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Mul ti-speed recording for nulti-layer disc The present

invention relates to a recordi ng apparatus and power
woanisriaotoioet hod of controlling a radiati on poweCTaB®ds/051516

for recording data on a recording nmedium and to a

record carrier to which infornmeti on can be witten

usi ng the recordi ng apparatus and power control
Mui’etspmdlre@ﬂmgébtylu&elﬁdm@IMe record carriers or

information carriers are generally known and are used

i n recording apparatuses which record data on the

information carrier by neans of a radiation beam

e.g., a laser beam The radiation beamis focused onto

a recording layer in the information carrier. In the

case of an adequate radiation beamintensity or

radi ati on power, the optical properties of the

recor di n@?hé ﬁgeeentaﬁvehhen kr€lgtas toonreobrditpeappamals #dgiowst tontrol

chan resylt of which mark i s produced in the

mefhad &pﬁﬁo ilgg arradigigon pewerged fow TeCouing oA Beipording medium, and
to & %Sﬂﬁéa'iﬂer 18 wiAdH & Jinf&floﬁ‘%%lfﬁe GfteR Bsih Eﬂﬁgcdrﬁlr{g{@params and

recordi ng | ayer. e recorded pattern ont al ns
poWaxtca)ntrolimethodcorded in coded form Exanples of such an

optically recordable information carrier are the CD-R

(Conpact Disc Recordable) or CD-RW (Conpact Disc

Rewritable) or the DVD-R (Digital Versatile Disc

Recordable) or the related DVD+tR I n order to extend

t he stor @gécaibmwlﬂgrbl@te@pd cageipis\pr informatisy aarriers are generally

tigon,carri

ko B0 l0a T Bl P BaRS T bR Ryt e Bp JRY 0 Bition carricr by
meb LS LhiadRtibaYedrs, e.dNe 1dseciiadh. The kaliich WSk €hcused onto a recording

mul ti-|ayer |nforrrat|on carriers _can be of a read-only

layghiythe i @@aﬂt@a isperier Indhe Ggseof ap adegnatgriadiavion begm inignisey or
radtrls)éf:bg rpgg%F Rnd ﬁ@%aﬁ%{b?eﬁﬁx g? Fﬂlere}scaorgiﬂgtl%felk %tgt?% Il(%éébﬁ 3kt hé focal spot
wil$ ejeapat &l ayrekl;lt cﬁbwhmeh agnirkeés paducidiio thdaeasndtigtlaydrnBy varying the

el evant .recqrdi n ay The recordi ppar at. uses
radip{ion begm dpfeRgitye fiva m/seg Sy %an(hwnn&mge Fsordima! lapiprgiThe
rec%ed?Qﬁerﬁ'c@ﬂﬁﬁﬁrﬂl@fiaﬁ laebe AdbRicl %c&ﬁ:@%ﬁﬁ B g)l(%ccﬁ‘tshg?an

recording | ayers situated between the source
optidadly recrdablecomfdremtiog sawgier atedbe CO-Rdhvmpactidie) Racatdetile) or CD-RW

g i) PP D VRS RSl TG Binedcon@h) o te retated
DVDHEnsity of the |laser beamat the l|ocation of the
internmedi ate layers will be inadequate intensity to

produce heerder torextenddle sterpae sapagiie péeptiqatly depsrdaple 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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mar ks on the recording layer to be inscribed is
possi bl e. Also, at the |location of each of
woheosaazmai ng | ayers having a di stance bet weenPCigB2005/051516
respective layer and the radiation source which is
| arger than the distance between the recording |ayer
to be inscribed and the radiation source, the
recontirgNiaiéry hating helistadt dtiveen earspative tyenaal the taliation source

S e 0 o 14965 B et Ghe TB1OTG 1isay b s and the radiation
sou{i’-:%1 t}i%lﬁﬂfénht’}eof At IR DL Hebm!id Hé 1&?@{6 ocl?t?ce ks 1nb[ﬁ€se layers

have i'nfluence on the radi atlon art
owinlgeo rtlafdccmmpanatwbbalmgm didmdier cnfethb beztmd d [ f fuse d and
The renni n

absor bed b the diate l.a rof

the radi HPFEHIHULG glaﬂﬁgﬁ{lﬁer% %3%%%@%%%@@%9 they have
infl&&8def drcth€ ledlatYMnMeaﬂeAtﬂa@tﬂﬁ"fhé tREhtN Heh& Wlﬂt%rlgﬁgdt@é glffused, and

| ayers. The nagnltude of the transmitted part depends

abserbedlber the tritergie Etﬁ)'@}é@fﬁ i B remainder pfithe lrﬁrhatlcalt@aﬁkagwmﬁed by the

h
oSN ool P Peor RS REL e BRI BRR T Pjgnitude of the
trarﬂﬁﬂﬁéc‘gﬁﬁﬂﬂébehhw&l e opficdlipebpettidtofithe Atdreanfslafas However, these
|

recor 'ayer in e mul ti-layer optically
Optwéhmpaa%% clpaﬁlg@ mihgn rcltsvﬁe tRpTS| 89 lrxsatnb The égerisig@f the radiation beam

shoamhﬁé‘{)%él hl{gﬁ(?heﬁ G Efsga %ﬂ'r@édrgﬁ%ﬁ%%ﬁ‘g B 2 mlﬂﬁclaqfeﬁ 089 ically

ecord a a-on recor € layer
recmdhblealhfaymatlom@mmcmnlbbnﬁenbar ger than the required
power in_a Si Iayer medi,um The top | ayer(s). have

