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times, and rewitable disks for recording and erasing data nultiple tines.
These three different formats each have a raison d' etre, and each have
strengths and weaknesses. Common for the three types is a w sh of

increasing the datpheGaRAGbA YelatééjtotahﬁEthB@BFd&@ﬁﬁnfﬂ?Mraﬁﬁtlﬁﬁ %ﬁ"cimiﬂg ipapVi ded
onto a single disk. There is, however, a nunb limting factors for the

si ze of (Iphlealcsagml framam qpylcalcm@rdmgmetdam afditst amphc&lqnhef tiezwethéd inhe opt i cal
spot, whi ch ﬁ’a %&? Xm Ft S..al rm‘[?l Iarlge as th? ajl ze of

t he srra|‘i°8§‘i° 8Bt“f1 atyFDE pglg S ﬁsg%lf‘% aiafyfing, %“ﬂ fiftpalty farep oRtiedn of
nor e t hagcBiagshéde. bit may be detected by the optical spot resulting in

i nt ersynbol |nterference (ISI). In the Blu-ray disk (BD) format it is
possidbl e to anal yZAdetteghnplogy osaamgﬂndmémgdn%srgm@ mcandcf@ma@ptuqabélsleqo to 27

GB, and (el %Q¥er§§%%h{ffan5&8eﬂt?{}9}ﬁ@&t OLark. '\fv"btﬁ ﬁ?ﬁét §fan& e%%isthe ‘?’é&ﬂélgg;( e

capaC| ties a ove I'S Nno POSSI 0 uUna UOUS|

t he sheevarioaysipes ondcatling fohmtmaid cdﬁ'e@pwhdjlngtmedhahwém&lgsd |On thermmeakéti on Wit h
opti mum power calibration for ad] ustllgggt he wite strategy in a

recor di ri§dayddere existsigter 5%%%1 @ﬂy 5613, he-JHPM-dislsy such as faraausig playrbacke i on
h h of
Wf:’ tet 2ﬁ%§t§;@{c§9%ﬁ&ﬁhsﬁ§’ v&h‘e‘afl=1t %8 WiitteRdn 611%% $ut féa&‘?ﬁaﬁay é%m%!;ﬁl&engt 0

an optic mfor cap ities in range,
sucHOa geWwritabtendisle fof rdoerditg an,d eaamhg deta multgrie tnnss Hahese ﬁlmeahffenequknnets

o o R S ST BT o g Rl P e BRSNS oo
medi um  (r&fies dRiWof thdadif)/ @B IdhRAapadits Y {Pth8SmEHe data may be present or provided
onto a single disk.
There is, however, a number of limiting factors for the size of the data
15  capacity. One important factor is the size of the optical spot, which on high-capacity disks
becomes almost as large as the size of the smallest optical effects on the disk. In this limit,
information of more than one single bit may be detected by the optical spot resulting in inter-
symbol interference (ISI).
In the Blu-ray disk (BD) format it is possible to analyze the time between
20  slicer crossing for capacities up to 27 GB, and thereby determine the lengths of the optical
effects. But for capacities above 27 GB it is no longer possible to unambiguously determine
the slicer level, and also the well known jitter analysis in connection with optimum power
calibration (OPC) for adjusting the write strategy in a recording mode, is not possible.
The inventors of the present invention have appreciated that currently no
25  solution exists to analyze the length of written effects on an optical medium for capacities in
the 30-37 GB range, such a solution is of benefit, and the inventors have in consequence

devised the present invention.
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taking the measured optical signal, the modulation bits and the calculated model signal in
20  account, the output timing being a series of output transition shifts,
wherein the input timing used in an evaluation step is the output timing determined in a
precedent evaluation step, and wherein the difference between the model and measured
signal is used together with the input timing to calculate a subsequent output timing, and
e) continuing the evaluation series until a series of output transition shifts obtained in a
25  specific evaluation step fulfils a predetermined criterion,
wherein the last obtained series of output transition shifts is the average transition shifts of
the channel bits of the measured CA signal.
A measured optical signal, such as a measured optical signal from a read-only,
write-once, rewritable, etc. CD-type disk, DVD-type disk, BD-type disk etc., is a modulated
30 signal wherein the modulation represents the binary data present on the disk. On the disk
information is stored in a pattern of optical effects, e.g. referred to as marks. A typical
encoding of the information is the runlength encoding, where information is stored in optical
effects and spaces between the optical effects, as wells as the lengths of the optical effects

and the spaces. The bit pattern on a disk may in the runlength encoding be represented by a
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20 It is advantageous to determining the timing of transition shifts in a series of
channel bits from a comparison between the measured CA signal and a calculated model
signal of the CA signal, since the CA signal is the detected signal and the last obtained series
of output transition shifts is the average transition shifts of the channel bits of the measured
CA signal, and thereby directly reflects transition shifts as they are on the disk.

25 The method of the present invention render it possible to obtain transition
shifts as they are on the disk even for such data capacities as capacities above 30 GB, such as
in the range 30-37 GB. This is an advantage since currently no alternative method exists.

The calculated model signal, i.e. the calculated model CA signal, may
mathematically be represented by a linear optical model approximated by a discrete finite

30 impulse response (FIR) implementation. The linear optical model may be the Braat-Hopkins
model. It is an advantage to use a linear model since such models exist which describe the
optical channel well, e.g. the Braat-Hopkins model, and linear models are well-suited for

automated modeling implemented by processor means.
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For example, the timing of a given leading edge may be determined as a function of width of

20 the specific (or current) mark and the previous space length, and the timing of a given trailing
edge may be determined as a function of the width of the specific (or current) mark and the
next space. This may be represented in a 2D matrix, an L-matrix, for leading edges with the
matrix elements being arranged as (current mark, previous space), and a 2D T-matrix for
trailing edges with the matrix elements being arranged as (current mark, next space). It is an

25  advantage to determine the timing of the leading and trailing edges in this manner, since it
directly provides the systematic behavior of the various pattern combinations present on a
disk, and thereby directly reveals a systematic error in the time positioning of the various
pattern combinations. Such a matrix representation thus provides a simple and useful
qualification system.

30 In the simplest method optical effects are provided to an optical medium by
turning the laser on at a predetermined power lever for a predetermined duration depending
upon the desired length of optical effect, and turning the laser off between the optical effects
for a duration corresponding to a desired length of the space. However, the write strategy

may be more complex than this, for example in connection with the direct overwrite method
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20  performance. As a result, reading data from a medium with non-optimal optical effects is

prone to errors. Being able to correlate a timing error (i.e. an error in the length of the optical
effect or space between optical effects) to one or more specific write parameters facilitates
means for optimizing the write parameters and thereby provide media were optical effects are
written optimally, or at least in an improved manner.

