WD 03/ 019542 *ACPION* 1 Optical record carrier recording method and

appar at us PCT/ | B02/ 02925 Tmmmmmmmw relates to an optical ngeyxhoarrier
recording method for form | ands by directing a radiation beam
onto a regppdip@ssur face of ammaopdnrcal record carrier, the bl on beam
for each pit to Be recorded being set to at |east one wrlte power | evel
capable of forming a pit during a wite pbwer irradiation period and for
each land 5 between the pits to at | east one bottom power |evel incapable
of formng a pit during a bottom power irradiation period. The invention
also relates to a corresponding optical record carrier recording device
for carrying out suclOoptizgalnesbrd aitibr Rcdrding hebttod and bfpachtiss known from t he
Conpact Disc Recordable (CD-R) 10 System Description (also known as the
Orange-Book). A pit is formed by applying a radiation beam having a wite
power level to a recording surface of an optical record carrier during a
wite power irradiation period. The tinme length of the wite povver

| ength of a pit i riSisBed i b 0BG o BanRh ech i imdathol Ritpiok
tinme | engt plthdamlsmyrdmchng_fa radietidrebeamomtacd wedrding sarfakstod anﬁpmﬂgreabrdand n
e T baBl BT et R PR S P B kol 2

BOt t om powRwell dapﬂ:ile wwoﬁhmgs plﬂdmn awimh %vm irvadidtionpeed addefeeéacH landng a
ottom irr |at|on A net ho or e a siream of bits of
a secong V\get&’ Pltﬂ? a&l piom pppprdle m&*‘??&?"r&%ﬂ&ﬁﬂ%? PitEURER N from WO
00/ 57417 Abottom ﬁér’lrr&c!]@h&?i eﬁo&fmhﬁveﬁﬁﬁpﬂﬂﬁrehte%% sb&%sﬁbn@ﬁ%eo gieRaeded in
the main channe Limted Miulti Level LI\/!!_&3 codi ng ile the stream of
bits of thmrﬁG@MlﬂéY1°¢@rém@lﬂtlshchlﬁ ro crossings of a reflection

signal, the bits of the secondary (LM.) channel are encoded in the

anplitudes of reflection, i. e. the anplitude |evels of the pits and of
the lands are used fucherewading methed i knowoffronhithe Compactddige Redozdablsl (CD2R) | t

ocor iy Rereth peliitiof TR lob el Orahge BORS, £ Byt MkcOld GlmelBAERT ST O
of LM COdt‘ddgitloﬁ bedrt havitigh Mmt@piwmﬂvehe(me@rdmg surfacs ofancbpsiatliredoyd tdneer

fol | ow *1 *
oltowng ﬁﬁrkﬁgeé \Iiv?ite poweseg3 }r?a%xauon pgr%do ;l‘fgle time length of the write power irradiation period

depends on the length of the pit to be recorded. The length of a pit is represented by a
parameter nT, where T represents the time length of one period of a reference clock in a data
15 signal and n represents a predetermined integer number. For a CD-R system n is in a range
from 3 to 11. For forming a land the radiation beam is set to a bottom power level which is
lower than the write power level during a bottc;m power irradiation period.
A method for embedding a stream of bits of a secondary channel in a stream of
bits of a main channel is known from WO 00/57417 Al. Therein the bits of the secondary
20  channel are embedded in the main channel by Limited Multi Level (LML) coding. While the
| stream of bits of the main channel is encodéd in the zero crossings of a reflection signal, the
bits of the secondary (LML) channel are encoded in the amplitudes of reflection, i. e. the
amplitude levels of the pits and of the lands are used for encoding the bits of the secondary
channel. ‘
25
It is an object of the present invention to provide an optical record carrier
recording method and a corresponding apparatus which allow the application of LML coding

on recordable optical record carriers and satisfy the following criteria:
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PCT/1B02/ 02925 2 an acceptabl e difference between a nornmal runlength
nodul ation and its correspondi ng LM. equi val ent shoul d be achi eved, that
is,. preferably a reduction of 30%in the |and nodul ati ons and an i ncrease

of 30%in nmodul ations, and 5 - the length of thgc beRds ef fect as
seen in th{é&ﬁsnﬁhgtzrequency Si gnal shoul d be equal to the T@ri}gtﬁ of an

unnodi fied effect. Preferably, the thernBl cross-talk towards precedi ng and
succeedi ng effects shoul d be " mai nt ai ned W th respﬁé_{l %ﬂlc&oss t.al k as
observed with the uwaseemtsbledifiercass betyiean RS shoul d

pref er abl ?Jp;gp ﬁﬁlﬂé’u%fé@ﬁ aRaRARMBuILE Hcmweavdmﬁtf babMialrBduction 6R30EEI ng 10

t he overa itter is the standard devjation of the tine

di fferencﬂleﬂmd/\medulatmnehndmmﬁsW|0§ﬂ§%lmﬂ§qu[§?4W1¥@Bs’read signal and the
correspondlgg transitions in a clock signal, the tine difference being
nor mal i ze@®y the duration of one period of said clock. Thi s ob ect _is
achi eved by an opt|maleng&mﬂthbreducheffeqtesmGUHn@emahtf@auwy siggalsheldrbel i n

claimi1, whi s, character that t he bottom power |evel is

t enpor ar i Ieﬂ“”ﬁ g’ﬁéc“tgﬁ”’jpﬁnl’:‘f\‘}ﬁl &%ﬁ r level during an LM |and

i rradiati qxitefgﬁblyoahefﬂibi'mm%wsﬂﬂkwﬂdd\ﬂtedednng and tm:cheding effecits shoudd be evel bei ng
close to the wite power |evel at .th

t enpor ari IWWB’&RF@P%"‘LWESSFJ &%FVCP@G&M% o ?Iddﬁ?:lﬁﬁ@t% ﬂtl P7aaT ati on
period for Npefddsidildfybferbly betfaﬂy b:ddharipieible v motreal effedie without limmsmg t he
bott om power 20 |evel. "Accor o0 the |nvetnt£| Qn td%? b)l tude1