to be seTﬁ’pl?EfB’ EhﬁarF@Hfte Apjatis BT tediascEbp af feroid datreon a
rec&‘aa@le loP Ve ritahie 4Rk inoe{‘ﬂﬁftr %’2’3 %@Qhﬂ% HAlLd Fag%@érrlir%.)eth% ﬁe&mred power

bottom [ ayer(s) are s top
in at Smegledayee medqm rTéleaomlagblm) hazel tcabe smigicamspareift and become less

o 523 0 PR RO SR B e sttt by

the waﬂer(é)féﬁdm&bid Méhive @fngﬁelr ﬁgﬁh@ﬁ%b@fepr rewitable
recording layer is such that it qwres nore than the

maxi mum ag@rdlpgmaratuawh@ann@ml b@ramméﬁs atmaximum laser

x#eg\é\_@{a&sa agqséj!\ Iieg%)rﬂf'nfg%ﬁgerg bye s&mmﬁg&f f ) feﬁzgr b e g SF‘HE%PE recording

layeatislfuh thewit idgalésemb@)tBdrbthe MRk i 8mTRSR pbﬁ'@ﬁ dBtatcafi®ilyt Bterecorded
total recording time of a single-layer nedium
at afpRpIINsEE, Consequentlyyihy wéaiﬁlmedea@w@ Feeprd aawilti lpypr medium,

conBEiA r@@rﬁ%bl@‘?iﬂﬁ/g? 1%@%&&3&?1 %815 al!na\% 3? A ﬁ'ﬁntg tﬂﬁes th tdis

an object o resent enti o pr ovi
recdrdjmgctlmz@l of mmngmlal;g:r mbldﬁlm. Therefor) & 19fmpm‘ta(nhtor c&ﬁleroﬁlan@cording
time. of nmulti- recordi ng media can be reduced.

ayer
schegpe whigh mmimjzes Q’SHP@L@HOWE’&“‘P%N di ng apparatus as

clained in claiml, by a

It is an object of the present invention to provide an improved recording
scheme by means of which recording time of multi-layer recording media can be reduced.

This object is achieved by a recording apparatus as claimed in claim 1, by a
recording method as claimed in claim 7, and by a record carrier as claimed in claim 9.

Accordingly, recording time can be reduced by selecting and setting specific
recording speeds for individual recording layers based on the determined individual

recording speeds for each recording layer. The top layers which require less radiation power
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recording nmethod as clainmed in claim7, and by a

record carrier as clained in claim9. Accordingly,
woeowsrid2ag ti me can be reduced by sel ecti ng an#CsaB100FIgF1516

speci fic recording speeds for individual recording

| ayers based on the determ ned,i ndividual recording

speeds for each recording layer. The top layers which
cad @EYHE RbRRE af RHighbi &Boﬂ@ﬁi@%{p@&f‘dﬁ%&h@ﬁm’e@ eRfistesh pwek required

hi gher recording speed du o the |l ower radiation
ﬁﬁp@%ﬁdmgeqU|red for recording. The determ nati on neans

may be arf & dgt hih tloqfllﬁ: xeot n elz{]rge{nw g)aéerfv%ccﬁ%gldquual recording

speeds fronta ERTTD r i on Fom

spae@S Rb Al Nebnitindvamatiod rédidiroth Mecéﬁﬁ@ iedigms e dslividyal recording
be derived directly fromthe control i nforpation,

spagdss gy be dayies direstly M’p}\esppn@qal ipfosmptipy e.g. based on dlscrgte number(s)
t
o QRSB o, e U GRLH 1 OSEH o
intérpeladomdr eltrappladivnmef 't]mrnon&olgnformatmmteeg pal aterpolation or
ext r apol t| on of djscrete nupbers toreg on t

extrapolatign 9 }?élfﬁt%’ﬁ‘fm Gs tStl‘? f)i‘??\?? Re megiym,dp t hhereby provide a better
ad%%h%&%egct%c&ﬁ n%]fs&)@&l ﬁl’?ﬁ%ﬁgﬁlgﬂ 18PE&R ol {fformation may be pre-

articular, the contr I nf or at i on may be prestored
storeml ia apre-ggrove wé thef retcbtdlngenahutnn’ghmdm [ulm lndﬁ'vechalbyecmdmg speeds and

dual. di t d
el PR S8t P B TROHPPHES Feshts g it G
redﬁ'lrhfgcﬁgdlcfa&‘a%ék-ﬁﬁ tA1R6H KR ARty Witah @ Rr&foriig thé B&trol information

menory neans for storing the control information of

of eagbpoprlsls itypecofinypléi- I@Yerrrmwdmgmﬁ@m recordi ng nmedi um
Furt her ?ﬁlé%%e L e, %ﬁe ng [ERN S, %}é aprgn drtgg?l%gt the h]ﬁhest

sel ect e reco

allbwghily tdébiﬁilngJﬁ%e@ffoﬁ dﬁeh addivie@sd ont theeﬁ Osadli th@ ﬂea}fdfng layers This
This leads to an optim zation of recordi ng speeds

leagls boran; opinyizatinn ofteeqsAtesgeada pé Faoéﬂdn@amueb@cardiﬁaqlamrf% gchieve a
1n£ﬁﬁﬂ&ﬂ%§%ngﬁhﬁThe speed control neans can be

arranged to-performrecording at a sel ected higher
speed i nTae bpaedicohaylancamk caibe atradged 3o penfornh mperdmg @rackelected

f di t | ect ed | .
il e o B3t A ot |Gt S5y SR RN TP PaInE g selected

lo@érrsﬁ(% ed cﬁlyéegecHﬁ& lal%r &f the Bt 1oAY &k o 2SrdiRe 1:58&0MHe FiRY Bfyer may be a
bottom ["ayer of the recordi ng fredium or vice

top/hyesamd Itlme gpeord kiyer mhp be pdetiomdater of thmamdmaynfbbum or vice versa.

enot bl Py SR R aGPE MY SIS 1 ¢ gulllga recording

sec}d@ﬁceaéf th@aslbadt o IBME BasedT e d&emsinéd Yeinkiti®RisIRY tHeeat least two layers.
determ ned on the basis of the sel ected recording

The pensittyitags may be determined on the basis of the selected recording speeds or,

alternatively, by the determination means from a control information read from the recording

medium. Such a determination of the recording sequence based on the layer sensitivities is

particularly advantageous for multi-layer recording media with three or more recording

layers, as it leads to an increased overall recording speed.