25 In a second aspect of the present invention, a write strategy may be optimized
by performing the steps of
«) reading a pattern of optical effects from an optical storage medium, the pattern including
one or more optical effects, each of the one or more optical effects being associated with a
predetermined write strategy, the write strategy including one or write parameters,

30 ) performing the method according to claim 1 and thereby provide the average transition
shifts of the channel bits of the measured CA signal, and

v) adjusting the one or more write parameters by means of a set of predetermined rules.
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The module thus comprises input sections for inputting signals, a processing
section for processing the inputted signals and an output section for outputting a result. The
input section may be hardware section, e.g. an interface means for interfacing one or more

20  signals to a processing means, however in general the input sections may be any type of
means provided for feeding or providing one or more signals to processing means. The input
signal may be an output signal from a given unit, e.g. an input signal may be a signal
provided by a bit detector where the analogue reflected lights as detected by a photodetector
is transformed into a binary bit stream, i.e. the modulation bit stream. The modulation bit

25  stream may alternatively already be known, e.g. from a memory. The processing means may
be any type of processing means, both dedicated processing means, dedicated to perform the
method of the first aspect of the present invention, or the processing means may be part of
general purpose computer, such as a computer program. The outputting section may be a
storage means enabling access to the result or the outputting section, e.g. as an intermediate

30 step in connection with showing the result graphically.

Optionally, the module may comprise processing means for evaluating the
result in accordance with rules. Such rules may be known to the evaluation means and e.g.
provide means for detecting a given transition shift and adjusting a power level or level

duration in accordance with the rules.
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an output signal froma given unit, e.g. an input signal may be a signal
provided by a bit Idgtaﬁaﬂoetnwg@%@rdm aimotialg yince afel aedudélmay Gopartagadet ect ed
by a photodetector is transfornmed into a binary bit stream i.,e. the

modul at 145IGS Tor RATFHCERIAE AP APHET GHDBH N SHREbP grParhgt an anahizst foy ana)yzing eady
be kno Qgﬂn@?ﬂﬁﬁ%i essi ng means nmay be any type of
proces\gﬂ%l%&un%g%gf |§g%%%&b$g§gs§?ng nmeans, dedicated to performthe
met hod of the fir Accasigrto a)ﬂoutthasmeﬂmhvemmﬁﬂelatento an opitivel eradagsi ng
rreang art aof. general purpose conputer, such as a conputer program
The dut chg@é’??‘& may be a storage means enabling access to the result
or the Ql&r@Hfahbﬂmer@é?fdr Bhhittif Qratﬁéncﬁarbe'aﬁltl?a%ﬂ%ﬁd éﬁn@roﬁ&tﬁ@ vhille @PRRRAL hSRerM L h
showi ng the result graph |ca% tionall e nodul e may conprise

pr ocessdﬁ‘g%lrf@famsorﬂmg Opuwlaﬂcctﬁgnttmec@dmgmctd\maccor dance with rules. Such

rul es may to.the eval uati means and e.g. provide neans for
det ecti ngarga% gﬁg}tr 35?1c°§¢:e%fetflgé B adj usting a power |evel or |evel

duration rhéhnﬁ@téﬂﬁﬁi@g‘\tﬂhe pw%hletmnw& €svel durhfordin a&ﬁ'ﬂf&%ﬁﬁﬁ hecodify tdiea
nodul e since the 1%art of a device for orm ng an opti nmal

powd caavmgatlmﬁtlorrﬁyﬂmf épmefsl ftymwfaln%dnya@?d/mdraﬂquggmgletrn@asqwdl%y of
witten 510a'l?s%etéﬂnx?e‘%fb}tﬂ@g?eﬂﬂd%{ftheef‘ ta %gordl ng to a fourth aspect, the
i nventiorfrelates recor apparatus conprising: - a

radi ati on source fAucorling tolm@ﬁlaaspadu, &iellﬁVbnlﬁﬁﬁlffelhlﬁS/td'bgl inte@eindd citduitlfl®) val ue

of a wrlte power |evel for recording optical effects on the recordi ng

medi um for eontrolling g qpﬂpalrre?%awgﬁgptrﬁ@s,rtb% Y eine adanted to adjustipg gae aHNORY | ng

t he po \éf‘dnu r to the
aver agﬁltlﬂg Sl tle(i;ér%g{fﬁ{1 ?vlrﬁé/ﬁ#at saétéérl9 tﬁg 19 it Wefa?@ %ﬁ%ﬁ%ﬁ%ﬁ FQ&&Q&I i ng
edgdSof typeofteading mmﬂ/@ﬁlraah]gg\adgeaﬁ thhe:heasmade(dA lsggnalha&s detetrinockd dfy thdymefhodst
aspect. Aftc O{_dl n& to a fifth aspect, the invention relates to an integrated
circuit 1158P€ent r ol | i ng an optical recording apparatus, the IC being

adapted to adj ustiGoRie: a ¥ AsMdct, the B@Elﬁﬁtr@fafes't@a%of%ht%ﬁreﬁ&zﬂﬁé E6bé
according to the average transition shifts of a specif

adapted to perform the method of the first aspect.

The various aspects of the invention may be combined and coupled in any way

20  possible within the scope of the invention.

These and other aspects, features and/or advantages of the invention will be
apparent from and elucidated with reference to the embodiments described hereinafter.
25 Embodiments of the invention will be described, by way of example only, with reference to
the drawings, in which
FIG. 1 schematically illustrates an optical recording apparatus capable of
reading and/or writing information from and/or to an optical storage medium,
FIG. 2 schematically illustrates optical effects on a Blu Ray disk,
30 FIG. 3 schematically illustrates two series of channel bits from an optical
signal,
FIG. 4 illustrates an embodiment of an implementation of the method

according to the present invention,



type of r}lﬁﬂ'&%gnd/or trailing edge of the rreasﬁP&lT/(ljﬁ@ogﬁﬁ/QP‘lgs‘W

determ {)/ nmet hod of the first aspect. According to a sixth aspect,
t he i nverwDanowsli@tes to a conput er readabl e code adapt @4TiB200&0$404'M t he
met hod of the first aspect. The various @spects of the invention may be
conbi ned and coupled in any way possible within the scope of the invention.
These and ot her agiacs sllustreRtmutas pRigléieadinly and egting edges IETinwtdxrds) on Wi | |
be apparent fromand elucidated w.th reference to the enbodi ments described
her ei nafebéneddmceRTAwce svity an qrbadipentiaf e REFSaNt BeRfifer i bed, by way of
exanple only, wt 'T«"If}e{sﬁl'i&l?s%cjﬁ@mm@dﬂ SB%e 13- B‘?MW?‘%Qg 1 schematically
illustrates an optical recording apparatus capable of rea gKg and/ or
writing informati GiGE 7 dinsaatdé b - matrmes oiﬂa1ne<hfor§trs1rlagar1tasﬁlat‘ag|y, FIG 2

schenqatically ill S 0 effe a Blu Ray disk, FIG 3
scherati cal | y illtﬁ%’ gtﬂg’ﬁ \%ét e‘P?té%‘e%? f?élse?ﬂnf@ THERSEHeBht i cal
signal, FIG 4 IIIl:q@tmhﬁ&a@@ﬂﬁrm@hamo@h@mmmsmefom@rs of the method

accor di ng to the present invention, FIG 5 illustrate matrix plots of
| eadi ng and trai l iFlg. é@qus(mshemamq srewingnifithé Bethatknwriteostriatéglice with an

