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1 Method and apparatus for determining an optimum power level The
present invention relates generally to recordable optical storage systems,
and more specifically to a method of and an apparatus for determination of
an optimal laser power for use with recorbiable optical storage systems and

RRIGS SHIBGR AR SorudSHRiNEY SNoWMm P& (CRyYpact Disc-Recordable)

discs and the like are made up of an optical stack. The stack commonly
consists of polycarbonate substrate, a sensitive dye layer, a gold or silver
alloy reflector and a protective lacquer coating. Data is written to a disc by
focusing a high power laser onto the dye layer so as to heat an area such
that the reflectivity of the area is altered. The areas form a spiral track of
variable length 10 marks (low reflective areas), and lands (highly reflective

areas betwequ]lélﬁ?eggﬁtr kentidq rEER gepﬁ%go%gb@ ﬁﬁ@%@%%stems,

encodes the data to be stored on the disc. Each transition between a mark

ArdararfoReraiierArda TBITESHhAast 8 ABPAMYSIdAT drictriraicn af gateptipal laser
yatug. fihedandsracertypicalbyichtordrigelogkceyctad tplrapitogt tasdsl T where
"T' represents the data clock period). 15 Precise mark length is critical if data
is to be represented accurately. For example, if an optical reader reads a
disc with a ndmberadf B wiatke-Gr (GanigatiddiseRtwordarig) diseserncobidibe are
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data retrieval, and, in extreme cases, read-failure. For this reason, it is .
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lengths oyer.the ticular disc being.written..In order to achieve accurate
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Disc 25 ReWritable), DVD+R (DVD Recordable), DVD+RW ( .
RERA MY DVDIRAM et d & mdrasrecarsprande it ipohrHerhercediagel a data
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lace. The optimym laser recording power should be determined for each
epresents the data clock perlod?

Precise mark length is critical if data is to be represented accurately. For
example, if an optical reader reads a disc with a number of 3T marks or lands that are too
long, these could be misinterpreted as 4T features. This misinterpretation may result in
incorrect data retrieval, and, in extreme cases, read-failure.

For this reason, it is essential that optical recorders are able to monitor and
maintain the quality of disc writing in order to ensure the accuracy of all the mark and land
lengths over the particular disc being written.

In order to achieve accurate mark/land lengths, there will be an optimum laser
recording power for the disc/recorder combination being used. The optimum laser recording
power that should be used when recording a disc (e.g. CD-R, CD-RW (Compact Disc-
ReWritable), DVD+£R (DVD Recordable), DVD+RW (DVD ReWritable), DVD-RAM etc.)
is therefore dependent upon the actual disc, the recorder being used and also the speed at
which the recording is taking place.

The optimum laser recording power should be determined for each

recorder/disc combination at the actual recording speed. Such determination is called an
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recorder/disc combination at the actual recording speed. Such determination
is called an 2 Optimum Power Control (OPC) procedure. The optimum laser
recording power will allow the recorder to produce the correct mark/land
lengths for a given disc at a given recordifg speed. Two different OPC

@fﬁﬁﬁ%@év@e‘i%ﬂff@l@?@ yes.fanReeardpig (R )la?éﬂ‘i’e&ﬂaﬁ\é\gﬁ%@l%l@ﬁ&v
. For

optical storage discs -discs "beta' and 'jitter' (or “sigma’) OPC methods
e GRATETaIR RIRE WIS RIS In e anih A SHEMHBE i& Asdtrassreding
&R&d. procedure. The jitter/sigma OPC procedure is one of the most
commonly used od itter is a statistical measurement of t ariation
i mark of o oA A PSP st 8, T
GeMartdahie W eopfitirhityama drsesvHich Rodiigs wiatsn and ikl 6avre e 2 OPC
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being used which is pre-stored on the disc (see for example DVD+R, Basic
POt S pERGHELTGHEMS YERERTPRESEFO RS 6F ReEIABIBEhpacd BRRods-