ref | ecldi orthosveselkjittpraThegitiy Edhb‘gmldﬁ@- depiatiompf the BRIg etf%ﬂ%F ghweptleyels | yenced
by Controﬁmﬁﬁoﬁma@tﬁ edlr g‘aﬁ?%ngf arldfe 6&&5%6&@&%&%%%&%?@%@ ts and

| ands can deci normal™ pit or an LI\/L p|t aving

di fferent tmwlffemdesbanignoemhbmdubwmqsdmtionw&ompqrmm sgid plocky " normal 1 and
or an LML land having different anplitudes of reflection shall be witten.
25 According to the invention the LM. | and power |evel and the LM pit
power level are opﬂhﬁlobjbdti&cacmmedbympmdatmnord‘ﬁamettﬁgotdamn?m%as | evel is

sel ect ed such that hter |, an t pit
pover 1evetlaimsd é’b‘Flé‘E’t L(yvstgq:h: %&terg fliy atc}g? ﬁgf n%f&er‘i@em}r@ |t%r§b% Jrh%h i s,
conpar te ;j thlsc@g;ﬁqam Ilﬁﬂq%v@ftftvalguﬁ?% athJMiL l?mct uiaﬂdatxbmﬁermd}f?ﬂ forming fn t he
eye-patterns i s reduce or |ands.the atjve e

reduced, whMLdand, thesI-Mb laqémo@/agl@uelfbsmgﬁ W%"EW‘S)&F et’ ﬁqftbﬁtﬁﬁeowg evel
in the pi tﬁow of e o‘ilérflir ﬁfv?e?éd u@% El'f fowerlead turifigZat LMD pitfirrakidtibnwr i t e
strategy. partlc l ength of the tenporary. raise of the

bot t om powprioddereforming en LViepit. gt MLt P°t“ﬁé1°t" elhsingalqpe fo,the PR BWHhe writ e
power &(? Veievg}:sAccorckmg & thD G Yo' the thl{t&fe dtMfidcatdofPiEHal stored on the optical

record carrier is influenced by controlling the power level of the radiation beam when
forming pits and lands. Thus it can be decided if a “normal” pit or an LML pit having

different amplitudes of reflection shall be written or if a “normal® land or an LML land

having different amplitudes of reflection shall be written.
25 According to the invention the LML land power level and the LML pit power
level are optimized for minimum jitter. The LML land power level is selected such that a less
brighter land is written, while the LML pit power level is selected such that a less darker pit
is written, that is, compared to “normal” lands and pits. Thus, for LML the envelope of the
eye-patterns is reduced. For lands the relatively;high reflection level is reduced, while it is
30 increased for the relatively low reflection level in the pits.

There are different parameters for optimization of said write strategy. In
particular, the time length of the temporary raise of the bottom power level, the time length of
the temporary lowering of the write power level as well as the levels of the LML land power
and the LML pit power can be optimized to find a compromise where there is sufficient



and the LM. pit power can be optinized to find a conpronise where there is
sufficient WO 03/019542 PCT/1B02/ 02925 3 reduction in anplitude while the
| owest increase in cross-talk is observed and the increase in jitter is
mnimzed %Iand power level is at |east controll at it is
close to tWerbwrlte power |evel, and the LM pit power Ig’\ge |rsh%312tg | east
controlled such that it is close to the Bottom povver | evel , preferably

hi gher tha e hotto Prefer.red r i d._po

level s ar e’ &@H’Pﬁmein%‘ﬁ?n le%éovg%%&cpa%e ‘9§f°a%'§ﬂ? "%°5Y°é‘ aﬂi%r’nﬁog%%ins are
achi eved  fiterqPhiinfingied OTH TEMLi L6 Weﬁldvélris afleashamhenmuam ;hat wisaldsa ¢ the
rai sing, respectlvel BE‘I Eower Iev The tegﬁgrar qQwerj ng of the
LM. pit poWeite poWsE °V§h @egﬁ@r it RRYVET Igve lssqt legFHcpptr F’t“g‘&h‘itd“?ﬁ Ss8@cond
hal f or thehe@iatto] o%ﬂe‘@él' PrefePEhighdr tRAItAS botonfuvied tbvelCPrefdfek] ranks for

positioning of th l'ocation of the tenporary | oweri ng I's essential to_have
R

a symefri said ppocudevelspre givenin dmi. die SPECifi] \mqegfqryax gwgrém ¢ gehievede t o
the LM | | Foe L
e agg opiing ¥ filne ratiBA 6F 6 Albrarp flefifly St fa%l shdtifdif oSt ha

of the bot |rra I on perio ensu e so t enper at ur es
whi ch det epowerdevels thermal cross talk the wite power Ievel i's

power 11 ra ati on periegPos e Ot P Rkl Bho 04 Bty B 0

t han-t he weligitlyphified td e eécoad half o thy ehdoftheweifeqrometirmiiation perivd, Cémect

advant ggeous .r ange r. the correction evel is given in
Clarm 40° 7 Roufiaurs ethelosmtion o T sbpeaat NG SR RyF = syfdiicd
respecti vehdwerma%fmlzﬁ&lmmwmaﬂﬁmeaémmmp@mad i TR Narid R wWepleleliz pover
irradiation period are increase an 20 additional w.ite pqwer

i rradi at i obresurblydpcated shightly; la#mﬁrmfaﬁwpmmpwamﬂaw pratedog,
respectively, accordwgnh% ?ﬁé’@prec Eﬁﬂn@srmaimeqﬁe&hﬁmmzs.ms The

thermal cross- talk towa gﬂPlt may appear to be too much,
particul ar wmte\p@wrtlmmanmrynlyms@tngnia Dit saresciiervpawer tavel durisg aivrite pi t

correctgi.on Al reasi ng
t he pullge Pgwgﬁeﬁ‘aé‘ﬁ%@%egﬂf‘h@g%mﬁ“*’%&%‘ﬁp?‘%&g*&mégﬁ%‘&?%ﬂr es‘bﬂ%i ng in
| ower t her paveclend aedoechi{g tooa prefegriad embodjmpntt An adrapfageous dange figgabe EMIL pihe LM
pit increase power |evel and the H/L | and |ncrease power |evel are given

in claims SOBFRHOBFOVEIEVE IREYSHASIERS t e power irradiation period and/ or
t][le gdgltlogaI7TbottOIma@@ewslcmttfoame&ffeanemimcp@tsbﬁhndv;e%pal"cﬁbély,tbetghwe Ielngtg
o] to I.h. partjcu or 0. 25T, .respective 30,.The LML | an
F ¢ adi at | oBOHEr IBHAPGIoREor We DROm PP WE ARG TSEPS BE sy abl v
time '%gt hd@tiofhl Hitd Sowiel irrhdiatRAlpeti6d bPddditibndlboktod pbwerSradiatiéH pepidd, ar e

preferably
respectively, according to the preferred embodiments of claims 7 and 9, The thermal cross-

talk towards the preceding pit may appear to be too much, particularly when temporarily
raising the write power level to an LML pit correction power level during said LML pit
irradiation period. Increasing the pulse length enables the nominal power to be lowered,

25  resulting in lower thermal cross-talk to neighboring pits.

