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1 Multi-layer writable optical record carrier with an optimum power
calibration area, and method and apparatus for use with such a record
carrier The present invention relates to a writable optical record carrier,
and particularly to a recordable WORM1 or RW-disc, comprising a
Mul Ir?rali%of recordin Iaé/ersd separated by a s].%acer material, each d
UedBrding'fa r"é’&’r%%dr'i fivG A SISt agogpg UiBPAG T {OBR RS0
metlodbed mpipiesdo farmethoidhandamn repparaiusdor forming optimum 5 power
calibration areas on such a writable optical record carrier. The
ever-increasing demand for data storage capacity has resulted in the
development of high-density optical recording media such as write once or
re-writable DVD discs and Blue-ray Disc (BD) discs. In these cases, data
capacity has been increased by increasing the numerical aperture (NA) of
the objectile larsecanthiynreducingthe waviekbdhgtptitel oédbel carrier, and
pardSSUINOcading lasey gty A complementan approach p obtan g, 1 .
storage capacities IS to increase the nurnber 'of recording layers. For
sepaextadnipyes, ipadetroditming sarifoematong sigeagertqyaiagamn opfodinpease
.in dat City i o%t ined. T(ggis latter oach is currently followed for ..
cal BT R R R AR e i Optimurn
poweluedHayee fodi acyas dibsknbwiwritdhle tpuicdblddocieasdefin a quadruple-layer
disc) is being investigated. There ar main different writing princjple
presently KON Ao TSR E TS AL BF bate DRBL e U Gh B
deveGipsRenDMDHER-daos DYV Ep R abnat pidagemedenge iesoritegoirc the caseiofble DVD
. _rewritaple meﬁia nghB as CD-RW, DVD-RAM, DVD-R VD+RW, an
dise R S PR S e S M il ity
incrgzhagetichamgermatepaituifea N Jyqi dadlp g ecaNeoenithral tyredolecing the wavelength
olycrystalline structure, sandwiched in a stack between two dielectric
°f“’%r{gc-%{‘gﬂﬁgﬁ%ﬁ‘?glﬁéeée#é%gty of a writing laser beam, modulated by a
recordingAigmab lenthnidniciptiveadttralwamibrgh stradgatetpudllites & largeerease the
xtent be absorbed by the phase change material, thereby inducing,a
T K R B Sl E el SO D e, an
fold \Wikersasitideta atadiyephiatsen¢drdimsl state)ppasachhigureftettitityo vl for
pviseRRRmERasa (ieR sitRban duerieen relieliy Rnesiote, (e i
recording layer reflects a reading beam focused on said recording stac
knowyithwdiffe fent-fleldrisitiessd épendingrumenthieth disit) stribkais ginwittegatada
(mark) or PRHIWEIYSD BIGR (glf%f%gght writing principles presently known: dye
recording in the case of write once media such as CD-R, DVD+R and DVD-R, and phase-
change recording in the case of rewritable media such as CD-RW, DVD-RAM, DVD-RW,
DVD+RW, and BD-RW.

Phase-change recording layers commonly comprise a phase-change material
that is typically an alloy with a durable polycrystalline structure sandwiched in a stack
between two dielectric ZnS-SiO, layers. The energy of a writing laser beam, modulated by a
recording signal, with which the record carrier is irradiated will to a large extent be absorbed
by the phase change material, thereby inducing a phase change from a crystalline phase to an
amorphous state. Whereas the crystalline phase (ground state) has a high reflectivity, the
amorphous phase (written state) has a reduced reflectivity. Therefore, the recording layer
reflects a reading beam focused on said recording stack with different intensities depending

on whether it strikes a written area (mark) or an unwritten area (land).
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2 Dye recording layers are typically composed of an organic dye layer

comprising dye materials such as, for example, cyanine, phthalocyanine,

or metallized azo, and a reflective metal layer, typically made of gold,

silver, or aluminum. A writing laser beagh will be partially absorbed by the

recording la er thereby durabl and ever5|b achin

ocompobit By B A AR DR SHRAD S ATk WAASHET
comﬁiﬁﬁn@aymﬁrawﬂieﬂlmpahtml,l)ﬁﬁ(mizﬁﬁlﬁlé hwﬁh&tmlﬁfiha(b@ysmq&eﬁﬁlmdbﬂlzed azo,
mtethn of the ht reflectef att er metal I er. defl) ds on 1
and 45 Féaa "hEAISBHiKeLs rYa% SRy T aser
bearﬁlmﬂgbwp&iﬁﬁlulsbdﬁkohbéb iBynthy ,réhermldyag ﬂtatebyaimdabyeand dueeerably

hange in.the avera e 10 reflectlon of the and affects

e
blea réﬁ%?%\ §sﬁ‘8ﬁ°‘i“r?ﬂws PRABR QY Al Aaye é"f th?%?sanénseans S Erat e P%“té?“ jn that
manaeldwmmnmgnmmamesammmw (ifacuk) (amreqmerﬁl Ishésimméhsetyoetthbyight

reﬂecq enc otulxbee oct:?a rla(OUt (IP L fo ssc2 het er ‘3? e dlam Sér%){nl 9[ E<es a mark or
genera ed a e ou focus ers IS propor |ona average

passesfibetieromlitiiiidye NAoftthedsibyeotive lens, in turn depending on the

presenceI(I)]t Warks (r resenl StaEPda out-of-focus Iﬁa/ers in 15 that

the recor a. a I' m lthC_Pf'l (% 11’1 t € average
region. F hermo e prese a |n e ou OCUS

reﬂer.emﬂtef thelifigee tahdlaim; pfissiontphaperiies f. thnme tayperst al—lenhe,‘la/yhedisc this

e ats r bea ne or more la e{ he all ower th
means tha arig wrl on on e]fr)g ed e%r n%enera s influenced
recelve OCUS er IS alt and eren um Cco tOﬂS

by tl(&m‘e&nmmw mewdretfommsaﬁfeeu,sbtay)emaly the distam‘edyd@e rgdmagatmi at the out-
Eher or. not the surrounding Iagers cog:a in dat Wlt in gig Nféf

o sl R RS R o R gOrve tens

at, In Or er tO 0
in tuqmdhgpmdlt‘@qredw@weded@bmahso(mumbdmmgﬂetdrwﬁlmowmfsfms layers in

that 10%15%” E*nu gwer Ca“g)r atloneo roce{d 3’2{9 gh o%ﬁh I’E(r:s(:) %géﬂﬁs 1n different
cess. rom proce ure, rive etermlnes

tranqmmmolimroeedndw@ thesdaazcin I;knewawluhrstﬁmascmbwdwssspméommde
gney radlsc ther blank o ially recorded) is i ert dint
el et e SRS U SR (RSEE A Bt
optiformorerdyemmdlyad epevtopoter pfessnaisef, data inathbeotheinkaldepeiding on
e ft C a I el ica
wheffE R ARERIADER IR RIESE AR TUTRCLARER tens
Applicatiok 2440960k Kisovhavibgrpludal ﬁecdﬁdmghajaess @adtywiflihe recorded

data(c?ﬁ’ & tﬁ&reﬁc‘%ﬁé@g%f‘%&ﬁﬁsﬁl cﬁf?b‘ft%{%ﬁ ﬁ%c%ﬁﬁ%@'(‘éPC)

Ig est power transmittance pgt]h and pOFtIOﬂS Wi owest
prior to the recording process. From this OPC-procedure, the drive determines the optimum

power for recording the data. In general, this OPC procedure is performed whenever a disc
(either blank or partially recorded) is inserted in the drive. For a multi-layer optical disc, the
outcome of the OPC procedure for one layer may depend on the presence of data in the other
layers.