The present invention will now be described on the basis of preferred
embodiments with reference to the accompanying drawings, in which:
Fig. 1 shows a schematic block diagram of a recording apparatus according to

the preferred embodiments;
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alternatively, by the determ nation neans froma

control information read fromthe recordi ng nedi um
wa@auoels/1a2cdet er mi nati on of the recordi ng sequenceCbaBmds/ 051516

on the layer sensitivities is particularly

advant ageous for multi-layer rgcording media with

three or nore recording layers, as it leads to an

i ncr easepigdY ekt d a §cpeMhatt Bide SROEHE a roaerduaes@niccording to the
i nventi on vv| Il now be described on the basjs of

prefuetenthodimesoditheniadigition of dhapaniobinermatign provided thereon; and
acc onpan#fgb? ﬁr{(m 098 matil W cﬁ I'aljlzl 2 récotif gﬁn&hod according to the

schematic di ag ramo I'ng appa
firs@ predereddgnbolitbist. preferred enbodl rrents Fig. 2 shows a
schematic side view of a record carrier according to
the preferred enbodinents with an indication of the
control information provided thereon; and Fig. 3 shows
a schematic flow diagram of a recordi ng net hod
accor di nin the fallvevifig rlmtprpfeerf:é embddierdntdiviiigre desembedhgith respect to

an &ﬁ())tlfolﬁ?&n% n%gé?p?rcgfﬁ%e%é%r gL for gg]%l nsb?ed\g%{d]l rgrgh%-lg?%%gcorgg)le and/or

rev&rﬁ&lﬂf—: @Eﬁczfl @fore?gg'ﬂ%é&ﬁmsﬁr%ﬁ ds amshiihyer disd¥electe8 ERmeitR oup of
rewitable optical storage nedium such as a

opumal dlsed copeisting gf:d@érlrecet BY DRduahinygr DY dt Wo gualdayer DVD-R and
%I scs C\plgf}%‘f%“ ng of dual -1 ayer DVD+R, dual -1 ayer
| ayer DVD-R and dual -1 ayer DVD-RW The
DVD+R/ +Ryhé DIVIMR HR W €680t Rbecbmirgaintrgsivglp pophlar fdr@ligital video
digital video recording as well as for all PC

recoppg el eofrap all &0 (Pezronalcanpijer) dpiisierags ampdicationgedy key

ad\%glya € o?ﬁqee ]9{/ @{7) Igl(pt*rlﬁéﬁmei g{nggét tg}é%nﬁé)rgﬁg\; Bdc¥ard

ts1s conmpat| | ty wt
compﬁibﬂ(iliyh\yitlslbmf@d-oal}} sieng, gll@yibg playbackeiniexisting IWID players.

Su&%é%g%ﬁﬂ%g ag Ilgt@%ggg %/gt dgppfgs ﬁ?]réegir A %h&g@g B‘Wgtgpegroove wobbles
sli efXQHta' rX(?lhf]dl?ecﬁ@ﬁi bt e%srcea%ﬁrﬁrh PntrhhBedlledby, 3RYAA ifformation such

requency, erein information such as a
as 4 swordinggmeiaddrescisif@amtion taltated TN Adwblusei Tt 12 Pregroove) or a

rechdy pT o PPt s ALl Qe ERGticaE, 5 iR with an FSK
(FRGSAEFSS P gmbaliaic cquency Shi ¢ Keyi no)

nodul ation. Fig. 1 shows a schematic bl ock di agram of
an opt i cElg. disbews eedretaiic blaskrdidgngmios anioptigl disereesgder according

to tzrﬁ ps%eﬁr%rgemg%cilpeliﬁ g?ﬁ%g f nl?pl'ﬁtt dgt%tﬁ 15) uﬁpﬁlea Y& Qﬁ osﬁicati Bnit 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.
The digital information is contained in the length of the recorded marks and unmodified
spaces between them. Furthermore, a control unit 20 which may be any kind of processor
circuit is provided which controls the optical unit 10 in a manner so as to set individually

selected recording speeds Vg for each recording layer L;, wherein i=0 to n-1 and denotes a

specific one of n recording layers provided in the multi-layer optical disc. In case of a dual-
layer optical disc, two recording layers L0 and L1 are provided and thus n=2.
It is to be noted here that the block diagram of Fig. 1 only shows those parts of

the recording apparatus which are involved in the power control procedure of the present
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order to be recorded or witten to the optical disc.

