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1 Recording apparatus having a media- and temperature-dependent power
control scheme The present invention relates to a recording apparatus and to
a power control method for controlling a radiation power used during
recording of data on a record carrier, and-to a record carrier to which
IREEEFARICID SARRENAHER HEIRG SHFREEHHNING RPPRIHSoREICLBRYSE EFRATEO!
method. 5 Conventionally, recordable optical discs break down into two
general types: write-once discs, and erasable/rewritable discs. Furthermore,
there are two methods for recording information onto write-once optical
discs. According to a first recording method, a laser beam is projected onto
the recording surface to melt the surface thereby to form pits thereon.
According to a second recording method, a thin film of organic dye is used as

a 10 signal regrraiagihaae MR hadeilariipipharies Bﬁwélf@éeﬁb\mfr control

projecting the laser beam onto said surface thereby to form optically )
H@fg%fﬁfecﬂqgﬂ&%éFQSHF'Wﬂ&@NSHH%e@@EéE‘%[?&Hr W97 SRGAPIR EPBIRCALE"
BNdRoriRretisascaariowitl eidinfotmgiind esrosdladifre gsimoMesd fdoesting apparatus
grr]g rooves vyopble slightly in a radial direction of the disc around a central

r
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eq OeV\r/ﬁ):ry(f rrllrt%emve\/tog le of the pregrooves information is recorded with 15 an

FSK (Freque@eyvsitifnadlyiresoraadeenimal Geestbiadstnandnterinp censsadttppes:
{nsriRcd erardingdime addsessidplcEmalinnfa! gef AR NgS fime

In Pregroove), or recording address information called ADIP (Address In
RGBT RIS RMOWAES-BREL AT Qi AR 9dR A MESIBFifipg method, a
RIREessK M)t ddptinthinebardiay SLoniotd @RIChissoekie thewgbint@fder [ots
5d0e Reerisam ol rsdording 0 device. i an pPUMum tegording poyer.

e recording WrfatE e op ICHl GiecIhciudes 3 uata ares forrécor ing'a
sigriekyeodrding suntdce, Pdwre ki mtiesioniasio(FClg st g projecinglihg dasar beam
BRECER SHFARSIRREN RE AR JcOmy TR IRE NRIRGYE - The PCAis in

general provided at the innermost track of the disc, and is in turn composed

of a test ared’dH8- A EHPRSaFHE AT LRIMB L IE GPHMYIR R teirRisirRired

alifing 6i fsre R Fesie EBHERah 2y it @piiohBm Jkgalding pewetbecsel tithe
Sach disc indiv'%dEH Irlél This l?e auseb%ilsec cordin charafcteriﬁtics.differ from

S15e AN (e SET roHeRE LR FLRAYS (BTaipfpr T recorded with
an FSK (Frequency Shift Keying) modulation. Such information may consist of, for example,
recording time address information called ATIP (Absolute Time In Pregroove), or recording
address information called ADIP (Address In Pregroove).

With such write-once discs, a recording power calibration process known as
Optimum Power Control (OPC) is carried out in order to set the laser beam of a recording
device at an optimum recording power. The recording surface of the optical disc includes a
data area for recording a variety of data and a Power Calibration Area (PCA) for test
recordings in order to set the laser beam to its optimum recording power. The PCA is in
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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the optimum recording power for a disc can lead to a sharp increase in
post-recording error rate and jitter. 2 In addition to an Optimum Power
Control (OPC), a running OPC (ROPC) mechanism, which is a hardware
feature with high bandwidth, or a WalkngOPC (WOPC) mechanism, which

is a software|feaiufitomi alPvphRnEidierBaMRE ﬁﬂi@uﬁtﬁﬂrﬁhﬁ'@@c (RoPC)
information recordln%{gOPC IS a pracess in which the recording power i
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laser recording power, even as 10 information is recorded on the disc movin
R WWW@T&%P%F PRGGA SR He L {NEMagEn SHERY BHTREaIaR teherding.
antb@nepmlmum renoaihy paosves sepiesrfierbadee mpth@mremnﬁm@mmemn As
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asymmetr &'recorded pits or mar Jonitored o achidve Contnuous
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Jitter or Bit Error Rate (or BL due to a quadratic relationship with respect

R?%ﬁ%ﬁ”ﬁ‘?@r@ﬁa@@%@%ﬁémeter (3 will be measured in the already written

parts at certamwmrcngRaniaanPERie Ml REREGERNMN e tersntad s or
sto&%ed These éalue%wnl be compared \%ilth a certain tar

et value Ofté ahs h
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variations in radial direction. However, discontinuous recording S,
sovhrashgiclierg tetbrrameraefon thee deastredriniing cdihwrotaspistotcelial time

méxdrRARANRRHRWIRSLRIORIADS (BHPBIRRR ) 2R Hhel arhempkriss YR
disc is written. At the end of recording, a file System area located at
compared with a certain target value of 3, as a reference value, which is determined during

the OPC procedure. The differences between both values will be translated to a certain
power. This WOPC procedure is a software procedure and enables compensation of
variations in radial direction.