In order to avoid a poor quality of the recorded data in multi-layer optical
discs, these effects have to be accounted for. In European Patent Application 1244096, a disc
having plural recording layers each with OPC-test areas is suggested. These OPC-test areas
comprise portions with the highest power transmittance path and portions with the lowest
power transmittance path. In such a disc, however, the space occupied by these OPC-test

areas is very large.
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power transmittance path. In such a disc, however, the space occupied by
these OPC-test areas is very large. 3 It is an object of the present
invention to provide a writable optical disc with a plurality of recording
layers, wherein optimum power calibratidn areas are provided which are
efficient |th respect to ﬁﬁ calibration of the opti writing, power for the
most pre é%?eaél Hifb° %@&ggnmws%wbamﬁﬁa%.%m&?# PR “fés‘éW“h a
plurdlitihef @bjediig Rhyricyideceein it @mapw%a&usﬂaréwmﬁngrowded which
tlmumP wer callbr t|on reas on s ch a .writable. optical reco rd carrier.
are e%%&%ﬂg gl Qe S&aPP “"&83 et?ll?\t}é%‘ﬁ%ﬁ‘“ HIERRE & aé‘i%?ev%‘
preflryed Wﬂtﬁagletmmgzad dlméby uspirie ieodrding gevicdtidth ﬁntlcﬂ:rjebjw to
S hav erture % %IAfsald disc com risin a% rallt h
PmV%s&a*ﬁt "C?Ppaia SEPSTAKLE BY AR LIRS gcﬁl g sucha
wr1tﬁﬂelmmﬁdin1erdsemmrdmgdayers comprising an optimum power callbratlon
area, wherein at least the optimum power calibration areas of the layers
LO,..., Ln-2 or Li,..., Ln-1 have a first portion with an average reflection
value represanthtiyeocd ﬁrseeepdetobﬂdyep;rthmomummrpmob‘ﬁ&biaﬁo]nieved by a
win RIS BLaaRNIReording layer Loy Lt hawe a o second porion with e
rage reflection vafue representative of an un gcorded ayer, i
NA, sald dptimumppawe k ghlibiayeT aceaslipgrigkysdu@rlaplsutdpattbe By st spacer
marQOONR SheachRAlr ol consacutivs recording avers Ll bioel /I &.85Rrion
Il1 a minimum s ep Size' w foafyﬁr& E‘ .{nPﬂ
area\Anhaﬁ%NAlebEﬁmmptdmmntpeWheqadwmnumaladsaiﬁﬂmdhgmmbﬁl af éaehor
regording laye Ak K+ den es 20 the th| ess of the s acer materi
e e SO S O T e TR A LRSS R recorded
layemtiexopfithens [pa@earr Mfaraabramdanh)é@chtmen@ngdamnk@f salchpluralitya
of recordl a ers have t frm of.a stalrcas The |Ipvent|on lakes |nto

SCCOnd&) ?I]h verage rc n value re I'CSGI’I 1ve an unre er and
ount that |n erte -once mu ayer me a pre era Yy recor WI|

said dptislay @by aybbrathis wnamgaseaﬂbemahmwappihptalwfmst@ogﬁ)ns of each pair

£ Wr|ta“ée multi-1 yer dlscsL'LhtEkJr?%t rnglc | implementation for. £
OBy Tay feorting s fop torotion of Botari oL og. By derifsg - °
stalrcase shapeplfgortlons the effect of data in higher-lying layers and the

Wy, abseR& TEF’:H’FH?W? ng+ayers, and vice versa, can be (1)

wherein € denotes the maximum radial misalignment of each recording layer, D, ,,, denotes

the thickness of the spacer material between the consecutive layers Lk and Lk+1, and n, is
the refractive index of the spacer material, and wherein the first portions of said plurality of
recording layers have the form of a staircase.

The invention takes into account that in write-once multi-layer media,
preferably recording will be done layer-by-layer. This writing sequence may apply also in re-
writable multi-layer discs. The most logical implementation for layer-by-layer recording is
top-to-bottom or bottom-to-top. By defining staircase shaped portions, the effect of data in
higher-lying layers and the absence of data in lower-lying layers, and vice versa, can be
mimicked in the OPC-procedure. This has the advantage that the same situation, that is
reflection and/or transmission from higher- and lower-lying layers, is encountered every time
— both during OPC and during user data recording — during testing and recording of the

consecutive layers, thereby occupying a minimum space on the disc.
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mimicked in the OPC-procedure. This has the advantage that the same
situation, that is reflection and/or transmission from higher- and
lower-lying layers, is encountered every time 30 - both during OPC and
during user data recording - during testidg and recording of the

consecutiye layers, thereby occupying.a minimum space op the disc. 4 )
T wn SR TS h S 0B TP PO et durin
the ORGNEdbed@P Grpydigdureathayhbehyiigiayigheitlyiogplay esniwvitividspdight beam

to an.incident light beam always originates from portions. representative of
AW B S A B AT RARC (PR e ey gl orm
lowdrdgingdaiensalepiaseniativieoni porecos destareasar sfcazamtrd, areas, or vice
depending on the preferred order in whjch the layers are to be recprded.
versi RIS LS dy S A S b o VDR A s
further dexetepdientoi thedirdbgspe ot $aigroptiminveptwe mdabbratisnitutes a

rurd SRS IS ATANGed egr e senter of said dise, said st partions forming. o
concentric circles. Accor |rPg 0 a third aspect of the present invention,
nearviiiclerdonstitaidsiad Gdfid that pevelopfoeningf cbectinstiaspekts.said
optimum power,calibration areas are arranged, near the periphery of said
chac, saich S E RO R Aot L e S R Re B SRR o
furtles pleet wipthenp kesbntfirsrenpiert, suilclptonstitpdesacilibheodevelopraantanged
gf]the seh:ond or thcirg. aspe%I,fih? radiuses of the concentric circles
near eIperl ?1’80 sal &SC 5‘1211 1S PO 101s Torming concentric cma%s. .
ecrease from recording layer to recording layer, viewed in a direction
away fromtiverdide tf alfSwdichshsctof thhiokette lighhbeanwisichgidestitutes a
According to a fifth aspect of t resent invention, which constitutes a
furt R S S L S D s SR s
decreaveciomnicecirolesgihgrease fronding oy ding ¢syeel itoar d gerting deper{roiavwiedside of
. in. a direction away fram the side of said disc on which the light beam is
said i(rlllgFd%rﬁﬁvcéﬁﬁi%ﬁﬁé{ﬁﬁqg%fnalcsclgrc ?%grgl?’to a sixth aspect of the present
invention Aheoabogedo aljddt opiwe ifiventorsdéstachievied, byhacethstabaks a further

devefn%”“m‘%% gpfium. n%%rtﬁ%ﬂbe{saﬁé%[‘ ﬁfee%%i OS%SaOVfVEﬁé‘%'BGBé’g&P%"c‘iriéfés%%g%'ease from
record disc comprising a plurality 6 recorcﬁng layers LO,..., Ln-
recogdipariaten toyrecsphvgdapateviaivedch tiiegarheminyniarks thessideit€saghdisc on