On the optical disc, i.e. the DVD+tR disc, a thin
wonrganizoidye filmis provided as a data storageCragmps/051516

As al ready nentioned, the recording principle is based

on irreversibly nmodifying properties of the recording

|l ayer to be inscribed. The digital information is
invé®idh A RELothBr $d¥8pdneREtwhi mighe be aeedssied foridtformie the recording

unnodi fi ed spaces between them_ Furthernore, a contro
opetation hage bgsnghnitteg fdsaeasaps Rf HEPBEItHr ocessor circuit is

provi ded, whi ch trol.s the | | ' '
anner < dibe (08 P ifie bRt 58q ditinbed R deld fd suoply. e
amcIRESES dist pardrBéte8a€ boritest difdimgionayeed, pcorddit efribosdedor in another

to n-1 and denotes a specific one of n recording. .
way wyitiens op theontieal dise andanghigpiing WH{psratsgY ipagameders diclyding a set of

. .case, of a.dual r ti ' L.Ng:
a5 ot Bl A e ooy 50 Ll e

; . Al Lagr i ; -
w5 B, L35 aPa 0 S ool M AEORS it
wrileEraR@VShrat it o diPeREE RIS sPeb® RhReRrbdYeskl ADIP

while her conponents whi ch might be necessary for
infqyeafion oty duaklayecBVI Ry disper at i on have been onitted

for re f sippldcit Al dj,- Fi . .
opt i ca rering i B8 pSiantior el SRHEARRah vty o 2§ determines
andBSPRidHalR) H6fes RSkt BAMANRARI FocoRligPiPee @ v fof BdoNBbEBing layer L; and

stored,” recorded, enbossed, or in another way witten

the® RsdoBRtedrireiatedGintien gaskripdtietsalt;i Bgsedontthis stifoahetiyn, the control unit
paranmeters including a set of individual recording
20 spediamvhd the highebt reemdingispeed fay eachlgf thebcotdang layers, taken into

B B o 26 UL 00| B PR O ROy o e
detSlib & &Rbr Walvi a?}éc%}ﬁﬂg’ gl%égpgg%? E&h%c%%{nfg%ﬁerﬂmi and their

recordi ng speeds can be as e.dg.

\ ass{xﬂ%@? BRIdIABd RRitinp asdkBoweérd P& THNBHIo [dinsC20 heg Sfatts Rgotding in the

irst preferred enbodiment, the control unit 20
moStaERGV RS oI [apér A fiad Riyhast SFeed pbisibls atkenf intorabicorird diad maximum
recordlngﬁspeeds V far each recording |ayer | and. o
laseripowier gE s ot dirige hittamay bestordry 2 ngféglp%éw&%orli}g. facility of the
. . | i i - .
asERGAPTbMl| AYSFb ey SO G Mg Rt i e

opticBCRif 1 M OARURE Sop £cBERIhd BY& 1 ERWeEn FlIE @BdsdThd @serol unit 20
power of the optical recorder. The control unit 20 may

perfdris@ohit6l sdeis @6 BbriRfle $edordihg bn dheresttialost 2asitide rgording layer at the
speeds V] for each recording_layer Lj_and tlgqeir

highest spgedtnossible, ke the batiomileyend 11 Hswse plvapl-pyer diggwith more than
control unit 20 thep starts recording in the nost .
twosEsReiding lavere.die ReREiIng, mStWIﬁr?Qnﬂ’?‘tﬂ%‘B§ © S ppanner by continuing

recBRESY B e neRRBstisBhG ACeesing! 1BFer FBMeRiFRest speed possible, and so on.

Hence, instead of determining an “overall recording speed” for the entire

optical disc based on the maximum speed of the “slowest layer”, the top recording layer Ly
may be recorded at a higher speed than the bottom recording layer L. In this way, half of the
storage capacity of the dual-layer disc may be recorded at a higher speed than the “overall
recording speed”. In practice, more than half of the storage capacity can be recorded at a

higher speed, since most often only part of the slowest layer, i.e. the bottom layer (L1), will

be used. Clearly, the proposed multi-speed recording scheme can reduce the total time
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| aser power of the optical drive which may be stored

at a corresponding storing facility of the disc
woeowridano Typically, this recording | ayer w | PCio@B10b&051516

top recording layer LQ facing the optical unit 10.

Once this top recording |ayer has been fully

recorded, the control unit 20 perfornms control so as

reqlifed8 Eédo?&‘ & i oLyt Bﬁtl@lﬁ stofie MEtiuriesinps@a % b sit@le-speed “overall”

recording layer at t hi ghest speed possible, i.e.,
rathmgbohmmmwlayer L\. hi case of a nmulti-layer disc

W th nor ntvvore rdln e r

B

ertreesﬁ@fegy Egraﬁ{étér@ ﬁ)r @ﬁf@reﬂﬁl%er ?Sﬁrétst THe coressp blﬁﬂlﬁlg dha?iyeyer DVD+R
I ghest speed possible, and s

optncnlsctre@cpr@pﬁ@@trweﬁ ihag 2 specifig maginpum f@é%frlaﬂ‘ﬁ‘?g g gé@&‘f According to
the Sq?rﬁt{(ﬁ ‘21(1e o%ﬁétllc{n Sqrgfltdle& ﬁh gl ﬁfal—?%%? VLR RRc B Juun 2pged

recording layer L may
infd¥mati6e,anste gower ‘aihkds gl’B‘:‘SpeSﬂ'&dcfoﬁ ¢wah redoedibglayenfor recording at an

ke S 8K b 5L B85 o
0 T A o AT byt o'

rec?{gpé S’Eg{:? ﬁllgﬁer refatlve gée%ﬁ o 4%)1?%.% la ﬁg%gxnﬂ S leg%tts@{‘to%r\;ﬁilie of 33mW.

ayer ottom

On'fhd dth&chandelle bEit@a rréqo;rdlhg ¢ayer bpeaete mebtded apaeclative speed of 2.4X
recordi ng scheme can reduce the total timerequired to

if t]ieelamr qboaremsl at leabtesgeto armihua:aﬂ 30 W A@éltmdﬂy; thecoritm gefording layer

