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1 Multi-speed recording for multi-layer disc The present invention relates to
an optical recording apparatus and powey control method of controlling a
radiation power used for optical recording data on a recording medium, and
to an optical record carrier to which information can be written using the
FRGRIYREARPHARIFAIURLMPECRErol method. 5 Optically recordable record
carriers or information carriers are generally known and are used in
recording apparatuses which record data on the information carrier by
means of a radiation beam, e.g., a laser beam. The radiation beam is
focused onto a recording 10 layer in the information carrier. In the case of an
adequate radiation beam intensity or radiation power, the optical properties
of the recording layer at the location of the focal spot will change, as a result

of which a meggg b"-‘ré%éﬂgH\%ﬁ'tiéhtrbﬁ‘af@sct‘ér%ﬂﬂ)ﬂféxﬁfec%w#@r)ﬂibgr&lﬂ% dafiiRn

beam intensity, a pattern of marks can be formed in the recor 9n°g layer. The
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Coriﬁf%(cf"%),g bﬁles)ﬂ D- Rrv(% é%%m&ﬁ EDISC Rewritable) or the DVD-R

Igita cor or e related DVD+R. In order to extend
the storage capacity of optically recordable information carriers, information
carriers have been introduced which comprise a plurality of superposed 20
recording layers, The recording layers of such multi-layer information carriers

can be of a rQQH%HW%‘?ﬂH?’GP'Fe@&P&%B@E'GréOWﬂfgrﬁﬁE@j SRS FERPRRSELY
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radiation beam (e ?‘i laser light source) and the recording layer to be
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optecatly cefctiidable mformatlon carrier are the CD-R (Compact Disc Recordable) or CD-RW
(Compact Disc Rewritable) or the DVD-R (Digital Versatile Disc Recordable) or the related
DVD+R.

In order to extend the storage capacity of optically recordable information
carriers, information carriers have been introduced which comprise a plurality of superposed
recording layers. The recording layers of such multi-layer information carriers can be of a
read-only and/or recordable (i.e. write-once) and/or rewritable type. Each recording layer in a
multi-layer optically recordable information carrier can be inscribed separately by focusing
the radiation beam onto the relevant recording layer. The recording apparatuses use a high
Numerical Aperture (NA). Owing to this high NA, the diameter of the radiation beam at the
location of the recording layers situated between the source of the radiation beam (e.g., laser
light source) and the recording layer to be inscribed (intermediate layers) is comparatively
large. As a result of this, the intensity of the laser beam at the location of the intermediate
layers will be inadequate intensity to produce marks on these layers, whereas producing

marks on the recording layer to be inscribed is possible. Also, at the location of each of the
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2 recording layers having a distance between the respective layer and the
radiation source which is larger than the Elistance between the recording
layer to be inscribed and the radiation source, the intensity of the radiation
beam is inadequate to produce marks in these layers owing to the

FQBTARMGTRRNY HRUae diamele Biia R BRMsPeiRW XA, MURAS EIHIRN source

intermediate layers cannot be inscribed, they have influence on the radiation
IO sAapst BrtrBe dSIARS P BRERT iR tECraMSRYET G LB 9Rd 20t s Rdtption
byutbe thédnmnasigtef yeadialibe remamnidedsolthetogamtion headeninqhess tifigas

%{é etot{ﬁpg@]&ﬁgﬁﬂé@é&q@%e&%ﬁ%bﬁ g;%%%%t.ted by the intermediate layers.

agnitude o ransmitted part depends on the optical properties of
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be so high that in all cases each recording layer in the multi-layer opt_ic_all¥
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higher radiation ﬁgwer. A recording apparatus such as an optical storage
EROEIARIE TN FRIHEEFAPBGERCIPS] a given recording speed, the
sensitivity of pygcargabiaaiuied aiationgraveling irdorlibyer iscsrttathahib

requires more than the maximum laser power, data can only be recorded at a
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important to develop a recording scheme which minimizes the total recording

&P Byl aPHdBarstRRe refe R B9 BeRTatialiRPe High-density recording
medium andsardpiioglappavetuasiostisgraptitarsthatefonvAdtivaseied laser
hh%p‘e'rd?#“%i‘é{ [earding mediin include; i&’.P“CﬁLP%"HF B?l%trer%vi\mt%[f a3ton Iox
8 ayers, and an op |CaP%oPNer’ agjus ing Methdd FRAdS firdt optical power g
teyatasisirfo thabtiseaforealnerpaherftbenmaxitoitin lasesreaveptitoéd chisloplabedenorded
diskRIRY Shesioren iR drAT tREQHBRSIRR BRNREINE T @D Gulti-layer medium,
containing n recordable and/or rewritable layers, may be more than n times the total
recording time of a single-layer medium. Therefore, it is important to develop a recording
scheme which minimizes the total recording time.