whi %a{'ﬁie ﬁe%cgrlgléré\% I%ylg(r:%dlgx means of a recording device with an objective
Tens ha%/lng an aperture &5 NA, thereby forming an optimum power

calibratiorf ardaroweashcofdng tecostitippkppeet » Bthshpigsanaineeiahethe above
obj e8P$if‘?Hé‘1rR%Yq\{%nC%' 'Qgﬁﬂgg@f}{; %Sn%ctﬂaa I()%¥§Ilhl%’0'ﬁtilﬂﬂi% %rowe'r 'Cali'f%i‘}ltion areas
on a writable optical disc, said record disc comprising a plurality of recording layers
LO,..., Ln-1 separated by a spacer material each time, wherein marks are written on said
recording layers by means of a recording device with an objective lens having an aperture
NA, thereby forming an optimum power calibration area on each of the recording layers such
that at least the optimum power calibration areas of the layers LO,..., Ln-2 or L1,..., Ln-1
have a first portion with an average reflection value representative of a recorded layer, the
optimum power calibration areas of each recording layer LO,..., Ln-1 have a second portion
with an average reflection value representative of an unrecorded layer, and said optimum
power calibration areas partially overlap such that the first portions of each pair of

consecutive recording layers Lk, Lk+1 form a step with minimum step size of

NA

n,’ - NA?

Wien =2€+ O, a1,
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have a first portion with an average reflection value representative of a
recorded layer, the optimum power calibration areas of each recording
layer LO,..., Ln-1 have a second portion with an average reflection value
representative of an unrecorded layer, and said optimum 30 power

calibration areas partially overlap such that the first portions of each_pair
whepgin 4 ol vRe RIS NG r@é@glﬂaﬁﬁhﬁmmf SR P RAEA ARG Y m atep denotes

the tﬁ%ﬁn%gsl\lo@‘ tﬂlkskgg'efzcgte%léllgé} LM éNc%‘%SSmWP %rﬁinei ?(ne%:?if(hﬁ and n, is
maximum radial misa ignment of eac recor&ng Yaye, k. k+ derotes ‘the

the riiokhes srofethef shaspraeratetiatiddetne evhthe Tnsboutpeetiayerd sk dpldrality of

+1, i refragtive index of the spacer material, and wherein

recokﬁien %#%%?{%ﬁitggz%l g{aj%eﬁl?)i/r%%?ecording layers have the form of a
staircgse.ﬁamdﬁrg ihwgatseaesévemhcagbétg mfemtpwseﬁ?mwdnjﬂbnpmiuhes a

rurt R NRUIS R WHARE CHPIOBIENL Of 406 i ARPESL RIS ARUTUTLROWSen
calibration areas are written” near the ctenter of said disc, said first

nearﬁbﬁ:tit@ﬂ@fmfrsa_ig d’tsngmdrﬁreﬁ rmes'omfmmﬁng tongpngigrehrdepect of the
present inyeliof ieh Sanaliies . ILSLASYEIORMBN AhR Shtlitutes o

aspect, sal optlm m power cali ration areas are written iO near
furthse dgelgpotesaief thec istidshestpevidorsiformingveorwaiacioireliegs are written
' iRth. as i i ich. titutes a
near B R L L D e
c_alibratiom\a@aﬁ@éo Mlnm&lmm tﬁkfemamséyem@qe,@hi@bmmtitutes a
furtl%f%igt?eﬂﬁﬁﬁ%ﬁ?Gf{m@%é@&ﬁmmg:i@/tﬁra%e@%@%@ﬁ%XWy%gllﬁr%ion areas are

direction away from the light beam incidence side of said disc. 15

writigecoeditleptahg t@ﬁivﬁ@&pﬁz&techh@mé@emiﬁrﬂ/@ﬁtr@aﬁevﬁméhre@@rﬁimé@/ar to
recoldHRALAGVEIRRMER! PHIRR SEY SR, ?fo?f%@‘l@ﬂ%%&rﬁﬁ%&&’éﬂ@%’%?d@%‘@’%d disc.

calibrafion areas are written in such a way that the radiuses of the
poncgntrié@ﬁ@lémm@éa%thrm%&f r&hlm griayer lmmdm@my@r}sp@w’écﬁ
furtﬁgr%lﬁ;@&ﬁﬁ@rﬂ‘@%y%gm lig Qi&%%ﬁ@&g@@%ﬁiﬂﬁrﬂfﬁwgQ'ﬁ?or,ation areas are

urthermore, according to an eleventh aspect of the present invention, the

writtpg Hbvid abjast thnhbseydigssy ehtkppitetnsiacialge droeree Hrihiperiding layer

to reQGr@ir‘S{g_ ; ORtica id L%an%@i%ﬂi%&mﬂ%ﬁ&@}ﬁ'ﬁ@l{{%&fi&@ﬁ@é giﬁg of said disc.

layer .., Ln-1 having a maximum radial misalignment s and being
separated Byt Epace perataing] ieairdescmit Rpieasd afiche-present invention, the

above object is achieved by an apparatus arranged for recording data on a writable optical

disc, said disc comprising a plurality of recording layers LO0,..., Ln-1 having a maximum

radial misalignment € and being separated by a spacer material having a thickness D,

between every two consecutive layers Lk, Lk+1 and a refractive index ny,, said apparatus
comprising a writing unit with an objective lens having an aperture NA, said writing unit
being arranged for writing marks on said recording layers, a control unit arranged for
controlling said writing unit such that marks are written at predetermined positions of said
recording layers, thereby forming an optimum power calibration area on each of the
recording layers, wherein at least the optimum power calibration areas of the layers

LO,..., Ln-2 or L1,..., Ln-1 have a first portion with an average reflection value
representative of a recorded layer, the optimum power calibration areas of each recording
layer LO,..., Ln-1 have a second portion with an average reflection value representative of an

unrecorded layer, and said optimum power calibration areas partially overlap such that the
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between every two consecutive layers Lk, Lk+l and a refractive index nm,
said apparatus comprising a writing unit with an objective lens having an
aperture NA, said writing unit 25 being arranged for writing marks on said
recording layers, a control unit arrangedsfor controlling said writing unit
such that marks are written at predetermined positions of said recordin
st B ERTALA) R G RSBV T LT GRA Mo o O ot e
miniteGordiag daypess, wherein at least the optimum power calibration areas of
the layers LO,..., Ln-2 or Li,..., Ln-1 have a first portion with an average
w reflgci;ignl_value é[@{lrepreg@tative of a recorded layer, the optimum power
klibration ;}ﬁeas of paeh re€dtding layer LO,..., Ln-1 have a second
portion withvarttaverage reflection value representative of an unrecorded
and {PHGLiRAMRLSAY POHHS PONE RIRUPRAPAR PRalA AV HRRSHE b hat
the 6 first portions of each pair of consecutive recording layers Lk, Lk+1
stairggp a step with a minimum step size of NA wk,k+l _ - 2s + - Ok,k+l ,
nm2 -NAZ Hé‘%%ﬁ%ﬁ?i&ﬁbsﬂﬁﬁﬁﬁﬂg% Qfe_%'eg(mﬂﬁﬁl Wd@e[lrﬁﬁ"gﬂgﬂ%ent g of each
layers have the form of a 5 staircase. The information corresponding to
recotdmgnlaximuhe thiglanestisBlignraéHtesspicesachatesieditifeckyeyotbensiviinesiayers
Ak k+| of the spacer material between two consecutive layers Lk, Lk+,