L1 gzﬁb ?elggxgiﬁg as e? ﬁl@g%r)ggﬁgﬂvg S]i)ﬁed é)%%g{;%_ aaseerr %‘é%%:l-ﬁ alt ﬂeast?set to a value

f4¥t§§ specific wite strategy paraneters for dlfferent
° r powers. The correspondi ng dual -l ayer DVD+R
optical denseguentlypithe gpecificensel ef redeanling aptheioptical disc specified in
maxi num | aser power of 35mW\ A@ ordin control
Figi Ard HEns alissTecareRsgvigha PHE A a%% S%é%}?%&a g control unit 20
w1l?%1gjl§/ ]aqéc(ﬁ)"i’(;ﬁnépéf eth FHIR fe@@rdlﬁgas?@ﬁs SPiNe &oﬁ’ﬁk@ﬁ%galra?er Lo at 4X

eac recordi ng |Iayer for recordi ng at

recbﬂ%g:%fe@&j ORRaHis t@ﬁ:cbl‘aﬁlgr 18$Q1TcH R Heayy illylrec@tded)ehe control unit 20
recorded at a relative speed of 2.4X if the | aser

cordlethe ioptied] ubzdtsoasto tantiany adcoading o2 drewottom layer L) at the lower
Additionally, the top recording |ayer L can be
2.AKeeoordig @tedadﬂu tghle facethat a lasergyoaeed 06 # 1MW refquirpe farggenrding at the

Eomer s at g set to a value of 33mN On the other
hig %\rrﬁﬂ’ee Hé‘%?ﬁ’atl ®recording layer L \ can be recorded

at a rel pfd ’S‘éh&n‘?@@ gc}féfnat?lc 48w diagag dfasetorMwRr writirf procedure or
| east set to a value of 30MWN Additionally, the bottom

merlemdsmd eaprding &y the fustipréferreé embadineat. a hi gher rel ative
speed of 4X | gl(]ilh ?he op stical Wt mlt?all?ftre:!lcﬁ%%Btrglelhfotrﬂlaﬁon including

val ue of
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
the maximum write power specified for the disc recorder, and subsequently selects in step

S$103 individual recording speeds vg; for each of the recording layers L and L based on the

determined maximum write power. In step S104 a running parameter i is set to zero, to be
able to know the position or number of the currently recorded or inscribed recording layer.
Following this, in step S105, the control unit 20 starts the writing operation for the top

recording layer L at the recording speed vg() selected for the top recording layer Lg. In step
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Consequently, in the specific case of recording on the
optical disc specified in Fig. 2 and using a disc
woeoensridzanow t h a maxi num | aser power of 35mWVN PO®/1B2005/051516
control unit 20 will apply a recording schene in which
recording starts on the top regording | ayer L at 4X
recordi ng speed. Once this top'recording |layer L has

S10€ &1s élrélcké/d HWREREORAing NS KRR HhRhed Beforefe Qé}f‘ié’c@{dﬁngt lager g has
e

optical unit 10 so as to continue recording on
beeRFHIte@NdY €. i titdre tshieilll RvEleft Zodwrifie o M Mgxisippedihe wenning
to the fact that a |aser power of 4lnmWrequired for .
parpgter tisiecrementrd imstgm 8 0% ke procedire a¢tuinsdp siep Stg in erder to
ho a schematic fl ow di r ' -
coRe g BFETR  H ABE Bheft AERETLARIE syt slced
. i | . . i it .-
oL DRLLIEO ol . B £y o4 ARl g
hasRiREA ﬁﬁisﬁé@b@ﬂbfbr 86 R of 1€ BRLAGBLording Gayc® tHe wrARRigPRocedure ends.
ADI'P 1 nformation, and supplies the corntrol information
to the clurthe ebovenfinst peferrf emboiliment.gpe ®poRcording layer Lo is

control unit 20 determ nes the maxi mumwite power
suggpssied fo keoful Iy reqondedd £ gcatrthe bighest spepde befarssaryussrripg on the

el e L s 03 .1.ndi. V] 0L di
T
ol 345 DPC TRAAUTUIRLEATEN 1 AR ffOplina e
accpoding toothe dnalrlapdred VDER ONestandards it ¢opld be desirabllede have an equal

i nscr.i bed recordi ng |l.ayer. -Fol | ow this,. in ste
e e PrERL PEFACH A ey odeiire o b B T pRding S B Hbseqnent
recbRfing B§er OPof £aR419a4 disa¥ehldlGabdy Sifrt bACOKLM H0he AR thas been

VS selected for the top recording layer LQ In
writte S Gop tdcotding hageklggl whet her writing has been

finished before the top recording |ayer L has been

fill ed. Fartmarmord, agandthertrhetificitingifithed figsa preféresdienihpdiment, a

R BRORCE AT BB SDTISEPEhc B DEBEPR b seorplpe pover

evett @hsePidie nfaxn Rl wihiR poRRt,ifdieod Rainkd bt fiflectariEihakd @fection step
on the subsequent |ayer at the recording speed s

S18epEKiged! by drterplolation ob sutppelation #§ discrete mapbers ar wlpesystored in the

hand, i{.it s determ ' 11
ROk Pl o SLPBPER phitedEP ol st Tr dbile e sclccted
recoRTiRY §hebd filoRy fie, stdrb@nivhbérk bgviluecedure ends. In the

above first preferred enbodi nent, the top recor%%ng ..

| ayer L Insthedpigesingdt bes hrenpgiumed thadheiiop layer s thgmashgensitive

' t . ' u

ol 175 RS Y SO T (ORI 5 BBRHrs may e
rechflitg inediaan ¢edodd ogriers, whemdhé opmtsiteis tofe, i.bahpbeti@an laydr is more

enpodj nent whjch s specifi I '
sengjteshan the top iayer. In sucg cgées,l tflg o%orglerlaceo\ll' 1rr]1tg le{y%{“ W(ljlr[){ole %eaclorded ata

higher recording speed, while the top recording layer is recorded at a relatively lower

recording speed.