However, discontinuous recording procedures, such as writing at the inside of
the disc after writing at the outside of a disc, may lead to the following problems. Suppose
that a complete DVD+R disc is written. At the end of recording, 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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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 Write3performance during the writing of

ReurReiaieshille RyRiRMAER iﬁ{éﬁlﬁdﬁ%'G@i@famﬁecﬂﬁf%i&%ﬂ%ﬁ%&?'@ib@ﬂbél g
problem has been solved by initiating an OPC procedure before the update
G e Qi #18r88 QG s NF e s s IfR 08 BARS oA e iong due
tesenedotiaghetadidisn. Tnedifiasgnbiplosivaisriktafteayidevieqpddiyeioning editing
cially si he P libration Ar s.a limi i ereby.
S R R A A T
Ihte RHdE o hesiteen Wived iRy RicRiadiedr i calHIgtion dadeasdpeedistion of

aftab @R diNg GAPRIB SR Pl ersHas pdfifle. IR D AWRERR WL RS YHFRG: 8 Rntage

to a non-homogeneaous disc. The same problem will arise after video

AL ARG GRAIG 1BatmG TS dirkr8 Y5HESarts are temporarily written at
the outside of the disc. Conventionally, 5 this problem has been solved by
executing an extra tilt calibration during an interruption of the recording, to
improve margins as far as possible. This, however, leads to the disadvantage
of increased ResoreRnHUMZOT0REE8rAIAG desthbedisooner DotrheatewsTor an

8PN O AN G SSFHIRES RMRYKRAIRGMIBHASHGTORERE ARtBNER G anle

recording apa%ratus or recording information onto a write-once or erasable
Bphieal I HHe VIRRRIFER AR el 8B ER B EPHEEHEB PGS AN ChHSRRHP dowver
teoettingvaRetotospenting waladisl posiasmomndingie rdinh pasEipos diffeeath

type of a variety of djfferent, optical discs is provided. At the beqinning, of
O o Bt RS oo SR SR g S 8 A B e o
toeregtionyabdanferchddrihatvanitiagoifrinfp maianpo sitiaihivarnheddiswsitiingrethe

et i i e e e A AR SRR,

Heyehed anasfreed Py cavdiiPaesRbtePRiieR iSe for recording information
on a recordirgPedaiEs o BPistydees kg it ihecechigingthagdittndedice hiest

e L R e RS BS T  Ele i
thst fevoeditignit csfreted tighhty applying light to the recording medium while the intensity of
the light is successively varied. At least one of the upper limit and the lower limit of the light
intensity with which information can be recorded on the medium normally is determined
from the recording test results and the information concerning the upper limit or the lower
limit is held on the predetermined part of the recording medium or a recorder. The next test is
carried out with the light intensity based upon the held upper limit or lower limit.

EP 1 326 239 A2 discloses an information recording device comprising at
least a recording pulse generating means and a recording pulse selecting means capable of
generating various multi-pulses each of which is a combination of a leading heating pulse and
a succeeding heating pulse, and rectangular pulses each of which is a single pulse, as a
recording pulse, is disclosed. The recording pulse selecting means switches and selects
among the multi-pulses and the rectangular pulses according to a recording condition, and
then causes a light emission of a laser light source through a light source driving means. Even
though in a high recording linear velocity recording condition that is insufficient in power for

the recommended multi-pulse recording, a very low recording power can still be used by
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intensity with which information can be recorded on the medium normally is
determined from the recording test results and the information concerning
the upper limit or the lower limit is held on the predetermined part of the
recording medium or a recorder. The nexftest is 25 carried out with the light

LYRESRY RAGRHRARUIREIRIERRE MY & (NI r&ebr dindARiB3oivéh higher

discloses an information recording device comprising at least a recording
FRIREIGE eseting IYLAY SARCSREEIMNERH SR &Ry MIaME eX550IIGY

geranating lvariblesetarttinguisesreach of which is a combination of a leading
heating pulse and a succeeding heating pulse, and rectangular pulses each
of which is a single pulse, as a 30 recording pulse, is disclosed. The
recording pulkds g6lekitatofibeanesanittivertigndoseiets amiiopigaeé power control