HustemsstiRRricH! ©dAsRenystemhkS Aasen piiamkkl ofoindatoninayubea mean value
re-st a disc which provides a recarder for e le with an

o1, €ac rr%gl %li’]lt?h and 1S a. eneéglcﬁlef%s%re of:%mlr@lsla‘:ors Wfl(fac(ipgcc wnen a

indicative pom’%er’leve with w egin an procedure. This
mfonvitionienepdiatathowever, always be correct, and can result in OPC
failure. A further disadvantage of presently used jitter/sigma OPC procedures
is the requirement for large amounts of disc area for recording test patterns

in order to avElEP B0 WA edinds a€ brsedamaarifrierya presd
alpiap hechouniarenceief tae BissahiigelargptRs BaraaAsowIE B REgfReREEd
etract from.the space available for data stqrage, and the Isp take a
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procedure which may be executed at inner and/or outer test zones of a disc,

HHOrWHiCR BosRInMeE Her phype biscaasskiite 4anits Wb HVERioRH Rter OPC
procedures. 30faceidingiaady st pepaatyoldhe)pkesanhinyROtRFcHAere IS the
Prov.ided a Fnelthod . , .

equirement for large amounts of disc area for recording test patterns in order to average out
variations (such as disc eccentricity for example) along the circumference of the disc. The
large test areas which are needed detract from the space available for data storage, and the

tests also take a long time to perform.

There is therefore a need for a fast, space efficient sigma (o) OPC method

which is also independent of information stored on a disc.

According to the present invention there is provided a fast 6-OPC procedure
which may be executed at inner and/or outer test zones of a disc, and which overcomes the
problems associated with conventional jitter OPC procedures.

According to a first aspect of the present invention there is provided a method
of determining an optimum power level for a laser device for writing to an optical storage
medium, the method comprising defining a test region of the optical storage medium, using a
laser device having an operating output power level, writing a predetermined data pattern to

the test region, measuring jitter values for the predetermined data pattern, and selecting an
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of determining an optimum power level for a laser device for writing to an
optical storage medium, the method comprising defining a test region of the
optical storage medium, using a laser device having an operating output
power level, writing a predetermined datalpattern to the test region,

BIRASHARRIE @RS fon hepepdeiry TiBeg drtrnaltenn . aRd RPIRCHPGAN 3

optimum operating output power level of the laser device for writing data to
ISR St FREEMPRTHES SASHEE LS s hiBasare et e lis!
thiiepin i piotaeralewebr minopisin gtthesjtterdviah e Hamtheiojatioahstorage:
medium, characterised in that, durin riting of the predetermi data.
A s L b A R T S i e
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In a second scan of the medium, the operating output power level of the

RYR P HEN B A RRICREERIRANY Y RRETRYF LR EthstrsTiABYSSrisiricimerarting
to ihecbrst pradetarmiaetoplofiefAeaatdingintdedeendiasppeiiof. the present
invention the{rg (i:slglrgv'{ded 1Ona(\1oeparatu§ i(k)r determining an 0 timum\ggé/(\{er

level for a laser device ?(51rs\?vcr(|)t|ng 1 egnootp ?é)arfisg?o%%? me Illufﬁ,l%ﬁ(rao
apperttud cdetponisingg meansfor pefieihy d fest teggioteofeHeroptited tstoragtcal
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write'a predetermined data pattern to the test region, means for measuring
fitOERSFARFIE B ARSI B ST NI ANRRS PGP RO Wi S s aRsEtflg trvrite 2
pRidaeiMiaREdating @uipdtpowarrigus] ofichastha lassutdeyicefanweling gata

to tg Oﬁicﬁlfttora e medipym in depepdence upon the easurtedtjitter level of
balities] the optitbim power leverminimising the jitter Pafie Yor e optical - °©
stoltagre dradiuior, whang cleri se thbynpiowetoadje strdanh meknsndparatmen during
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the medium, to vary the operating output power level of the laser device
SCERFRINE B ARSTASIIERCEPNRRRE RGNS Alvan TRt (e fiRg &MHRng of the

pregdeiammineddaapatiendeibe iest regipRtifcahsFepnth&Gam abthey the
PUt Lc{gdpower leyel of thtgtrlaser device

E)n%gaig m’ot Ot Vlftlr owgr %Qg{%y%% ase] 1CE acLor to a first predetermined profile
SRLEHR GHB Y RGBSt AT SFHRS ittt A HS s st Protie,
prddétangimetdngrofifle: bradetemmite pdatraratestap pietieveryighDR/ ATORd scan of the
(AREIRSol0 R Br S P B R BRI B G Py RRVEN I RIS BRABLE 3% Beond
power step jitter is measured a

predetermined profile, different to the first predetermined profile.

