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25  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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25 N 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

30  — 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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said apparatus conprising a witing unit with an

obj ective lens having an aperture NA, said witing

unit 25 being arranged for witing marks on said

recording layers, a control unit arranged for

controlling said witing unit guch that nmarks are

witten at predeterm ned positions of said recording
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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
30 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;



material. According to a thirteenth aspect of the

present invention, which constitutes a 20 further
waeleweliopsent of the el eventh aspect, said contP@l/iB20g050936

unit is further arranged for storing information

correspondi ng to the maxi mum nunber of tracks recorded

in the second portion of any |ayer during an

OPC- procedure and furthernore for witing marks on the

other |ayers such that the same nunber of tracks are

recorded in the second portions of the OPC areas of
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30 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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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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where Ay is the total vertical distance between Ln-1 and L0 (the summed thicknesses of all

30  spacers), see Fig. 4.
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necessary, may also be executed in the user Sata area of the first layer. Therefore, the

20 maximum width of the OPC-area can be limited to wo.
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
25  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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20 Rtk oMt Bsuid: tHe it fdrGemasRAdigRdler betht !;eﬂébrﬁ@drtlblooﬂm OPC
The nunbe {d irst portions of the

OPEI TS ?eﬁ%fffa%%es&nfﬁt”g%ﬁ?él n (dumy) data is

obtvalﬂvedobpﬁ*mﬂemdmmg 12éhencist ep Wi dt h by the track

pi tch rti '

whel& tetd m(ﬁgfcf?artr ocedl ua%n(g%? z’ﬁ@gL Q%ace "i"‘“ )ghgl,qugpéthe
15l wegth otkbé ﬁrﬂtemrtadp%tbefﬁfc-ﬁlea@qqemfl rst porti ons t her eof .

This LRSW.e8s0d-haft+ §.850 2 Psehth bl @ackdPC pr ocedur es on a
S|nle disc the requirenents for data 0_dat
i G TR 0 HGH Batis e FspioRay e 9 fein LD s g
parbelhlﬂdmar Iy when each OPC on each | ayer uses t he
nber of h ot al avai |
ith
t hge u Hﬁé%{eﬁ%@f)@i@&’g 3) 6tgtl}‘i‘erl gs‘r’seqw eh%’nt%%%Len W
22 0 03B CLakéhR 8iGhdRGiTet HBAGEDE b 0B corditg to equation (6), we obtain the
following results:
w3 =70 + 0.46*150 + 70 + 0.46*50 = 139 mm = 282 tracks,
Wy =70 + 0.46%150 + 70 + 0.46*50 + 70 + 0.46*50 = 232 mm = 314 tracks,
=70+ 0.46*150 + 70 + 0.46*50 + 70 + 0.46*50 + 70 + 0.46*50 = 325 mm = 439 tracks,
25 and
wo =70 + 0.46*150 + 70 + 0.46*50 + 70 + 0.46*50 + 70 + 0.46*50 + 70 + 0.46*50 = 418

Ul

mm = 565 tracks.
Each width w; counted from the start (inner diameter) of the correponding track at RuinLi.
The second portions of the OPC areas again start consecutive to their first
30  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



When during an OPC-procedure new test data are witten
in the second portion of the OPC-area of any |ayer,

W b@4aonsd tion of the mnimum step size nmay noPCDIRPEV4/050936
be met. In a further enbodi nment of the invention,
therefore, the apparatus for recording is arranged to
(tenporarily) store information corresponding to the
maxi mum nunber of tracks 5 (or data bl ocks) recorded
on this layer during the OPC pipcedure. Furthernore,
it is arranged to record data or marks causing an
av efaelge Re.efil Iedtis @se, thaDBE shogldpedarblydiciputorntd from tie owtefalghmeter
Ia her |ayers such that the sane anpunt

% Zgﬁagwégg?g&blocks) is recorded in the  second
port i on of {1re cobedlimensafdheipvegtion. the et effpchyin the siajqase area
In(gﬁaht&ﬁyﬁﬁmEM@&R wth NA = 0.65 nm= 1.55, A =50

SrOr} t2 ‘; e dl sc Itégc&lg%b&nﬂtad %:%aﬂ(ya aon i Ecgglmltecﬂg gr{ %caﬁ rec?rﬁ carrier

f ol dompdistirgy 2roe g Udytrs, buttdie appliesd re@odr QaIT@ncqnmnang 3:1 ﬁemétnere lgfrs. It
t h e ﬁ:?ﬁe(?'}tﬂgre H&rlﬁﬂltga]toqgngxt ﬂ%ut?:)cﬁ%me% @@C-{ﬂfé&g‘%}g gxfsélg %%}Stg any other
126”@Mﬁ@ﬁﬁoﬁgﬂhﬂéﬁafwﬁh1the start (inner dlaneter) of
the L1 track at Rnj~,,LI. 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 mm = 251 tracks
fromthe start of the LOtrack at Rmn,LO The second
portion of the OPC area in LO starts right behind wo.
I n quadrupl e-layer DVD+rR with NA = 0.65, nm= 1.55, A
=50m 2s =70 in. Then, with 20 OPC-areas at the