%H%PH?%%%#%|%@%H@&|HB'@%ﬁb@qwr‘ém K iReaseing ﬁ&ﬂ%“ﬂﬁuous

d then causes a light emission of a laser light source_through a ligh

ESQrEAMURY hEHRENER i Bl RIAGH A hiGHPTIBE ity iR QPISH d%ﬂ?h'eved by

[Rovikiic: cosvtidioy bk iansuffaest im grawel; fosolie ceapshmenetest claimed in

multi- Pb;lse recorddﬁgd a very low recor |nng Power can still be used by 4
cIaI{n and a record cdrrier as’claimed in cla
switchirig to the rectangular pulse recording, so as to achieve a recording

with a much Riefleedinglgoietiongisp @ewelresdtity pargonnasevedingoaisactingaie
R RIMPS WATHAY BY%RP BNUBY WMM#@%'%E%HQ%H%PB&V%&H 1$he

an object of the present invention to provide an improved power control
Qéﬂéﬁ%kaPﬁﬁ@Hﬁ@fdPWﬁPc‘ﬁ Bsvier-Semmpereslly Hé%ﬁ?ﬁ?b%%f IRF M resRess tgthe
re20reIt udnIes, sacandingonitizont sEparHimngeads il thpaseapandirecepdingnt

R SRR SAGRy <A DRIAAIND & Cer o appral AS S e
inc al er con | met as claimed in ¢l a recor
caml@n@éedléumwmscﬂanmlaﬂy advAsagaelindoy e Eodidigop ovwvethelotyeraediedhat

ReyHPTRKES: AN RRTS HiRgIthGTaRpKling or writing power based on the

predicted first and second control parameters. The first control parameter

relates to theRBAUROPHSURIRBIGEIMe¥ SFREANTed inifediciiae cry gk parameter
Eﬁ@@f@ﬂﬂl le@iligMmévnanion . SREatkoo gl pasabstalctatates e Wevided for

t re- enden wavel? %h ChFl es. Thereby. disc H %E”F
son QF' a Ieo QWer va ue as a un recordmlq SIHOTH suc earning
as well'as'sy ependencies can compensated Tor.

ewpbwidiy %ﬂdmﬂwaganfsﬁedmm ms@@lmg otvear dge tmddiemhaed based on

experience during an earlier recording, or during an initial learning process.

Additionally, the first prediction means may comprise approximation means
for performing a regression operation based on values obtained from the learning mechanism.
Then, coefficients obtained from the regression operation may be used for predicting the first
control parameter. Thus, only the coefficients describing the approximation function can be
stored, and the first control parameter can be calculated based on the underlying
approximation function.

The second prediction means may be arranged to calculate the second control
parameter based on a measured laser temperature supplied from a temperature sensor and
predetermined control information indicating a normalized radiation power dependency with
respect to a radiation wavelength. This provides the advantage that the temperature-
dependent second control parameter can be readily determined or predicted based on a simple
calculation operation using the predetermined control information and the measured

temperature value. The term normalized means that the value of the radiation power
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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 theYecording position. With such a
%@m%m%@m%@ﬂﬂﬁé@%ﬁfe@ﬁ%ﬁ'ﬁ@ f8p é%f&@ﬂ@ﬁl@(iﬁﬁma‘ﬁ?@ its
be determined based on experience during an earlier recording, or during an
MDA HRMATHE BrASEr B RiEhally, the first prediction means may comprise
approximatiom mgroisicfex perfenmingedeategnéssiconope iafbomdiaaanhg me/sthres on
tained from the learni hani coefficien tained from the
R P T e B Mo SO, Tt
peacetaaTdned peEra Mijoineador Mo ea tHrdehe Atsivigathendpp resanaaoiefsn it is
B MBS SR &5 sBRCL RGBT CARENIRMGENRIRS FHR ARG 8IS RAERE ©Pes in

the underlying approximation function. The second prediction means ma

] y be
Hie 4PRPEEHT8 PRRisiEe THE RS ITANLER RSP BIGHam BIRY Bl B R SR rier
Rseniempeanbersufiphetdrom a temperature sensor and 30 predetermined
control information indicating a normalized radiation power dependency with
respect to a radiation wavelength. This provides the advantage that the
temperature- dependent second control parameter can be readily determined

or predicted hasetbQmaRIENRE WRIGHRIRHORARIYN YRINAIESF a preferred

predetermined control information and the measured temperature value. The
FEPROHBIFALHB GisER18 thite AR URRAEPU B4 GRS PYNer 5 dependency

is related to Figradatevstreitratitchisuediag for sxantoleliig appxissmcraldiag to

'%s mi?imum vallde or its gverage value. In a specific example, the
e preferred empo whenf,.a? . .
predetermined control’information may be stored on the record carrier, and

may be readHfig. Eotrewpendhagatation dirgeans oT hepsitsy ctintrd presbiedeaenriiog
ﬁp{p{g%é@ég@@@ﬁi@gmgﬁe directly provided on the record carrier so that it is

not necessar?/ to store a table of corresponding control information for various
R

disc types in [iBerEiomiing s plersrt S mPREI BN Y L DR i8S HRSFhMAbLIFSRRS) tB&n
vsittandiecthe digiep for CAVIEYR aits e Wherrexa RV rdaraasioecoming 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.