Preferred ranges for the LML pit inérease power level and the LML land
increase power level are given in claims 8 and 10. The additional write power in'adiatiori
period and/or the additional bottom power irradiation period has preferably a time length of
0.2 to 0.7T, in particular 0.5T or 6.25T, respectively. .

30 The LML land irradiation period and/or the LML pit irradiation period has
preferably a time length of 0.5T to 2T, in particular 1T to 1.25T. Such periods are preferably
short, but the shorter such periods, the higher the power levels will have to be during said
periods. In general, the longer the runlength of a pit or a land is, the longer can the LML pit

irradiation period or the LML land irradiation period, respectively, be selected.



short, but the shorter such periods, the higher the power |evels wll have
to be during said periods. In general, the |onger the runlength of a pit
or.a land is, the longer can the LM. pit irradiation period or the LM
land ir rac{'gg%,@@s&erl od, respectively, be selected. WO O3(:Pif2d22s
PCT/ 1 B02/ 02925 4 As an alternative wite strategy for recordable optical
medi a use can be made of a pulsed stratedy according to which for recording
pits the radiation heamjs set t of
wite pul ses and t hAf aPEHCREHVE, W?imotptﬁor@@w@}f‘ﬁg\ﬁgérd&d EHE%%PJ 1%&@ of the
wWite powesralpls @&st?éte%ﬁﬁ%&rdﬁl@@o Which €orfitedosding p‘itsltbé fadiatibn banefseeabme t he
wite 5 power |evel he remaining wit F%es s t creased

conpar ed twrite pewerdlevel in theifern of e P“\s%s\ﬁéfl%ﬁ?q PO i ng a

"nor mal * Rg nﬁ@ﬁthé‘%ﬁfgﬁd%r fvalut [e%ét%h@&ntefpum 191@fcloﬁﬁlPréfa@u5r;ithe itiks er
recording device as clainmed in claim15, conprising di a n source and
controlS nawrmriem:l Qfahmgemﬂgummntemslsemm@w&@wmmaﬁg@aﬁ SFES on.
Preferably “%g eSS Gt fes m}";n ‘}n'oﬁiﬁﬁ” gontrol neans 10 for
nmeasuri ng an mn|m2|ngt eJ|t1 cont ?Ilngthe power of the

radi ati on beam and 'Ihbm\dummalsmelatedtq mmtlbaén'@prd agfrierinecopbingdevicei8l s as

expl ai ned ghov h the i nv n =R system
as an exancg Smc f#l%ﬂxélp E"f”gga %eargégéﬁ*sokﬁﬂfl@/dfoy {ilglegaoa?t%t ha%/ t he
i nvention ﬁ&ho@h@@rm m&é ineehtion Prefetablynmd dmaaplsoccainpnsnsolttdn cugptrolmeamss. 15

The inyention wl|l ex i ned.in nor t ai t he
drawi nlfs i R meARKng P@‘valm@l%gﬂst%&ﬂﬁ? rhy P&quﬁ‘?ﬁ& PaWSE r?§ %F&Fﬁqnet{féﬁ% a?:lgdl ng,
Fig. 2 Showé dﬁﬁn&ifmlﬂ@l&gmfofmrp%w Ridlgasinplaitied absver di ng to the _
invention, 20 Fig. 3 shows adlagramlllustratln an 17 pjt,
Fig. 4 shows a di agrilthongh thednventigngs g¥plainedpygsinga %ytste ‘\Qlaﬁcx%n%lﬁd{/vs a
di agrami | off nfHY Q¥ bR appladitam
illustrati %%ﬁ&%%gtyfﬁgﬁgggﬂpa&%ﬂ%%ﬁ%e lIl:W‘mq:stlhgvvsls’a di ag?%m illustrating
writing of alternatie ppticalireiconging systemed strategy. 25 Figure 1 illustrates the
concepﬁ of Limted Milti Level (LM.) coding. A reflection signal 1is
shown %to whi ch a stream of data of a main channel is encoded using a Run

Length Linited (RLL)Thedneentiotwill miw bmexplained irt morsfdetailsvittonefeaenge trtheinel (LM
channel)

drawings in which
Fig. 1 shows a diagram illustrating multi level coding,
Fig. 2 shows an embodiment of a recording device according to the invention,
20 Fig. 3 shows a diagram illustrating writing of an I7 pit,
Fig. 4 shows a diagram illustrating writing of an IS pit,
Fig. 5 shows a diagram illustrating writing of an 17 land,
Fig. 6 shows a diagram illustrating writing of an I5 land, and
Fig. 7 shows a diagram illustrating writing of an I6 pit using a pulsed strategy.
25 _
Figure 1 illustrates the concept of Limited Multi Level (LML) coding. A
reflection signal 1 is shoWn into which a stream of data of a main channel is encoded using
Run Length Limited (RLL) code and a stream of data of a secondary _channel (LML channel)
is encoded using LML coding. While RLL coding uses a spatial modulation of the zero
30  crossings of the signal 1 with a slicer level 2 as indicated by an arrow 3, LML coding uses an
amplitude modulation of the reflection amplitude as indicated by an arrow 4. The runlength,
i, e. the length of pits and lands, is represented by a parameter n + T, where T represents the

time length of one period of a reference clock in a data signal and n represents a



i s encoded using LM. coding. Wile RLL coding uses a spatial nodul ati on of
the zero 30 crossings of the signal 1 with a slicer level 2 as indicated by
an.arrow 3, LM coding uses an anplitude nodul ation of the reflection