WO03/105139A1 discloses a multi-layered high-density recording medium
and an optical power adjusting method therefor. A multi-layered high-density recording
medium includes optical power related information for all layers, and an optical power
adjusting method reads first optical power related information for all layers from a multi-
layered optical disk placed in a disk player, stores the read information in another storage
device, and immediately makes a current optical power optimal to a moved layer without
accessing the placed multi-layered optical disk by referring to the stored optical power

related information when moving to another layer during record or reproduction.
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30 device, and immediately makes a current optical power optimal to a
moved layer without accessing the placeg multi-layered optical disk by
referring to the stored optical power related information when moving to
another layer during record or reproduction. 3 It is an object of the present

inventi_on to pf @é’&ﬂ%ﬁj@dﬂﬁpfﬁ’é’%g&ﬁ%d@ﬂﬂﬁf&%iw %%Bﬁ)@éd’_\f@&?ﬁing _
recording time of multi-layer recording media can be reduced. This object is
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be recorded at a higher recording speed due to the lower radiation power
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recording sequence based on, the layer sensitivities js particularly
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taxersoadint) IRgels. tarensims evisies roaebalteeconidbagh s pieeshsikd thetsisrivation
Mean A e aranges 9, derve he individial recording az&%gr%?iﬁ%rr“ma ion
Control hTormation read o the recording medium. The individual recording
rRGfesdsaespisind erbededibechiy tresatnisidemeaichmrfererditio neqendedeseti on

mi% 12 BHNRAEIOpRRIIKAY ARRINAREIY rSPmifivg %é&%@ﬁ@'%@&&’ﬁfﬁﬂ%mee

y be derived Ibased on an ‘interpolation or extrapolation of the contro
RIFBIFFRAERSANg |2Xerinte FpisRdSIR ¥ inskerspbRYEEH! srRsting®PRiinbers stored
on the recordrng deeiinatitn thensyidyroyileargbe tietieaviapiainaivRfutheecording

S L B e
Beceﬂﬁmglﬂg@@dgs@nﬂrembiﬁmt@@mr?ttmgn@wwémmmgéa@ﬁ@mqiwa@ framber(s)
Berkerer A MBI MEtRRWidual recording speeds may be derived based on an
interpolation or extrapolation of the control information, e.g., an interpolation or
extrapolation of discrete numbers stored on the recording medium, to thereby provide a better
adaptation of the selected recording speed. In particular, the control information may be pre-
stored in a pre-groove of the recording medium. Thereby, the individual recording speeds and
their related writing powers can be directly read from the recording medium without
requiring dedicated look-up tables or other memory means for storing the control information
of each possible type of multi-layer recording medium.

Furthermore, the selection means may be arranged to select the highest
allowable recording speed for each individual one of the at least two recording layers. This
leads to an optimization of recording speeds of each individual recording layer to achieve a
minimized recording time.

The speed control means can be arranged to perform recording at a selected

higher speed in a first layer of the at least two recording layers, and to perform recording at a
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requiring dedicated look-up tables or other memory means for storing the

control information of each possible type4of multi-layer recording medium.

Furthermore, the selection means may be arranged to select the highest 30

allowable recording speed for each individual one of the at least two

sereeiclinanwaysiseddts Jarda F&%{}%@ﬂ%ﬁ@éi@%ﬂ@@ﬂfﬂ@&ﬂ?@ﬁdﬁ ateager

individual recordin Iag/er to achieve a minimized recording time._Th%%;ieed
|
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sjpeedria.a first layer of the at least two recording layers, and to perform
recording at a 4 selected lower speed on a second layer of the at least two
recording layers. The first layer may be a top layer and the second layer may
be a bottom layer of the recording medium, or vice versa. 5 The present

invention Wi"ﬂ@‘ﬁr@&rﬁ@ﬁﬁﬂﬁ%ﬂ Wﬂltﬁﬁ/@@é&&%é@f@ﬁrﬁ@ @Mm@ﬂ@dwith
reference to the accompanying drawings, in which: Fig. 1 shows a schematic
BRI NS B Sl HeRe G GRS A PR M TRyt o M IPeferred
embodiment§jd.Q Bigwd skehaaisoheiaiagraid @ vieecatiingeppashearimording to

