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WO 2005/ 084117 PCT/ 1 B2005/ 050591 Recordi ng appar at us
havi ng a nedi a- and tenperat ure-dependent power

waeoeosoediischene The present invention rel ates POI/EB2005/050591

recordi ng apparatus and to a power control nethod for
controlling a radiati on power used during recording of
data on a record carrier, and to a record carrier to
whi ch informati on can be witten using said recording
apparatus and power control nmethod. 5 Conventionally,
IFec& i BhpRrat hintidl a B SndieRpdattioabbehddhiG ol oSed) Sdhdthe
types: wite-once discs, and erasable/rewitable

di scs. Furthernore, there are two methods for
recording information onto wite-once optical discs.
According to a first recording nethod, a |aser beam
is projected onto the recording surface to nelt the
surface thereby to formpits thereon. According to a
second re i i r [ e |
daod as o HEPERE ARARAESIG kil ol dis Tt A ohd
rigsthod deri cewroﬁla@taé%dlat@n AP pesd dpwjngpsecefdingtof ﬁaja @rrmremcé eaprier,
REAED a rOddkPcabrith B OIEH iRGANAHOR MY whied RMBsAP &Rk Ypparatus
det ect abl e parks thereon. Wite-once discs, such as
17 PRYARPIE! BH9K and DVD+R di scs, are provided with
guid es c aldoﬁcbn@cmagy GRY™able Eﬁhlea s Gk AOMEROWRD @éneral types:

f the di
i e YrbeeRBs FenehE S B ke o7 duf BOvRE ©

iredoglingetfommtipg onte gatechacde omtlt:eh diké&s. Acrofdbif t¢ Ffiwraendiyg method, a

%ymf l;ealh(?yeﬂxﬂ Tdmg)l‘{héalreé&@n%s%%& t!) ngl? gg&rfa@eﬂth% ?o Il[l)ﬁst

for recor I e ad ress
é%ﬂrqoed‘\s&mdmg(t%@mnsitr@orﬁlr}génqthvdmt@g fidye pdrganisrdye isaerdds mg

%%51@&&&@%9&@@%0&&1&% }e@k 1Pkt of @Ql%e%% pldfecting the laser beam
Pregr.oove). such write-once discs, & fecording

p?BWé'f“d é‘gfﬁc%?lﬁrﬁli’yotﬁ IyPpEEAly KAeiRpIcaRar ks 9%Rhum Power
Co ntrol ( @RG-once dBay, kickes PEExainple ODAR Endt VS-S ditd3gard @Sﬁaed

di 20 devi
w1 \Aé,u%es.ﬁ%lléf pg%(rs?oar]% Ehegﬁpxisgr\éév%gwat%bheesp %}E&I%%Tag] a{cg G Quron op tge
|d|rsc bred@ia @ntral tqueadyel thowotbeabthe ipregroavey Bufdrabtjondf reghated with
3R éﬁga@%cy%lﬂ @ﬁ@&g? fBadefR SQ:EMonLé?{on Lﬁf BonbiGR 6l Rt ote,

I n or set aser eamto
resowlingitimg addwe informegorpalied féTluPrﬁAbsg@w&nm Inmregmoct@dora@cordmg

tah@eds MISHABST calléi0CBIPQA ddrB8 1elPSGoov@d IS in turn

conposed of a test area ,and a count area. The setting
of the opt"{lﬂwmhrws PRACE O B RePTding PeVEAligFatiprprategs kagn as
I‘Cqﬂmum%wbﬂ”(&tntrRIE(OPUEls Gﬂhbd‘ﬂiﬁmr&déot’odbtﬂ@a lmﬂ%ﬁm Rea feCdrding

rdgx(/:lcoeraglau}1 can%muﬁl acho(E uégrpogv (I‘jl'}{e {ff"f“?‘%% suftac I?? g"ﬁ 8pt1cal disc includes a
niata afeaftr tacending @ vadiegy ofelrtr .and 4 Pdvel CdibmtibhAtea RCA)dabdst i ty
tr&oglﬁl?glnrbrdeh H)es,etqgé faéé}l E@a{netg 9[5 %!oﬂ%mqgc\@?cﬁn& p%(x/elaTl%l PQCCA i3k

I NCrease
general provided at the innermost track of the disc, and is in turn composed of a test area and

a count area. The setting of the optimum recording power at time of recording requires that
the optimum recording power be set for each disc individually. This because disc recording
characteristics differ from one manufacturer to the next. It follows that an inability to obtain
the optimum recording power for a disc can lead to a sharp increase in post-recording error

rate and jitter.
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rate and jitter. WD 2005/084117 PCT/|B2005/ 050591 2
In addition to an Opti mum Power Control (OPC), a

wo vsiosg1OPC (ROPC) mechani sm which is a har B@EBIBE005/050591

feature with high bandw dth, or a Wl ki ng OPC ( WOPC)
mechani sm which is a software feature with | ow
bandwi dt h, nay be conducted during information
recording. ROPC is a process in which the recording
power is continuously 5 nonitored and adj usted when

necessar yp laa/altmmmmﬂa&umwemcﬁﬁ%l (topcyfa rinhnd OEEROPC)
refl ected back fromthe pits when t he

BBthRRn YR Grachersiyrers deadie w&%hlglé?andmﬂh @r % Wa! k@s@ 57 QHRQ
wééhhmgdnewmanﬁmﬂtva«e ehrutehathl 16w bdndivadih, @l @6 cdndaied ddeing

it f di ng, and
Rt Pl o Py Bt pOleT erestsgropT A reon g or
mbsitored siid ddjusied whémlemsmparyl cemparingshe mtemm uf the ligH e=fIREE back