anplitude @ dspdésgated by an arrow 4. The runlength, i. mriBhgobsangt h of
pits and lands, is represented by a paraneter n - T, V\/nere T represents the

time | ength of one perlod of a reference lock in a data signal and n

For o D RPSJSEBHAFEeBH: bt Ror KCPiy st ¢ PERGRE SUREEA LA RAGE gpuper

35n511. The 14Vk, grodul at [ on [ s primarily int roduced for | onger runl engt hs,
for 5 example, in CD-R systems for runlengths equal to or greater than 5T
By control |Sn‘gst1he reflection anplitude of each pit and | and for such

| onger runl engt hs anmaddig irf ajaumi‘sgﬁﬁiaﬂgrmﬁ@ﬁc&?fo?lﬁiﬁﬁdﬁﬂlehgthgfaach such

| onger runlength. A "normal” nor mal Vi ng

h h
normal &np Iexampie,sn €D-Reystens foonmlegaths equahtorps gregies ﬂ}ﬁ?éfr By agnttﬂﬁw tﬁ%\v ing bit
val ue  zero g %ﬁlﬂ.}t%#‘of%&@ pht 8 188 cbioch RgleruntGAfh: dhAidiRna tiedieed

anpl i tude 57 can be inter s having a_ bit val ue
1 or vice \éaibaemﬂ'dddedmthmhmmhdﬂngeﬁmxﬂa |A‘L‘mmm:a1§’n@tr%m§lraatﬂ0w1¢lebﬂnﬂ§ed in

t he ni ddl f th E dd|
orea i 5 ol S0 Hateortial arpiyaE Rejeltn, S hin b BoEREl s b MavidgiahaTt 01 ©
i npul se r egRRRFIAIGH IME pithan aeLMIAwsES, each havingeasduced amblituds of xeﬂecmbn, t he

| eadi ng and trailing edges Furt for straightforward detection of
t he LMI015 cpmbeintaspretsd ag bifs haying & gﬂ‘t"g@ﬁ OLYEP V&%l | be used for all possible

runl engths. Theref orgpe k%cuoﬁ BfHihe Gm ?ﬁtuhé mpm&amsa rédhﬂs&mﬁwmkh@i drea ofithe
reach full nodul ation in e eye-pa

d
carrier readunlengtly F@eﬁ%@%@ﬁh&dmge@gg‘{ ‘?}@dlel “%‘?Pe‘ﬁ PK%SW%%P‘@B% P‘?J‘ﬁﬁ?j uggcggt a
si gnal 10 e #% JrdG ﬁﬁ@ﬁétﬂ'ﬂﬂ @M@&%@poﬁge Fithechdhet c&ﬁé@ﬁﬁn&i@&detmthe jittecof d

carrier eoptlca recor carrier 20 is rotated around its center by a
not or 11 /me?ﬁadmglamitrmlmgmigm Emhemlgen@r straightfoyward detertion fthesMlee 13 and

f ocusse t he recordi.n siigel 10 is
appl i eo‘% FRARAN 8 FRElSS lfg ‘ﬁlﬂ a@%ﬁ ?#eéaééd‘f‘%ésgﬂgena e&%ﬁ}% T(ﬂaggg)rﬁver ted into
a control Sodiglis hfitédtoahse Autengihs thatireath full nwddulakion i thp pjrd—pa!tem; a control
unit 18. Therein, a_radi tion control _.sign -
control ling the radiBi& gﬁ IDPF%?E ref%rdﬁ&gﬁéﬁeg?%%degﬁg% P adi g@l on source
13. I'n ordgpydBiof %ﬁéd&dﬁ@@d@@m@m 00 oith ehe ractirdihg swrfave 2inofia dist-skeapdd optidabn
and tine

record carrier 20. The optical record carrier 20 is rotated around its center by 2 motor 11.A

20 radiation beam 12 is generated by a radiation source 13 and focussed onto the recording
surface 21 by a lens 14,
The data signal 10 is applied to control means 15, Therein the data signal 10 is
converted into a control signal 16 by a conversion unit 17 which is applied to a control unit

18. Therein, a radiation control signal 19 is generated for controlling the radiation power to

25 be generated by the radiation source 13.
In order to control the power of the radiation beam and the duration and time

length of the power levels such that the resultant jitter is minimized, a jitter control unit 22 is
. provided for measuring the jitter after the writing of signals on the optical record carrier 20.
Said measurement and control by the jitter control unit 22 take place during the writing of the
30  signal on the optical record carrier 20, that is, by generating a jitter control signal 23 which is

also applied to said control unit 18.
The method according to the invention will now be explained in more detail

with reference to several examples as shown in the Figures 3 to 7 which show several write

signals for writing pits, lands, LML bits or LML lands.



| ength of the power levels such that the resultant jitter is mnimzed, a
jitter control unit 22 is provided for neasuring the jitter after the
writing of signals on the optical record carrier 20. Said neasurenent and
control bywd\@®ohdsis er control unit 22 take place during tgeroshien of the
30 signal on t{1e optical record carrier 20, that is, by generating a jitter
control signal 23 which is also applied 60 sai d control unit 18. The

met hod according to the invention wll| expl ai ned. i.n. nore deta
with reference to sdigrapAsh %W‘é@%@éﬂm ? r@ﬂ'}%%h W@W&@h
show sever E7%ﬁé&§t}t&f‘t@la§aﬁpf pityoh khd@cdrl bariet. M‘Qﬂertb%mbhbfecé&in Mad' ands.