ﬁ]ccorec[iiGnl% (}% r%% Og)nr]gﬁ Sr_red embodiments with an indication of the control
e

m?d[?rma lon provi ereon; and Fig. 3 shows a schematic flow diagram of
a recording rhigthbghawearafinrynasi erieddivigvp péfereeer ¢ palyirtingeerding tmtiie

[RURRC HSo B RER TS R RIPRAIEAEBESOMHRS SFGHRFRAMNER SRRRGS {Rerésh; and

optical drive or optical disc recorder for a multi-speed and multi-layer
recordable aftfot SRAWFiEI5RE BBHE AoV dHiage TdldfRsOLlich P AAsRIdig o the
discsefected fibgdithengroup of optical discs consisting of dual-layer DVD+R,
dual-layer DVD+RW, dual-layer DVD-R and 20 dual-layer DVD-RW. The
DVD+R/+RW format is becoming increasingly popular for digital video
recording as well as for all PC (Personal Computer) data storage

applications. i i Yo RSl aRS RkdhedRMBIRAERVAFR Y QY B AMAFELHER to
formats is its backward ) )

an optical drive or optical disc recorder for a multi-speed and multi-layer recordable and/or
rewritable optical storage medium, such as a multi-layer disc selected from the group of
optical discs consisting of dual-layer DVD+R, dual-layer DVD+RW, dual-layer DVD-R and
dual-layer DVD-RW.

The DVD+R/+RW format is becoming increasingly popular for digital video
recording as well as for all PC (Personal Computer) data storage applications. A key
advantage of the DVD+R/+RW format over competitive formats is its backward
compatibility with DVD read-only systems, allowing playback in existing DVD players.
Such write-once discs are provided with guides called pregrooves. The pregroove wobbles
slightly in a radial direction of the disc around a central frequency, wherein information such
as a recording time address information called ATIP (Absolute Time In Pregroove) or a
recording address information called ADIP (Address In Pregroove) are recorded with an FSK
(Frequency Shift Keying) modulation.

Fig. 1 shows a schematic block diagram of an optical disc recorder according
to the preferred embodiments. In Fig. 1, input data DI is supplied to an optical unit 10 in
order to be recorded or written to the optical disc. On the optical disc, i.e. the DVD+R disc, a
thin organic dye film is provided as a data storage layer. As already mentioned, the recording

principle is based on irreversibly modifying properties of the recording layer to be inscribed.
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compatibility with DVD read-only systems, allowing playback in existing DVD
players. 25 Such write-once discs are prqglided with guides called
pregrooves. The pregroove wobbles slightly in a radial direction of the disc
around a central frequency, wherein information such as a recording time
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address information called ADIP (Address In Pregroove) are recorded with an
BRaRes eRuaR S MSRIIREETING) arﬁBHh?éHBH 280VE1Gh P BRI oA gk Ripeessor
bim:uh dﬁ@gmnrde@f/\mmmpumd)l@hm mmademammnm mgant@rtlse prefestédiividually

RepiFa gL Pt daia.DL 5 Bl (6, AnoptGal LAl 2. order
be recorde(r:]gmJO W {he opti Geardi nIThe optlca ISC, I.€. tH

@V@ﬂg&%ﬁleaﬁ rﬁreﬂ”gm ﬁ@gayws%y@viwaa i ﬂf@mdfgﬂl@&ﬁoﬁﬂ&al %ﬁ@éagﬁch%’@(;‘:%‘/k_@al-
ea tioneaq, the n INC IS DaAse | Versl modityin
B R e e LS e o B Tmaion i
contained in this tehgtiteiithera ded tie dlackudkisgiand i difiety spasdbose parts of
%tYlé@&’auﬂﬁﬁbzfé{[H‘@H?&ﬂra% %GBR/U&W% B&WP&%H#HP%&%&W &% Qfesent