The 12 omar k. wi't d1G: FaibgREEN e aion | G PsRi Rty AIRLE LRI G°: of
first 1%trawpicke strategy, Fl G 8 illustrates LT-natri xes obtai ned for

second 12 -wite strate%l FIG 9 illustrates the LT-matrixes of FIG 7
(@(S

m ndé those of FI &IG812 a1 whematigdrawinehefraganeral wailg #igptesy, t he 13 - mark
wite strategy, Fl . {on LT | Xes t ed for
different 13 -wri t]ghsg‘él a4 uISJIytg; By 1%n§%2gﬂé%%%dvs&%1é%ﬁ%ﬁsféﬁ rf gl% ‘ﬁhﬁof a

gener al stratdg® oS FIG kg, FI G 13 illustrates LT-matri xes obtained using a

first version of the wite strategy of FIG 12, FIG 14 il]ustrates
LT-nmatri xes obt ai A4 %flhlgtr%re%Iezmnwr%ht@ﬂedowsnt%swm yersion of the write

strategy of FIG. 12, and

15 FIG. 15 shows a schematic drawing of an [4-write pulse.

An optical recording apparatus 1 capable of reading and/or writing
information from and/or to an optical storage medium is schematically illustrated in FIG. 1.

20 A real optical recording apparatus comprises a large number of elements with
various functions, only a few are illustrated here. Motor means 8,10 are present for rotating
the disk 11 and controlling the motion of an optical pickup unit 5, so that an optical spot 3
can be focused and positioned at a desired location on the disk. The optical pickup unit
includes a laser 6 for emitting a laser beam which may be focused on the disk by means of a

25 number of optical elements. The focused laser light may in a recording mode be sufficiently
intense so that a physical change may be provided to the optical disk, i.e. optical effects are
provided onto the disk. Alternatively, in a reading mode the laser power is insufficient to
induce a physical change and the reflected laser light is detected by a photodetector 7 for
reading the optical effects on the disk.

30 The present invention deals both with the reading and writing aspect of optical
apparatus, since data may be read in order to determine the write quality, and data may be
written using an optimized write strategy.

The control of the recording apparatus may be done either by hardware

implementation, such as illustrated by the motor control 9 and optics control 2. In addition,



strat egyﬁIg 54% 712 and FIG 15 shows a schenat PE%TQ%%%)%954@4I4 wite
pul se {J 887 recor di ng apparatus 1 capable of reading and/or witing

i nf or mat iwo 2beccsv@md/ or to an optical storage nedi um i sPSEhBIMSHTIIT y
illustrated in FIG 1. A real optical regording apparatus conprises a |arge
nunber of elenments with various functions, only a few are illustrated here.
Mot or  meddesmirdflocdssorRbaBElthedn® @ i§ piesdit rrglehh&r@rsdeséolc caigolandiing ¢d.£i ng t he
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optilds cseetionot4 of a track4s dlustrafad. diight refleqteshfremdhe tackssations?4 ivdHwsirated;
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means, S@rﬁdaihhx@ 2§ as a fuiR€ion ofthe fpoaslobﬁldﬁgalmh@fzoﬁtaha)gh% a\eehs <hmttiad of
software I nfl uence_the operation of the apparatus. Exanples of
hi gh- | evibe tl@@nﬁ%@ptsca{ ¢ifaci?3 are plier referd 191as srark e Sibezeas thedp8ion A2an wri t e

strateg It Bldn bASR L n
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i '] Ust r 13647 axe binovphops &Fims vatlrlewi rofle@iitywherBis the spacs 22,38 herorystaibbd y
illustrated in. E@G Zﬁ The bl own-up regi on shows both optical effects 23
and reglrﬁgﬂgnsz‘flt BHENe N WYopti cal effects. The effects are aligned al ong a
track spiraling frlﬁ%ﬁéh@r&%ﬁﬁg dafads Stetelah Geark L2 BAd § ﬁﬁéles% d¥idifferbhrack is
illustrated. Light reflected ffomthe track section 24 is illustrated
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i Tustr a&lﬁ( s?ha? q marl?s and spaces are integer step like. In BD, the shortest effects are 2 times

20  the channel bit length (=unit length), also called T2’s. The longest effects are 9 times the
channel bit length and are called T9’s. When the lengths of the marks and spaces are not
exactly a multiple of the channel bit length, this will be seen as deviations from the optimal
situation and will result in a deteriorated bit detection performance.

In FIG. 3, two series of channel bits from an optical signal is illustrated. The

25  series of channel bits 30 comprising first sections 31 corresponding to light reflected from
first regions with first widths 311, being spaces or high reflectivity regions, and second
sections 32 corresponding to light reflected from second regions with second widths 321,
being marks or low intensity regions. The transitions from the first to the second regions are
labeled leading edges 33, and transitions from the second regions to the first regions are

30 labeled trailing edges 34. As illustrated in FIG. 3B, the leading edges are indexed by the
second and first widths, whereas the trailing edges are indexed by the first and second widths.
Thus, the leading edge indicated with reference numeral 35 is indexed L(2,4) referring to a
leading edge between a second region with a width of 2 (or runlength of 2) and a first region

with a width of 4, i.e. a transition from a space with runlength 4 to a mark with runlength 2.



verticall)@gtg4 23 as a function of the position aPE&Télﬁgqpoﬁjp?g'@t‘% axi s
26, i.e. ¥&%ction of the time. The optical effects 23 are often
referred Wo 206/0809%s 27, whereas the region 22 in bet we@dTiHRmosBIRE of t en
are referred to as spaces 28. In a phasgpchange type disk, the marks 23,27
are anor phous regions with low reflectivity, whereas the spaces 22,28 are
cryst al |Tlikewis€ds thesratirighedat didicaéd with irefbieyice huin@pl 3 CiabdexedCr(R B) Rferrihgtt@ 1 S
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that all marks a”%&@ﬂee%ﬁéiﬁﬁrtﬁe F%@gﬁ{s Mﬁh}@@gﬂe&&g?}?pﬁ%)% SRpr test

effects are 2 tines t anne engt =uni t al so called
T2's. Thefléaivipg$arkl) fasechat abways @ntthemdghttpositioh.aSumad arbitdo maclgtothe teft @addy cal | ed

T9's._ Whaen the | engths of. the nmarks and spaces ar ot _.exactly. ltiple
of tHe CRARHCT NESHIVY BRINIIR Endame B8 raisd{o s T (190 18hs NostiP: HiSopt i mal
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FIG 3, two series of channel bits froman optical signal s illustrated.
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trail i ngnettlodas deseriboddnxRukidiy et 1 (séd ¢.81Poxidis, F& £ OocheyWdMIE; Bdiigtians,t he

| eadi ng edge indicated with reference nuneral 35 is indexed L(2,4)

referri rJth;M-;&qr@aamﬁ%jloaa,g?&oeel%%woa2g%¥ﬁﬁﬁ éegnasiong] Eonfarepeeival- ds 18 (or

runl engt a1 KT | ] ] thd OR r i:t1lon

[ om a_cpaine AD0Q S0 (o) Fho IfoaLeR tl debcbomtsFnfhehl obind SR BIBGALOF

t r aillSi ngnot dgly -ilreamelat Iéslasnht bitrsetamgng alsomuebats i Getwedr 384t K(dsdblertef er ri ng
to a transition froma mark with runlength 2 to a space with runlength 3.