WO 03/ 0195 02925 6 "Fi'gure 3A shows a wite, signal
form ng a therpossler dl'the tediakiog beant urseténgtbnttmpvwel(lsml@mvvh@héﬁ p@&rgtgy as an 17

pit) on the c})cﬁﬁ?‘;aﬂoaﬁ%é&%r 1ebdl. %{)t i Om&?hefﬁ lﬁ‘tfi’t‘,r V\gc%vérml 1str§l§ed3t9‘ﬁer of .

the radiati eamis to a eve preferably
i denti cal tvmtapmdbvpbm@forlaemﬁb pomrrlmmmanmnpﬁél whltheaumlhéﬁ@anﬂm t he

power |evel r ai to [

rradi at i Or}?mﬁlg S%%waﬂ %e?gra&%m‘én%g gﬁgecﬁgr}(t%nfﬂﬂe %vieié‘llﬁoglrlg ﬁﬁgﬁgﬁfed to

Bef or e f or ZejdGind sstsbfieaitiyeset td thélﬁottdrﬁlpovmmel Pﬁmeformmgfthc kndl owered to zero
and subsequently set_to

Fi gure 3B shows a V\/rﬁlg‘éfeéggﬁl}g'f% %’(2)"% L?#rf"ﬁ3°f§}?‘?&%“0‘[7ﬁﬁ%upfﬂﬁ g‘b iaa'ﬁlg sane

runl engt h Qfnidnbth EiofT fF@f ﬁl’xﬁﬂg%ﬁﬂ‘il\l%xt HietpoiwBLlePelMefirst Rl td thefwrite power sed
to the wite Bower | evel "Pw after the wr|t|n of tcr%i”&ygw ous, | and for

a very 18horeve Bwﬁ-ﬁ%tw&m@fébﬁ@'ﬁ’ﬂpys lapdhfor g Y@y shy PE\PE‘IW sequsatlystheeq 1o
an LM pit ﬁ%ﬁ%yél?vﬁhhg TaiscHb AR LML ﬂg&@erﬁé\ﬁel P‘}rcfuﬁﬁé hﬁ?stgﬁrcbﬁébtloﬁ eMbd ch

I s al nost he Wi te power Ir I ation perlo fter tha he
power Ievel34|vsshlchjisahnqstmw of thewmitegaweniradiation pgsiod 33 odter thaithe peswsr leiet isng an

LM pit i I’I"%dl ah 4}1355{906% I-?‘gl' pﬁ%%ﬁdgﬁg;’&sd@gigmLm ?ﬂr&d@atf‘oﬁ?»o 39i t

correction r*a‘*secon orrectio 15 per 36 until
the LM pi tbefde i:(imghmtreﬂed tAsheBMLipét coerectionrpomerieyel Ry fBa sedpad piticopeation

correctjion pq er than the wite power |evel Pw.

Gener al 1y m&%@]&“‘ﬁwﬁﬁ@“ﬂ??o‘:’&@g ‘i}ction power level Pp2 is set within a

range Of 1. 01 to 1.3Q@s Eéﬂﬁﬁse&ﬁiﬂoﬁ‘iﬁﬂlg@e B\ih¢ LM‘:‘A/}ﬁt conctidmpdver leyebRj; fis C

enbodi nent for wr|t|ng an 17 LM__pit as sho it cor.rectlo wer

| evel Pp2 ihigheothgathervgits pawer lﬁ%PWh@quntye“P%% ﬁﬁe%% n\?éi

power | evelp PRige q@g%%%g&hm Beto Mm&tﬁemmw&memtmt&@mﬁwes the
e

wite power fev eci fic enbodi nent shown jn Figu Bjt is
prefer ably esmhodingenfor writing en {hieMiynit as shewe the L pit pggreqtion paw, Y° »HiE L

pit POVEY s%¥ t%l I.P&hes the write power level Py.
The LML pit power level Py, is generally set within a range of 0.05 to 0.5

times the write power level Py, In the specific embodiment shown in Figure 3B it is
preferably set to 0.1 times the write power level Py. In general, the LML pit power level Py,
is close to the bottom power level Po, preferably higher than the bottom power level Po.

25 The temporary lowering of the power level during the LML pit irradiation

| period 35 is preferably shifted to the end of the write pulse.- Correct positioning of the

location of the LML pit irradiation period 35 is essential to achieve symmetrical lowering of
the modulation. The duration of said period 35 and the power level Py itself can be used to
find a compromise where there is sufficient reduction in amplitude and the lowest increase in

30  cross-talk is observed. In the example shown in Fig. 3B the period has a duration of 1.25T.

The power level set during the initial period 33 can be adapted to the heat

stored in the record carrier after writing a previous land. After a short land is formed, residual
heat of the previous pit will be present in the record carrier. In that case, the next pit should

be written with a reduced initial power with respect to the case where this pit is preceded by a



Is close to the bottom power |evel PO, preferably higher than the bottom
power |evel PO. 25 The tenporary |lowering of the power |evel during the LM
pit irradiation period 35 is preferably shifted to the end of the wite
pul se. Corg@qhoRRsd tioning of the location of the LM. pigciigogeiesd i on
period 35 I's essential to achieve symretrical |owering of the nodul ation.
The duration of said period 35 and the power |evel Ppt itself can be used

to - find a,conprom se ere there is sufficient .reduction in anplitude and
the | owest [RORI AL et 5 poled el Plensisg cFifenil SoFEl 1R B |
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initial period 33 can,Yt}iyadapted to.the, heat sw%d%n thgmr card carrier
after writilAdL BitgPeReet ,%ﬂn.ortmdermr%wfﬂr@nﬂ% 4ilands benpbpnd igEPgRal  heat
of the previRumPhf3TMbr 4T, B ffv? RIEL dhbulli BE sét@6 B it idduBéd wiid golk@f levalse,

the next pit should be witten with a reduced initial power with respect
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the 17 pit as shown in Figure 3A, that 1s, except for the |ength of the
write powerthe sertai powes evels and the durafiansg.for which thsse pewenlaysls 878 Sor r espondi ng

10 period 31. The W hhind iidTtiarterib@43 IRPIWERIH] ida driflsoblthabriRiuRy |

Figure 4B is also quite S|mFar to Ite signal 32 as shown'in Figure
3B for for revelPwiog ifithe prdviquis dandyisqyite shoxt, to & ixslucest weiterpopstsvel asespleinghd t he

qur ati ¢ ; | ; Pt i od
23" ¢ he_ BowcPord ShfRaldiy o RRHe 5o TaRbe a4 s oM (e85 W) B IREL! P11
previ ous | asitcornsctipm gosves level By, which is prelferably sat fot le0times the ewité paveerdevel By ned
15 ab .9 tl dur i th ' ti i ad 44.t
Fovel 1 s sdb AR el s bt oSt WG parerReiaion péidd , B aoi y
Z ]ga: to 1. Orpow'r?ﬁf%?elti?ﬁeglﬁéeidtt@ .ﬂmymt L pitgodier Bge_l Ht,,{ultrtmg t]i&BISEJ‘]ilAf]"t ievatia ; h‘ dompstiod

er near al.f o e wite power jrradiation perio , e . power
Cevel 11 chRthecNE Pl REWENEVE)Pot eraesbl bogig sobpi0 A FJbE HES RADesGvel b
i rradi agg ongyeiduedy, ﬂ’@po%?le'véﬂis%ﬁ%@@fo th@YRAL SlbborRicBbLpeWérieREPRY set to