Lk, Liglanddhe ceivacihveinds br ofdspasermtssial may be Lasrdpp ihescord

carrk@GR¥If. qasFiexdtaplé, iahaXBaIe, Jf aynte-patioaf doeeliRrmatansi@ieebbble
as a modulated wobble 10 signal in the gre-groove of the disc in the cas

e

signglrig Gig REETRIARNS RIS HERER616269 b S5ERrA B ey eptgitable CD or

DVINfAImaHen dRayhea e o (g Heeaeredsdpta-ictiedaadata-thask 164d-in-track
elsewhere qn the disc. In this case, according to a twelfth aspect of the

or elseudiers AR BIStRCwhich constitutes a further development of the eleventh
_as%pect, $aid;ﬁi@rba§a_{juad‘wdg%r t@OJTlWII’dgﬁ’& ai&éﬂ@ﬁﬂ&d@l’egﬁfﬂ\aﬁl@ntmp which
informatjon from said writable optical disc corresponding to t aximum .

cons 15 fnlSERGh AR P BB Eh TacH A BT o R R o D ises

meafpasiedefiatgriafhatwesntive sadseaube dpyess dikc kkmésmidiieto the

refractive index nm of the spacer material. ]
maximum radial misalignment € of each recording layer, the thickness D, ,,, of the spacer

material between two consecutive layers Lk, Lk+1, and the refractive index n,, of the spacer
material.

According to a thirteenth aspect of the present invention, which constitutes a
further development of the eleventh aspect, said controlling unit is further arranged for
storing information corresponding to the maximum number of tracks recorded in the second
portion of any layer during an OPC-procedure and furthermore for writing marks on the other
layers such that the same number of tracks are recorded in the second portions of the OPC

areas of all layers.

The above and other objects, features and advantages of the present invention
will become apparent from the following description of preferred embodiments thereof, taken
in conjunction with the accompanying drawings in which

Fig. 1 is a cross sectional schematic view of a multi-layer disc with
staircase-shaped OPC-areas during an OPC operation;

Fig. 2 is a cross sectional schematic view of a multi-layer disc with

staircase-shaped OPC-areas during an OPC operation in a different state;
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According to a thirteenth aspect of the present invention, which constitutes
a 20 further development of the eleventh aspect, said controlling unit is
further arranged for storing information corresponding to the maximum
number of tracks recorded in the second portion of any layer during an
OPC-pro e and E urthermore for wri marks on the er la
Such that B S P URERI GP R IE b CBRALE e a BT
recoafithe HBCirnsaasiaflalldayes. 25 The above and other objects, features
and adva%tagis of the %gresent | vention |II b gare tfrom the

following d&scHPtbH SFprerth euilrr%aﬁ)maenig ifj recor lzlhng layers

illusﬁ@ﬂﬂ@@tﬂhrwrhkytiﬂeaaﬁdrIapralraymngiramndgs in whrch Frg 1is a cross
sectional lgche?matlc view ofta muylti- Ia isc lth 30 alrc eﬁp rfii I
OPC-areas ﬁg S OPLOPE (fon . |s a c S SBEHY) alnsc Matfe 2y
illustmvmg)ﬁ@mwﬁdaymcdmwamrslamﬂge:shaped OPC -areas during an
OPC operation in a different state; 7 Fig. 3 is a schematic plan view of the
maximum misalignment of two recording layers in a multi-layer disc; Fig.
4 is a cro$sgsdctiomal a:utassnserftammﬂta}lﬁgseedlbcdiwﬁm @awdmglmmsal record

illustrating the first Ia er Lo and Ia a
CaI'I'IGI' accord %%q tfl t nvent S{‘fl I’lli_ab'}% [0} tlca 1‘6 I% arrler 1n thlS case IS a
Cross-sec amu ayer QisEWRIA Fecord ayers

multittiestea g aq&monﬁnmmﬁnumdayhrg Laemsl mmrB@ﬂlshMSraim:ﬂo@ssi;s the first
or o EFHB Ab FRhm R ent o1 i abie oRUcal el CRTEn AR e
Yo The g hf THvention. THe Writable optr recor CARIEr In this CASe i
words) In@uluﬂayeﬂwéxghﬂ&mmpn@mgefsme retmﬂmgtlawtslh@ﬁﬂu@ughl@mpnses an
her LO,i first.ar. utermo est laye
Op%éf)aec? Oq)alnfirtrf(?ld’e %Iﬁ edm. m F?éra Cv%vor hﬁg@ aI‘Pnes é/ ? t of the
deeposialay indidence Sick: pIﬁIIﬂIImdlﬁﬁ El@claﬂdy@QL@SmtﬁveQmmthem amerage
OPC -area 101 11

SR G SRR IO S o
first ﬂesgebﬂ\lerlwmtr@mh rmrarmgbl 151@Ieotﬂorﬁx’rat|@ﬁepvege ntatliven afvarage reflection
St SO SO R S 0 ) T o
compeffestioninvaliierelate sesitdive Hf‘hdlmrla’ebfdestm;ngrcﬁumiehtmepwdata. An
opd%&rﬂ'&g I!)%Xg{ i‘(% 9 J‘h%wn in Fig. 1 entering the disc from this incidence side. Arrows
105, 115, 125 indicate stray light being reflected at the first portions of the OPC-areas of the
out-of-focus layers LO to L2, while the beam 106 is focused on the deepest layer L3. In this
case it is sufficient to provide only the layers L0, L1, L2 with first portions. Nevertheless, the
layer L3 may also be provided with a first portion having an average reflection value
representative of a recorded layer.

Fig. 2 shows the same embodiment of a 4-layer disc 200. The OPC-test laser
beam 206 in this case is focused on the second layer L1 of the disc 200, while arrows 205,
225, 235 indicate the light being reflected at the out-of-focus layers L0, L2, and L3. More
precisely, the light is reflected at the first (written) portion 212 of the OPC-area of L0 and at
the second (unwritten) portions 223, 233 of the OPC-areas of L2 and L3, respectively.

It can be seen from both Figs. 1 and 2 that the OPC-areas are arranged
partially overlapping such that the first portions of the OPC-areas of each pair of consecutive
recording layers form a step and that the OPC-areas of said plurality of recording layers have

the form of a staircase. These areas are also referred to as staircase areas because of their

shape.
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comprises an unwritten data area 104, 114, 124, 134 for storing control

data or user data. An OPC-test laser beam 106 is shown in Fig. 1

entering the disc from this incidence side. Arrows 20 105, 115, 125

indicate stray light being reflected at theffirst portions of the OPC-areas of
the out-0 s Ia ers to L2, while the beam ég foc sed.on the,
deepest | eﬁ% ?Fhé? TR T, EBG%PS eé pysreTdege the

layetsl (1op wtbcfufampﬁfbonsme»teﬁh gledr, éh&)dalyﬁafﬂtshnan &ismg:se paﬁdldeﬂe order

with, a first portign having an r e reflecti ue representative of a
of ek T TRt AR B b AT S P o i
prefo&d, Tmiﬂ)l?&:stéﬁtiaaab peaideDydnithid cass m’ihciﬁxseﬁmdﬁe seigond

layer LI o cﬁlsc 20 hile arrows 205, 225 235 |nd|cate the.