i nner di aneter of the disc according to equation (6),
we obtai-n the following results: w3 = 70 + 0.46* 150
+ 70 + 0.46*50 = 139 mm = 282 tracks,

w2=70+0. 46* 150+70+0. 46*50+70+0. 46*50=232m n = 314
tracks,

wl=70+0. 46*150+70+0. 46*50+70+0. 46*50+70+0. 46* 50=325mF
439 tracks, 25 and wo = 70 + 0.46* 150 + 70 + 0.46*50
+ 70 + 0.46*50 + 70 + 0.46*50 + 70 + 0.46*50 = 418 mm
= 565 tracks. Each width wi counted fromthe start

(i nner dianmeter) of the correponding track at Rm n, LI
The second portions of the OPC areas again start
consecutive to their first 30 portions. In the sane
enbodi nents as above but for OPC-areas at the outer

di anmeter of the disc, results wth the same absol ute
values for wi are obtained but with negative signs.



Consequently, each width wi is counted fromthe end

(outer dianeter) of the correpondi ng WO 2004/ 114289
woeanah B2894/ 050936 12 track at Rmax, Li | n thi BCOUERE)4/050936

the OPC should preferably be perforned fromthe outer

di aneter towards inner dianeter. In an enbodi nent of

the invention, the witten effects in the staircase

area contain control information. 5 It should be

noted that this inventionis ngt Iimted to an optical

record carrier conprising 2 or 4 layers, but also

applLiA®gSa record carrier conprising 3, 5, and nore

|l ayers. It is furthernore not |limted to inner or

outer diameter OPC-areas, but may apply to any ot her

arrangement of OPC-areas as well. WD 2004/114289

PCT/ | B2004/ 050936 13 CLAIMS: 1. Witable optical

disc for use in a recording device with an objective

I ens havi ng@Bled idﬂc@or% 1ﬁ@i€é6ﬂd§a§ B&ioa with bk GWjdctive 1ak

B BT V4 AP BT RSP RU G T o Ay emted by

co chﬂhdf@a%clﬂﬁie{, sadinofigwerordingddyiets mhprmmg ar eeimuptpeveri n

at cal% %gn% WRQ&h Eg'ié%tﬁge%imﬁlﬁlpb\p&@&lfbﬁﬂor@a[r&%@& tQé la}teﬁe

have a fir'st
5p 0 rhO; orl-ngd qul'p 1 ,an Iavlé}amﬁrpt@pmg@ W}t]@)ﬁl ayerpggaeflection value

r e Qgﬁrégrﬁ]attﬁé bf\é@ec@fde@laﬂ}e@ Qﬁycﬁkﬁﬁmﬁ @M@Jr calibﬁﬁoﬂiﬂéals Biwﬁd:}ﬂ@dbﬁﬁng
brati on areas of each recor

al i
P oride Lo CBE0 A pTORER VI 1 S PR gty of e
V aludRcdr@ANG Mkl vtintin @iver datibr@ivo peeschattialerverlap rsubhg}mt the
ower cal i ch
ﬁr%%ﬁlgns&eacl} pa1r O?%O%Eoéﬁlgtﬂ’g Cg‘g@ ar£ #l@% ’yl fgl\r{]l‘gé%ﬂ)??l@l;ﬁ
10r eomnldlumgtebalwa\m&ﬂmlﬁ Lk+l forma step with a 10
m ni mum st ep &mw( k+1 of NA Wk, k+l = 2e + TZ 2
_NAZ . ARgki+ gi.n, s denotes the maxi mum radi al
m sa’flgnmsnt af eabtt recording layer, Ak, k+, denotes
the thickness of the spacer nmateri al betvveen the
consecut i vewhesia denples thppraxippm 1adiahpigaligamens of gagh recording layer,
r ef X aCtyoNfes HRAGHnQE of REspIRAGREriaBdRdeh Bk corddtdivEeRILR and
the ¥{'rst portions of 155) said plurality of recording
| aylars, ahdgis thh eefhaiverindéx o thetsprcerameeaial, and whikgin theldirss portions of

1 §) pt sial% %lura%ysoq? re@&ﬁiﬂé ﬂ.&/é?gha'ilé)th‘e" ko@rh TF z;lstaircase.

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.

20
3. Writable optical disc according to claim 1,
characterized in that said optimum power calibration areas are arranged near the periphery of
said disc, said first portions forming concentric circles.