H&% h% Et? {}1{3 glgrﬂsg Q@Eﬁ 1!}19 ?J}‘Rlillﬁln‘%/ eé%gdl %é > e C i sds%lS c?urmg ?‘%QJPSLJ prgcess

ormation i
mslw thn glternam ofifhe yigtitredlertedhion thagits (oe magkheduying mﬁmm@ltlmhetordmg,

Q{&tc%{rectlgéet'hé Qt’cﬁﬁlﬂg }wael: ﬂ ﬂbﬁ%te%ged%% tﬂer}@suﬁpsf tﬁ@%@mpanson As
record g%PEO\Ner varil es Pr om the optinmum recordi ng

psnt the REFRgisP N Epinugpshcadiust the fpsqprgoprding Pﬁ‘é(?fa??@tl ay

Redrinkion s reddelicg ait @8 glactsmmmgthzwa@ffrdnht&le ﬁr@lelogeqmqptbtvﬁrd%e outer
or e 0O acnl eve contl nu

PR ol RS SPae epvei o Tom 8 patinsgpring

p@vepmmrmgtﬂa@mmbsai ion direction can be deter m ned

Thi

Eror ratd YO Bpersed O R Balfle Pk & ufeoiidtpys o

whikk) is werieet to aohieyeosiniout bptingdl erite fdver. Veirtats panm¢id, which
t t

}Ié'lhlnlear Eﬁmwgrat?lg &%D at oq d rgc\?\ilﬂlé‘!:an%?gé(ter\ﬁqn{letd ﬁﬁs 1‘9 ?igt Sp% ?qle[ w}Ben

@p@m@gm piyBit Estco Bpte ¢or BTEBY duyeah aessraif [dlatioashinousesped t
i%v@ep T@er@ﬁfettl?e' }ﬁra}n@{egﬁ tNllV &l bBsud ik Fre aﬂ@adﬁ vsfrﬁrer%ﬁaﬁg Gi€ertain time

val ue, which'is determned during 2
peBetviea thepriie ppdesseril he Gemnoerile stopbrdt Fhesavalres will el be

EJnﬂﬂl%h aed cetrfamaarga@ Ldied dF p QQVx\agrenc;Emaﬁe MR lpae@&ﬁqle& 8urlng
a software procedure and enabl es conpensati on of

%ﬂl’gtprqsﬁ%“er Fherdiffrronres Betveen hotlyyalueg Wl Rertrangdatedts gceiaiibus

p@(a‘e@ rwhsmgom HERALE 8%, soSWEEpragedieiahd 8@bIBY confpnskitshi e  Of
fter witing at the outside of a disc, may

Yaélété‘mf g rf“ﬁ@ desiPhwi ng probl ens. Suppose 25 that a
conpl et e HdBwdr diicartiniiaus Wicbriling procédurdsvacteasdvriding at the inside of

{hﬁﬁ?&!‘ g:{ep gﬁtln% Ei!h!: EutsS e og%msg 58 lelag ‘%9 1.Ihg goll%\tzvmtﬁléce?b{ems %Js;l)pose

thhte c\p@l@e e EHRliss mwr[t@n At the end of recordmg, a file system area located at
the inside of the disc has to be updated. Due to power updates by the WOPC mechanism, to

compensate for example for temperature and disc variations during the recording process, the
optimal power at the inside of the disc is unknown. This could result in a bad write
performance during the writing of the updated file system area at the inside of the disc.
Conventionally, this problem has been solved by initiating an OPC procedure before the
update of the file system area. However, in case of a multi-session disc, with a lot of reserved
tracks to fill in on different positions, this may cause problems, especially since the Power

Calibration Area has a limited size thereby limiting the number of OPC procedures.
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conpensate for exanple for tenperature and disc
variations during the recording process, the optinal

w@owsHsHal7t he i nside of the disc is unknown. TPCHIR2008/@0591

result in a bad wite performance during the witing
of the updated file systemarea at the inside of the

di sc. 30 Conventionally, thi§ problem has been sol ved
by initiating an OPC procedure before the update of

the file systemarea. However, in case of a

Adhrlnkr 61k Q'Tac@d F6uis Mebdad & Wia atqﬁe Juf%a@ro\f% dlst; r@%ﬁu} ol
fill in_on different posjtions

BEot dgsrisesAdipeARi G &) the inside Oﬁth%ali*ﬁo%ffl theawwaltlﬁi BviRpe due
ha&‘norﬂhbmdfgeﬁdads cﬁdczﬁqe;sﬂﬁd’ lﬁﬂyerh iwill drisé\gftet ‘hﬁle(md:ﬂd}&lhg @lfrm@_e’@tmg
u es. 05/ 084117 | B2005 91
fe SgPeBTEA eq%“ﬁ"éaé@dw ru‘”f"n Pt ﬁ"i %“%SH% Eg‘ﬁé’gﬁ t%"r\)(f‘f“f"éa“ét
mfseprqblmshasl beeo boltdddy dxeswtinges p»elaltldilchlgbratlbn dodgeandifitercypéion of
fﬁh Ic"egosrdl ft(S Sx{ csln g?gxs % fa; eﬂg)oésﬁ'ﬁé ‘fll%s ‘?J)wé lgad§' o theTcHseaHVantage
t he d"BE W on 'onogeneou
@ﬁimaseﬂh@cosimémmfwwerwnmonItheahscse af t er vi deo
recording during editing phase where sone parts are
tenporarily witten at the outside of the disc.
Conventionally, 5 this problem has been sol ved by
execut i NOREmEX UL aoawdoomam liEREibed B psliéd dBBtrABcheme for an