According to a second preferred embodiment, the recording sequence or order
of the recording layers is determined based on the sensitivity of each layer and thus based on
the associated maximum recording speed. This is specifically advantageous for recording
media consisting of three or more recording layers, where the order of layer sensitivity not
necessarily corresponds to the order of layers with respect to the optical unit 10. As an
example which corresponds to the recording sequence of the first preferred embodiment, the

recording layer with the highest sensitivity, which thus allows the highest recording speed,
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according to the dual -l ayer DVD-ROM standard, it could

be desirable to have an equal anobunt of data present
wonowsaetniof the two | ayers. That is, recordi ngPOWIBIves/051516

subsequent recording |ayer L of a dual-Ilayer disc

could already start once half @f the data has been

witten to the top recording |ayer LQ Furthernore, as

ma; ngtreg: OfdeATRit! fotBieabythe I‘Jé@rdﬁﬁgbﬁ?erﬁfllﬂf Blels86bnd highest sen51t1V1ty,
I ment, a nore opti mum or ter adapted recordi

ng
ancbgmetﬁd Ofwhisé, otlaer seguyroaciscombd be mepdementedbassden desieadl characteristics
ftgl B@r t(()) the maxi num wite power, may be obtained or
of e FRRYCAE n the sel ection step S103 of Fig. 3 by

i nt er pol pid Qe sexdthiRpFlt btabdis¢liesotdet @cd@tdﬂ@@fcﬁthe Kecond
val ues stored in the pre-groove. O course, othe

preémadrmthodmlqnt scdailpety the firg erefewed ¢r6boddpeﬁm\ﬂ8r¢§ptcrf‘é1 in Figs. 1 and
3. ”@qi 8tee g flés%f ﬁﬁ&# 0Bine qg&féw&f}%@ﬁ fe8her Ay %@{;xﬁa qfrbr%wty

oregoi n een assune

Hotveper @y @fiodificatiog aﬂﬁ&ﬂm@&ﬂ shet sieV@ld mﬁmed \&hlbolilmmn rdagires an
recorded at a hlrlraher speed t.han t ay

addifionea) evdering sep S he dowr dngrg |1% e introduced
beﬁ%%‘{e %t%SsSs 108N50S lbh €rnORe ﬁté‘héﬁn{rﬁdﬁcw' ’?beP i 1@3a ttﬂ@ox@@h&l%@huence of

s nore sensitive ayer. In such
thedaseding ldyersdatas amangabordihe ghdcaye:r oMmtetl blasedr @cihe detividnal recording

a h| h t he .t di
RSl e esepeed Ml e e L oB TGS Lo
recﬁgf??}ay% GOtheh PrbckQed sRFiER RS tRIREQrEREte BROIHARAL in thB%oop

ng sequence or order of the recording layers is
corﬁesitmg of steps HESethddwl O vd Fég s inthieseint §he spnteelgimit 24)is arramged to control
bas

e e R B BN S PR iy e
attﬁ@gabaédfégoﬂﬁngtgyee@ or nore recording Iayers V\,here
t he order of layer senS|t|V|tg not necessari |

corres p ofgan elierbpidve thrsindiyiduabgrapisivifies ﬁlafyé%ﬁﬁéﬁqmlf gbtaped from a
corﬁ:ﬁol 1r?fgrmalf w&t@en &% th%%pﬁ?ﬁ{@ ?SV@&%@B #@%?%Hgﬁ ch®be read in step

Fecot iy 'sequencero erre

S1@IbOBig R ITh thit basel heae-drdwginigdy step W)Bdicdn'tee peirfpmesd directly based on
sensitivity, which thus allows the highest recording

thegpbepnHtiyith BARBH#ed first, followed by the recording

| ayer wi fnhsuhﬂﬁ r?eg P dth @ BGtatS AR rhétl’lb& ¥s p@?&eﬁq roﬂécordlng data

O course sequences coul d be i npl enen based
on atledd $wo eayenshzfraaec@dlrgt mediumfbyt usmgaqapﬂlauan ipower, TFherein individual
cal di

recggcgrggr gﬂleﬁést 31 T%rggg]g]ég{)]greeﬂ%g%lg? P1es oéﬁ%‘oa&ﬁ%flqu layers at different
Valiﬁﬁgrg tﬁé ratd%tfggg)owehs,& rédoRdifg §Red e6THe HicAEBE redbrdiaPbicieihdividual

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
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.

It is noted that the present invention is not restricted to the above preferred
embodiment but can be used in any recording 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 different writing properties for different recording



3. Therefore, a description of the identical parts is

omtted here for reasons of brevity. However, the
wanaisfiizeadi on according to the second pref err eBCT/IB2005/051516

enbodi nent requires an additional ordering step S103a

in the flow diagramof Fig. 3, gwhich can be introduced

bet ween steps S103 and S104. In the newy introduced
layéltseﬁhﬁia(}@@lretdiﬁ"m@ﬁﬂ @iiadbn peqtenae rekhtet hecording bdivaiting speeds.