Fig. 1 shows a schematic block diagram of an optical disc player according to
a preferred embodiment of the invention. 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 a thin organic dye
film is provided as a data storage layer. The recording principle is based on irreversibly
modifying the dye's physical and chemical structure, induced by heating the dye with a
focused radiation beam generated by the optical unit 10. The recorded marks (that is the areas
where the dye has been modified) have optical properties different from their unmodified
surroundings, giving read-out signals comparable to those obtained when reading read-only
discs. The digital information is contained in the length of the recorded marks and the

unmodified spaces between them.
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10 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 15 Fig. 2 shofis a schematic flow diagram of a

power controf iaedfachaeaqrding: HotRaiR Iﬁfrﬁq:?‘?&qm%s‘ thHR€ parts of the

following a preferred embodiment will be describe h respect to an optical
GRS FHAORA SIS P BRI ee 1 N ERAWE AR RERFRLN R A5ERIGHAEIG the present
inceatsinglilpopetanfopaigitatiitmighe bemdicgsas iel basdonial REréBatsonal

to dvant f th
%@Pﬁi@?@\%& ﬁma%%%o%%ﬁ%ﬁppﬁi P“Ck[gylsa |t\s/arI;;cng\}N(;rd §ompat|blllty
with DVD reatcemiping/séht orefiued e praymank naraxpieisgBv il yskepaaves
Eéﬂmﬁ §FéQW§d%t§&h@FB§6é€tR}%keQié’tﬂ{@Um§ %%F%‘e%ﬁ BURF A&esfiing to

eferred embodiment of the invention. In Fig. 1, input data DI is supplied to

Sﬂt'ﬁﬁ‘ti&l FiRhie corRsteddased %b”?%%‘?%fé@‘b?%?ﬁo‘ RrRa"EtiaR) 1hiS OrepAsardo
wm&altd@pﬁaﬂnmewgmtﬂ)@a el pepwidentpsdicia &tmmgadaeyeép&ident

recor ding prin reverS|bI the dy sic
e e B S S S BB e

bedmadBlseFarsebiyvitite opricapeamiraty carhéer@wmved ryaerialishiatdeserns areas

WARIRIIQR-SRiAS BRERMOAHRD - Bifvformisal %Hﬁ&rﬁﬁo%éﬂﬁr%rﬁ@ﬁmm”

unmodified surroundings, giving read-qut signals comparable to those )
aWa%%%%&&M&%mm rafé’ég'”%%rﬁﬁ%éf %&ﬁ%@rﬂ%?ﬁéﬁﬁ@%l'””ef

dinerdeoptunt thewacoresd mvksaoq)ib@dummmedhsmse@@memmch
the %ktlt IS t80P qtgd that the Iockg Ié;[am ?f Fi e1 onv\y shows those

|sc§:) € and recor ral, any recordin
erecor ng appdratus tha arel VO ve e power contr

pﬁw@@iue@méfbdn@gitbnheapri&@mrqwémgmthmwrmrdﬂmdﬁmsahm
Fﬂ!ﬂi‘@FeH%J‘?ﬁﬁﬁ%Wofﬂﬁs%‘?EMBéFa&F@Qn%?&P&%@EroBQﬁ@“0” have been
omitted for re:lss ggﬁo?lfms :mglglqul the optical unit 10 is arranged to supply power variation
values (Aa)ag 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
mechanism. The storage in the FIFO table may be based on a position value Ns, obtained
from a positional sensor. Furthermore, a regression unit 24 can be used for performing a
regression operation using the stored power variation values in order to determine
coefficients a, b and ¢ describing an approximation function. Based on this approximation

function a power control parameter [(Aa)ap]ns, is calculated as a prediction result for the disc

dependency of the power variation.