processor circuit Is provided which controls the optical unit 10 in a manner so
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hean g aheidol petadmensa encoffitFad infoombtish sive dhaserpent srobotisedrec ardimgher
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invention, while other components w ch might be necessary for performing
tﬂ@l\rté’@@m@ﬁgf%%%?dﬁdhfﬁhwfb%ﬁrékﬁ‘ﬁttw'fén pagSrE a@ﬁ@rﬁpﬂawelated
According to Fl the optical n|t 10 |s arang edt rea n
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QF%C?MJ% rame u%zﬁ nclug%gégt of individual recording speeds vi for each
recor INg Iayer | and their associatsd or related 15 writing laser powers Pi.

As an examphecendingbiotios firmrefesec\emmieddiméivates aprrdifferc? detdtanines
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information“on the dual-layer DVD+R disc ccordlnb to the first preferred
dwibegioniate) theetapdrofiting RSedpteverdipsBased on this information, the control unit

20 can determine the highest recording speed for each of the recording layers, taken into
account the maximum laser power of the optical recorder. The control unit 20 may store the
determined set of individual recording speeds vj for each recording layer Lj and their

associated or related writing laser powers Pj. The control unit 20 then starts recording in the

most sensitive recording layer at the highest speed possible, taken into account the maximum
laser power of the optical drive which may be stored at a corresponding storing facility of the

disc recorder. Typically, this recording layer will be the top recording layer Lg facing the
optical unit 10. Once this top recording layer Lq has been fully recorded, the control unit 20

performs control so as to continue recording on the next most sensitive recording layer at the

highest speed possible, i.e., the bottom layer L. In case of a multi-layer disc with more than

two recording layers, the recording scheme will continue in the same manner by continuing

recording on the next most sensitive recording layer at the highest speed possible, and so on.
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and optionally stores the set of individual recording speeds vi for each
recording layer Li and 20 their associate% or related writing laser powers Pi.
Based on this information, the control unit 20 can determine the highest
recording speed for each of the recording layers, taken into account the

maximum lag&snee ikt eIPRHGHiFRGRT deFerkil SeeaNAiFR dHREP ARy siare
the, determined set of individual recording speeds vi for each recording layer
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speed possitig, andRR ARp&if; %ﬁl&%@@%&i-@a@&rwga%I%é'%ﬁ’f@ﬂecific
P

recording speed” for the entire optical disc based on the maximum speed of
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spaed drias dheplicitosadieled hdingsiayeidnibximitiidaseandnalfl of 3bmvetaageding to
apacity of the dual-layer disc may, be recor a higher spee the
e et S TR R R b Al
in{panitjonalassenewerdeldeatse netibiedsrseacsincwdingdepdtdar sedorging afamhe
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multi-speed recording scheme can reduce the total time required to record a
Iasgitipwerrio plileaststesriagevatesiiti 2v oomh Fedeit aoatysithg ltoms preediigy/ k'L o can be
recording scheme. 10 Fig. 2 sh J cific example of a dual-layer DVYD+R
R IR B e P R B Rl iy
Cortes pthadiag d tiz-hattemDaDrd Ry dpticdljdrand e resprited| atectaldidyedrpsea of 2.4X

cific maximum lase er of 35 - According tq, the control information
e G L, 8 B e R SO G Poer
bowaT helees drbat pdigfied ¢htigasheed b rélint 1bg/ Bséopoaeoitirtdeast aet Idba value
ir}dé'%a\(ip speed. The top recording layer LO can be recorded at a relative
gpeel Gt 2.4X if the

Consequently, in the specific case of recording on the optical disc specified in

Fig. 2 and using a disc recorder with a maximum laser power of 35mW, the control unit 20

will apply a recording scheme in which recording starts on the top recording layer Lg at 4X
recording speed. Once this top recording layer Lq has been fully recorded, the control unit 20
controls the optical unit 10 so as to continue recording on the bottom layer L1 at the lower

2.4X recording speed due to the fact that a laser power of 41mW required for recording at the
higher speed is not available.

Fig. 3 shows a schematic flow diagram of a recording or writing procedure or
mechanism according to the first preferred embodiment.