| ayers Li as arranged on the disc is re- ordereggbased

Fu@hr:rmee, iBRA P apnwe%ﬁoamﬁfgorsﬁi@é'a@ forgrediclpe phdedergyning a
reqiir 3 recd I(lg %egﬁ Eiof 8 ﬁietﬂaéﬁaﬁb{n g@@&dcaﬁ%‘alé‘f’d%@oﬁ khelRcording
PRUBFPEL ayers 1Is then cessed simlar
meﬁhﬂ)rfalt t]@tremérhg lappm‘amﬂbﬂth pref@tred Bnﬂ)bélmantﬁlnay)ﬁms Sfarynglthm the
steps S106 and S107 of Fig. 3, wherein the contro
“ﬂ@ﬁ@fﬂﬁﬁupgmﬁvgﬁﬁﬁed to control the optical unit 10 in
such a manner that recording is effected on the
sel ected recording |ayer at the sel ected recording
speed. As an alternative, the individual sensitivities
may be directly obtained froma control information
witten on the optical disc, as a disc paraneters
whi ch can be read in step SIA of Fig. 3. In this
case, the re-ordering in step 103a can be perforned
directly based on the read sensitivity paraneters. In
summary, a recordi ng apparatus and nmethod i s proposed
for recording data on at |least two |ayers of a
recordi ng nmedi um by using a radiati on power, wherein
i ndi vi dual recording speeds are determ ned for
respective ones of the at |east two | ayers 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 maxi mum radi ati on power specified for the recording
operation, and the speed of the recording operation is
controlled individually for each of the at |east two
| ayers based on the sel ected recordi ng speed. The
determi nation of the individual recording speeds at
different radi ati on power values may be witten or
enbossed on a record carrier. Furthernore, the
recor.di ng sequence used for recording on the recording
| ayers may be set based on the sensitivities and thus
recordi ng speeds. Thereby, total recording tinme can be
mnimzed for nulti-layer recording nedia. It is noted
that the present invention is not restricted to the
above preferred enbodi nrent but can be used in any
recordi ng schene so as to reduce the required
recordi ng
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time. In particular, the present invention is not
restricted to optical disc nedia, but can be used for

wanyosriezad di ng nmedi a having the different w it PAgIB2005/051516
properties for different recordi nglayers, which
require different radiation powers and rel ated
recording or witing speeds. Furthernore, any type of

CLAgNg:0l information suitable for predicting or
determining a required recording speed in relation to
the radi ati on power can be stored on the recording
medi a or at the recording apparatus. The preferred
enbodi ments may thus vary within the scope of the
attached clains. CLAIMS: 1. A recording apparatus for
recordi ng data on at Ieast tmo | ayers (LO, LI) of a
recordin nedlun1b

d
I apparat u 8‘6%8%?? ;tl Org{:%r I a I on Etg%\’\%%gv? %frsf({ﬂo L1)ofa
recORESY MeliuftOby Bthy/ A ?édﬁdtmﬁq%e@' Jag @p@m domnRingsed for

respective ones of said at | east two | ayers at
a) ditérivanasion medng §20)dpr éqcmnnm indivisiialygorraingtspeeds| te be jused for
resp?]cg}v\g- é(asa%)f Sla agﬁ%as{sﬁvo' ﬁg s9§q ffégécngr %ﬁgsegf;@agg dj atlogé)ower

b) s3€@Hioh Aicah© CX) %MIe@ﬁn@ﬁ‘ohﬂﬁmd/ dﬁ&@hmﬁh@dﬁfld&&ir&oﬁimg speeds a
| east two recording |ayers, based.on_a naxi

recopingieness thbaasedJpieiereiding qromn Aidual %ﬂ??@%ﬁé?"éﬁ Fpprecording
d

lay?%ébgs)ed %g %q‘ga)érhglg%l: hlaﬁgﬂ %Vg‘.l%’eﬁé‘%g rf{)f(%% ‘P(%g%cgqu% b%é}gtlon and

c) spedi Vbldttﬂ Inheans (1O, E&X:lfmr obnt&ﬂhﬂg tite speakdf reowding\oarsaid recording

based. on ald sel ected recording spee . _An .
apBIpER SO PR OF EIRL L MR Pifed ap gud selected recording
sp gterm nation nmeans is arranged to derive said

I ndi vi dual recording speeds froma control infor mat i on
read fromsaid recordi ng rredi um 3. An apparatus

accordln to cI det er. ation.nmea
“is arran %‘&f‘pi’ Q/(gdgﬁet glﬁ'é\elm ?aé@]f%%aﬁ‘waa%%%%i& gns is
arrR@sRdo @@n@@sdﬂ‘ﬁﬁhﬁ&h@?éo@fﬂlﬁg s@ém apal atdrdrd] affos@ditidn read from said
control information. 4. An apparatus according to
recordingmedsym.3, wherein said control information is
pre-stored in a pre-groove of said recording nedi um
5. An apparatus according to any one of the preceding
3. clai ms, whepphfansakccbrdigaciclain 2yeabtil 20J détsrminaogadans is
to select t he_ hi ghest alg$mable cordi ng .spee

arraoas 1 AaFIVA SR IO FotEnnE Sboer G300 CRGHABBGIfAg or extrapolation
of kA4 €bfitrol 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 the preceding claims, 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.