i nt ersu n of recqrdi | Nprove nargi ns. as
o 16 Budg pmrabn e Siide O\ B R S TR 902
chtlsadisam}ﬁ@m a tafle dfipereead@ticorredion dlrﬂag cdﬂﬂﬁni offrecording power
¢ rreé%lon Vﬁges%gnetsé]\gld%% B r?dla:lll lposQOC}r]ls F? ee?ch pe 099 %ér?: Ojf%lf greﬁ‘l

escCr
onsiea) ﬂdcmgpraﬁé@r At thsbezinning elcaoieetirding aessfoos r‘mstrﬁ@nectm the table of

Mﬂeét%n QAlGE, s%Eh B5 AR B oARoteAbn &iad thi‘!?}efa&afbo@xn&@m ffle

gﬁgrerecor ed correctlon curves conS|st|ng
figcyrng HyuifBReen reegding progesheap aroged awwré@blsmqhﬁ@p%r

%1 Rlit, PRgedtbddySnd VarpRRGHhE YRRaQfsca variety of
different optical discs is provided. At the beginning

of a recording session, it is referred to the table of
15 correction val ues, such that the writi ng of

i nf or mat IIP{] a@gbﬁﬁpgﬁﬁegﬂréserﬁrr}(/eﬁt%glt apém}?(%s' tlll’l’l vgcp potweF control

di sc duri I'On recor
fﬁh@@évafdneans o phichoewar estidngdhmby ipoveeed evenh nma@h omon-contmuous

ME@&&?\Q&&% @Xunﬂ%ﬁdmrﬁlasggce gfld Itetb‘?dlﬁéocmlec @hw%’bﬁ& 1s £Hieldd by

IS an object of the present Invention to provide an
PAYIBY P bRerPPaBHE 2slaimeddmelain by PeveaFentE MEhpE s e in

&8ht1o JHd _@M&oﬂﬂ%arhéﬂhﬁ eigRd ﬁl\b@dﬁnll n cases of
non- cont g{]uogla recor di n%ew t hout uiring additio aI

space an Bl TR e AR er g uLacy 6?“&1’81‘ Proverthy; QUedingife
qaccmddhgbrwgltlag p@ee0 baded @) thppetiatdfistasd srebcmcmbﬂltrol par@iéterd) The

tarstr%:g (]D pafam megtgr?elatg@t Fle Iaqon- m%lﬁgﬂeﬁe 9f a riCEr arrler wltg ‘resgerég toFhe
recordmg position, and the second control parameter relates to the temperature-dependent
wavelength changes. Thereby, disc dependencies as well as system dependencies can be
compensated for. This is especially advantageous for DVD+R discs or other dye media that
may be very sensitive to wavelength changes.

The first prediction means may be arranged to predict the control parameter
based on a learning mechanism. To achieve this, a memory means may be provided for

storing a table of power values as a function of the recording position. With such a learning
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25 Accordingly, recordi ng power accuracy can be
i nproved by correcting the recording or witing power

whawsasam’ t he predicted first and second cont r BCT/IB2005/050591

paraneters. The first control paraneter relates to

t he non- honogeneity of a record carrier with respect
to the recording position, 4nd the second contro
paraneter relates to the tenperature-dependent

wavel engt h changes. Thereby, disc dependencies as well

ASchMst S5 IHBARE HBRCIIRDn 8B MechRing Bow QRS S @t @flink@basedldd S
is especially advant eous .for DVD+R di scs or other

Brpericnesusng HRarlienigoordi®, Qreupngsan RitigliqAEIpRPIRER® | engt h
changes. AdugiohallysSthe ﬁ:rsmled@tmmmmm;scdmylsb@pafxtmge thedrd

RE Sk RSB B A R e Rl o

ﬁhen\Moelﬁﬁdierﬁts)obthd(fmmn@e regréssibih epecfiopowebe vsall fns@rea)stmg the first

o ke T G PR PR B M R eon com e
stéred, iaprf the, Bryceeniod] perhaeteticarcbesplclited hasadeomdbagpdpbiRg can
berAstabMui@ldnbased on experience during an earlier
recordin or durln an initial |earning proce

Addi ti ongT eyew%@eqﬂ? PR megss gay Eet%r@ﬁgeﬁé‘aﬁ%"%‘iﬂh%i?ﬁ%dl cgpirol
PRI biKBA brPm BREEG asef 10 pddirk QUpRlidiGrom b GGpeaMikedBnsor and

ratj opn based. on val yes obtained fromthe
e e e R P e e R
reggLess radtatmpwal"emgﬂn Thigprotidesuissedvinaige pracilie etripergtutehe
I(iflggnsdtent%gcgg (f‘oﬁle g)glr%rrng %(rlec%lr% I gaﬁﬁ}z d& nea g?gr%(? gtecﬁ i)a%% (Qlta dslmple
mlatlwmxaﬂ@n usmmemdetmmmml le@nn&y@n@ad e rnaase@d