In step S101, the optical unit 10 initially reads control information including
disc parameters stored on the optical disc, e.g., as an ADIP information, and supplies the

control information to the control unit 20. Then, in step S102, the control unit 20 determines
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laser power is at least set to a value of 24mW. Additionally, the top recording
layer LO can be recorded at a higher rela;ive speed of 4X if the laser power
is at least set to a value of 33mW. On the other hand, the bottom recording
layer L | can be recorded at a relative speed of 2.4X if the laser power is at

IRaRS@hiANRIS RESQIE Fied itiNAly rdb RPN IRSEIGIREY YRE S hlstbp

can be recorded at a higher relative speed of 4X if the laser power is at least
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laser power of 35mW, the control unit 20 will apply a recording scheme in
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shows a schematic flow diagram of a recording or writing procedure or 3
feeaidlarsif aeicordintecetisstiistap &8 erdMvstimtbigithe ReXirdayrsptis 0mNihe
pRURRMISLARIBHEdGRER FoTioA{R PR DATIRAURGIE IS (iR RARMESRIS to

stored on the optical disc, e.g., as an ADIP information, and supplies the

EBRHRYFIHTB AT 9Re TR ChtB SUPTEBSTIRER, a &kl SPamgingepeshieaslitted
73 (RSImuRRR A 1406 .WH{Qd‘éﬁéﬁ&r?d?’ﬁrit?ﬂ%‘éiféﬁﬁiﬁ%&_ﬁﬁ%tgbsﬁf%ct‘ﬂa?fﬁfriting

and subsequently selects in step S 103 individual recording speeds vsi for
bacheet threshed dedone theeyend dfahared ridrib assoddony thgerdiewrniinecbnmesdome amds.

write power. |p GieR S, AAAFUANDOABAMRE e SEuiadain, i49 Ahle o

know the position or number of the currently recorded or inscribed recording
kvggestscolmiitly thisydacsteg & 103)ighestspriad| hehir @ Angteadsrdiey vwnitimg

%’l’ﬁ%@?ﬁl (42 &t%%tlz{ﬁ'é:&? "ARRLIRY SR é\i&#ﬁ%tf&&?ﬁ@ig% E%ﬁg i ﬁi?"%e lected

top recording layer Lo. In step S 106, itisc r writing
haglifieatofinikthe ¢rioéfioed ehdodprentovbiiciyisapecificalinselbesen fiilteptithhdiscse.
fnelmipsY | FQS\WﬂU&EﬂM X BYRE G LHAND S IREARSLRR 'S
%géeénebsntt% ?@%qepsge 107 and t g {éﬁ](?c(’:{é&duttre re(tﬁuﬁget% %%%g)s 105 mgoEEIc?er

fne0nEShelrfa@RsenheRiAtr b PRI diy B SialdBderaiting ep teuhsequent

Fecsttmigaaseeed Ml selewips dise Hala FrIPSRIUeH Mxehhlk Smirathardaand,

if it is determined in step 5106 that writing
written to the top recording layer L.

Furthermore, as another modification of the first preferred embodiment, a
more optimum or better adapted recording speed, which corresponds to a recording power
even closer to the maximum write power, may be obtained or selected in the selection step
S103 of Fig. 3 by interpolation or extrapolation of discrete numbers or values stored in the
pre-groove. Of course, other estimation procedures can be used for deriving the selected
recording speed from the stored numbers or values.

In the foregoing, it has been assumed that the top layer is the most sensitive
layer, which can be recorded at a higher speed than the bottom layer. However, there may be
recording media or record carriers, where the opposite is true, i.e. the bottom layer is more
sensitive than the top layer. In such cases, the bottom recording layer will be recorded at a
higher recording speed, while the top recording layer is recorded at a relatively lower

recording speed.
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has been finished before the end of the current recording layer, the writing
procedure ends. In the above first preferr§d embodiment, the top recording
layer Lo is suggested to be fully recorded, e.g. at the highest speed, before
any recording on the 15 subsequent layer LI is started. However, as an

alternative SQUUEQRIAGEOEUEDAA renrifi catiRiRleHaY RIESFEIH LERRAED 6 brder

which is specifically relevant for optical discs according to the dual-layer
BIVAES- FRESRT B EhiRUEIrS i B e aib e se RSN b PEERF!! aé(ﬁﬁdﬂﬂ%*&fsdlﬁ?ﬁd on
pressntrete@aehrmﬁtheewmiagepsedr Maisss spanifidiily advtineagedasefquobrding

dcéﬁl%b@éﬁ %h?ge PH1 1}!8 r&'fﬁr@%"}%ﬂ thg@grP( f"b@r oA BAL L0y not

writ urthe more, as
ae@m@m IsnesdireRansiy t@fth@leﬁ%ﬂ qfrewﬁedlewm@@nhte the apmrérbrolﬁneﬁﬁer