On a redPTYf §REC Nt SYNCBIRNOR: WAY-2 high reflectivity (space) to |ow

reflectivity (marky g B15@ingal WeyFib& art &RbsdiSBAt JTA ifnbRMenBRiOR offiR t 00 much
to the left (early in tinme = negative per definition) and sonme too nmuch to

t he ri ghresenbinvention. Fhysoan anboslimentiof ¢he implementation dfia r¢timyd gfimpasutihg theot t ed
lines 37 _which i ngi cableﬁgt.pge mass§red edge position. In the figure a tine
gred"ids 8°556PY

axi s 38 TASHOM A ontal axis, the time axis being
di sgpeti zed W th gocmkthed: An important aspect of the method is that a model of the central
aperture signal that includes the edge shifts is made. By comparing this model signal with the
measured signal, the difference (=error) can be used to make a better estimate of the edge
shifts. After one or more iterations, the model output may resemble the measured signal. The
estimated edge shifts can be used to adapt the write strategy. Examples are described in
25  sections below.

Only edge shifts that are systematic (with a predictable behavior) can be
compensated in a write strategy. The marks have a leading and trailing edge, which can be
shifted. These edge shifts are of course a function of the (current) mark length (I¢m).
Furthermore, in the case of a leading edge, there might be influence of the previous space

30 length (I), for example due to the thermal history, this effect can be seen as Inter Symbol
Interference (ISI) in the write-channel. For the trailing edge, there might be influence of the
next space (Ins). The shifts are written as a 2D matrix, with matrix elements L(cm,ps) for the
leading edges and matrix elements T(cm,ns) for the trailing edges. The spaces are not dealt

with, because they automatically fall in-between the written marks.



IT (=1 mﬂ%“%t) resol ution. For an ideal si gﬁquélﬁgqorﬁa{Qgﬁﬁd'gns shoul d
lie on ! The subtle edge shifts (below the IT resolution, as

denot ed byoth&/w@atdted |ines) may be included in a channeCTaBuesozescri ption
of a measured signal, e.g. by using the;gethod as described by Pozidis et
al. (see e.g. Pozidis, H; Coene, WMJ.; Bergmans, J.WM ; Comunicati ons,
2000. | CC 2000. 2004 nhdthdd ¢anttRrexdindedsd thabnicadiap @dge i @lot ordly déﬁendaﬁ’t ohune
2000, p 99-103), whq nodel ed the effect of asymetry on the CA-signal. By
usi ng ndhe ewwgpus byt also the pefore preyioys etfect (5 We%@sf@aﬁfxtmcw@@ﬂ% rs in

bet ween chr onous way.

In the feg%c%\lymhtn%lé@%&%&?E’hph@ﬁ%ﬁrﬁ%ﬁg%ﬁ%@sgk &g} lpig?o‘ﬂa:}r)e(ﬁ atl on of the
present inventi on.Applyisg &if-weatoixes: Pgpplying an he- rhatpib(ermmlﬂmlnlymgahe BTmithind of

measur i ng the transition, or edge, shifts is _described. LT rret hod:  An
i mport arfP thspeerel bt serigs, Wikl Fesltiinga modified mednlationtbit ffecamefy lsp referaed fors

si gnal th n es the e ts,i.s made. aring this deI
i onal ViR PR reaa. ShiR ahe desanifare mesoaie b FPEF LR ER ¢ o
nmake a bﬂt foell Hatfomt et ttiihewﬁﬂlﬂ% rﬁ&lhﬁgﬁ th%ftirﬁ&ti@ﬁ%ré)lhoﬂi‘ﬁ%& abdoRdifl NS,
the nodel output nmay resenble the rreasured signal. The estinmated edge

shifts daHowimguulsst t 0 adapt the wite strategy. Exarrpl es are described in

bornut oreafing g S abnSRER s e W TGP lo TR A el fehiin Py o9 °1 20L°

and 1orai | i ng edge, which can be shifted. These edge shifts are of course a

function of the (current) mark length (lcm Furthermore in the case of a
| eadi ng edge, there i ght be I}ﬁfl uence of tﬁ’é preV| ous spgpce | ength (1ps),
for exanple due to tf oL TL > i DICIICbLlLaII be seen as Inter
Synbol Interference 1N th< wrj te-channel . Fqr "t|jH€ trailing edge,
there mght be infl uemg)&oof [ he mq;xt+1space 1421, hq: shifts are witten as
a2Dmtrix, with matrix el efen l{cmps) Ifor t | gadi nfj edges and matri x
el ements T(cmns) fof L@ trhiti r’r(b b*@é«xyﬂhb spaceé are hot dealt with,
because they aUtOITB.tibaHy faH—rn=betweenthe—wt+ttern—af ks. The net hod can
be extended so that a | eading edge is not only dependent on the previous
but al sormhagBll ﬁraﬁﬁlﬁﬁh‘ﬁ'éﬁlﬁﬁﬂ@ﬁithﬁﬁﬂeﬂ@hkt@%pécb%fﬂ%n ghfygct and after
next effect, but the LT-matrixes will have nore dinensions and will grow
rapidly).
Ix" Iy’

ModBits | ... [ -1 |[-1 +1 +1

Tx>0 S I N Y +1-2Tyy | +1

Txy<0 e | -1 [ -12Tyy [+ +1

15  For example when only the I3’s are written with a bit of overpower, (L3x=neg, T3x=pos, all
other elements are zero), the following modified bit stream is obtained by applying the LT-
method:

13° 3" 15° v 14° 3"
1 |1 |1 -1 -1 -1 1 111 (111 |-1 [-1 1 |1 |1 |1 -1 (-1 -1
1 |1 [1+2L, [ -1 |1 12T [T 1 fa [ [ -1 [1 |1 |1 [1e20s, -1 |1 |41

Table 1, The runlengths of the marks and spaces (first row), the modulation bits a, (second

20  row) and the LT-applied modulation bits a, (third row).