Laser write power is stepped every ADIP/ATIP (Address in Pre-
groove/Absolute Time in Pre-groove) frame, and at each power step jitter is measured a
number times (after writing is finished) in order to obtain an average for that ADIP/ATIP
frame (and hence power level).

According to the present invention, the laser write power may also be stepped
a number of times per ADIP/ATIP frame.

The method of the present invention provides significant advantages over
presently used OPC procedures in terms of speed, disc space usage, and due to the fact that it
may be used for all recordable optical storage disc media independently of the information
pre-stored thereon (e.g. CD-R, CD-RW, DVD+R, DVD+RW, DVD+R DL (DL = Double

Layer), DVD£RW_DL, DVD-RAM, Blu-ray Disc, etc.).



10

15

20

25

30

25 number times (after writing is finished) in order to obtain an average for
that ADIP/ATIP frame (and hence power level). According to the present
invention, the laser write power may also be stepped a number of times per
ADIP/ATIP frame. The method of the predent invention provides significant

advantages @ygh 30:-RiASRNINHIRHMREIR QREART B 4 6FMS08 ﬁ@@l@lﬂttgjﬁpc
space usage, and due to the fact that it may be used for all recordable

B bvREY 4Rt media independently of the information pre-stored
thereon (e.g. CD-R, CD-RW, DVD+R, DVDfRW, DVD+R DL (DL = Double
Layer), DVDIRW DL, D D-RAI(\:Qg @Iu-ra Disc,.etc,). 4 I% n.exe Iav(;{llbe

. eﬁ: and other o‘trq'e TeatureS and advantioees € imventi
embodiment of the present invention, a two track jitter procedure is

providedronh dxefel vavotheroobjects ufeateresptioes af vartayasnes ofichinveemiom as
mwsggtéi%pgfgrg&gf{@gﬂ}h% tggg,\{yligsg {iQre particular descriptions of
n

embodiments of the invention as lllustrated in the accompanying drawings,
where Figurd EYEpILSRITS < IR dtithmical EBRWiec; Figure 2
represents anworéraekpRatPiesedtick D RCpascaneeiwitt shepresetthe present
Eg\\;gﬂgior_\; 10 Figure 3 is a graph representing adjustments made to laser
powerolne’vels in accordance with the present invention; Figure 4 is a flow

chart of the rigtimed of 2heaphaspresinueatdnsEigusentdielittscapays fvpbwer

Mljggggevmm@ﬁ&%qmgv%@gh{exemplary embodiment of the present
invention; 15 Figure 6 depicts arrays of average power and jitter values
Hﬁ‘t‘i‘dﬁi

according to H§UExGpENY & e Atdrahaiphe Sae VeGSR Figure 7

further depicts @iy d&@iouelryaondjiianr vallipsaceneding éadaly ©xaralanlary
grrhbodimentf%ethe gresent invention; Figure 8 further depicts arrays of

a@e?gérgeﬁl&\(fver ana Jef telrn\\/'gfilltjlénsl;according to 20 an exemplary embodiment
of the preserﬁi'gweﬁtibpi,cts arrays of average power and jitter values according to an
exemplary embodiment of the present invention;

Figure 7 further depicts arrays of power and jitter values according to an
exemplary embodiment of the present invention;

Figure 8 further depicts arrays of average power and jitter values according to
an exemplary embodiment of the present invention;

Figure 9 depicts an array of average power values according to an exemplary
embodiment of the present invention;

Figure 10 depicts an array of average jitter values according to an exemplary
embodiment of the present invention;

Figure 11 is a graph of average jitter measurement versus average power level
in accordance with an exemplary embodiment of the present invention; and

Figure 12 is a further graph of average jitter measurement versus average

power level in accordance with an exemplary embodiment of the present invention.