@%Fﬁrﬁl@%ﬁﬁ@dﬁ&éﬁ@i&@t@%ﬁ@c%\@s@&iﬁéﬁweﬁfﬂé R ;rer&r@merrrﬁrem the

even closer to the maximum write power, may be obtained or selected in the

LROudishlvepvEh 1B ighes] S%“B';%‘Yr'%r%‘l%ﬁ B! o Ao Mg S peREding:epeed,

manberscordealfies ﬁtuwrédrbme%qorenm deyree Wh M@@rﬂth@h&@ﬁh@ﬂl&ﬂy,
NacEdnres cande ieed rse %r""”gré%e REls eﬁ%%t ehding EE’srre 5} ?st.cs

stored numbers ot va ues oregorng It een assumed

Rfytee pppheatindst sensitive Iayer which can be recorded at a higher speed

than the bottefp (ayRFaHEWRYS o AR EMAY diSc FReRINNGBIBMIG B e SRishd
carriers, where the opposite is true, i.e. the bottom layer is more 30 sensitive

el ERe BBy SRIRE R EE, fiFst Rystesred %B?ﬁi%ﬂbﬁ%ﬂt%'?rfdgrdjed‘d
a3t ehdnigher aelestdpiiospeed itehtleatiparto s et mgriafe reasm@fdﬂdvaya

W'a%ve#yth%%egg.rfeca?rd'” cgchr?dtOSth@ggc%'r\dé %For{aég%%”g ﬁ Qe an
embodiment € recoraing sequence or or I’O he recor ng ay IS IS
dédaioni edlbrargstaprStPSskvisiiflny dfagaan tdydg. Snd/inhschabe thpdubes
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record media consisting of three or more recording layers, where the
IRgdMEER SHARSS rﬁmeﬁ AB e disilly %WQ%ESW&?%%@%P&BY'SF%W ding
wébdmmzﬁdmtklemwmhlIté@rdér@oﬁ@n@ﬁ&tt}plﬁ%@ﬁéh&ﬁt@spwldﬁ &0 the

Fg(icﬂorgdn SRS TR Ofc}?%s%sst.ﬁ’h Bel e ot Od #m ooﬁecoﬁh Ad3SH

With the rigRast SEndRiE WAl us anows R Pecora ing speed)
my%@g@é@t@l@cﬁh@étamdlmedf@gr% veemmrﬁge Ieyérdhrmmtt&@ is@tengetigreestrol
ﬁ?enﬁmggb’unit 10 in such a manner that recording is effected on the selected recording layer
at the selected recording speed.

As an alternative, the individual sensitivities may be directly obtained from a
control information written on the optical disc, as a disc parameters which can be read in step
S101 of Fig. 3. In this case, the re-ordering in step 103a can be performed directly based on
the read sensitivity parameters.

In summary, a recording apparatus and method is proposed for recording data
on at least two layers of a recording medium by using a radiation power, wherein individual
recording speeds are determined for respective ones of the at least two layers at different
values of the radiation power. A recording speed to be used for recording on an individual
one of the at least two recording layers is selected based on a maximum radiation power
specified for the recording operation, and the speed of the recording operation is controlled
individually for each of the at least two layers based on the selected recording speed. The