Appl yi ngﬁiﬁ @t ribxes: Applying an LT-matrix, i. eP&Té'B&%ﬁ{SM% LT-matrix
to the Heg 1487 ¢ series, wll result in a nodified nodulation bit stream
ak al so rePDepied7¢90 as an LT-applied bit stream where POE/IBUYIIRITtS are
i ncorporated. For every transition, frogp+ 1 to - 1 and from- 1 to +1, the
two bits making up the transition are nodified according the foll ow ng

rul es: LUeh#sthgatichdesthots BIRsCALsighal from theaisla (M dah be withedmgichlly ddsoribad, K of
run | ength x) Tral I i ng Edges (tranS|t| on frommark with run length x to
space of®¢8& 98%306% WeteBnly the 13 ' s are witten with a
bit of overpomer (L3x =neg, T3x pos all other elenents are zero), the
followng nodified bit streamis obtained by applying the LTnet hod: Tabl e
1, The runl engifs=[af(4hd)|prrecks and spaces (first row), the nodghation bits
ak (second row) and the LT-applied nodulation bits ak (third romb LT
Estlnatlon Met hod: The CA-signal fromthe disk (r) can be nathenatlcally

voy ] ® <k et ixthe Shinsel b rrapoRte Rl oA e HagOR of e obficd 5

d' scr et gpbeRIRSBIR G he Qiskfankl & &B&th%ffs%@@hrthé}nio?@ btl’s Héﬁﬂé'& dshe di sk and ca

const ant ofset Furthernore, b is defined as: =k-ak(2) Sobis
the difference between the LT-applied bits as descrl bed in the previous
section and the,ori.ginal (-1/1) bits. Thus b is a bit stream ich

cont ai ns |nford%t|6h bout the edge shifts. Next the nodel ouf put (d) that
is conpared to the measured signal is defined by: In which the w ggles
denote that these quantities are estinmates. The estinmates shoul d converge
to the "Sokianadiffeadnde Hettebh ﬂ@ ItT-epplteh@u@I ias Bedcvibédinthe preyiug kectibh@ndi gnal
fromthe_ disk and the nodel th is used.to fit this signal are defined,
and lOheitpe GF%‘P@HBH&)&W% They b is bl& sireapb Whighneentajps informatiomebquitheiadgen, to
clearly w the different conponents ek =[(h-h) *a[ +[(h *b-h *b)[ +(ck -
ck) ( 5 e estimation of the channel can be done by correlating the error
e wth the channel bits a. This is called "Least Mean Square channel

respons estl mat ch wor ks tically.on.th ovm ng
princi pl'e® {lﬁﬁog‘rpw@bﬂga}t%c%@aé @éﬁaWE?%‘r signal i3 ‘% frd better)

estimate can be made by using

d, =|i *(a+B)], +3, (3)
15
In which the wiggles denote that these quantities are estimates. The estimates should
converge to the “unknown” values coming from the disk (without wiggle).
The signal from the disk and the model that is used to fit this signal are
defined, and their difference (error, e) can be found:
20

ek:rk—dk:[h*(a+b)+c]k—lﬁ*(a+5)+gjk (4)
Which can be rewritten, to clearly show the different components:
=l -Ryxal +|xb-R*B)] +(c, -7 (5)

25  The estimation of the channel can be done by correlating the error e with the channel bits a.
This is called “Least Mean Square channel response estimation”, which works

mathematically on the following principle:



the fol I gying, faomila: +1 =hk 4 x(h k - bk ) AR GTHIB2093/02¢247 7
Looki ng tl48dcond termin the error, that is related to the estimation
of edge swDf06s/06391 one can see that ( - w ggle) only c&aThB20es/pi4essed,
when the estimate of h is close to the ngal h. In that case the error can
be witten: And a new (and better) estinmate is nade by using: As witten
down here, the estimate of b seens |like a single variable, but in practice,
its value depends on the runlength conmbinations in a. The above update rule
shoul d be appl i g i sp o A T- i x el enent. ctice, the
correct LT- eleﬁgg?(?srgpg %% ﬁ 3tmyared%§%% or tralllng ed é in the
channel bit streama. Finally, the constant offset c¢ can be estinated based
on: So by integrating the error, that renmains after the estinmation of h and

b (LT | a f [ e B = (,Cck =
0 L)L 0, P o TR e R e kahE By bl |
i npl enerthetlibsving fomstaat ed in FIG 4, where the ak channel bits 40 are

first transformed into ak by the LT-apply nethod 4 1 with initial L and T

mat r Pxes. The ak are convoluted 42 with the channel response (FIR) (the

transfornmed chapan e fra 45 to ensure nul tipli i on of
matri x el enment s?kﬂ ha% jiglzfggfﬁ%qﬁe “47- model  out put 44 fzt)obt ai ned.
Next, the error si gnal 46 can be cal cul ated, from conparison the nodel

out put and the neasured waveform 47. The error signal can be integrated 48

for the IL¥ckam 4t et seoondatern dothe@irrot, ehiat\is teflatédite thy estiztation € ddgdnhl‘rﬂtedb) lones ak

Symm 400 to o ew estinmate of the FI.R | nsjide the LTe 401,
the rigHfanSee @PE%@I%@%W@(%{?@%W e’bﬂ’eﬁ%%mﬁ'i‘irﬂpf@riéfll‘?ée torthe ?&Ef

channel tﬁéttégeﬁggrfdp%tmmpq ( 9 ). By using these updat ed LT-eI enent s
in the LT-apply block 41, the loop is closed, and the "fit" is made

prodfessively better. LT-Apply: The LT-apply block 4 1 is discussed
further. Before a certain shift can he applied to a leading or trailing

edge, the bit tt h first have to be kn so t hat
J D B BB, PRSP AT B4%:

the correct el erfen X‘iI'sptgken. For this the runl s of the
nmodul ation bits currently passing is determ ned. This can be done by naking
a shift-register,

And a new (and better) estimate is made by using:

~ ~ ~ ~ h+*e
by =by + 1y X(b, = b ) = by, —b U, X [W} (9)

As written down here, the estimate of b seems like a single variable, but in practice, its value
15  depends on the runlength combinations in a. The above update rule should be applied to the
corresponding LT-matrix element. In practice, the correct LT-element is updated at every

leading or trailing edge in the channel bit stream a.