0.35 tines the witeée power |evel .20 Subsequently, the power |evel is

agai n rai sediring aserond pit cpirection peast 46 T hp pewad 45eagain iap 2 dupstipn pfl-45Gecond it
correction period 460039@1 Mé s‘?& léﬁesﬁ%%iﬂ&f’eﬁsﬁn% ﬁ(;r}ngfwﬁ{e p]o'weg,%ﬁring the
correction periods 44, 46 is essential to ensure peak temperatures which determine the
thermal cross-talk. In the case of the IS LML pit as shown in Figure 4B, the LML pit
25  correction power level Py, used for the I7 LML pit as shown in Figure 3B appeared to be

inadequate to compensate for the loss in pi_tllength. First, the power level would be too large
since a power level of more than 1.1 times the write power level Py would increase the
maximum required power and the thermal cross-talk towards the preceding pit also appeared
to be too much. Therefore, in the present embodiment the length of the write pulse is

30 physically increased by an LML pit increase period 47 of 0.5T during which the power level
is reduced to an LML pit increase power level Py3. Said LML pit increase power level Py is
generally set to within a range of 0.5 to 0.9 times the power level Py. In the specific

embodiment shown here it is set to 0.9 times the write power level Pw. Increasing the pulse



Control of the side |obes, i.e. an increase in the normal wite power,
during the correction periods 44, 46 is essential to ensure peak
temperatures which determne the thermal cross-talk. In the case of the 15
LML pit a%ﬁ§&%@ﬂﬁkf Figure 4B, the LM. pit 25 correctionpp@iBizoheyel Pp2
used for the pit as shown in Figure 3B appeared to be inadequate to
conpensate for the loss in pit length. Fi¥st, the power |evel would be too

| arge since wer |ewxel of re than 1. ' ! vel Pw
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i s agai n | pewtedsd, isdnerpased by awadditinnel battemepovyss inpdiation Petied SLERHE Whéﬁb‘hewi te

per | 0036, pherAbilfts el QRN Sl SE-0RL pRWUTEyel pESLI L1 10 [ | eSS ther !

Cross- nel ghboring pits ngth”of the UM I"and pul se, i.
e. the bottom power Generallyspeaking, the LMl laad ppweslevel P dnsst ip withing ranggiof | onal

bott om power_ i r.radi atjon period, 57 duri whi.ch_ the. . '

rai sed tomﬁﬂtﬂl‘%’@ ‘B?fod’?m:‘?ee%? r&gﬁ}e‘?w-ﬂtég%spﬁi .°‘ﬁ%°r98?%‘ﬁ|f§ﬁ§§%‘§k%g},”@e LM
| and power naved LIt dandpdir 1dvel B isketto A, IrthngahowriteGowet keval By, Therblt land
wite power level PW In_the spe?ific enhodi ment E%E f8\rxg1n{r;§ n V.tLIVL | and
the LM | adrepsmpqwardenel Pipis generallyset to within a gange 0f 0.03 10.0[p tims fig ppte | o, o

Pw. Theggl Moo l@fidvel Pg,.ctrﬁmé SmBOKREnt s8¥®h irfHigure SBAERGRelbrablyset toldcS tthésithe a
range of 003 to O0.75 tines the wite 20 power, | evel Pw. In the enbodi nent

shown in Fivgite powe level Pw. Fhearesipd 55 passeduratipnefd 25Tnes t he ..
Figures 6A, 6B show embodiments for forming an IS5 land and an IS LML

land. The write signal 60 is shown therein for forming an I5 land which is identical to the
write signal 50 shown in Figure SA except for a shorter bottom power irradiation period 61.

25  Figure 6B shows a write signal 62 which is also identical to the write signal 52 shown in
Figure 5B except for the power levels Py and Pj; and the durations of the_periodé 63t067.In
this embodiment the LML land power level Py, is set to 0.9 times the write power leve} Pw,
and the LML land increase power level Py is set to 0.03 times the write power level Pw.
Here, the period 65 has a duration of 1T.

30 The parameters described above with reference to the Figures 3 to 6 are used
according to the invention to control the write signal such that there is an acceptable
difference between a normal runlength modulation and its corresponding LML equivalent.
When LML pits and lands have modulations which are 30% lower than the unmodified pits
and lands, bit detection in the LML channel is still quite robust while the original main RLL



wite power |evel Pw. The period 55 has a duration of 1.25T. Figures 6A, 6B
show enbodi nents for formng an 15 land and an 15 LML |and. The wite
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Even though the invention has been explained with reference to a recordable
CD (CD-R), it will be apparent to a person skilled in the art that the invention can also be
applied to all other recordable or rewritable optical recording media such as rewritable CDs
or DVDs like DVD-R, DVD+R, DVD-RAM. Furthermore the invention is not limited to

25  certain codes or codes underlying a certain runlength limitation. Moreover, the invention can

be appliéd not only to pits or Jands having a runlength as shown in the figures, but in general
to all other runlengths as well.