determination of the individual recording speeds at different radiation power values may be
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and so on. Of course, other sequences could be implemented based on
desired characteristics 10 of the applicatg)n. The general structure of the
optical disc recorder according to the second preferred embodiment is
similar to the first preferred embodiment as depicted in Figs. 1 and 3.
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brevity. However, the modification according to the second preferred i
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preferred embodiment in the loop 20 consisting of steps S 106 and S 107 of
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e selected recordin eed. n alternatjve, the individual sensitivities
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the read sensitivity parameters. In summary, a recording apparatus and
ﬁ‘i@?ﬁ@&@ﬁ?@ﬁﬁ‘gg FPSecording data on at least two layers of a recording
medium by using a radiation power, wherein individual recording speeds are
determined for respective ones of the at least two layers at different 30
values of the radiation power. A recording speed to be used for recording on
an individual one of the at least two recording layers is selected based on a
maximum radiation power specified for the recording operation, and the
speed of the recording operation is controlled individually for each of the at
least two layers based on the selected recording speed. The determination
of the individual recording speeds at different radiation power values may be
9 written or embossed on a record carrier. Furthermore, the recording
sequence used for recording on the recording layers may be set based on
the sensitivities and thus recording speeds. Thereby, total recording time can
be minimized for multi-layer recording media.
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It is noted that the present invention is not restricted to the above preferred 5
embodiment but can be used in any recoIglng scheme so as to reduce the
required recording time. In particular, the present invention is not restricted
to optical disc media, but can be used for any recording media having the
diffaygad: writing properties for different recording layers, which require
different radiation powers and related recording or writing speeds.
Furthermore, any type of control information suitable for predicting or
determining a 10 required recording speed in relation to the radiation power
can be stored on the recording media or at the recording apparatus. The
preferred embodiments may thus vary within the scope of the attached
laims. 10 C tlcal recording a arat for reco data
i lomt two TAESHAITE AR P R Lt Rty gy
radiest{c0, pdyet asetdrdimgaradigncoynsiigirg adigtdetpemenssiaghanpaatiss (D) fosing:

SPUEITHNIAG AR LB S RS RRGRIR AR REH TS iRhd ?&e‘éﬂ?%lﬁe%@& £

said at least two Ie%grs at different values of said radiation power; 5 b)

ESRECHYRA PRespis sty As A dvetiv§ e Harantuebien i?fe‘é'ﬂﬂ%l?&l ReWStding
spsaetion ReARIPY &ﬂ%@[édﬂn@ﬂ‘r@ﬁﬁﬁfmél@ﬁﬂrﬁléﬂgnﬁﬂli@lﬂanfébddﬂﬁé opedfa

d I dc d I m 20) for
e L R
f@y@ﬂdnd)f said at least tvvo recording layers based on said selected 10
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to the recording speed based on a maXimum radiation power specified for
ﬂﬁ’@%‘é&értﬂ‘ﬁf@'@ﬁi’é fRsrrah P B eaive seeiding s niasitkornideplqsted

fRedetermine a recording sequence of said at least two recording
B S I R B SR B
ivadmangedia arepivees spddrfigidu Hlereording geerths fraharal doattsal speed
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to claim 2, wherein'said de ermlnatlon means is
recording Iayers based on determined sensitivities of said at least two recording layers.

2. An apparatus according to claim 1, wherein said determination means is
arranged to derive said individual recording speeds from a control information read from said

recording medium.

3. An apparatus according to claim 2, wherein said determination means is
arranged to derive said individual recording speeds based on an interpolation or extrapolation

of said control information.

4. An apparatus according to claim 2 or 3, wherein said control information is

pre-stored in a pre-groove of said recording medium.

5. An apparatus according to any one of claims 1 to 3, wherein said selection
means (20) is arranged to select the highest allowable recording speed for each individual one

of said at least two recording layers.
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arranged to derive said individual recording speeds based on an interpolation
or extrapolation of said control informatiq . 4. An apparatus according to
claim 2 or 3, wherein said control information is 25 pre-stored in a
pre-groove of said recording medium. 5. An apparatus according to any one
of claims 1 to 3, wherein said selection means (20) is arranged to select the
highest allowable recordinggsé%eed for each indijvidual one of said at least two

Fecording lay@RPPRr 3SR Copag 48 A% Q86 RlirfAS hiP oh & B BIRFAY PSS,
ednene i memisl ($pe) icamirokthegiesfOhio, ratrdingrann geetted pegferispeed dmdifigst

C i in.afirst._| of sajd at ing
A A e e A L L S YRR
seleetnd Iwerrspeeyl on aarfenddayst fivd) fcotdiridersy&ne (eOIding layesn(LO, L1).
apparatus according to any one of the claims 1 to 3, wherein said
sensitivities are determined on the basis of said selected recording speeds.
10 8. An apparatus according to any one of claims 1 to 3, wherein said

gensitivities Areagedeitos aeshoyhgaidade @wuhikoclainesh s R 0)Heasin saizbntrol
MR feRd A %igtﬁ&%gsr%‘B‘PsQi‘(?Q‘Fe'él-e&Pe(%r&” ApRgigtus according
?o any one Of Claims o 3, wherein recorglng apparaﬂ?s s an optical disc
recorder. 10. A method of optical recording data on at least two recording

lyers (LO, LA Pfnau RGO aing dum Dndisingh ArkedigionRewsr s§aisnsitivities
method comprising the steps of: 20 a) determining individual recordin