Finally, the constant offset ¢ can be estimated based on:
20

&, o< (¢, —¢;) (10)

So by integrating the error, that remains after the estimation of 2 and b (LT), one can estimate

the constant offset using:

Con =Cp T U X(c, —C,) =€, =C, LU, Xe; (11)
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est | it Slegia ol CHRPRGY eGP AR By meRB B Yoy i eorber

LT- el emeyidnal danesst iat d 48 Yor fig: PELSARMEB ISRV SRAJdoHIRIR GymntbtdrizBal | Y al so
a running variance (=standard devi ation squared). The effective | ength over

whi ch t hehafineh bito @, ¥Ve4GiR cbbtn ¥ atvasttariof tealiTRUlkiddhé ETdstimamr 46t thy t he
value of a. Applications of the nethod of the present invention is

desdOi bedpht LTtéleméntlis eikemEHependeanorethiciramlengthdofake e, ichmmie bitd)ane updetedret hod
according to the first aspect of the invention has been applied. LT on
phase- cHarge ( 8i)siy usihg thesd updteddxBrivhentsan Bid- IREapply block 445 thetleop micl@8d:B

wth a st a& » stra en the sanpl ed waveformis processed the
ak's ancfmagﬁies érés?i‘ﬂ&eaprﬁgﬁ’m%ylbvt\g?e the full channel response estimation

can run, resulting T-ApplyPTRE LE¥SappROMBCk M1 {5l dmculsed itk Befbre Adrtalreash ng
(FIG 5A) and trailing (FIG 5B) shifts are shown, and for ever

conbi natdan e @ppliadrte @ri@adrm o t(ath@@dg)e tha bitmaternyehieh isassing Yy Fixst gyVeaFOd’Gt 50
5 5ol 8 shAUBSGIRE b Y S PGP ReBRATASTS | 309
and on theddlgtion B3 cofrefithy Sassihg $SdddeimiiedMIRR can be done by making a shifi-register,
which is long enough to hold the longest possible transition (I8/I8, so 16 bits). When bits are
added to the shift-register, it is possible to make a runlength table which counts from the last
inserted bit backward. This run-length table can be used to determine, which bit pattern is
20  passing through the shift-register, and determine on which position inside the shift-register
we have to apply which LT-element.
After the bits have passed through the shift-register, the out-coming bit stream
can be convoluted with the FIR-estimate and been added to the DC-estimation to obtain the
model output.
25 LT Estimation: The LT-estimation block 401 is discussed further. In this
block, the run-lengths determined in the LT-apply method, are used to check if the incoming
error (or actually the error convoluted with the FIR, see eq. ( 9 )) is on a position around a
leading or trailing edge. If this is the case, the correct LT-matrix element is taken and being

updated with the following formula:
30
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changed a bit, and effects in the LT-matri xes are discussed. First, the way
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because it is b yoncft e (cut - of t he F (=optical transfer function).
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that the trailing Ig‘%ge starts too early. It 1s seen th e tralling edges

of the 1he mwvehisorahas beeri dppdeded by the C-level 70,71,80,81. Also quite
i nportant, as ill rated in FIG. .9 (show ng the LT ri xes from C=0. 4
i hus. ¢ hose of | C- 61 Die e Raiee il I et SepieN *dRgA Gk TSR e ks
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remain on their place; so hardly any cross-talk (Inter Symbol Interference,
1 SI) is disees odained@n theserthe full charnelfrespoosesestimialion canerunpesilting iromplof ag he

d hi £t ' ' t eI h '
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cr oss- t #rRWhekhgedo is fandiexactly enthegaporini s whenstbers is umplift and enfge sight t he
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LT- mat r itkes if 4 aegative shift (too early). As can be seen in FIG. 5, there is a slight amount of
positive asymmetry, all leading shifts are a bit negative and all trailing shifts are a bit
positive.
In order to obtain further insight into the application of the LT-method, the
20  write strategy is changed a bit, and effects in the LT-matrixes are discussed.
First, the way the 12 is written is changed, this effect is already hardly visible,
because it is beyond the cut-off of the MTF (=optical transfer function). In FIG. 6, a
schematic drawing 60 of the 12-mark write strategy is shown. The write strategy comprises at
least eight write parameters, four power levels (E, W, B, C) and a time duration for each. The
25 laser starts with an erase level (E), then a writing pulse (W) is given, after which the power is
reduced to bias level (B), in order to quench the phase-change material. Finally an erase pulse
with power C is used to recrystallize a part of the amorphous mark in order to put the trailing
edge on the right position. When the power level C is increased, more material should in
crystallize, and thereby push-back the trailing edge. In FIGS. 7 and 8, the LT-analyses are
30 respectively made for C=0.4*Pw (FIG. 7) and C=0.6*Pw (FIG. 8) (C=0.5*Pw being

nominal). FIG. 7 shows the LT-matrixes when C is too low, so that there is not enough back-
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si gnal , @wwmawg&mﬁénsa@ehgmtmgpomer As shown, the LT-nethod nmakes
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Si/Cu wite-once di sk are witten | ange an
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the last pul se PL V|n at t k en oSiti n af the
trailing gdge chanlg’ﬁé‘lgo F§| 8 @ql%gf dt}f‘@?‘ﬂ capue Bﬁﬁﬁfr t he
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| ast pul sé duration an trailing edge position is found to be l'inear, so
t hi s caruspétacnagrot the pqvemlmwer-ﬂﬂyelsdxgas semettivee, begiuse oy piremeter in a write

strategy has its own specific influence.

20 Another method of controlling the write strategy is to use the measured edge
shifts to modify the timing of the laser pulses in such a way that all effects will come on the
right position. Based on the physics of phase-change recording; the write strategy adaptation
120 as shown in FIG. 12 has been used.

By shifting the first pulse, P;, the leading edge can be shifted on the disk in a

25  1-to-1 fashion. So if we measure that a leading edge is 2/16 of a T too early, the write
strategy can be adapted by giving the first pulse 2/16 of a T later (similar for trailing part).

The results of applying this method can be seen in the next figures. In FIG. 13,
the LT-measurements after writing with a simple write strategy are shown. These shifts are
used to generate a new write strategy. When we write with this new strategy, and redo an LT-

30 measurement, we obtain FIG. 14. As can be seen, almost no systematic deviations are seen
anymore. Furthermore, all asymmetry is taken out of the signal, although we still use the
same power. As shown, the LT-method makes a 1-step write-strategy optimization possible.

LT on write-once disks: The LT-model can also be used in connection with

write-strategies for write-once disks, to compensate a leading/trailing edge that is x/16 ofa T
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step, many other steps are needed to finally obtain a nmaster stanper. Wth
this st avipmrthe m@memmmwmemmdmpme ntcdoemmhmggthelatnwneoii ikes to

OBt 2y 0 1 oA e P HEE TR o SEAC bR ehaag b

quallot y @éssttiir be¥defl itifkleadiflg Sttt Raifing 88 odclirsVWPoH ckaPle when the first pulse is
shifted, not only the moment when the temperature rises above the writing threshold changes,
but also the moment when it cools down to below the threshold will change. This results in a
strong cross talk, which will make this method difficult to use in compensating an arbitrary
leading edge shift and trailing edge shift at the same time.