Ras&sh @am@ GheRARLIMEIDE] mBRPHYHhWaluk 8F te tﬂmlwpoth e
second prediction neans may be arranged to cal cul ate

fependsnsy dirglatee it a Rypdeteripned yplgrecl s DRSSP ISIna Ry, Yol its
hasfim VD6 igtaéreSRpl i ed from a tenperature sensor

and pre etern1 ed c rol .infor n_jndicatin
o il | 208 SRR e B BHRHES Maioriop b e forpon
the reach adrrienandansg [be regd by. cofspending oaaditie s ebiee Tixaebgthage
&Tten% gd 50?1{}8(? f&tml'é{l r? geoagr'g?tg/ trov?c% H‘ﬂm‘%&’é& c%l'rler so that it is
er can e rea n1ne or i Cted based
zm n@egarsrm gore @ ¢abteof amwnndm@patql mﬁormstMQfOI Yeeious disc types in
e ﬁeq&fdﬁg BBtk O b5 can%l%fﬁﬁﬁdu%mm HhfenTB 88 Wobd can%er
erature val ue. The term nornalized nmeans that the
VHFU@r@?mfﬂgpﬂﬁﬂﬁ%Wmon power dependency is related to
a predeterm ned val ue, such as for exanple its maxi num
value, its mninmmvalue, or its average val ue.

The present invention will now be described on the basis of a preferred
embodiment with reference to the accompanying drawings, in which:

Fig. 1 shows a schematic block diagram of a recording apparatus according to
the preferred embodiment; and

Fig. 2 shows a schematic flow diagram of a power control method according
to the preferred embodiment.

In the following a preferred embodiment will be described with respect to an
optical disc recorder for DVDAR discs. The DVD+R/ARW format is becoming increasingly

popular for digital video recording as well as for all PC (Personal Computer) data storage
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In a specific exanple, the predeterm ned contro
i nformati on may be stored on the record carrier, and

woreyslogtinead by correspondi ng readi ng neans. TPET/Ek2p05/050591

the 20 predeterm ned control information can be
directly provided on the record carrier so that it is
not necessary to store a tabfe of corresponding
control information for various disc types in the
recordi ng apparatus. The power control information may

Bptivkibst £ Reyt a‘ava&ltag_e QKA VID - R WEbrmaBSved eampzﬁu%msmt?
i nfornmatior rese

brskwad srupaidpility pith Bé@pr adaaﬂpyai‘f%?n\é%e glhw %V.%d? Fﬁéﬂ‘Pg BV

plefeel ence to the acconpanyi ng drawi ngs, in which: Fig.
| shows a schematic bl ock diagram of a recording
apparatus according to the preferred enbodi nent; and
30 Fig. 2 shows a schematic flow di agram of a power

contr Ol 1 BaLnAGEHeHlAGiock Biakilf JRLEERICAIHL, BIPATL IR

In the folTowmng a preferre
dprsierredratbodimen of e paention. dn Big. 1, syput d@@IDIdi; gpplicd éoagwtical unit

foh of M Be fbS83 or wnﬁen%/ﬁ%é' %t%%& 0(51{@5 optfalB&Ahin Qrgamc dye

increasjngly popular for digital video recording
{iler i prouidg aéw Stﬁ@e(lﬁi@l? éfampor@a%rﬁw&le) is 8%9%0%%}‘%@@ WO
&8&@4@8&3@& Pidiéal BQASi0H 0Riire, hdaRP bl Gedih @M dydAwikey

d DV RW f o BARY
Ro AL e S S R B R BHRE DY o TRl the s
whaedtho ijeyhaslyest @odifiedhdve ‘ﬂptmgl nodpestioadikferent £orh gieir mgmeiAded
S f
BJrr%Xr%En% g?/mé r&d- oaﬁ s%ﬂgl\é\@o arar g%ﬁg% %th ngg &111%1 r@a%n%%a% only
élﬁﬁ@oThe ial n@f@mlah@ ip epptsined rihe lr:mgtfmfghe Itcordqdmmksaad e Dl

hﬁmﬁﬁﬁ@ghQQb&Q&QQmﬁptlCal unit 10 in order to be
recorded or witten to the optical  disc.

optical dfisé bgnpted P‘ilafdP“g%?ﬁkéhaaS?@ of figt hpply Sl&ﬂ”(ﬁ\?ioa%wﬂégf the
f8drding &ﬁéﬁﬁgﬁthﬁt&béeﬁvolv-gm 2 tﬁﬁ%@éﬂdoﬂ@olmdcﬁ&ijr@i&orﬂi&g RaBephesent

f th ' al d
Bt SIS R erupBen i Oy oh B P & onotes
becatiselthve beehh arbittedhfobeasangenigphitid by t he optical unit

10. The rﬁc%@rﬁﬁg% t?%ge g?rr tenl%gddm%nttcggfam%{e?@tﬁat qulgﬂc% pg\bg

dye has been ave optl
stiting eyeredicted dnretreative pradietive |ufuise@[herem the wrlte power used by the

optical unit 10 is corrected based on the predicted parameters. In particular, it is proposed to
predict two parameters describing a system dependency causing a temperature-dependent
wavelength change and a disc dependency due to non-homogeneities of the disc with respect
to its radius. Thereby, write power accuracy can be improved, especially in case of
wavelength-sensitive dye media. This prediction based control procedure is specifically
advantageous in cases where a jump in recording is made from the outer diameter to the inner
diameter of a disc, in which case a new OPC procedure would otherwise be needed which
would take up additional disc space and recording time. In general, any recording on
successive arbitrary positions can be improved since the laser power dependency can be
modeled as a function of laser temperature and of disc properties.