6. An apparatus according to any one of the preceding claims, wherein said speed

control means (10, 20) is arranged to perform recording at a selected higher speed in a first
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6. An apparatus according to any one of the preceding
clains, wherein said speed control neans (10, 20) is

wanro@ngzdot o performrecording at a sel ect ed hpginaB2005/051516
speed in a firstlayer (LO of said at least two |ayers
(LO LI'), and to perforn1recor?ing at a selected | ower
speed on a second layer (LI) of said at |east two

layreﬁgm)dif@ﬂd|aﬁlé§§t&w6ﬂ@zeré—{l)0 L1), aﬁﬂ tePEESa tb‘éo@?rfgloz{t(ﬂli s8lcted lower
to claim®6, wherein said f’|rSt aer |Sat08j1da er

spepdpneasegorcblanpid LiLhgBsaid at laasre Eﬁ‘?ﬂda%}aYélfS &
recordi ng nedium 8. An apparatus according to claim
6, wherein said first layer is a bottom|ayer and said
7. Second | Ayetpphitid dcogrdingyte klagh 65 aihdreiresxid dirsd Gay@e ki audp layer and
apparatus according . to any one_ of the preceding
sa1é|sa¢q¥é laygr &5 2 boitom {ayes powi weprding MpEEMs (10, 20) is
arranged to determ ne a recordi ng sequence of said at
| east two | ayers based on determ ned sensitivities of
8.sai d at |Amcappatatvs dceyrding, to tlum Ay whpan seid $ird dayer di algpttom layer
éo ala|n1i mherel sai? S nsitﬂvitiﬁs are determ ned
and spifl gecopd daver ra @Bu YL of &t BTt  speeds. 11. An
apparatus according to claim9, wherein said
sensitivities' are determ ned by said determ nation
9.means ( 2@n dpparatw acovrding] toiany oneraf the precedisgfotapms swiheatein said speed

recordin (um_ 12, aratus according tQ a
coil hfent FigBPL B dimengec R NS RClehb i 5 skt Least o
layRRsdsed §1§détérrﬁhﬁe@E?éﬂsﬁﬁﬁhé@'o?@aﬂ%ﬁ%ﬁt&ﬁvo 1dy%rs.A et hod of

recording data on at |least two layers (LO LlI) of a

recordi ng medi um by using a radiation power, said

nmet hod ¢ t
10I ndi Vi du%FP%p COE% acgc?rdﬁl etg%la? 9 @s)hefje?ﬁ %ﬂéﬂsggntéestare determined
on(lhkebasiﬁOﬁaidChewctddﬁaﬁirdﬁl‘g@péeﬂy.erS at d| fferent vaI ues

of said radiation power; b) selecting fromsaid

determnined individual recording speeds a recording

115peed t Or«s!}.eag;&éﬁ%sfa%o{dﬁ%% diig @th%félﬁ gbﬁ{& ViRt QN%e Bdtermined

sald at [east two recor ayérs based on a maxi mum
byrsaidi detarmmapioneueasp €19)) flioad a bomrcﬂ meformatamdiead) fromesaat feorrding

nd c) controlling the speed of said recording

‘n%wﬂ?ation individually for each of said at |east two

| ayers based on said selected recording speed.14. A

nmet hod according to claim 13, wherein said selection
12step c om@m apperatus| ascording ta ahy gheef thegeebefling clpimsgherein recording

apparXtus is'a 3pt1%€11 (%SC recordelr east two layers (LG LI), and

13. A method of recording data on at least two layers (L0, 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
layers at different values of said radiation power;

b) seiecting 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, based on a maximum
radiation power specified for the recording operation; and

¢) controlling the speed of said recording operation individually for each of said at least two

layers based on said selected recording speed.
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sel ecting a | ower speed for a second |layer (LI) of

said at |east two recording layers (LO LI), said
woiowstiitayer (LO) having a higher sensitivity poamBmai/sisie

second layer (LI). 15. A nethod according to claim 14,

wherein said first layer is a 1pp | ayer and said

second layer is a bottom |l ayer "of said recording

14.medi um A GrethodBlcBREnS Qi T wireth %imséléetidﬂlﬁépﬁ(iadinprises

said first layer is a bottom | ayer and said secon

seléctiper highea spesg fora Brst btyesdil) of sxié ptileny tyre dayerm (LP7L1)and

sclf e AP Emsr B agore el gBt ol s Piing s Lo L,
sai% e BFyeL(1D) hading adfighee a&isitiWg th@yeidsdease thyen(L1).

eterm ned sensitivities of said at |east two | ayers.
18. A nethod according to claim 17, wherein said
sensitivjt]i ' [ ' -
153l sct ed B g REhE ITARE L b Rn A By Eiop aver and said
secohdiaferlif a bokorelayersdisdidsesaiing wddies. are derived from
a control information read from said recordi ng nedi um
20. A record carrier having at |east two recording

16] avers (kGhethbd aéc%fdhgg EPL i) m,we?eiQXaiH%rﬂQafer_i% 2 lécr)]ttom layer and

radi ati on power, said record carrier having Wi

saitl bevoad tayar sanbp ddyer nf saidretcosimgmniediom. ndi cat es
i ndi vi dual recording speeds to be used for respective
ones of said at least two recording |ayers at

17di T ferenp Nahy@scRtdifdidadyosteaicRimP 996 16, Ahrthér dodfRisthg the step
carrier according to claim20, wherein said control

of detérorinimg iaorcdrdingrsequsnoe efisaichatdesst tvglayersdasdd emdeiermined

record carrier. 22. A record carrier according to

Ser{‘?ﬁ‘é’i‘tfﬁsf S%‘fiag%f‘s\%ﬁ’é’llgeﬁs'sai d record carrier is one
sel ected fromthe group of optical discs consisting of
dual - | ayer DVD+R, dual -1 ayer DVD+RW dual -l.ayer DVD-R |

18and dual Al rgg/tbpd pRgordapg to claim 17, wherein said sensitivities are determined on

the basis of said selected recording speeds.

19. A method according to claim 17, wherein said sensitivities are derived from a

control information read from said recording medium.

20. A record carrier having at least two recording layers (L0, L1) for recording
data by using a radiation power, said record carrier having written thereon a control
information which indicates individual recording speeds to be used for respective ones of

said at least two recording layers at different values of said radiation power.

21. A record carrier according to claim 20, wherein said control information is

pre-stored in a pre-groove of said record carrier.

22. A record carrier according to claim 20 or 21, 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.