being reflectét %ﬁ%e out-8I36¢ s“i‘é@&?‘s?i‘&e@ I RO AL 1? éléfyrecorder
befotheHigihitisredtectidearibie firsingurittemopacioptail2 thhthe g)&lﬁnageeabhh@
r 9 d at th;en selcon nwrltten (?rrtlon§1 22%1283 of tHerO %area}s |az hich
CCOENAELS, FESpettidel eéé)“l‘%”‘Ba ue CeehTrom both¥igs 1 8ng Bthattse V™
wou(dl?ﬁtﬂiraak)&r@%pmngéﬂie paoNadlyTh\ctee‘fanplthxg @Rﬁrar@tstk}mﬁrdsﬂap@ﬁmaﬁ before

-areas, of eac of cons tlv recordin rs form, a ste

the G S B Tt ST O Het Rt R et Sl by
writinbastabkasarkshese ‘ateasaanergisb defe iseddméas] staiticase ardaghe first time, or
the because qgetgnelrrespe% Ede%n ?ﬂ@rectlon fthe gtadgcg re?s |seg%flglee control

byal%e Order orrecor ayer r{top 162 0tom or bottom- tonflop) T ife

unit maujobdmevnﬂsﬂowﬂlmﬁngsiei mgemﬁ)ondecuuhgeuoﬁmgasawprmng process

to L If rever order o re (iott
befoﬁere%erre%z?? %e S C|ent Srpercoo\fl e a(;{/eri?h |th F rst porttlons
Conmujyelﬁlu,suglIydmlrrm@Iﬁﬁtquanbdumttsrelxpdnﬂ@dbmgtuusmmydvy gptichin a table or

menf{BE JERIGE ELORS 1 A LIRSS R RNEELBSE convling the
Iet a urlng rea tlme recording o amow ayer-ju

writn@umemagma@ I%C‘)fpm@blezm tud:obllpmdormecbmd&knch wmhulmmemd |dummy data.

loss part ofg OVIe herefcg e OPC- -areas eer ul he rese

The%e ore the OP prog urgrgtlg}splbheilmr}lsa%/nbe geherate eith HER/ Ethown in

Flgsnieamt%bthéwdamtmtﬁltsblf thy2 Imlw/}mﬁ@l@dl@btb@ﬁhﬁ@l‘mglg/w@m@ortion of an
opti u \93—:?%5?1 ﬁsézh%gﬁ%ﬁ'%%crﬁ% ﬂ?geﬂfgeég d?hﬁw %he O?%%%@?Xﬂéavgn value

pre recor ) on area y ma case, a
feprwm@wnﬁama;ob@@ﬂ@yﬁded in the recorder arranged for executing an

OPC-areq Wil WG IR ARIOIR NG AR RSB A G BER Pl

detects that no areas exist
recorder and pre-recorded, is not important, as long as it leads to an average reflection value

representative of a recorded layer, e.g. 75% reflectivity of an unwritten initial-state layer and
25 % reflectivity of a written (bleached or amorphous) area.

In the following we consider the OPC-areas near the inner radius R, (center)
of the disc and for the case of top-to-bottom recording with respect to the laser incidence side
of the disc. The invention also applies to bottom-to-top recording. Furthermore, the following
argumentation can be extended to any other radius, preferably to OPC-areas near the outer
radius Ryax (periphery) of the disc in a straightforward manner.

In order to make sure that the same situation (reflection/transmission
by/through above and below layers) is encountered during OPC and during user data
recording, the minimum step width is determined next. Two effects are considered: the
misalignment or eccentricity of the layers and the apex angle of the light cone of the incident

laser beam.
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Consequently, e.g. "dummy data" to be written by the writing unit may be
stored in a table or 15 memory of the recorder. The control unit may
furthermore be arranged for controlling the writing unit to generate a
writing beam modulated in accordance With the stored dummy data.

examplo B HPGR B 3 VAR BAPL B, 13 S99 8 e Bl of

the rhQiaRyVIORMINthA Hf ShP estieidaf TNisQRIHTHRSS PONEEE Calib IalNaipaieapeR angle q

each of these layers having an average reflection value 20 representative
defingdbpe tisraREFEyaH RILHE De nOERrtRRICHE T2 lidtity in the

NA 9%5’-@[@@) both written by the recorder and pre-recorded, is not )
important, as long as it leads to an average reflection value

whereiprasenthtivelfiott ve ooltele dfldyemalgny BXovghegtibythé Hghnmmiteates, e.g. the
initial- layer % reflectivity of ritten (bleached or

P acg}m%b%gaﬁjegﬁa}%a%g%ﬁ%h{feaefg%l%(&v%ir}:ﬁ v%/%/grgr\:sider the OPC-areas near the
inner radiis Rmyeefifecusofatie dhisciahddedthedtasecoDopsimbettomR of
recording, with respect to the laser incidence side of the disc. The

R =Ipv ppﬁjas_to_t%ﬁam_-to-top recording. Furthermore, the (3)
foIIov@ingim?ggynentat'@nicam@é extended to any other radius, preferably
to OPC-areas near the outer radius Rmax (periphery) of the disc in a

is gesgedtsidtfdheandhimanmmevidB of tbeddritoassakieasusalthemire amthsitadiisnR in

ordet' & |§8§Bﬂ{g W@@@&%Mg%@%@@é& at%s%' or(rj'—ﬁ%%r%sga.@ers having an

encountered during OPC and during u are e minimu
averggepeflieithvid \desiegsintsdi vt amgepedtdday ar éteprieibetioth theording).

misalign MENEQr a%’(?@i"&@% s%i%h%&%%? {0 ‘i‘a%%%%@ﬂ%&%ﬂ%ﬁ ligbtaccount.

cone of the incident laser beant. 9 The incident reading or writing light
The lream i fovubedayrahisolsjestide teriiznedheiteiprepiniungfarieot peent, c.g. the
ideal SEBMAGHCANR AEPEFURS A HVhEQN& NN BRAREY, '\?Bﬁ't‘?oﬂh{ﬁe&'f'&% RMiividual
thie numerical aperture NA of the objective lens. It is NA = nm X'sin(O) ,
layeyp)is qihrsraipranilic ehecpanieityio thlpse ertoe mptil miftho lagkrovhidth tigepect to

this ARFNQPRIRIGS £ €19y I pFRECRL TIAIIA WIGRSGARIER INFSREULING at most

layers. On an out-of-focus layer that’is located at distance A, a Spot radius

dispRegfl R=13e s (35, 3sh RIS to-eh athey), aee-Rigupe 3. Inner radiuses Riin 302 and
312 of the OPC-areas of two exemplary layers are shown. Their centres 304, 314 are

displaced by +2¢ (to the right) and —2¢ (to left). To correct for a maximum possible
misalignment or eccentricity, an additional increment of 2¢ for the width of the staircase
areas of consecutive layers is to be taken into account, as will be shown below.