As is shown in Fig. 1, the optical unit 10 is arranged to supply power variation
values (Ao)ap as a function of the recording position, that is the disc radius, to a memory,

such as for example First-In-First-Out memory (FIFO) 20, to be used by a data learning
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surroundi ngs, giving read-out signals conparable to
t hose obtai ned when reading read-only discs. The

wale@snsd11T nf ormati on is contained in the | engt PCDIB26§050591

recorded marks and the 15 unnodified spaces between
them It is to be noted that the bl ock diagram of Fig.
1 only shows those parts of the recording apparatus
that are involved in the power control procedure
according to the present invention, while other

GRORAIKE NS sthigd in MedHNEO RB1e ARG 858 bn aQbsilSH T M Bbthil&
recording . operation have been on1tte$Ffor reasons of

§‘P‘i’i‘ﬁ‘i PP?ﬁ“tnﬁl. SCISEY- 5‘8@’6?%"%@ IRESY e FB98PF B3eddRsaoTRing 2
Begfeadicl operatidntuaihg the btbi¢@ peveer PN vakied it ofdigr & Rtephiéi ct ed
in_tespective predicting units, erein.the wite, .
iR aotents BREbhEi el ath Blg pAdt e i
@umctidner powedtbigttol phrgadta fRALRE R, islcalcyasd ds @ ptealitioh fesilsfor the disc
proposed to predict two paraneters describing a
§3pshdepsycRE e RET ¥§Fia9Risi ng a t enper at ur e- dependent

vavel engt the@padanit0Gupblieh sSc6ntbe PLACENRY ifHi@itih®a normalized
non- honogeneities of the disc wth respect 25 to its

[REPOYST RTRteRBVithiFIPPE 18R AR PR P C AN e Ce ST
Qﬁ@ﬁ&i&aﬁh% 3h iﬁc_[icaﬁ@egxeav@lgngtm\éﬁ lniﬂiaﬁtvb p(ﬁ?ﬂ Bi.dtb\eealdyigridirelit 30.

| S redi cti on based contro roceqQure . s .
§B@@P$P8tarﬁ P> OLTHIBREES8 HerPeakiy e APIR ifpmgtiond can
berad i thgoptisal DEOE. Thie Mfdrinetion i pes-statedbp b @lsctn@mbiagure fethe
S 4P e SRR 3 S B R S
sdpetefuerrathe ditsd vsih 4¢ enddmicbuprdidioy aingagpred tereperhiureganethal |

. i C ' ' Y -t Qns
e R
pRaedta@dKamda,,f, uriché Aasabd leap@iturt R caltWA oA 30firdi SC
prq@grties: As is shown in Fig. 1, the optical unit 10
P mrdlgiet BTREre pURY capBrliPgeREf (Agamdrulcaing ST
aiaflord A8 € d Wvelilgth EndeCARNiikh BENA BSIek béhtol patdhethIofle
disc radius, to a nenory, such as for exanple ‘
Ferresrondling 1 qr gropatipnalionibe gptinpmEaordig, power todeapmigd by tha
gﬁkgl Jnfq$.ni ng WO 2005/ 084117 PCT/ | B2005/ 050591 6
nmechani sm_ The storage in the FIFO table may be based
on a posi H§16h heRPYEr VREstopRndleflisg aredivided iptp 5%Q parghamely
?mﬁ Odiria’ftitff_rtd dhd 16 WAl @gthhArREN 288 SdvRPvadBtidns dde fb&fdn?&nb@ﬁ&s
or ertror ng a r ressi on operatlon using the
e OP RSB AT MOAPPST B DRETRE e oPUET e BRI e
peditttd bicant the @latibnshipdeivechgmeri dod ropaau@gpraoslengt dharge) is a
Li o . ) : :
LR B, REREAA A b FOS M Rh e G} b s
prngitivearapmater afsiyd disch grcaliddeB. @hisis a disc-dependent parameter which can be
predicted by observing the power variation as a function of the disc radius or recording
position, that is (Act)ag = f (Ns), wherein Ns denotes the disc radius. This observing is
achieved by the learning mechanism at the FIFO memory 20. Thus, the power variations with
respect to non-homogenous behavior of the disc as function of the radius is separated and
stored for a certain media identity as a function of the disc radius.
Additionally, a write power versus wavelength determination is performed at

the calculation unit 30 in an indirect way, namely by considering absorption versus

wavelength. To achieve this, it is assumed that the recording power is inversely proportional
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woornsesdiized

dependency of the power variation. The optical unit 10
supplies a control paraneter K indicating a

| aser power dependency with respePCTARR00IE50591
| aser wavel ength, and a wavel ength paraneter Xind

i ndi cating an indicative wavel ength at an indicative
power Pind to a calculation @énit 30. 10 Both
paraneters are, for exanple, stored on the optica
disc in the ADIP information and can be read by the

Rihd H&drptidRiof thd Reordifg RydrNfnes, %‘éhsﬂﬁwh?roﬂfa%s&%}t%@grs&sby a
di sc manufacturer) in the re-groove of