power level Ppl | is set to 1. 1 times the wite power |evel Pw and the
second LM. pit power 20 level Pp 12 iS Set to 1. 15 tinmes the wite power

| evel Pw. Even though the invention has been explained with reference to a
recordabl eywfdapidels R . it will be apparent to a person Skﬁéjf@@zlﬁﬂzst he art
that the invention can also be applied to all other recordable or
rewitable optical recording nmedia such a80rewitable CDs or DVDs |ike
DVD- R, DVDtR, é}-RANl Furthernore the invention is not limted to 25
certain co ‘codes underlying a certain runlength limtation. Moreover,
the invention can be applied not only to pits or |ands having a runlength
as shown in the figures, but in general to all other runlengths as well. i
WO 03/019542 PCT/ | B02/ 02925 10 CLAIMS: 1. An optical record carrier
recording nmethod for formng pits and |lands by directing a radiati on beam-
(12) onto a recording surface (21) of an optical record carrier (20), the

radi ati on heam for egch pit to be recorded being.set ft. t.one wite
power |evel™ (PW caggtﬂp c%geqo& ?ﬁ“ﬁedr%?ob‘ﬁ?g @ﬁt:hf’%gorgowt’lﬁgﬁirtspﬁg%df $¥ adi ation
peri odI (31|)dh?apﬂ3gf@radﬁasﬁl;lbéaaﬂgz?oﬁehmfuiﬁm ; dc‘:et (Sl)of@togtitefsécoml@rﬂmt(m)m
power | eve Q) Jincapable qf formng a pit during a  bottom power

i rradi ati ofhpediagen peam fOrGH%HE@é’FF%'g@eFlEe’Pﬁé?t tg ﬁ@e%?%msmﬁﬁﬂﬁ%@? w)( Po)
IS tenpor arghabid @fﬁﬁﬂm&;g muli%a!v&ﬁéjp%adidtﬁﬁ%kﬁéﬂﬂ}v%an tdeHla LM | and
irradiation period (55) for formng an LM land, the L | and power | evel

(Pul) b&i ndebresndhepitst at lgpst pre bastaay paveey lavel (Puyincagphle phigrminga pifrduriag pover

| evel 10 ( i FH&B?&&’I. ! d to an LM. pit power level (Ppl) during
an LM pit%l\/%tf)gﬁfogﬁ on pg{rl%%% E@g for formng an LML pit, the LM pit

power | evelchéptedizaddn thpt tHedwitompowkeleie (Po) in teppaverily raised to@pdML Jand power

char act er | S8 (0PGRS o Sy o a0 P GO bR o100 e ehr,

range of O.l@fd poswet le3@l (Piy) being clobecto tiser wiite pOwerdeviel (Py,)) andehat tireewnite ippwerlovad r

| evel (Pm) d that the LM pit r.level N\ 1.5 sef. .0 . Wthip a range
of 0. 050 » Briis tormorssily fqvagpto sg LMAE pit pSwer Ioyeh ey B g M i isiatielon

(PW. 20 3. Esrabriifig ah T MIPiE, ey LVE pitpdivelenEli(Paylbeisy €lbsitoae bofol ai m
1, char actpeerﬁ?%g(?iﬁhatgt he LI\/{l pit i r(ri’g iati gn éle:‘ﬂjoeg@( 35) is si t(l)Jat ed

at | east ndiomeylevel PRe second half of a wite power irradiation period
(31). 4. An optical record carrier recording nethod as clainmed in claim1,

2. An optical record carrier recording method as claimed in claim 1,

15  characterized in that the LML land power level (Py;) is set to within a range of 0.70 to 1.30, in
particular 0.90 to 1.1, times the write power level (Py) and that the LML pit power level (Pp1)
is set to within a range 0f 0.05 to 0.50, in pérticular 0.1 to 0.4, times the write power level

Pw).

20 3. An optical record carrier recording method as claimed in claim 1,
characterized in that the LML pit irradiation period (35) is situated at least mainly in the

second half of a write power irradiation period (31).
4, An optical record carrier recording method as claimed in claim 1,
25  characterized in that the LML land irradiation period (55) is situated at least mainly in the

first half of a bottom power irradiation period (51).

5. An optical record carrier recording method as claimed in claim 1,



25 characterized in that the LML land irradiation period (55) is situated
at least mainly in the first half of a bottom power irradiation period
(51). 5. An optical record carrier recording nmethod as claimed in claim1,
WO 03/0195%(}3%'{4 ,$02/ 02925 11 characterized in that thepdlif Jpgwer Ievel
(PW is tenporarily raised to an LM. pit correction power ve? %

during said wite povver i rradi ati on period (31) the LM. pit correctlon

power | evel, (Pp2 r_tha r.leyel )., 5 6., AN

ot cal 1 ottiFiriaze ik i bt SR o i Bl iobofase i o (R e Smeitidn

char act er i pewerilevel th,g) ddﬁﬁglsm“ﬁité cﬁmmﬁﬁaueﬂpamlj eedlML Badbrrédioaet to
within a range ,of %ﬁp%b Ohléﬁglﬁ{l artlcularapmtollo times the
wite poweP® ehigyel eing 1 pRwFrdeveh o recordi ng met hod as
claimed in claim1, 10 characterized in that the wite power irradiation
period (41) is i ncreased an additional = wite power_ irradiation period
(47) and thRat the wiR %{\K@FO 1l egraier fepurpling gnethogens etairesd iaslaimd, pit i ncr ease
power |eve t I r t han
the LM !ﬂ%"&gﬁezfdp{e@%ﬁw%ﬁm i %&g&epg% mﬁ’ ?Ica?z?irsgéﬁrgi)ltggﬁfl}g recor di ng
met hod as tﬂhBanlpamculmal&ltbl lQ;hmcaﬁlbmntqurrhevteh%)the LML pit increase
power level (Pp3) is set towithin a range of 0.50 to 0.95 tinmes the wite
power level (PW, in particular to within a range of 0.80 to 0.90 tines the
wite powef. | evel (RWoptﬁﬁl&con&mmﬁptﬁecmﬂmgafedrodasaraimwinrcmﬁﬂdi ng nmet hod as
clainmed.in_claim acterized.in. .that.t bottom r.adi ation
peri od??Slthrgcterrf%&? énatg'@tgi’ %P%&Hﬁgtﬁ'ﬂa? pe’i%‘trt?]c)rﬁ oledican Q‘P’ d‘f@f‘f’% peri od
(57) and tixgite pdveer lﬁ@édlﬁmnﬁﬁﬁ@d (47l thdt e wiite powesiedel (B, )dloweldd tb ML

i ncrease povver | evel 13! the LI\/L |.and i ncrease power. |l evel (P13) being

| oner t haPt {1FEaE P‘t"‘éer (Pry)etf mcwepewemvviﬁ? paLbaing highsr thagdhe i or

recording mhﬂgp@ﬁerqg@; g;eg in cI aim 9 characterized in that the LM Iand
i ncrease power |evel (P1 Is set to within a range of 0.03 to 0.70, in
particular 0.03 to O. 50 times the wite power |evel (PW 30 11. An
opticakgregord carri ' m 4 or 9,

char ac!tlerl ged I n tha‘?ﬁ?%%Qg%gér?gona{gg&d@gnﬁm;ﬁ?lrra aon%beri od (47)
and/ or t hechadatitarized il thatithe Lifh pitmenease powel lavql @ps)ie sat(w:lw(tliiﬁ)a rhgge of 0t50 e

et esent s PRt e PitsgPrBRR oyt lagto yifis eaet EFEFT N0 M et £ T

si gnal . write power level (Py,).