The start position of the OPC area on the deepest layer Ln-1 of a n-fold
layered disc is defined as Ropc 1n-1. When Ln-1 is in focus, the width of the spot Wiy.1.L0 on
the first layer LO with respect to the incident light can be calculated from equation (3) given
above. To ensure that the light cone 406 is fully captured by a written first portion 402 in LO
when performing OPC on the unwritten second portion 433 in Ln-1, the second portion of the
OPC-area in Ln-1 should start at

NA

\n. - NA ’

where Dy is the total vertical distance between Ln-1 and LO (the summed thicknesses of all

R +2e+D,,~

4)

min, Ln-1

spacers), see Fig. 4.
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is generated. The minimum width of the staircase areas is determined by
this radius R in 10 order to guarantee that the OPC-test beam always
passes higher-lying layers having an average reflectivity representative of
a recorded Iayer (top-to-bottom recordinf)). So far, a possible
misalign of the Ia ers has not n taken into account. The layers in
o SR T A A ¥ PR & e SBHCBTISL o8 § over
Lk+ihtaliggatgsameisicklicenigoolgiadityinflbedisaighe kojleramncetion performing
OPCDOSI ioning of the |nd|\%dual 15§§%{ rst(nr?t er words the ec entr|C|t t%tth ¢
pPE G0 BUE L TAP ST RE AT rithredpect SSEFFSSIrZereréHde BN s
portibhisdfmplesotisatatinye payeof layeais Irktheshuwlkittsyer disc is at most
displaced by +2s, or -2s, with respect to each other, see Figure 3. Inner
raditises Rmin and of the OPC-areas of two exemplary layers
Wikte s? Their ceplyes 304814 are displaced by +2s (to the right) afd)

-2s (to Ieft) Torcorreét for a maximum possible 20 misalignment or
wheREBENIRIK: A AUAIHRALSTEMEN) 0lRaJar 0 IAGl G SIAHCRSE tat DL

areas of consecutive layers is to be taken into account, as will be shown
maybeiovbeTheestdififeresitiopens.the OPC area on the deepest layer Ln-1 of a

n-fold Iayeged A IS ARIORA AB B ARk WRERAD ISINIREP B ion

width of the spot wL"-,,LO on e first layer LO |th respect to the Tncident
shoulg thecdeyns datdbiareid from eqdﬁtuwanat)hguﬁesﬁ P abové third ¥isareathfieach layer
Li thg light cqne 406 is fully captured by a written first portion 402 in LO

when performing OPC on the unwritten second portion 433 in Ln-1, the

second portigipf the @FPC-area in Ln-1 should start at RmW,L~_, + 2e +
Wi A x"'( iall“‘avcec#}\ron is the total vertical distance between

Ln-1 ang &Q) (thé\%mrﬁéd thicknesses of all 30 spacers), see Fig. 4. 10

Furthermore, to ensure that the light cone 506 of a.beam focused on a

layer Lk+1 fully agse a recorded\Mst portion 502in the next higher Ia

Lk wHdA pé& f;anrs

’@a@ndﬁ'portlon 523 in Lk+1,
the step size wk, k#ﬁo@wee Me,,firstl\%rtions of tH/o consecutive layers

Lk and Lk+1 should be NA 5 wk,k+l _-2s +V n 2 -NA2 Ak,k+l (5)
Herein, Dy x+; is the spacer thickness between the layers k+1 and k. Note that the first

summation corresponds to the total spacer thickness Dy between Ln-1 and L0, and that the
last summation vanishes for i = n—1 due to the Kronecker delta-function d;,.;. Note that the
deepest layer Ln-1 does not require a first portion having an average reflection value
corresponding to a recorded layer since there is no deeper layer to be focused. Therefore, Wy
can also be set to 0. Furthermore, the first layer LO does not require a second portion having
an average reflection value corresponding to an unrecorded layer since the OPC-procedure, if
necessary, may also be executed in the user data area of the first layer. Therefore, the
maximum width of the OPC-area can be limited to wy.

The number of tracks in the first portions of the OPC-areas that need to
contain (dummy) data is obtained by dividing the step width by the track pitch.

The second portions of the OPC-areas, that is where the OPC-procedure takes
place in a layer, are always defined adjacent to the first portions thereof. This ensures that for
multiple OPC procedures on a single disc the requirements for data (no data) in the higher
(lower) lying out-of-focus layers is met, particularly when each OPC on each layer uses the
same number of tracks. The total length available for the OPC area may be set by other

requirements.
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m where Ak,k+l is the spacer thickness between consecutive layers, see

Figure 5. Note that Ak,k+l may vary between different layers. These

considerations imply that in an n-layer disc the following equation should

be obeyed for the minimum width wi of the first portion of the OPC-area of

each lay ‘S ](# 2 Wi = 2s + NA L Ak, k+l nm2 - NA2 k=0 \ n-

A (6) Vi 80, R R BN ey S sk g
portBpastihthiTROessbelveemibe tayetmartmmflmé\hﬁtmﬂmhtbeﬁmsze may no longer

correaﬁ(inds to total stpace ?kne s AO betwe%n Ln-1

be meﬁ(r]T }I“rt A YRR TSRt QL HIRHE SR O8N SRR 465 e APPY RN GhEscoTding is
arralhg’m&cd(emﬂeﬁﬁtfymtbw1hf0tﬁlﬂnﬂﬁ1tberﬂd§pimdﬁ®tdahe axiindeesundier of tracks

equlire a first porti vera ction v Iue orrespondin
Cor S R D A S LRSS Raeal T Sraneed
to rew')'rd dzam(ﬁlﬁmﬂe saistmg)aEuvﬂsregmmﬂedherfwstdaymrb@rdm rdtarempoirded layer
on S . O e ol oo VRS GRS R 9
tnvecord ayer since roce ure ecessary, may also
secoedgrutead iof the OPET data an@ldﬁylaes first Iayer Therefore, the 20

tacks in 5 AL BRI ONTHS OIS b Mok Ase 8- el gy 22
= 700ata asl@bjamelebyailmelﬁﬁléha@méwwhqemteaﬂmlﬁgqb eﬁh@tmqmdwe

portions of the OPC- areas that is where the OPC-procedure takes_ place

obtaj theafodlowiagiulis datiHe RefeR Hner tHames RIS RetARARATtARHT the OPC

areammr%gﬂ,@gmy@ mtipte QRfg RIocedures on a single disc the
requirements for data (no data) in the higher (lower) lying out-of-focus

Wi T eTé)téén%(t) pg?’tlﬁmarlyl/?\%@‘il@ach OPC on each layer uses the same
courﬂé@l?&h%éfﬁﬁhs(ﬂm kst denott availablgdondhe QP G &red (rav R/ S8t the

y other_requirements. 11 When during an OPC-procedure new test data

w1dtg@fm@§tlﬁqﬁg)g@ééhﬁ OPC-area counts

wo =70+ 0.46*50 + 70 + 0.46*50 = 186 mm [Hv1] = 251 tracks
from the start of the LO track at Ryin 0. The second portion of the OPC area in LO starts right

behind wy.

In quadruple-layer DVD+R with NA = 0.65, n,, = 1.55, D= 50 mm, 2e =70 mm. Then, with
OPC-areas at the inner diameter of the disc according to equation (6), we obtain the
following results:

w3 =70+ 0.46*150 mv2i= 139 mm = 282 tracks,
wy =70+ 0.46*150 + 70 + 0.46*50 =232 mm = 314 tracks,

=70+ 0.46*150 + 70 + 0.46*50 + 70 + 0.46*50 = 325 mm = 439 tracks, and
wo =70+ 0.46*¥150 + 70 + 0.46*50 + 70 + 0.46*50 + 70 + 0.46*50 = 418 mm = 565 tracks.
Each width w; counted from the start (inner diameter) of the correponding track at R i.

The second portions of the OPC areas again start consecutive to their first
portions.