The optical unit 10 supplies a control parameter K; indicating a normalized
laser power dependency with respect to the laser wavelength, and a wavelength parameter
Aing indicating an indicative wavelength at an indicative power Pj,4 to a calculation unit 30.
Both parameters are, for example, stored on the optical disc in the ADIP information and can
be read by the optical unit 10. This information is pre-stored (by a disc manufacturer) in the
pre-groove of the disc. Furthermore, a temperature sensor 32 is provided for sensing the laser
temperature at the optical unit 10 and for supplying a measured temperature T, to the

calculation unit 30. Based on the disc-dependent control parameter [(Aa)ag]ns,, the control
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5 According to the preferred embodiment, parameters that influence power
setting are predicted in respective predicting units, wherein the write 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

9%%%‘?9%{ SRUEINCLAJAE RREAINER WRPERHRBIT WRKL BRI GaRES AR

disc dependency due to non-homogeneities of the disc with respect 10 to its

ralsiulates pevesigtan e proalie S1epaRaest aRLIOL NARIFGIRS A e bp dosigRiiNg aasuver
VRMRIGNB R RiGRAYR measts: éﬁhi&hé}ﬁ%*ﬁaﬁpﬁb%?%%%ﬂﬁ%ﬂ@&%ﬁ're is

specifically advantageous in cases where a jump in recording is made from
tiverespendifigutneoe ptopirg dnalde, tianpiounfracdisindmawscto baseriehy OPC
Bf)ﬂﬁﬁq}}ﬁ‘?iﬁomd otherwise be needed which would take up additional disc
space and recording time. In general, any recording on 15 successive

arbitrary postieRts cAp VAN ROTNSRILBR IS FR5e APAdoe e fup darey eEAhe
posfifS« . i
it o %T@;Zﬂﬁi“ﬁ”??ﬁ@?ﬂ'om'igsai??i@?ﬂﬁwfpﬁ”gnﬁ’ﬁg‘ﬁ‘rﬁ‘ﬁ”ige”° s
I RPN S S oD e TR B A D DR A0 1 A B,
pealinteshhergyss thuhv elstionsbirpimaplecRipster-#icse DperatgmovgvEidRg) Gange)bea
Eﬁ&ﬂ@%ﬁc%ﬁ?%@é‘?& 4R Hb@%?%ﬂﬁoﬂé%é@%ﬁnmﬁ#ﬁ% B9e MaYa

e based on a position value Nsx obtained from a positional sensor.
PR ErRBIEN Y regs Bt ubicalle € AnTihes ifse diserdpReROIpTiRY AN eisy Mdysbean be
BRATEHADBYSHIERIR %@W\@P\\Mﬁ%\t\{&ﬁ IIPRUMBIRDIRIGISE IRIARIS FRUARding
escr

coefficients a, b and c ibing an approximation function. Based on this
APPHERIEHSH Athe T MShoWAEFeH A SPpRiFa e 1sG (RGNS TS RPEaM DI
ashreiEBiClieNERsinl fasdMidisat 8 AR RdaRrY 20 theupanesaesiatientidiiayith
optical unit 1%)3“ lies a[ﬁi)ntrolgi?tr@raneter a, indic t'hn a normalized éasgr
FoRiSH BSOS PEPARE 96 1R 16 WACIAR S Tl s hashataigal
parearfetercédiath imeitaineytay inditativieedubéahgtinadiuan indicative power
Pi"d to a calcylafion it 30 iE SEWeARIRIGS AL R LS AMRIR oS QIR Ar GG
optical disc in {ﬁe ADIQ’ianpmz?tElgn and can 30 be_greagt% tlﬁi _gpticg? unit 10.
sisasEdRHeRHBI 03 R i FUG oyaY, dRB ey S FeRiGRE ) I RRFRE P PR YSBY e of
Wﬁ/éﬂﬁ@tl’ﬁqum%%@,tﬁﬁ@@@i@ﬁé(ﬁtﬁﬁ'ﬁﬁﬂe@@rdﬁn@@%@%ﬁ%&@a?Bébﬁbﬂional
3B AmREoR Y e Lo RS HhaD S Sh PR s VERk
wavelength to recording power versus wavelength can be made. The total prediction is thus
based on the active learning mechanism at the FIFO memory 20 and the measured
temperature at the temperature sensor 32.

For constant linear velocity (CLV) writing on dye discs an actual o value which is
directly related to the recording power can be calculated for a radial position Nsx and at a

certain temperature T, based on the following equation (1):
(O‘)Nsx = (aOPC )Topc + (AO! )WOPC 1)

wherein (a)NSX designates the actual o value, (c.opc)Topc designates the o value of the

recording power at the last OPC procedure at a temperature Topc, and (Ao)worc designates a

variation of the o value, and thus a power variation, at a WOPC procedure.
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calculation unit 30. Based on the disc-dependent control parameter
[(Aa)op]N,,, the control 7 parameters Ka, and 2;,,a, and the measured
temperature T,,, the calculation unit 30 first calculates a predicted
temperature-dependent control paramete? (Aa)oa, indicating a power
vanaliql e {6if ERVEIRIAI SHANIE ANBEIIAN 8 IR ARYERSB0HHned in
parameter (a)N corresponding to, or proportional to, the optimum recording
BBAEPId e applied by the 5 optical unit 10. Hence, the power variations on
the disc are divided into two parts, namely power variations due to
wavelength changes azg ower variations due to non-homogenous disc
properties. T n th erature on the optimal write power can
be predicted because the relationship between power and temperature
(wavelength change) is a 10 known function. As regards the power variations
where oo dy DG i AR divtIe lbditsieydparaiaRPOINayeValye snd thus
arlgshRr Vatigtionai i S RAGRARDIRAEARS tah Wh A CRED forRFe RS RYertain