The 6-OPC procedure of the present invention is executed using the test zones
of a disc. In order to provide fast and space efficient OPC, an embodiment of the present
invention provides an 6-OPC procedure using only two revolutions of the disc.

Although the present invention will be described primarily with reference to

CD-R(W) and DVD-R(W) discs, it will be appreciated that the present invention is applicable
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Figure 9 depicts an array of average power values according to an exemplary
embodiment of the present invention; Figure 10 depicts an array of average

jitter values according to an exemplary embodiment of the present invention;
25 Figure 11 is a graph of average jitter Measurement versus average power

and I6vel, (hAcA9EEARLS: Wikiah SxeralRN sMhpdIIsHhat hadiRaaRt nieALoN

ure 12 is a further graph of average jitter measurement versus
Hyerag orbsw,%? TRSAITR dC¥GTHAMRE WitA S TEARYAMISR SHsSaRHE R oot
nfﬁsaﬂwmmanwoﬁhea-@HﬁLpﬁﬁae}iuuie}o]Dtm q@eesent invention is

executed us C’P%the teﬁé zonea of a disc. W‘Qde fgst (%1& Spg crgﬁon

1 d Stan
efficient OP iment of the | presen% |nven ion provi an o-

procedlre usindgomg e teelvotatibmslof dise, distanyBBU gotlsdyseas generally
tvedion wihRe-descdbad prmarilyowith raiersRcade (PsREV0a04 and lead-out

DVD-R(W) discs, 1t will be appreciated that the present invention is appllcable
BICR5 Ay EbREETEL BTG BT IS S0Pt T ¢4 SelF Hoerths Brsshid
tﬁvauﬂbmgnmfmnm@H aeierdheond@siugsed-orexxasaphe 1he, prasesnt m&mymlﬁded

soa Ilcable b tnot limited, to DVD-R L DVD-RW
e gt LR o Bt R B el el o
2jbtm/‘tl}sneé;al|brat|on 5 area’ (PCA) 1 is defined as a test zone for the disc, and

any OPC proggdiyie i ganarivueried. Qéﬂé&‘ RisiregOPRING BRGAove) and

program memory area (PMA) 3, lead-in and lead-out areas 5,9 and program
P7 @Yesplycidiseedn ﬁ%%ﬁ%%veaéfaé?esﬁ&SF@%?ﬁttsa{ﬁ%cm@géﬁ@eﬂwenuon
and will not th@l’ﬁf@%ﬁh@@e@%@ﬁﬁﬁﬂnfﬁh@r@d@@&& HBeilla@BEI1are Mergijove keeps

cIu Ietenes em SIS thatt sept invention is
e ST B A B R T e et
20-0Hd am@tmh%@deﬁsnﬁwwwwe) eideATitPingAb&wtaee ofiteehinrecorder.

Pre-Groove) fies IRAANHANAReAsBcAICinAMEdia AL ARGRIRNR R orcats

pre-cut spiral groove that oscillates’s éhty The roove keeps the write head

fineRiAbisiopealpcking sengsknpiivas ﬁé@éﬁ)&%{? itRerBggEIeY Gh 1B)- The
3 Nakdnzat Mmereivrl sp@edoiarnCidFRWdifiseshidig wides tirvND VITHo RWH @iscs

tgetggc{l a%oorr(ljﬁaé a frequency of 817kHz at nominal speed. For DVD-R(W) discs the
frequency of oscillation at nominal speed is 140.6kHz. Timing information comes from this
modulated signal.

When information is read from the disc the oscillation can be demodulated to
form the timing signal from which time information may be derived. Thus the position on
the disc during writing/reading can be determined by this ATIP (Absolute Time In Pre-
groove) information.