In the same embodiments as above but for OPC-areas at the outer diameter of
the disc, results with the same absolute values for w; are obtained but with negative signs.
Consequently, each width w; is counted from the end (outer diameter) of the correponding
track at Ryaxi. In this case, the OPC should preferably be performed from the outer diameter

towards inner diameter.



portion of the OPC-area of any layer, the condition of the minimum step

size may no longer be met. In a further embodiment of the invention,
therefore, the apparatus for recording is arranged to (temporarily) store
information corresponding to the maximiim number of tracks 5 (or data
blocks) recorded n thIS Ia r dur| the OPC-proc e, Furﬂ;ermore it

s arrangdll 4o FEESHA RSAT s AT AGrAE bR ars

contﬁﬁprﬁaaﬂlahvmhadmcorded Iayer on the other layers such that the same

amount of trac ( ata blocks recorded in the . se portion of the

0P aredt S o BT RSB B U R RHER A erd carir
comﬁrﬁlﬁag’lmﬂ 55_)',61% Hoatsn ﬁppllf& & RO0TY edrti D PEnpraaseea, theaithelore layers. It

ameter of the dis ac:cordln to equation e obt in, the foIIo

is f“ré‘erif“’rﬁwnohsl%“b 151‘86%% PAE B @%ﬁ: r%aijor fon‘or RO ﬁgén-‘/ other
arraiggeadnt lof(O@E€pashlayewestarts at a width of wl =70 + 0.46*50 = 93 m

=126 tracks counted from the start (inner diameter) of the LI track at

Rmth,L7. For LO (first layer), the 15 width of the first portion of the

OPC-area counts wo = 70 + 0.46*50 + 70 + 0.46*50 =186 m [Hv" = 251

tracks from the start of the LO track at Rmth,LO. The second portion of

the OPC area in LO starts right behind wo. In quadruple-layer DVD+R

with NA = 0.65, nm = 1.55, A =50 pm, 2e = 70 pm. Then, with 20

OPC-areas at the inner diameter of the disc according to equation (6), we

obtain the following results: w3 = 70 + 0.46* 150 [Hv2]=139 m = 282

tracks, w2=70+0.46*150+70+0.46*50 =232m=314 tracks,

w1=70+0.46*150+70+0.46*50+70+0.46*50 =325m=439 tracks, and 25

wo0=70+0.46*150+70+0.46*50+70+0.46*50+70+0.46*50=418m=565tracks

. Each width wi counted from the start (inner diameter) of the

correponding track at Rmth,Li. The second portions of the OPC areas

again start consecutive to their first portions. In the same embodiments

as above but for OPC-areas at the outer diameter of 30 the disc, results

with the same absolute values for wi are obtained but with negative signs.

Consequently, each width wi is counted from the end (outer diameter) of

the correponding track at RIIX,Li. In this case, the OPC should preferably

be performed from the outer diameter
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towards inner diameter. 12 In an embodiment of the invention, the written
effects in the staircase area contain control information. It should be
noted that this invention is not limited to an optical record carrier
comprising 2 or 4 layers, but also applid$ a record carrier comprising 3, 5,
more layers. It 5 is furthermore not limited to inner or outer diameter
-areas, but may apply to any other arrangement of OPC-areas as
well. 13 CLAIMS: 1. Writable optical disc for use in a recording device
with an objective lens having an aperture NA, said writable optical disc
comprising a plurality of n[xv3] recording layers (LO,..., Ln- 1) separated
by a spacer material each time, 5 each of the recording layers comprising
an optimum power calibration area, characterised in that at least the
1. optimum W@Bl@aé#m@&i%s@rﬁﬁ%g the lRY&F§ikOdeviddwaRaR e IAYEens
LL,..., Ln-1 have a first portion with an average reflection value
havipgva 8eREREGENSS a recorded layer, and the optimum power calibration
said WRAHRI GAAIAiT0R SRERIANT Ryl Of bl HiRgYS 8:SeLONd, Ln-1)
Sepapcgg,@p&,\ylgﬁa%@r%g{&gg ég&@%@@ value representative o an_unrecorded
cachldY€he &!&Grﬁlﬂ@ %;ﬁ%@c@ﬁﬂmﬂﬂg RAVBHRRIRTBIRE: REEBS PR IgHM overlap
such that the first portions of said optimum power calibration areas in the
charpgigeined 8t tB¥lording layers have the form of a_ staircase, in which the first
at le%r@féﬂﬁﬁfrﬁﬁ‘ib&%& chronseauivesecardingelayars Lk hdotdr bF drmiyrrs
[

step with a minimum step size wk,k+1 of NA wk,k+1 -2c+ Ok, k+1

LL.vnhinINAY® dHEYSRRIE QMR HEtR ARAY SR8RIF{IRTYARI X WHSSRETIURA ot @bgFecorded
layefesidRM Ryt dameiasshetbiswreastod te shasaipaeeal (Lo,.. ., Ln-1)

between the consecutive layers (LK, Lk+l), and )
have a second portion with an average reflection value representative of an unrecorded layer,

CL

and in that

said optimum power calibration areas partially overlap such that the first portions of said
optimum power calibration areas in the plurality of recording layers have the form of a
staircase, in which the first portions of each pair of consecutive recording layers Lk, Lk+1

form a step with a minimum step size Wi of

NA

n,’ - NA®

wherein € denotes the maximum radial misalignment of each recording layer,

Wien =2€+ O, a1,

D, s+ denotes the thickness of the spacer material between the consecutive layers (Lk,

Lk+1), and

ny, is the refractive index of the spacer material.

2. Writable optical disc according to claim 1,
characterized in that said optimum power calibration areas are arranged near the center of

said disc, said first portions forming concentric circles.
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20 nm is the refractive index of the spacer material. 2. Writable optical
disc according to claim 1, characterized in that said optimum power
calibration areas are arranged near the center of 25 said disc, said first
portions forming concentric circles. 14 84 Writable optical disc according
3 to claim cterlzei n that sa d o ti ower calibration areas are
*arranged éé LRGP W S?Cgé n]'gélild frst portions forming
charscieadria dnmlead&ﬁthmﬁqht&ap&ulﬂdrdtm@@ew dirgiitneiRidmeaohs, periphery of
i aracter ed in that the radiuses of the concentric circles decrease from
sal é%r%ar f fecsidh n%glg%?er\l/ﬁrel%%dc %a direction away from the
light beam |nC|dence side of said disc. 5. ertable optical disc according
4 to claim t 0 crtlar cterized i tha th usef of the concentric
" circles inc rl 1;? 8@11F r%cr?ﬁﬁg %00 ot Ing lAyer, viewed in a
charalitedtied 1&%1@@1 fhematieséigbf bearonosnidencectd e afrsaid fiisa.rdeoMetpdaer to
recof 9 ing optmym power calloration areqs. a3 ritable pcal, discr 18 disc
Saitb ¢omprising a p urali fly Of N recordin ng yerslﬂ_B "L f '
separated by a spacer material, whereln marks are wntten on sald
5 lrecordlng\;ely{eara ebx me 'ﬁﬁs of <'€1Cv(\)/r ec%dlrp device with an objective
ens having an ape SRUrE rmlng an op fimum power
chareetiioiation &tﬁ&lmrmﬁubeebﬁt@eeoncdmgda:yeﬂsssmckehlsaifmﬂeasbtdmg layer to
opti ower _calibr IIO areas of hel Ln-2.or of t
recof N HRE RS T BT e TR % SR e
representative of a recorded layer, and the optlmum power calibration
areas of egch o t recording.la ers have a second rtio
6 with an aeti\\/%er%gé retflenPorgvﬁuey}e eggrl;t% 1|ve ofan Unrecorded f%?/eero pqwal
discand such that said optimum power calibration areas partially overlap such