observing the power variation as a function of the disc radius or recording
Eé%?ﬁ[ﬁﬁlf?ﬁwg't F?S(Waﬁ'&ﬂ‘e:%m N RAAIAMNS denotes the disc radius. This

observing is achieved by the learning mechanism at the FIFO memory 20.
Thus, the power variations with 15 respegct to non-homogenous behavior of
the disc as ft(lg\qigugpgzme(@dm% &Eﬁﬁﬁ a@gp Ca)god stored for a certain medig)
identity as a function of the disc radidis. dditiona'ﬁy, a write power versus
wavelength determination is performed at the calculation unit 30 in an
indirect way, namely by considering absorption versus wavelength. To

adlereirekiniesignstesssarstenat dNé ps cdidieiipp oiviemiseratisedEN eraspRIetid Aal
A1) the RRRRILRR M PEracAILELIRYEFinGRO OB E BRRIGINE HRIK,

absorption versus wavelength to recording power versus waveleng{l%Ncan be
Aealg8ateh? TBtRRHREH ISP VN HSPRRESEAYOM! thECERER) £ 1WAYARIPRP rechanism at

the boer memaly KR anedhenmeamispduieperatitient e ianyRialiontcan be

sensor 32. For copstant linear velocity (CLV) writing on dye discs an actual a
%Iﬁ}g%% icHg t%ﬂ()jifloé%w F&éﬁ%%t@ e recording power can be calculated

for a radial position Nsx and at a certain temperature T. based on the
following equgtion (1)

ged @O?Hﬂ(:)(Aa)WOPc _(Aa)A/I (4)
Finally, the required write power at a certain position and temperature can be calculated

based on the following equation (5), which is based on a combination of equations (1) to (3):

Ki(Nx)

I:)W - (Ot)NsX =1+ Kt (Tn _Topc)' 1
ind

‘ (aopc )Topc + [(Aa)Aﬁ ]NSX ()

During the data learning mechanism, the variation of power due to the non-homogenous disc
behavior (Aa)ag is stored as a function of the disc radius Ns. When enough information is
collected at the FIFO memory 20, this information will be reduced by using the regression
unit 24. The regression performed by regression unit 24 is for example a second order
polynomial regression. However, any other suitable type of regression may be used. The
obtained coefficients a, b and c are then stored into the FIFO memory 20. Now, a

determination of the disc-dependent control parameter [(Aa)ag]ns, is possible. In an

alternative embodiment of the invention the approximation by the regression unit 24 is
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(a/Ns, = (a,PC )Tope +(A a)WOPC (1) 30 wherein (a)N,, designates the
actual a value, (aoPC)Topc designates the a value of the recording power at
the last OPC procedure at a temperature Topc, and (Aa)wopc designates a
variation of the a value, and thus a powergvarlanon at a WOPC procedure. 8

E@b&%rﬁ'ﬂﬂ HﬁWfPu‘é‘rﬁ’r‘ééﬁ%t|M%?W%Rﬁs%fﬁés%@%H%Hﬂﬂ&tﬁamﬁd?&rﬁ%%gﬁéﬁéé%n
E%equatlon (2): (Aa)OPC = (Aa)Op + A (2) 5 wherein (Aa)wopc is

WW%&P'@A%%HOWH%HW&!B&@&% (Faetrati6h of the a value and thus the
power variatinnschoediaratt e pacatatienciefinge ic&r bBooalequaiedsfaJ) tog5)isan be

BAQGRRLAIR e RIAE Ao S RlANINGL SRR ) flod RdplaRne

esignates
WQQ@@GWWW&W@#T@WWWQ@W@?&@@r@%ﬂ@fm@o@ m/C) Topc

designates thigy| 35 e AREPESRIHIE Pk Bt PR RekEdr @Rt TR 1o a

designates a normalized laser power dependency with respect to
RalrETehgEPOPEERE %ﬂéﬂ\‘?éﬁ%&f&i%%’?ﬂ%s%ﬁ %BWJ@%WSU@ dfideagtind
pertass isdnnratig rpstsmsmmmy mammtadthsmmme‘mwy\mgﬁqmmy (4):

{DOI’I‘ OndgDa QVI\?G?V rid on Vi LLFIrII\ﬁeI% rpe \g{[)lt (Fa & 6}’1:0)8('"%% |t81r|1n|s
position and temperature can be calc I'ate% dse (?n H foﬂ
eem@mml qa)thwmﬂﬁasa%ashu%ﬁ@btﬂmbmmﬁlofeetqmﬂmm@ew(@e or function.

