded by
means of the at least three different write powers,

- checking (S3) whether the applied write powers result in a modulation of the

30  recorded short marks that lies above a predetermined threshold modulation.

8. Recording method for recording marks representing user data in an
information layer of a record carrier by irradiating the information layer with a radiation

beam, said information layer having a phase that is reversibly changeable between a first



optimum write power are applied. 15 6. Method as claimed in claim 1, 2 or 3, further comprising the steps
of: recording (S5) marks including short marks onto the record carrier by applying the determined
optimum write power, 20 - measuring (S6) the runlengths of said short marks thus recorded by means of
the determined optimum write power, adjusting (S7) thd bptimum write power on the basis of the

difference betwgan am%ggg?gs@gglﬁﬁtgmﬁ@@g thggminal runlength of said short marks. 25 7.
Method as claimed in claim 1, further com%;ismg the steps_of: measuring (S2) the modulations of said

recorded shorf marks recorRtPH #BaNS SRABCA IS A4NEBR BiftaRart Wite HNEES CABRKIHG (S3)

whether the appliadivziter pawassd estalinianaopiadiadicre bthe, 3 recorded short marks that lies above a

predetermined threshold modulation. % Ref{:ordin%% mtethod fo(f [e ordiq .markg representi. user data in
recordin arks r | en us ata ﬁ 1 (0]

an information layer of a record ¢ frier IrSlylrraeoIi)él ngi information layerwith aradiation beam, said

informatiof lay@Weaving a phase that is reversibly changeable between a first 11 phase and a second
phase, comprising the steps of: optimizing the write power for recording said marks by a method as
claimed in claim 1, 2, or 3 so as to obtain an optimum write power, and recording said marks

representing uder data by apiSRiHEERANSPHRIGRI RS BeHEWWRITSCIRBE JRaT T ABtARdd for recording marks
representing us@sealkioinlar: cferstatotataiyebpirtdetiigibarmiRibytisiodiaiingttheridiataiation layer with a

radiation bearp, saidinioymation layer, taving & phase, s ey bl ShgERRls Detwpen a first 10
phase and a secord phase, comprising the Steps or:
10 phase and a second phase, comprising the steps of:
- optimizing the write power for recording said marks by regularly carrying out

a method as claimed in claim 6 to adjust the optimum write power regularly during said

recording.

15 10. Device for optimizing the write power for recording marks in an information
layer of a record carrier by a method as claimed in claim 1, 2 or 3, comprising
- recording means for recording a pattern of test marks at least comprising short
marks having a predetermined short nominal runlength onto the record carrier by applying at
least three different write powers,

20 - measuring means for measuring the runlengths of said short marks recorded by
the application of the at least three different write powers, and
- determining means for determining an optimum write power on the basis of

the deviations of the measured runlengths from the nominal runlength of said short marks.

25 11, Recording device for recording marks in an information layer of a record
carrier by irradiating the information layer with a radiation beam, comprising a device for
optimizing the write power for recording marks in an information layer of a record carrier as

claimed in claim 10.

30 12. Recording device as claimed in claim 11, further comprising
- further recording means for recording marks including short marks onto the
record carrier by applying the determined optimum write power,
- further measuring means for measuring the runlengths of said short marks

recorded by means of the determined optimum write power, and



optimizing the write power for recording said marks by regularly carrying out a method as claimed in
claim 6 to adjust the optimum write power regularly during said recording. 15 10. Device for optimizing
the write power for recording marks in an information layer of a record carrier by a method as claimed in
claim 1, 2 or 3, comprising recording means for recordil‘é a pattern of test marks at least comprising short

marks having a predetermingdsahertpamipahaHRIGRAIN BpLRE KetOd CariR HILRRPRG at least three

different write powers, 20 - measuring means for measuring the runlengths of said short marks recorded
by the applicafforfBeid deiBsat bR YFRS BT DRWEFS! BBt R o ATERAEFor determining an
optimum write power on the basis of the deviations of the measured runlengths from the nominal
runlength of sgid short marks, 26,11, Recording, davies for fscording marks,in an pformation layer of a
record carrier by irradiating fie infgtmation ayer with a radia |on315)eam, comprising a device for
optimizingSthe periter fowenofdmeetsaddingkaiarkeginady mfarmatiorelapdrodfaa ekcoed saehiengsfoclaimed in
claim 10. 30 12. Reegraingdeuice s alpimasddp&iaim 11, further comprising - further recording means for
recording marks including short marks onto the record carrier by applying the determined optimum write
power, further measuring means for measuring the runlengths of said short marks recorded by means of
the determined optimum write power, and 12 adjusting means for adjusting the optimum write power on
the basis of the deviation of the measured runlengths from the nominal runlength of said short marks. 13.
Recording device as claimed in claim 12 adapted for optimizing the write 5 power for recording said
marks by regularly carrying out a method as claimed in claim 6 for regularly adjusting the optimum write
power.