20 9. An optical record carrier recording method as claimed in claim 1,
characterized in'that the bottom power irradiation period (51) is increased by an additional
bottom power irradiation period (57) and that the bottom power level (Po) is raised to an
LML land increase power level (Pj3), the LML land increase power level (Pi3) being lower
than the write power level (Py,).

25
10. ~ An optical record carrier recording method as claimed in claim 9,
characterized in that the LML land increase power level (Py3) is set to within a range of 0.03
to 0.70, in particular 0.03 to 0.50, times the write power level (Py).

30 11, An optical record carrier recording method as claimed in claim 7 or 9,
characterized in that the additional write power irradiation period (47) and/or the additional
bottom power irradiation period (57) has a time length of 0.2 to 0.7T, in particular 0.5T or
0.25T, respectively, where T represents the time length of one period of a reference clock in a

data signal.



WO 03/019542 12 PCT/1B02/ 02925 12. An optical record carrier recording
nethod as clainmed in claim1l1, characterized in that the LM | and

i rradi ation period (55) and/or the LM. pit irradiation period (35) has a
ti.me | engt J to 2T, in particular IT to 1.25T, wheg sents
the 5 ti rrebf(gélg/fﬁ of one period of a reference clock in a(grat ad@ig(%ﬁal 13.
An optical record carrier recording nethot2as clained in claim1,
characterized in that for recording pits the radiation beamis set to the
wite power level inthe formof wite pulses and that for formng an LM

pit by temperarily | tlmr&bmd&ﬁ&eecéﬂmahod@&dmaadaamlone wrute
pulse is left out. n optical record carrler cor :Qg rre,th

14.

clained in cémaptﬁn@smﬂ@h&eéé\ﬂelméer@dpwowamcmé) rP“i‘E'ﬁ P“‘B‘f t he
renai ni ng aotit f iR T repadsbntsthe
recordi ng 3%5‘{"583?% recg%ég?ﬁ&ggtqgolzﬁ%ﬂc%mpgw p%ﬁ s‘ﬂgnd %ﬁ%s by
directi g mmnahpﬁmmﬂpi@;ef@mos clock icedate signalur f ace (21) of an optical .
record carrier (20), the device conprising a radiation source (13) for
providing the radiation beam (12) and control nmeans (15) for controlling

t he power df3.the radM@ﬁculb&arddaﬁb)remndhgmbthodemdm‘plaim t,0 be recorded

the power is set .t ast o | eve

formng a ﬁ?‘f‘ra&tﬁ’r’?ﬁd gma\t,\fqurg:o&ﬁ%epw{s ‘f“‘r’éﬁ'ﬁﬁeﬁ F?tgﬁﬂ{eé’% gﬁﬁe4l§Ye¥eaC%

| and bet V\BQBnﬁBﬁ‘wnﬁ'ﬁufseé&Qitﬁ@t\/mffohﬁmgahmpitb&&ﬁﬁioraﬁllﬁlob@tﬂxgthepmwer | evel
(Po) incapable of formng a pit during a bottom power irradiation period
(51), ci¥ar MHW%‘&”%&%W@]@“%QQ@“ ‘means (15) are operative for
controlling the power of the radiation beam (12) such that the bottom
power | evel (Po) is tenporarily raised to an LM | and power |evel (P")
during an ML | and |Nlaml@ﬁlFWYWNQSGGCPWE@P&P@?WIW%H‘?_IR}En13and the LM

| and power VRS | ), and
that the vvrc%h e@éeg%@é%ﬁa‘?ﬂle%tﬁb?@&glé\t%le%@? g%a?ﬁn?omerpgé& tygﬁlgﬁgaslc\’/?_ pit power
| evel (PPi) during an LM. pit irradi atlon perlod (35) for formng an LM
pit, t pit po P bei n evel

( PO) . gg glls An opt :Agglopfig@(ﬁcé Jco?f\)ﬂﬁré?co H?°ﬁ§8r0‘5§/ q@élggé{ag{%g%@{?én claim
15, also qﬁmahd #intgby dikdoting 6 exdiatioh bm(‘l&) 63 ja récordingaaface (2]) ahah opiticalni zi ng
the | e é_ﬁ%ﬂrﬂcont '8 )Ielﬂ.&ﬂng &gt lng gwomer%gog ra 1at6101{ &)u}caet(&?)r}op Er%wd?n%qhé lt?aﬁlaggr ation

and tine |

beam (12) and control means (15) for controlling the power of the radiation beam (12) such
that for each pit to be recorded the power is set to at least one write power level (Py) capable
20  of forming a pit during a write power irradiation period (31) and for each land between the
bits the power is set to at least one bottom power level (Po) incapable of forming a pit during
a bottom power irradiation period (51), '
characterized in that the control means (15) are operative for controlling the power of the
radiation beam (12) such that the bottom power level (Po) is temporarily raised to an LML
25  land power level (Py;) during an LML land irradiation period (5) for forming an LML land,
the LML land power level (P11) being close to the write power level (Py), and that the write
power level (Py) is temporarily lowered to an LML pit power level (Pp;) during an LML pit
irradiation period (35) for forming an LML pit, the LML pit power level (Pp) being close to
the bottom power level (Po).' i
30
16. An optical record carrier recording device as claimed in claim 15,
also comprising jitter control means (22) for measuring and minimizing the jitter by
controlling the power of the radiation beam and the duration and time lengths of the power

levels.,