BaY e fRpeording H"é’ﬁ‘p"éfs‘a\% Wﬁvéle’é%‘h%a&rbeél%d? & hf) PR Prgdigtiqngs thus
588G e dche 1baﬁﬁ@* mech@figpedt 8e RO afembhe20cill the aleaduredt 10

nd for ured tenperature Tn to the
%&P?ﬁPgﬁfﬁggﬁﬁ?%%§6“3§§29d on the di sc-dependent
cont rRat cqnstir HesaeveldeitDEOLOP vritisXon dyleelisco4it dcmbl o ddhue which is
SRLATELEDS APl AR R RLLER oA
prenlitatrediureTibesed bu the fdlopmgdentioe 0Nt r ol par anet er
(Aa),, indicating a power variation due to a
wavel engt h change, and then a final power contro
paraneter@@&zﬁ@ﬁ%%wﬁdﬁﬂé&@onding to, or proportiofia
to, the optimumrecording power to be applied by the
optical unit 10. 20 Hence, the power variations on the
Ohé6in 8d)R., Bisishak@ahe B8l of Wie BT Prop. BRTBRAYs th9 OWEile of the
vari ations due to wavel ength changes and power
veaeriliag powes atdipdast OPA @rocw@mg@hmpsratuoh Bcpnd e tire desighites a
e 0 wite
S e e E ke 1
bet wdena geovie Ienaonrdtuteemow(ﬁt ende élvlawe intnitolpatdemdegided is a
nction. As regards the power variations due to
g@?}m‘[ﬁlcg?rjfl)geneities of the disc, a 25 sensitive
paraneter of dye discs is called P. This is a
di sc-depe nt par R&) whi ch can be predicted
obserV|ngagﬁ?“ J%g? vgrlﬁilon as a function of theé
di sc radi us or recordlng p05|t|on that is (po)op

%Elgglh \(/X\ﬁ\dop[; %x% g@gogﬂbv"fu?wg%ﬁ tes zbrlaﬁ%ncﬁ é e o%\%lug and thus
thia @ovkdr F@iaiemnde yo a?t@mpe'ﬁhurs phahgbecthmalcwlamd for the disc wiatchrtain

vior of the disc as
%gﬁgﬁﬁ%gtg?gfﬂ”ngﬂ@gﬁggg@mgg rated and 30 stored for
a certain nedia identity as a function of the disc
radi us. AddltlTnaIIy a i the power versus wavel ength

det er mi naftodp =| & F(Er—fzg,[}mﬂ% (et dg, cal cul ation uni 30
in an indirect lway, nanel’y consi dering absorption

versus wavel ength. To achieve this, it is assuned
that the recording power is |nversely proportional WO
hagn Egdesigatpayay =i 3psiction of temperature (for example 0.22

m/°C), Topc designates the laser temperature during the OPC procedure, and Ky
designates a normalized laser power dependency with respect to wavelength.
The power variation due to the non-homogenous disc at a certain recording position can be

calculated using the following equation (4):

(Aa)Aﬂ = (Aa)wopc - (Aa)M )
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7 to the absorption of the recording |ayer. Then, a
translation from absorption versus wavelength to

WO e@s/08liiny power versus wavel ength can be nadePCTB2005/050591

total prediction is thus based on the active |earning
mechani sm at the FIFO nenory 20 and the neasured
tenperature at the tenperatuBe sensor 32. 5 For
constant linear velocity (CLV) witing on dye discs an
actual a value which is directly related to the

FiRAGY @t ﬁgulfé@we ;fé@@r 8 c&@hGiRbeshd i @hpefnlratinak caloulated
osition and at_a __certain terrperature T

edt‘]’?éheffl%]lmﬁ% Sqgetieg (Pt Yhih | ] @ed Pn3 fgm ma“‘{na‘g 351‘1?89‘&9 (1,) to (3):
(Da ){VOPc (1) 10 wherein (0)NS,, designates the
actual a value, (aopC) Topc deS| gn tes the a val ue of

t he recode po r ? 8t o] at

t enper at ur'e Hé ETAa ‘ngd,,gle i gt g)tl; sefg\%‘i?zlrfl g?l on
of the a val ue and thus a power variation, at a WOPC
procedure. For a certain tenperature, (Da)vvopc can be

BitirigltheltidtaildatnglhAaM the aGiati@f bN@ket due tdfhe BEHIRIN0@BIous disc

S ior R Sored 2 e Bn gt i VR Erclef PGy

Eonectal aVﬂlle Bﬁmﬁdndrfl:ws thlsﬁﬁ)fohﬂ?hﬁorp O be Méduckdiby BIhg Bheeredressian

d f t he di t

LénltClEg he r%greissm nginield %y rlagreﬁ)sgél élalltlgll ﬁ)r e@r%%]le 8 \Rﬁgcr?acli or"c‘lera
pdynamniabregieSion. I(l@a:)/@aany offtier suitebX¢ {ype Fopgespion may hOUsEd. The
. I h

%F}-e?x%? c&e%ﬁmengl nﬁj ar%% ﬁénes o?ed}qitoqﬁesl': Ig??ﬁ OV\@?{@ a(e)n gt

1 _aS a fuhction o era ure
qlntelxx)n,naﬁlmjpéthel dis¢-dapendens cmﬁr@l H’Wtelt[&ﬁb@h@tlwcémblg rIh Ay t he

C d t
AR T OGN R s S e T LR
{ispaesed wah arglttheqmediftion 0fGhe diss-da@mdagtrogierh pargnalér sy bt based on

&ﬁ@&l%gﬁ?tg@méaﬁfoq{ ﬁlgle“ OEH & ur(ég% %ﬁa) cal §U| g;;ejd’ US(:)I 29_

(Aa) 1 (4)t rthmwwm'«mop@qﬂmeszm@sﬁ eswtions (1) to (5) can be

performed at the calculation unit 30, while the optical unit 10 is then controlled based on the

recording or write power parameter determined as a result of equation (5).