B/ il ki rﬁ&é&@ﬂ)\/@ﬂﬂmﬁaﬁ(ﬁ@}f@wr@n%ﬂtw arheRdata

learning mechanism, the variation of power due to the non- hom g nous disc

9B aeRAGRIGALRB s tardr e ISTRIM OB the ReHiFiRis S b

enough inforpRatenecka step S103, the parameters K; and Ai,q are read by the optlcal 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
so, the procedure jumps back to step S104 in order to supply the possibly changed sensor
input and disc-dependent prediction value to the calculation unit 30. Otherwise, if no
arbitrary change of the recording position has occurred, the procedure remains in a waiting
loop until an arbitrary change of the recording position occurs.

It is noted that the present invention is not restricted to the above described
embodiment only, but can be used in any recording apparatus to achieve a combined
compensation of disc-dependent and of temperature-dependent parameters influencing the
writing power. In particular, the present invention is not restricted to optical disc media, but
can be used for any recording media having the above properties. Moreover its is also
suitable for CAV (constant angular velocity) writing procedures.

Furthermore, any type of control parameter suitable for predicting a required
power variation due to temperature changes can be stored on the recording media or in the
recording apparatus. Additionally, the prediction of the disc-dependent control parameter

may be based on the values obtained from the learning procedure as such, and the



collected at the FIFO memaory 20, this information will be reduced by using
the regression unit 24. The regression performed by regression unit 24 is for
example a second order polynomial regression. However, any other suitable
type of regression may be used. The obt&ined coefficients a, b and c are

EIBRRARERBAHP tHhadgleSicnemes: ARy NowsseRRdRiar MnatiapoalHafts may thus

disc-dependent control parameter [(Aa)op]N, is possible. In an alternative
ARHWEIE SFRRR SRS AIAEEC AP oximation by the regression unit 24 is 9
dispensed with and the prediction of the disc-dependent control parameter
may be based on the values obtained from the learning procedure as such. It
is noted that the calculation defined in the above equations (1) to (5) can be
performed at the calculation unit 30, while the optical unit 10 is then
controlled based on the 5 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 S
101 by means of which the FIFO memory 20 is loaded by corresponding
power variation values. Next, in step S 102, an (optional) approximation is 10
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 S 103, the
parameters Ka, and A;,,d are read by the optical unit 10 and supplied to the
calculating unit 30. Then, in step S 104, the sensed or measured 15
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 S 105). Finally, it is
checked in step S 106 whether an arbitrary change of the recording position
has occurred. If 20 so, the procedure jumps back to step S 104 in order to
supply the possibly changed sensor input and disc-dependent prediction
value to the calculation unit 30. Otherwise, if no
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arbitrary change of the recording position has occurred, the procedure
remains in a waiting loop until an arbitrary change of the recording position
occurs. It is noted that the present invention is not restricted to the above
described 25 embodiment only, but can bk used in any recording apparatus
L .agiheve a combined compensation of disc-dependent and of
temperature-dependent parameters influencing the writing power. In
particular, the present invention is not restricted to optical disc media, but
can be used for any recording media having the above properties. Moreover
its is also suitable for CAV (constant angular velocity) writing procedures. 30
Furthermore, any type of control parameter suitable for predicting a required
ower variatign dl,(lf to temperature chan eﬁis can be stored an he.re%ortdin% id
edia or in e PECBAARY SSRGS KB TB R A I SAEED RV gseting Sai
tiserdiependent fonuser raiainateramizaving beeskatiom pheeyadaidsipiseaine d
g&ﬁbﬁg%@arning procedure as such, and the 10 approximation by the
regression unit 24 may be dispensed with. The embodiments may thus vary
withigarre(5Qoioe tsnareting saidacersmhiadiationIeATMS: 1. Recording apparatus
for fﬁﬁ‘éﬂ@&i@t%tﬁ]%sa(ﬁpﬂﬂfﬁﬁﬁ?@ﬁéi’b_ﬁdfEﬂﬂ'ﬁ%ﬁtﬁﬁ' HRRQEiRARIAGREY 2
focused radiation beam having a radiation power, said apparatus )
confiHRg PONREYRE D) TR EH LR SHR L eI AR RIS RS Afsalsl refoid
predietion aneane a0 024 ydeurpiiepiosinm first control parameter indicating a
E%gga&gﬁzg(ﬁwer variation required to compensate for a non-homogeneity of
said recor élarrier, as a function of a recording position; characterized by: -
secssadnoredititivon rmeams($8Djoioraballetilatia geaosd contiad pataoigteradietting a
NGl QdSRRRR/ U SAERERARR poLaffhradiation power; and
power determination méans (30) for determining said radiation power from
saidIwer defgrmination means (30) for determining said radiation power from said first and

second control parameters for control of said means (10) for generating said focused

radiation beam.