25 By changing the first pulse length 151, by starting a bit later or earlier, one can
easily move the leading edge. Also in this case, the edge shift is about 3 times as large as the
change in pulse length. Furthermore, because shifting the start of the first pulse to the right
will reduce the total power injected into the stack, the temperature will raise less and so at the
trailing edge the temperature will come earlier through the threshold. This results in a trailing

30 edge shift with an opposite slope. It is clear that changing the length of the first pulse is a
much more effective way of positioning the leading edge than by shifting the first pulse.
Because there is little cross talk, the control of the leading edge position can be seen (almost)

independent of the control of the trailing edge position.
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laser durations are short, the point where the exposure reaches the threshold level will start a
20  bit later and end a bit earlier. This result correlates with observed edge shifts. The effect can
be very abrupt, so that it will only affects the 12’°s and not the I3 to I8’s.

The embodiments as described in this section can be used to extract leading
and trailing edge shifts from synchronous central aperture signals and the detected bits. The
shifts are measured as they are physically on the disk, which make relatively simple

25  compensation methods feasible.

Embodiments of the present invention can be applied to RW, R and even
ROM disks. On RW and R disks, very efficient methods to optimize a write strategy in few
steps are provided. As shown on RW disks power control methods can be provided which
selectively provide subtle variations in specific power levels in a write strategy. Furthermore,

30 the timing of the write and erase pulses can be adapted in a write strategy and all found
deviations can be compensated even in a 1-step optimization process. On R disks, the
sensitivity of the leading and trailing edges on position and duration of the laser pulses has
been shown. On ROM disks, analyses of the central aperture signal showed that the I2 marks

are written with less asymmetry than all other marks.
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C to
possi bi |'Wellas o eapacitiesaboxe (chas Q34 dorBlaywheps theishertasbynteagths amsbeyopd i or i
‘ . . . . .
conneot i hg b ed A 33 e \asPLETRMG BRI bR BREREASORRRCRERRIO MR 4 16
t he speowlidtleerftioe [’ s@t wWrittehhodhemail or orRbk weong pbsitimcope of the present

invention is limted only by th cconpanyj clai.ns. In this section,

cor 131 n speci 11 c. dOFUPTTG e ETORrSdUH REBT A clsth HUS WP REHOS eps,
speci fi G fyRt ReRhI aﬁéi,yzmﬁrepgﬁﬁ BhdnBEY RSAINB &l th 98" s S¥Hen théfeRgthPlositiBh bl or
pur poses of explanation rather than Nmtation, so as to provide a clear

and t hortbeidd iuclanget dhisi ‘isrpsetalkhmakesat very dififigelhta ene.clavdvglotsmeasured mithl d be
understo readily by.those skilled i his art, that the present invention
may be paro’glﬁ ocaélaoq\{w%{l)ﬁg?mgmgf& &esqtq\?&i?g%h do not conformexactly to the
details set forth HigbddimentyVof the\preseiavdntiod nsdyBd ihfegaidd Htof dndID, ke spirit

and scope of this disclosure. Further, in this context, and for the

pur p8s esmprovgrthe wrijabality of palrive,providingithepossibiity it do yery rapid weite-skaiesn

appar at . Gl i ) gﬁg[ e been omtted so as to avoid

unnecess rlilrﬁ%etg)ai(%éegﬂd&dapg}s%sljl? eogg%?lg(g%{)()n. Ref erence signs are included in

the clai ns, howeveXitliongh theqiresthpinverdtionitas bedredesoriteedsh gomnectowwith f or

clarity reasons and shoul d not be construed as |limt]i n? the scope of the
¢

cl ai ns. @relened embodigentsgit & notdrtended e B lipHted o Hiesgecific foranset forthessing ¢ s

37) in ri i C i Om%ri“?‘ i [ | from an
f)pt |) cal &é@%i%?%%dyﬁeogl ugé E%Lef)k)?fvté%%&%%th?rgtaeﬁ si"gra @%8%8%"? rlllé%galg@gt sections
(28,131) refl ect ed Ifitlisrsdction,tcerteini specfi¢ dethilso f the HisclosedmbdiméRshyh asand
second sections (27,3 reflected fr second regions (23 i second
W dths (990 Sp saelty maemeical St B FPRPLE TR e e EL Y Pogi ons ar e
| abel ed }sasbosr SGMATH6PRIhd: BRSO {Pasth HRdvidcIsacRRIhHoahS and

transitions fromthe second regions to
understanding of the present invention. However, it should be understood readily by those

skilled in this art, that the present invention may be practiced in other embodiments which do
20  not conform exactly to the details set forth herein, without departing significantly from the
spirit and scope of this disclosure. Further, in this context, and for the purposes of brevity and
clarity, detailed descriptions of well-known apparatus, circuits and methodology have been
omitted so as to avoid unnecessary detail and possible confusion.
Reference signs are included in the claims, however the inclusion of the
25  reference signs is only for clarity reasons and should not be construed as limiting the scope of

the claims.



the fi rsl; rg&l 9‘%2 are labeled trailing edges (34?3%5@?@9qglopﬁg4gecond and
first wildih ; k nmet hod conprising the steps of: a) providing values of a
measur ed wptb@dle7e®itgnal in the form of a central -apert uPETABYNIHDSILLOA
signal), b) providing nodulation bits cgpresponding to the neasured opti cal
signal, c) calculating a nodel signal by neans of an optical channel nodel,
t he cal ati.amvg: nodel including an input timng of the leading and trailing
edges, the input timng being a series of input transition shifts, d)
determ ning an output timng of the leading and trailing edges froma

mat hemati cal nodel taking the nmeasured optical signal, the nodul ation bits
and the cal cul ated nodel signal in account, the output timng being a
series of output transition shifts, wherein the input timng used in an
eval uation step is the output timng determned in a precedent eval uation
step, and wherein | > { . ignal is
used toglgt her wit r&?ﬁ%‘%lﬁ%ﬁ%&}%ﬁ%%ﬂp@ﬁ%ﬁf@@? a g’?gh‘g‘%ggg‘ﬁgg{&gl? put

ti m ng, chaschedbitc@O) imaimegsuréopical sighal fronsa ogivalirtondirg medinmy(1 DY, theut put
transition shifts obtained in a specific evaluatign step fulfils a

pr edet erdpticelFigne] euppraTing sk restiang (8.3 heaflegted Arome st eqgians (&4) with fitst
transiti R 1\Sar bl 1 af channel
bits of ‘?léllte}ﬁzggls) h?de e%%ﬁl;fééﬁ%xfs@%@ﬁfﬁ?l E%g@grggf(}reg{nﬁlg&ggﬂg@?k@’ Se\%\ﬂ@ rein the
cal cdl atwedthsgd2l), whepamnl transitioap fresetht didst iy the secondaegions are ddbeteddedding

i mat ed hy. a di te finite i FI R, i npl tation. 3.
NFhod JEEG bt o i soond SRR afFERREG forh (g T TEPURHO and
the cal gHé gt degiGiiQire ﬁbae@kraﬂﬁlg ea%@r(ga)ei&m@édmy tRe Qdcbn® ¥MFHfsPRRMEs, the

approxi mati on, synchronous with the nodul ation bits on the optical nedium

4. Met hodethed oorapriging thesteps af:1, wherein the difference between the nodel

and the asur.ed sign IS mnim.zed.in an,error 1 oo ere the squar e
rror I GE aEineEst  jobarit et R gier PnE Rt ot PRt g o
t he lpeadsigi@any( 500) and trailing (501) edges are determ ned as a function of
wi dth of the region prior to a specific transition shift and the w dth of
t he fol IwreNiding grasylation bijs corarsparding t the megswredippfical sighdy ei n one or nore

wite pacr) %gﬁﬁﬁﬁﬁg a model signal by means of an optical channel model, the calculated model

including an input timing of the leading and trailing edges, the input timing being a series of
input transition shifts,