For DVD+R(W) discs there is a phase modulated time signal. In the same
fashion to CD-R(W) discs, time information may be derived from the phase oscillation in
order to give the position of the disc during reading/writing. This information is called ADIP
(ADdress In Pre-groove) for DVD-R(W) discs.

There are certain number of ADIP/ATIP frames per disc revolution.
According to the present invention, the OPC procedure is carried out on a small area of a

disc, so that a constant number of ATIP/ADIP frames per revolution are used. Specifically,

according to an exemplary embodiment of the present invention, 9 ATIPs frames are used for



10

15

20

25

30

The oscillation is frequency-modulated with a +/-1KHz signal, which creates
an absolute time clocking signal, known as the Absolute Time In Pregroove
(ATIP). The oscillation can therefore be thought of as providing a timing
signal. For DVD+R(W) discs the oscillatién has a frequency of 817kHz at

EOMPRHIPEE darfdOr VPRI HSGIIG 2BVIBAUENL Y Qk PRFIHATRRMSH ﬁat the

nominal speed is 140.6kHz. Timing information comes from this modulated
Ugar MRS AiiStion is read from the disc the oscillation can be
demodulateclztgulfemhmestammgtﬁ@nal@mw&dhra macta&wmaélontmayﬂiesent

erived. Th the |t| n.on the ri din n be

S e B o S R e R AR S  eor
DVD+R(W) disgsrthegdasha phbedmeoticdaterifinddgifaksiA thé Sdhedaser power
I%Q'Rrbﬂgn%a RO Hizesiplirep om0 asian may.a derived Fomhe, PRRSSine

oscillation ih order to give the position of the disc during reading/writing. This

theotiatsopciBstaner DM DS 1 IPRE] s eVE) o PDXPD-RaNAPHides2 spyen

1ere-AmRscebiatinapban %M%&Uﬁt@ﬁ?&ﬁlﬁ&f dise revaitiRand max1mum
According to the present mvenUEn the OPC procedure is c fgd-“fed out

SHFAIMAFE R DYLS (Y, 95 THUPA CohRESME PRIATE B GRS ATS Féﬁ?é?& f)lér
revolution are\ lisedti Specificaldyrdaccopding towd exesmplaricke iv dedissgptdby a

K&Qd@( GRERLERNPD, & %ﬁﬂlp % %‘{?eQ&engQ{ufﬁfegD R(W) discs, and 7

ames are used dISCS per revolution (at the inside of the
optical disc). [Pigitesa Jisth sveletigtoteraeROLOP T Brstadisein Aedistdaraser

pathethevBraseni ipeRtionamnd. o s/ esteatesdp el ayRkEaRE8Swn in
durln%ahatéﬁrocedure 5 According to the embadiment exemplified by flqures

S S RS PR M GBI s RRARG Y R AEh KB A TP R RSB,
powgotedetd s deterenifoe chbyidivieintytitieod e téscenb btivetesi thEnmirtien uﬁpower

ﬂer\]/glgil%)\sier%%er:pl 3 ﬁe\grltﬁggv}ﬂ? §I‘OCQA1? Qll% ][(Qe af(glvgv rf%?g r/gﬁgvolutlon with

combination and the number of steps required. 1he R
s PRty adiengadys fhperamiga®é pre-programmed parameters of the

recorder. 10 AlterpativeigarstaadasvaiaitRevRhsQUd:RE HRaddyicRysitheR 11

stepped b%/
are dlfferen in sequence to those used during the first revolution 13. This shift ensures that

ADIP/ATIP frames written with a given power level during the first and second revolutions
will not coincide on the disc.

According to the exemplary embodiment of the present invention as shown in
figures 2 and 3, at the start of writing the next track 11 the sequence of power levels 103 are
changed as shown in figure 3. In this way, any possible problems associated with non-
homogeneities of the disc along its circumference are averaged out.

Specifically, adjacent ATIP/ADIP frames in concentric tracks do not contain
information written at the same laser power level. As a result, a non-homogeneity along the
circumference of the disc will not cause an anomalous reading at a particular laser power.