PS. / . .
ISR TNGE RIS GRRESPRARRE RS (BPHRIA %agﬂw%orme%?aiwaﬁwéaﬁ
eitiecng wrldiesm of said radiation power; b) selecting from said determined
individual recording speeds a recording speed to be used for recording on an
individual one of said at least two recording layers, c) controlling the speed of
8aid recordin§roppedition deetivdingtefyrasach cfasaidlde [dasbewtn 2eording

repdiRgdayerRitased rsald selected recording speed; characterized in

that the recording speed is selected based on a maximum radiation power
specified for the recording operation and that a recording sequence of said at

lEast two A method of optical recording data on at least two recording layers (LO, L1) of
a recording medium by using a radiation power, said method comprising the steps of:

a) determining individual recording speeds to be used for respective ones of said at least two
recording layers at different values of said radiation power;

b) selecting from said determined individual recording speeds a recording speed to be used
for recording on an individual one of said at least two recording layers,

c) controlling the speed of said recording operation individually for each of said at least two
recording layers based on said selected recording speed;

characterized in that the recording speed is selected based on a maximum radiation power
specified for the recording operation and that a recording sequence of said at least two
recording layers is determined based on determined sensitivities of said at least two recording

layers.

11. A method according to claim 10, wherein said selection step comprises
selecting a higher speed for a first layer (LO) of said at least two recording layers (LO, L1),
and selecting a lower speed for a second layer (L1) of said at least two recording layers (LO,

L1), said first layer (LO) having a higher sensitivity than said second layer (L1).
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recording layers is determined based on determined sensitivities of said at
least two recording layers. 30 11. A metiﬂ d according to claim 10, wherein
said selection step comprises selecting a higher speed for a first layer (LO)
of said at least two recording layers (LO, L1), and selecting a lower speed for
a second layer (Li) of said at least two recording layers (LO, Li), said first
layer (LO) having a higher sensitivity than said second layer (LI). 12 12. A
method according to claim 10 or 11, wherein said sensitivities are
determined on ffeghbdsizatifajdossieoted sedarding speeidssebsitB itesraethod
BSEAIIRG 48 ARLCIA 40 ALk RSTAIN Al sENSitviies are derived from
a control information read from said recordirig medium. 14. An optical record
carrier having at least two recording layers (LO, L1) for 10 recording data by

E§.i”9 a fadiaﬂ%%‘&’_‘é&c&%iﬂd %&959 é]%fﬁﬁefd}ﬁ"limgwﬂé‘i’&ﬁ‘ {hereanRGargh
information which indicates_individual recording speeds to be used for

AeENed AN Gotse! KURRYLa 4630 B YOI MGG st e rent values of

said radiation power and wher_ein said con;rol ir_lformatior_l is pre-stored in a
e hsd ti%%??ré’oPaarE'r‘?fer%%Fﬁgg%ﬁﬁ'eza%F'tW ‘Pe%éﬁaa.‘h%lfg?{e‘%
information includes information on sersitivities of said at ea
recueingglateyey4i$in0 arddtetibe pasees, fopi dleenithizainitgh e tsrwirigesdorrepicacontrol
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wherein said record_carrier is one 20 selected from the group of optical discs

SYUASGAT) DYESPIANe, By e aireliTiRTany Nokies ST ABIdrariatiom P RNRE AT i IgRe R hipid
dorakdnlygoriMtidRV\bre-stored in a pre-groove of said record carrier,

characterized in that said control information includes information on sensitivities of said at

8/\/'61) for

least two recording layers (L0, L1) to be used for determining a recording sequence of said

recording layers (LO, L1).

15. A record carrier according to claim 14 , wherein said record carrier is one
selected from the group of optical discs consisting of dual-layer DVD+R, dual-layer
DVD+RW, dual-layer DVD-R and dual-layer DVD-RW.