15 d) determining an output timing of the leading and trailing edges from a mathematical model
taking the measured optical signal, the modulation bits and the calculated model signal in
account, the output timing being a series of output transition shifts,
wherein the input timing used in an evaluation step is the output timing determined in a
precedent evaluation step, and wherein the difference between the model and measured

20  signal is used together with the input timing to calculate a subsequent output timing, and
e) continuing the evaluation series until a series of output transition shifts obtained in a
specific evaluation step fulfils a predetermined criterion,
wherein the last obtained series of output transition shifts is the average transition shifts
(500,501) of the channel bits of the measured CA signal.

25
2. Method according to claim 1, wherein the calculated model signal is
represented by a linear optical model approximated by a discrete finite impulse response

(FIR) implementation.



(E, V\BBSCI‘%B%I @Pl g wite pulse (60,100,120, 150) foPP\&HIB@é)Oa’S/QEé&L‘TZ C

opti cal L4457 an optical nediumis optim zed according to an average
transi ti oMo=hédiaese9nf a specific type of |eading and/ or PCaIIBRoOFORAGge. 7.
Met hod according to claim®6, further copprising the steps of: a) reading a
pattern (29) of optical effects (23) froman optical storage nmedium ( 11),
the patt®rn i ncl uMéeodacotding R daiaPl,iwlidreig bbthcthe meaaréd optidahsigil @andkhenor e
optical effects being associated with a predeterm ned wite strategy (60,
100, 120, caloylpted mpdel gignpleare fepsgsenfpd by @I bilasyREhIoRRUSAPPIRXIAtigN, SYRAbI QoS

(E, WB, (Won| f claim1l and thereby provide the
average%%ﬁlse?%?dgl%t{so&i%slagg?é"@{g%ﬁg%ﬂ% bits of the nmeasured CA signal,
and g) adjusting the one or nore wite paraneters by nmeans of a set of

predetermned rul es. 8, Method agcordi t.o claim7, wherein an dition
ot arn bt opt | caMEhpLEROIES ko GpRUE T I SETe0s DErETLBE T HH by
USi NGt hfe AthdtRéPHg i RirAIRET 8 errai o SRR fhobd SqubtESord milindd, )

9. Method according to claim7, wherein the one or nofe wite paraneters

i nclude the power |evel and/or a level duration (151).10. Mdule for
runni ng ¢ he nethoq,9 laim.1. . the npdul e .c Lising. fL.I St QRUf section
for i npctti g« ne ithef aomif o Aigl'Fhefert MLEhPRGT eudlspdibe [adblR . °a
second !Mﬁﬁﬁ}@@&édg@s hRdetctiitictiaf @ fandtoa b Ylidthiof tiel regiofpridEA Sspebific
processing the CA signal and the channel bit streamin accordance with the
met H9d dransttign shift andibe width of hetfolleswingsegiemr out putting the average
transition shifts of the channel bits of the neasured CA signal, and
optionally processing nmeans for evaluating the transition shifts in
accordarge W th r WMethod ddcording tocehint Bodticiein @nappaoss white(pararfeteir i Si ng: -a
radi ati on source (6) for emtting a radi ation beam (3) having a

cont r ol |Ep\VeB.GlpPLi@ 2owrite nuiser(@0H8RE20: [ N dor yrbing 6?“?&6‘2)‘?@0?\]93 toRa effects
(23) on %%galrrﬁ%ﬁlﬂ'ié‘gptﬁﬁ&éd%c fcﬁngg &P dwsalfagﬁ g%)ssiii(?ﬁ sHiftedF Depechife (HEoF ded

effects formng correspondi ng” rea portions,
15 leading and/or trailing edge.

7. Method according to claim 6, further comprising the steps of:

o) reading a pattern (29) of optical effects (23) from an optical storage medium (11), the

pattern including one or more optical effects, each of the one or more optical effects being
20  associated with a predetermined write strategy (60,100,120,150), the write strategy including

one or write parameters (E,W,B,C,D),

B) performing the method of claim 1 and thereby provide the average transition shifts of the

channel bits of the measured CA signal, and

v) adjusting the one or more write parameters by means of a set of predetermined rules.

25
8. Method according to claim 7, wherein an addition pattern of optical effects is
provided to the optical storage medium by using the adjusted write parameters and repeating
the steps o) ) and ).

30 O. Method according to claim 7, wherein the one or more write parameters

include the

power level and/or a level duration (151).



- mansr@%ﬂ&{ i4gg the power |evel and/or |evel dSP&TQﬁ%QP%O%%“Z strategy
accor di K average transition shifts (500,501) of a specific type of

| eadi ng awio/2006/a6f@il i ng edge of the measured CA signal &€TdB208s/ns42€1d by t he
met hod of claim11. 12. Integrated circub% (1C for controlling an opti cal
recordi ng apparatus, the I C being adapted to adjusting one or nore wite

paramet elgs in a whbdulsforainagyg theeastlivdef digint hehamedageompasiagt i on shifts
of a speC|f|c tgﬁpe of leading and/or trailing edge of the neasured CA
si gnal asiigbinputsestien foy inpyBingdhe 64 denal g farm ofﬁaneaealfﬁﬁ@@@p edvaysfar@, code

adapt ed J Q. B inBhiBebiish 3 iMpatlinga Hafthdbit stream,

means for processing the CA signal and the channel bit stream in accordance with the method
5 ofclaim 1, and

an output section for outputting the average transition shifts of the channel bits of the

measured CA signal, and

optionally processing means for evaluating the transition shifts in accordance with rules.

10 11. Optical recording apparatus (1) comprising:
-a radiation source (6) for emitting a radiation beam (3) having a controllable value of a write
power level (P) for recording optical effects (23) on the recording medium,
-a read unit (7) for reading the recorded effects and forming corresponding read signal
portions,

15 - means adjusting the power level and/or level duration in a write strategy according to the
average transition shifts (500,501) of a specific type of leading and/or trailing edge of the

measured CA signal as determined by the method of claim 1.

12. Integrated circuit (IC) for controlling an optical recording apparatus, the IC
20  being adapted to adjusting one or more write parameters in a write strategy according to the
average transition shifts of a specific type of leading and/or trailing edge of the measured CA

signal as determined by the method of claim 1.

13. Computer readable code adapted to perform the method of claim 1.