After writing according to the sequence as depicted in figure 3, jitter is
measured a number of times at every ADIP/ATIP frame, and is averaged. Jitter may be
measured using conventional techniques. For example, a timing measurement circuit in the
recorder/player in question may be used in order to provide jitter measurements in relation to

a clock signal for example.
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predetermined amount every time a new power level is required. During a
first revolution, test data is written to a disc at a particular laser power level in
an ADIP/ATIP frame. The laser power level is then adjusted as shown in
figure 3 and the test data is written to the hext ADIP/ATIP frame at this new
power level. $R.ThaHPceAL G SeRtAVES: iardhe drsiirevPBIion. Rk e diSGs

until the desired number of power levels have been sampled. The same
pratsul e sERRATHEWR J fgreat SEush Mol fion IR e eatiRraadidhe
ahdingiest as phawn invgise 3. As shown in figure 2, the power level changes
during the second reyolution 11 . are different.in sequence to those

during the firs Pr‘%e ofue{t(l% 5 h |1§Vs% Segnescl%%s}fﬁ%% r%)rgﬁl FAMPFIB lrr&a%é%“
wittentivhhsangiventpewabDiByalldb fingehsifissthandvsadond sevolediarmtemifiol.
Q\Q‘s&%@@@ﬁ?tﬁ@r@%@rgé%et%ﬁﬁﬁ{&i%é&é?ﬁl%mé’@%mw%ﬁé)ﬁéﬁﬁular

present invention as shown in figures 2 and 3, at the start of writing the next
fRACR 9™ HE- BB BRRESBpRARIST BV Fesbara seratfdedas SR figeraincd
b dheis Way wayh possible prohlesns RssacErethystbdoaaz2bhpinageneities of
the disc alongf'%ls > irgr%mferrenc%tar? veraged out. Sp?cgfic?[% adLacent - level
ATIP/ADIP framés ih COncentric tracks do not contain information Written at -
theckatné dastep pefWeridvid. A presultracromrhesnogeneity along the
circumference Rf {16 AisanihoqtCatesa) ANAPalRKS Jeadind.ataiRasticulas

laser power. After writing accordin%lcl) the sequence as depicted in figure 3,
fiElertrsl f9p thegaurer WRInbErR Yhe S HE@odry Iaoi PRATDef EYRIVUPRS fC
apiageitdittemeasyr&bfom@aseveltusing eepveotional techniques. For

example, a liing measrement iyt iy the tecorderplayerin QUEston, o, o
may be used’in‘order to provide jitter measurements inrelation to a cloc

ﬁ_ig Mddiémqgwrﬂn_mmﬂfm tbe m@tm@weiﬂvecmiphta@ fexembplifiedutipn.
figures 2 andn?wm%%%?&ﬂ@@{mgéﬂ VoSG hudichy ﬁ@@é‘é@ﬁf%"

chart in accordance with the method of the present invention. At step 1001, a

pOWEsdevrnicdeddridar s it Brg oo sty AD0BatasE BrvfdrrARbariacent
WA QI RAA B hiinneausingethe: peler evetiralgstesbatsier 1P the

reasons outlined above.

When using an inner disc test zone, for example, 7 ADIP frames (for
DVD+R(W)) are used per revolution, or 9 ATIP frames (for CD-R(W)) are used per
revolution.

After writing with the different powers on ADIP/ATIP frame positions, jitter
is measured. Once jitter has been measured at each ADIP/ATIP frame, enough information
is available to average out the variations along the circumference of the disc. This will be
explained in more detail below.

A table is shown below, which shows the jitter measurements for the power
levels used during the test revolutions. In the table, n is the number of ADIP/ATIP frames

that are written per revolution during the OPC procedure.
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At step 1005, the recorder determines whether the procedure is complete for
a particular revolution, i.e. if all necessary power levels have been sampled.
If yes, then it is determined at step 1007 whether further revolutions for the
OPC procedure are required. If further méasurements are deemed necessary
at step 1005, a new power level 10 is selected at step 1001, and the OPC

procedure caontinues. If

further revolutions are n

FkftElpower is sel
Alternatively, if no furthe
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th&t'sdjacent ADIP/ATIF

frames in concentric tracks are not written with the same power level for the
reasons outlined above. 20 When using an inner disc test zone, for example,
7 ADIP frames (for DVD+R(W)) are used per revolution, or 9 ATIP frames
(for CD-R(WJ)'&H 0488 Has raititismr KA ommig wntrone hirrehi Powers
endAREPHERE-dradne pasHiansy jilter pswaclaselsgtr QRoRijitiefdr&sdeeblutions.