25 4. Writable optical disc according to claim 2 or 3,

characterized in that the radiuses of the concentric circles decrease from recording layer to

recording layer, viewed in a direction away from the light beam incidence side of said disc.



characterized in that said optinmum power calibration

areas are arranged near the center of said disc, said
WO poogti14289 ti ons form ng concentric circles. 20PGI/IB2004/050936

Witable optical disc according to claiml1,

characterized in that said optinmum power calibration

areas are arranged near the periphery of said disc,

said first portions form ng concentric circles. 25 4.

Witable optical disc accordinggto claim2 or 3,

characterized in that the radi uses of the concentric

cirxcl es decMeasi dptiahtiscecardingigckiayen3t o  recording

| ay A [ :

| et el B Aol e QRiYsh D Bgh abkin 838 o

PCTtdoRB@i¥ED m@%n a ﬂmecson fwav fram the lightbpanyinciggnegside of said disc.

according to claim2 or 3, characterized in that t he

radi uses of tg$ centric circle pcrease OM - ontical

{ or i ng | Mrtoe SRR BhGIT goves RpRgT EoR e § Kb opia

di raae]saiddisavaypritin@aplidakty lof @bdrdlﬁg@mm L9ci. dewicepaateticoy@fspacer

o a1 157 it s MEWROER il R gl TR g recordin

di slevieowifhransbiaejiva leps haviag Fﬂt gpe@fre Néc%?r%hyagmvng;ﬁé pRiimum power

LQ cahbrat1ol=r Qreé—oﬁ&%ﬁﬁe@%oﬁﬂng@ay%@@&ﬁﬁhat AL ke %bﬁmt\M‘ﬁdv@k n '

are witten on_said rec gﬁ % tyer.s

T vﬁa%ﬂtrﬁﬂwg B RING® ey i Ed oo FE ST DR o erge
h a\lr’eﬂlkgtl@n/aﬁp epieseheati WAL atd@aﬂﬁﬁyyef dmwptmgmapbmmahmwnn areas of
povig each recor 1 r at frdj N Al %8249 %@&J&aog{on (Ntijtﬁ atl zﬁlglgée ftion value
Ia ers SU ]ileast t I mum power
c al efresantitiyn oM@a@cquledthyer, #@)ﬁ@fl gptgr(gm power cg]pb.rglog preas partially

Li', gverlap st that !B@‘ﬁﬁt Borfioné SteadhQhatr bRAnbdilRe RELrENLBRGE K, Lk+1
reflection value representative of a recorded |ayer,

13 heowpt fisprgRnermesP s8¢t i on areas of each recording
layer LO ..., Lpid have a second portion with an

avewage=ré+ iAwg.1,r epresentative of an

unr ecor ded |§ af ~Ndid said optinum power calibration

ar eas partlally overl such th e firs orti

of each pai MRgFinEGFOEE I‘T\?é‘mf“é‘cf?ﬁ F?fr@]h%“g'ff&f’g algl?(reciigﬂgllayer
15 AQr Medotsti@phidinth offfh spattimatet)) bawa tefconsddtivellyets £k and

2e +1n 2 - NAZ Ak, k+1 , mwherein c denotes the
mexihlrand auis éhe refjastiye ingphefiie serceidnigtial ad yhgieghy f&V@PﬂwnS of

20K, SitbragiRadresoliie 1dy ks BdvB s Sorifof & RErcepacer materi al
bet ween the consecutive layers Lk and Lk+l, and nmis

the refractive index of the spacer material, and
whert.ei n t he Medilos becpding itocksmef 20 sai d plurality of

rec %Elrgul:ter}gec! AYEE Ssald!%%%{l%m{i ngJr lefg}aﬁgn feas L@ kzvlflﬁélshgar the center of said

disc, said first portions forming concentric circles.

25
8. Method according to claim 6,
characterized in that said optimum power calibration areas are written near the periphery of
said disc, said first portions forming concentric circles.

30 9. Method according to claim 7 or 8,

characterized in that said optimum power calibration areas are written such that the radiuses



7. Method according to claim®6, characterized in that
said opti mum power calibration areas are witten near
wo bw4genser of said disc, said first porti onsPEDIBROOUNS0936
concentric circles. 25 8. Method according to claim6,
characterized in that said optinmum power calibration
areas are witten near the periphery of said disc,
said first portions form ng concentric circles. 30 9.
Met hod according to claim?7 orqg8, characterized in
that said opti mum power calibration areas are witten
suehthé fratentriReircledictrens rDre2GQidg hlet BBBcording layer, viewed in a
O REORG 0309 ien ﬁg%an? ohlge SRNFSM file circles
decréase fromrec nIa 6r 10 Tecordi ng | ayer,
viewed in a direction away fromthe |ight beam

I ngpdence sMgﬁod)gccosahéjmqla%hﬂgO Met hod accor ding to
claim?7 or 8 racterlzet}j\?ln that said