Fig. 2 shows a flow diagram of a power control procedure according to a
preferred embodiment. When the recording apparatus starts a new recording, a learning
process is initiated in step S101 by means of which the FIFO memory 20 is loaded by
corresponding power variation values. Next, in step S102, an (optional) approximation is
performed in the regression unit 24 to obtain the coefficients approximated curve or function.
Based on this approximated curve or function the disc-dependent control parameter is
obtained or calculated in the FIFO memory 20 using the coefficients a, b and c.

In the next step S103, the parameters K and Ajnq are read by the optical unit
10 and supplied to the calculating unit 30. Then, in step S104, the sensed or measured
temperature value of the temperature sensor 32 is input to the calculation unit 30, and the
calculation unit 30 performs a prediction of the optimum writing or recording power using
the input parameters read from the disc, the sensed temperature value, and the predicted disc-
dependent control parameter supplied from the FIFO memory 20 (step S105). Finally, it is

checked in step S106 whether an arbitrary change of the recording position has occurred. If
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8 Finally, the required wite power at a certain
position and tenperature can be cal cul ated based on

conmbi nation of equations (19 to (3): PN (a)Nsx = LI
+ K . (T -Tope )' Ka(NxlI ] . (ao'c )Tope [(Da)op' Ns
(5 /Find 5 During the data |earning nmechanism the
vari ation of power due to the non-honogenous disc

behavior (Ac )op is stored as a function of the disc

@@%e"?ﬁ)c@&re Jmﬁmaam @,&E shafia emelt th QibplySthe ﬁ%e!nt@ %ﬁﬁgedasknsor

the FIFO menory is information w uced
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However, any
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|spense w th and E@%e iction of
a@sl@ Verd P sEeiscoréiphnedip hbvafrgat baye preRertise Mereegr bvis aw
1Y aJr @mf (OdakahtRBEh14veRtityh Q/nh@gaﬁ’}rﬂéeﬁﬁkep rocedure as

such. noted that the c atign defined in the
Sbove cqubFRORGR By Hio 8TOLHB T HOPP O fethired
pawver trhriatiorOdue w‘tbrhpefﬁﬁure\mhadgés cahBe Og@ptd adthe tbﬁ(brthng_ thedis oit in &R
(%e%gltd{_rg fql%)eem%%l? %d(eigﬁ.orrl]are]l Ele precrhgtcl:o%r q {he%fsc—d%f)en en? co%%\g)%aragetel
mas hobesedan ieyalueh ozhgmmﬁ@fn the lpmmag proowitireah SLp;homé ther e
@ﬁ;ﬁ&&lgdtﬁgb}t e fégre%%n‘lfn@cfﬁ “a? ge aE'S%RQH Wt T he\é\gl%{)]du'hglﬁs may thus
recordi ng ‘apparatus starts”a new recording, a |earni'ng
NVRls &é@g tescapppiihetieahqdslaep S 101 by neans of which
the FIFO nenory 20 is | oaded by correspondi ng power
variation values. Next, in step S102, an (optional)
approximation is perfornmed in the regression unit 24
to obtain the coefficients approxi mated curve or
function. Based on this approxi mated curve or
function the di sc-dependent control paraneter is 25
obt ai ned or calculated in the FIFO nenory 20 using the
coefficients a, b and c. In the next step S 103, the
paraneters K?, and kind are read by the optical unit
10 and supplied to the calculating unit 30. Then, in
step S 104, the sensed or neasured tenperature val ue
of the tenperature sensor 32 is input to the
calculation unit 30, and the

whi ch i s based onP@&I/IB2005/050591
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calculation unit 30 perfornms a prediction of the
optimumwiting or recordi ng power using 30 the input
t he sensed t enper/m2005050591
val ue, and the predicted dil8c- dependent contro
paraneter supplied fromthe FI FO menory 20 (step
S105). Finally, it is checked in step S106 whet her an
arbitrary change of the recording position has
occurred. If W 2005/084117 PCT/IB2005/ 050591 9 so,
thgmeg.ocedure junps back to step S 104 in order to
supply the possibly changed sensor input and
di sc- dependent prediction value to the cal cul ation
unit 30. Oherwise, if no arbitrary change of the
recordi ng position has occurred, the procedure remains
inawiting loop until an arbitrary change of the
recordi ng_position occurs. is noted that the
present i fReeiding gpparatusfpt re@é@tl% ﬁk’& Wt P9re $9Eien Ppifigdiating said
fhesa carigty a gsthed kaaRition 68ty havidy b r&iRliof Bovies, 86k d apfpasdi)é
recordi ng apparatus to achieve a conbi ned
COM&Agat i on of di sc-dependent and of
te rmafsata) ffe gelepangend fopr&écﬂfﬁﬂiaﬁcfrﬂaehrﬁf | uenci ng the

ntion is

ot B Bisins . BBl ok i oS el R s e
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é/re S aeﬁltlrﬁu&ntof?réc%rcfrg%ﬁgklgrﬁbl e for CAV (constant

ar v prdcedures. Furthernore, any
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t hgndlesdnd dsRENAERtLoNt rol parameter may be based on
t he val ues obtained fromthe | earning procedure as

such, and the 15 approxi mation by the regression unit
24 may beAdlipppensedonibgho cldikel, aﬂa@ﬂisﬂemssprewlohmsns (20,
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Recordi ng apparatus for recording data on a record

arrier b)(n pggrgtgé ﬁ%bﬂ%g%@&lgm 2{ %%lg s;ﬁfﬁ‘ Fs{ &gdlpc%n%eans (%0

ocused radi"ati on beamh iati on power,
A sernrtisesse meepmpanp (YY) for swémwastablm of raﬁletrongvewerrvaturew a
Rk beaseddidbatibpn beam

4. An apparatus according to claim 2 or 3, wherein said first prediction means
(20, 24) comprises approximation means (24) for performing a regression operation based on

values obtained from said learning mechanism.