2. An apparatus according to claim 1, wherein said first prediction means (20,

24) is arranged to predict said control parameter based on a learning mechanism.

3. An apparatus according to claim 2, wherein said first prediction means (20,
24) comprises a memory means (20) for storing a table of radiation power values as a

function of said recording position.

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.



10

15

20

25

30

second control parameters for control of said means (10) for generating said
focused radiation beam. 15 2. An apparatus according to claim 1, wherein
said first prediction means (20, 24) is arranged to predict said control
parameter based on a learning mechanisi. 3. An apparatus according to

glaim 2, Whe!@r%&ﬁé%ﬂ‘ﬂfs%d&ﬂ?&f iWaﬂ}F&f&%Q@e pEéDeERIY PHRRS WHBRIAQAYd
means (20) for storing a table of radiation power values as a 20 function of

SERANERSHITHE OIS Y. 'AHaRpR M Gal A RAKP R NS U ParaRisr ised on
asaiddist o redatonareansufbi; 24 capnnresas agpen3a)iamd e pridst¢ad inkor
?EKE%WAPO‘%% fit T%%%&g@n@%%&%%zbe%sr%gi&{'ibn" Wer F%B%%'&‘e%%yf"v‘v”tﬂ ?e%'ﬁect to a
earning mechanism. . An apparatus according to claim 4, wherein said
fadiap padierelenedans (20, 24) is arranged to use coefficients obtained from
said regression operation for predicting said first control parameter. 12 6. An
apparatus according to any one of the preceding claims, wherein said

decond prediCGRRAELI ST HIR0IA SIYBE 1B AR GRIPEING SeadiM e 610) for
pacingeted pased annal measlietbliasdoicropesatlresuapalyiéfom a

temperature sensor (32) and a predetermined control information indicating

a normalized radiation power dependency with respect to a 5 radiation
®avelength. AnAppambesacaer divgdeding aoectithe precadingradmpigitgreemditiging

EARRMNTi AN 51 SRR AR Rl VAIRE PR AR SMing

record carrier. 10 8. An apparatus according to any one of the preceding
ERH further comprising calculation means (30) for calculating a laser
power control value pased &n the folk)winT equation: q~(Nx'] 1~a~NSx -

1+K, (- TPc~K(0PCSTdpe FHARR I | (@orc e +[(A2),

Ns,

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

recording apparatus is an optical disc recorder.

10. A power control method for controlling a radiation power of a radiation beam

used for recording data on a record carrier, said method comprising the steps of:

— predicting a first control parameter indicating a radiation power variation required to
compensate for a non-homogeneity of said record carrier, as a function of a recording
position;

— calculating a second control parameter indicating a temperature dependency of said
radiation power;

— determining said radiation power from said first and second control parameters; and

— using the determined radiation power for recording data on said record carrier.

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,
characterized in that said record carrier comprises a control area storing a control parameter

which indicates a required temperature dependency of said radiation power.



d 15 9. An apparatus according to any one of the preceding claims, wherein
said recording apparatus is an optical disc recorder. 10. A power control
method for controlling a radiation power of a radiation beam used for
recording data on a record carrier, said méthod comprising the steps of: 20 -

@Qed@cting a fKSrE@&Gté%r%%%t%mi%ﬁmQE W@ﬂ?&%ﬁﬁdﬂ%&%iﬁ&er
required to compensate for a non-homogeneity of said record carrier, as a

H0RIEAISH HPAMRESFRHIIRGE"ROYRBAEReRLREGIAY £ PEELRY YN Barameter

indicating a temperature dependency of said radiation power; 25 -
dgtermining i\a'rgc@&* Ao B?gf%ﬂ&% %c@%%f PR SECPnd SONOL o are
parameters; and - using the Stermined radiation power for recording tata
oempisesecrriteeviepf said Acpetsbeardelirier having a recording layer for
recording data by irradiating the recording layer by a focused radiation beam
having a radiation power, 30 characterized in that said record carrier
comprises a control area storing a control parameter which indicates a
required temperature dependency of said radiation power. 13 12. A record
carrier as claimed in claim 11, wherein said control parameter indicates a
normalized laser power dependency with respect to wavelength. 13. A record
carrier as claimed in claim 11 or 12, wherein said control area 5 comprises a
pre-groove of said record carrier.