P EFcHTE B OB B A HPE B ASIo I S (e aduses
I a@f s edicenbfc cirbles iftd¢asefin lecording 16yee® récacling dayer, fiewahin a
recor er, t [ evved in a

di Fec l?no%Na ot ﬂ?e 1%}1%%%19 mlgfdg}%f &%\égrsﬁmll ér(11“L(':| dence si de of
said disc. 11 Appar atus arranged for recording data

on @ Wit abhg,.eRik 'aﬁﬁxlgedjfblsﬂéeorcﬁn%' cﬂta@h§§vn‘ca@l@ oﬁtfbﬁipﬁslcss‘afﬁgls@
plurality of recaording |ayers - avin
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a SRAGSmeARlad badg sB@ydtdEI@y a spalidr GlaRAS havihg ditickdd St AR Between
every two consecutive |ayers Lk, Lk+l and a refractlve
| naesty peycorsaquilvedpysesrids s @@fhwfr@ilmn%?x\ﬂmﬂsﬁlﬂ ARPaigtyp gomprising
with an obj @@hﬂlﬂé@mﬁ QA8 ar Gyt 1B haAVR2lah bifeRurbiNA, &ﬁlﬁ’rmng unit
rranged for witing marks on said

witing unit eln%gr%
r e CEPRITTRERII Y e iine Parke OB IBIIE e ar r anged f or

15cont r ol | i NQga &datrel ualt hrkangg forrtbiitrolling kaid Wadng it kish amaparks are
Y\glvs;erlr gnn at %}ﬁ:dgerglgngé ]gorsmoﬁ]seoq st 1%!:0%&11{%}%{6@ thgrgﬂlyqoﬁmr?gg e
ar @awemelibmtin agta qntvachyad das rr@ptﬁgg lazigre Néierewq@ﬁ@t e @Htlmu@a@’fver

t e fRkibiks BOWE fayer?ﬁi I brabi bqurl ar ERPhAE a ﬁﬁﬁpo‘rﬁﬁﬂ%’cﬁ an average
L Ln-2 or a first

@] or
an refiFeiongaue FRFeEg RS v&qr%?é e SOV ¢ orion eds bt
2or e@whd@drdingy@en Lot heLerhaverm pec@d\pertio &ith dnraaérbgenefRrtina salod

po / et‘prese 1tatc1$e? gfan unrgcorc? § B er P Fald ?ptll’hﬂmé ng‘\éﬁlbﬁma? 08 gartlally

n

an aver ag
r eprakp pich thaithe bt panlonﬂnf eb pedf chrgative repquflingdaygrs Lk, Lk+1

Op gl B, ‘a){‘{ﬁwnﬁ]'nhmt@ﬁél&rbfaf eas partially overlap
such tha first portions of each pair of

consecut b%gr recHr‘ldl ngAI ayers Lk, Lk+1 forma step
Yhesal nblm 51 gpeSi € of

25 and wherein the first portions of said plurality of recording layers have the

form of a staircase.

12. Apparatus according to claim 11,
characterized in that said apparatus further comprises

30 means for deriving information from said writable optical disc corresponding

to the maximum radial misalignment ¢ of each recording layer, the thickness A, ,,, of the



NA WKk, k+l = 2E + 2 - 2 . Ak, k+Hl NA 25 and wherein
the first portions of said plurality of recording

wo agpensi2Bave the formof a staircase. 12. AppBCEHIB2E04/050936
according to claim11l, characterized in that said
apparatus further conprises 30 neans for deriving
information fromsaid witable optical disc
corresponding to the maxi mum radial msalignnent E of
each recording | ayer, the thicjgness Ak, k+, of the WO
2004/ 114289 PCT/ 1 B2004/ 050936 16 spacer materia
be ke mateyisl bewpaa®ol tonveutiva Yayers Lk k+1, lknd the @frabtivdigdex nn of the
refracti%gdindex nm of the spacer material. 13.
ApFErattis according to claim1l, 5 characterized in
that said control unit is further arranged for storing

i nfor mat i OnA%fféﬁﬁlrs@&%ﬁgitJ@aiﬁlQI,t he maxi mum nunber of
tracks recorde er

ecQ d.in the second portian of any |
S AP Pt 7 ERSE 187 St FLPEPSF A B P OREY g
MBlckSesdhf® tid haiminayt@tos: o tradis tebatdedtitnge sesemdpontiomiieny layer
of track re recor ' y | ORS 1298+ tBChat th
Cpéurg}g éa%- ?Pg fproa(‘:f:cfurel ag?/ g.rgtg%:rﬁloxtel}gr vﬁ‘ﬁ]ﬁg ngrkP&r thé & a9 rs suchrthat the
same number of tracks are recorded in the second portions of the OPC areas of all layers.