5. An apparatus according to claim 4, wherein said first prediction means (20,
24) is arranged to use coefficients obtained from said regression operation for predicting said

first control parameter.

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

second prediction means (30) is arranged to calculate said second control parameter based on
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5 - first prediction neans (20, 24) for predicting a
first control paraneter indicating a radiation power

WO a005@a8410n required to conpensate for a non- hoPOLEBREIT050591

of said record carrier, adla function of a recording
posi tion; - second prediction neans (30) for
predicting a second control paraneter indicating a

t enper at ur e- dependency of said radiation power; and 10
- power control neans (10) for controlling said

la @dhsatell Qfer Watﬁr@ s@@@%ﬁ@ﬁﬁp&ﬁ‘tu@@érﬁo; (BF)%hd a ﬁx@@etermmed

second_control  paraneters An par at us accordi

Qimf,’ﬂafofﬁlailon e I?&P%PZF‘? ’iaglﬁt“ﬁ’rpé’&f”c‘ie%ﬁe% il re(size@f toa

2jatibrswaklkediged to predict said control paraneter

based on a | earning nechanism 15 3. An apparatus

according to claim2, wherein said first prediction

feans ( 20An appéyatis@pqordiegts chinn@fonther enpepnising 268Jingd @éeans (10) for
.as a

PR R e fiePlonl BB, BONRL Kby Ry

apparatus according to claim2 or 3, wherein said

f8' rst preghgpafis q@c@ﬁﬁn tb 31%» or@ A the PRIt @Biims, further comprising
proxi mati on_means (24) for performng a regression

6?5%\18&91? BFEnBEE dor SHculing Gdaserqigias Wé'aolfvﬂa%)@%ﬁ & thesfalevring
BRa@ha@ni sm 5. An apparatus according to claim 4,
wherein said first prediction_neans (20 25 24) is

arr anged use; cpeff Lel H?wmﬂ mlsai d
regreSS|o% dpefatlo " f oF pagdi ct?ﬁPW° Kégwikrst

control paraneter. 6. An apparatus according to any
one of the preceding clains, wherein said second

or edi cti ofn x@ams (aadA)dlﬂg&o afiy b 9e e bRk Clalndl ®h&ah chid
sec ﬁnd con% { ised on WD 2005/ 084117

BEYT BR85S 6?6%@?16 wcmﬂ% Zured | aser tenperature

supply froma tenperature sensor (32) and a

det
n(‘é re rrgl ?; g% Bc?\gedrl c%ﬁ’!{:gl En%lhoh ﬁIr 95 hin 9 re{dﬂlgibﬂ: ?c{glx}epgf aq*adl%tlop beam

ation power enc respec
gsed fog gcarding Aatamy élr@ﬁlgltcnmes sazd mpmochmrlanm@e aen,smf di ng

L0 pehiRiinh Frirst W) %aﬁaeanmléatlﬂg a Ea%aquva@@mn&nw&uuém
readi ng said predeterm ned control information from

s aicoMmpeaElrier atagnyosrogengity Yrsaid pesardeetiist arlypadion gf & 1gcoatine
ongodifonf he preceding clains, further conprising

— predicting a second control parameter indicating a temperature dependency of said
radiation power; and
— controlling said radiation power in dependence on said first and second control

parameters.

11. A record carrier having a recording layer for recording data by irradiating the
recording layer by a focused radiation beam having a radiation power, said record carrier
comprising a control area storing a control parameter which indicates a required temperature

dependency of said radiation power.

12, A record carrier as claimed in claim 11, wherein said control parameter

indicates a normalized laser power dependency with respect to wavelength.



cal cul ation nmeans (30) for calculating a | aser power
control val ue based on the followi ng 10 equati on:

wo ajoseg411= Cl +K, (T"-Topc) - KLNx) J(aOPC) Topc+| ( Bed/1R2005/050591
Find 9. An apparatus accordeng to any one of the
precedi ng clainms, wherein said recording apparatus is
an optical disc recorder. 15 10. A power contro
nmet hod for controlling a radiati on power of a
radi ati on beam used for recording data on a record
garrier, aabdRERPL LANRSihaRY11 HA2501RRS Qd control area
predicting a first control paraneter indicating a
CRIPTERES DM BNk of it resttl 64" f'equi red to conpensate for
a non- honogeneity of said record carrier, as a
function of a recording 20 position; - predicting a
second control paraneter indicating a tenperature
dependency of said radiation power; and - controlling
said radi ati on power in dependence on said first and
second control paraneters. 25 11. A record carrier
having a recording | ayer for recordi ng data by
irradiating the recording |ayer by a focused
radi ati on beam having a radi ati on power, said record
carrier conprising a control area storing a control
paranet er which indicates a required tenperature
dependency of said radiation power. 30 12. A record
carrier as claimed in claim1l, wherein said contro
paraneter indicates a normalized |aser power
dependency with respect to wavel ength. WO 2005/ 084117
PCT/ 1 B2005/ 050591 12 13. A record carrier as clained
in claim1l or 12, wherein said control area
conprises a pre-groove of said record carrier