said hat the first. oratlo 1S (i}f salpl 0 eQ:rg wer bratﬁ)n reas 1ri&1 he acer

ureﬁ(fy B?rec% (Pngﬁ >>ers have the n¥ Fgﬂstalréase in \Bﬁl&‘n ?heyéqu
matefmat prdrmns mﬁécadnepamttﬁmmmsa’dumfaerrbngﬂdmlhymam dflerviatimgaecording
dev1§£:e\91¥ﬁl an o Jlglcr@\lfje S Ra%%?g % IE\llf?éI'tVl\llll‘(é if\tk thereby f(')A‘rlr(nli(rTgl an opg mNr'%zpower
calibration area on each of the recording layers such that at least the optimum power
calibration areas of the layers LO,..., Ln-2 or of the layers L1,..., Ln-1 have a first portion
with an average reflection value representative of a recorded layer, and the optimum power
calibration areas of each of the recording layers (LO,..., Ln-1) have a second portion with an
average reflection value representative of an unrecorded layer, and such that said optimum
power calibration areas partially overlap such that the first portions of said optimum power
claibration areas in the plurality of recording layers have the form of a staircase, in which the
first portions of each pair of consecutive recording layers Lk, Lk+1 form a step with

minimum step size of

NA

n,’ - NA?

wherein € denotes the maximum radial misalignment of each recording layer,

Wy a1 = 2e +

>Ok,k+1 ,

D, s+ denotes the thickness of the spacer material between the consecutive layers (Lk,

Lk+1), and

ny, is the refractive index of the spacer material.
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wherein s denotes the maximum radial misalignment of each recording
layer, Ak,k+l denotes the thickness of the spacer material between the
consecutive layers (Lk, 30 Lk+l), and nm is the refractive index of the
spacer material. 15 7. Method according to claim 6, characterized in that
. said opti%p%wer cg]ibratio areas are written near the center of said
© disc, said tirst POATGRE fBgrﬁ(i)an!;‘é%h entric circles. 5 8. Method according
chartetetaind o dharadiesizadim thay saidldptitiuinapesvet oalibeatiearateas@ee of said
disc,Writ near theﬂerimery of said disc, said first portions forming

cERC SRR PO Y] &ﬁ%cgrcltc%crﬁllrrlcélet% claim 7 or 8, 10 characterized in

that said optimum power calibration areas are written such that the
2 radiuses ‘?/F e dconcen.tric cirtiles ecrease from recording layer to

recording aée? v‘i‘(g\cl%glﬂg 50 Git€tudn away from the light beam incidence
charsideriat s aidtidissaili @ pileihopaweordiiigdtwlaireay ot Syritteahanackerizeirry of

., that sai%9 tmulr,pdpov%zer calibration areas are written such that the
Sald 180 Sal 1 t ortions O{I’IIII%% C?HCGH‘[I‘IC CIrc F:S. .
radiises of the concentric circles increase rom recording layer to
recording layer, viewed in a direction away from the light beam incidence

9. S|d¢ of sgﬁe%%vg a;clcbﬁ‘g aggt&ai%{r,?gggd for_recordlng datg on a writable
optical disc, said disc omprising a plurality of n recording layers

charfk®rized m thpthawvihgpa maxipower radibiatuis aligrsnentvsi@erdsioeingdpat the radiuses
separated by.a cer material having a thickness Ak k+, between every

O e Do O L S e b By e e it

dire@pperatys foom présirpd tebeaiti mge ide ewithdam Dijekctise. lens having an
aperture NA, said writing unit 25 being arranged for writing marks on said
recording layers, a control unit arranged for controlling said writing unit

10. such that Mettsl aeovdiitie to &l predeiefnined positions of said recording
char£%¥grri%bcﬁr}ﬁr§1%¥ J&H“dé‘@rﬁ?mo S\We‘%r%al%or‘é‘@&ncg‘r'é%aat%‘é’@v%ﬁ %%ﬁc‘ﬁ%ﬁﬁ‘t ?ﬁetquiuses
recording layers, wherein at'least the optimum power calibration areas o
of thihedayatsit Crcled mGasofitm tayerding, lay¢rtd rbavdiaditsygoviioned0n a
aire i A0 RVBIAQSETRIRN PG JSRIESRIBHYG Pl ecorded layer, and
the optimum power
11. Apparatus arranged for recording data on a writable optical disc, said disc

comprising a plurality of n recording layers (LO,..., Ln-1) having a maximum radial

misalignment ¢ and being separated by a spacer material having a thickness D, ,,, between

every two consecutive layers (Lk, Lk+1) and a refractive index ny,,

said apparatus comprising

a writing unit with an objective lens having an aperture NA, said writing unit
being arranged for writing marks on said recording layers,

a control unit arranged for controlling said writing unit such that marks are
written at predetermined positions of said recording layers, thereby forming an optimum
power calibration area on each of the recording layers, wherein at least the optimum power
calibration areas of the layers LO0,..., Ln-2 or of the layers L1,..., Ln-1 have a first portion
with an average reflection value representative of a recorded layer, and the optimum power
calibration areas of each of the recording layers (LO,..., Ln-1) have a second portion with an
average reflection value representative of an unrecorded layer, and said optimum power
calibration areas partially overlap such that the first portions of said optimum power

claibration areas in the plurality of recording layers have the form of a staircase, in which the



10

15

calibration areas of each of the recording layers (LO,..., Ln-1) have a
second portion with an average reflection value representative of an
unrecorded layer, and said optimum power calibration areas partially
overlap such that the first portions of salé optimum power claibration
i tareas in t?e plurality ff recordti.n% la eg‘ haélve thi[g]gr 911 staircase, int
TSt RASERTHE! f8°Hirdt B HISREEHEX ﬁeg%‘i Bedaves ddiveTecEYam Sperd LR,
minibkhfetep @zstep with a minimum step size of NA wk,k+l _-2$+2 2 -
Ak,k+l V nm - NA 5 12. Apparatus according to claim 11, characterized
w in tlgaééali_d appé\[étcus further comprises means for deriving information
kftbm said wZi}t@athe_ optieal i§¢ ¢orresponding to the maximum radial
misalignment & of each recording layer, the thickness Ak,k+| of the 10
spacer material between two consecutive layers Lk, Lk+1, and the
refractive index nm of the spacer material. 13. Apparatus according to
claim 11, characterized in that said control unit is further arranged for
12 storing intg'lr)mation 15 co respoqg;g{w}?lt? the maximum number of tracks
 recorded IAPIELREARE I58PEAR © y layer during an OPC-procedure and
charficrthex anetar saidtgmasshathtie atfygidayers such that the same
number oInter:ggﬁo?l& rr1ev(1:r?rde9 in the second E)(?rtion 1of the %C areas of di
all Iayers. g 1m ormation from said writable optlca 1SC corresponding

to the maximum radial misalignment € of each recording layer, the thickness D, ,,, of the

spacer material between two consecutive layers Lk, Lk+1, and the refractive index n,, of the

spacer material.

13. Apparatus according to claim 11,

characterized in that said control unit is further arranged for storing information
corresponding to the maximum number of tracks recorded in the second portion of any layer
during an OPC-procedure and furthermore for writing marks on the other layers such that the

same number of tracks are recorded in the second portions of the OPC areas of all layers.