T3S, a?edasa%ltli?ew(ﬁ%heéac\:
average out the variatio

ns along

is,available

IF())/\%A‘J lllgvfer reéac ?e“v%f'uﬁgﬁ’."ﬁ? tiora]lmz € ng a ijrst
%e clrcumtierence O¥ ?ﬁe CPISC.dJHWI§WI1 f)e

to

explaimeachin pover doteilfyetovitcAviddeds, shobimizeloWenatichssbrowst the jitter

m
ta

asurements for the power levels used durin
R e

Rt PEFTEV

etestr Vogjtlon%Pl&pﬂt}%@er level

AUrirgnifer @RI progebl (6e)i86 SrcPovvercheteal. dittee Meas pemenitditieturing the

'éécegnsdJ {5@&%&&%{%\/8'{‘%'%2: {‘g_srll,l td %}/eoélfl}aluolggd En%gvgé% lg\(?égorder P, to P,

though the power levels are applied in different orders for the different revolutions.

cven

Figure 6 depicts how, in an exemplary embodiment, the results from the

measurements of figure 5 are averaged, the results of which are placed into two new arrays

for power and jitter respectively.

In figure 6, two consecutive power and jitter values for both a first and a

second revolution are averaged to provide the values of the new array. So, for example, the

first two power levels for each revolution are P, and P,, and the corresponding jitter

measurements for the first and second revolutions are o, ,,0,, and o,,,0,, respectively.

The two power levels are averaged to give the value Po, according to equation (1) below,

and the four jitter measurements for the two revolutions at the two power levels are averaged

to give ofl, according to equation (2) below.

Therefore, averaging two consecutive power and jitter values (as described

above) is performed using the following equations:

P = (P, +P,..)/2 Vpe

oﬂpz&%1+aﬁ2+awmj+awm2y4 VpeN:0<p<n-2

N:0<p<n-2

(1)

2)
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PI-1 6(n-1).1 6(n-1).2 Figure 5 is a diagrammatic representation of two
arrays obtained for power 5 and jitter measurements using seven laser power
levels per revolution for two revolutions. Jitter is measured at each power
level for each revolution. For example, duting a first revolution at a power
level PO, a jitter value 601 is obtained. Here, the subscript 0.1 indicates that
it is the first (1) jitter measurement obtained from the first (zero-th) power
level (0). Similarly, the seventh (6) jitter measurement (i.e. at the seventh
sowerle\viahnduringdise Hdvieso rdee2) diexoliiie pis 6Ghd Theredulisataveraged
arranged in power. level order Po to P6,.even though the levels.are
T R R g R R O b e e
Ay angen@of thary comsodinraraythanestiis viebwes tHahenbave rerivanedbligedesng
alerBNsraRedythg results of which are placed into two new arrays for power
and jitter respectively. 15 In figure 6, two consecutive power and jitter values
for both a first and a second revolution are averaged to provide the values of
thog Qeépxq/ arpqy+$9+,zﬁog exaqple; (NLe_q &r_gt_two power levels for each) revolution
are P. and I%’l, and the corresponding jitter measurements for the first and
second revolutions are a0.1, 61.1 and a02, Ul 2 respectively. The two power
levels vera to giye the value Pgo accpiding to equation (1) below, 20
%tr}e f?‘)ll?; jgﬂze%%rr?ggé%r\éeﬁﬁ%?sgf(&zfhzof\ﬂg)'?e’?vlé)jlutions at the tw@)power
levels'&r& %sehégécﬂ d'give cr10 according to equation (2) below. Therefore,
averaging two consecutive power and jitter values (as described above) is
rformed_using the following equations; 25 Pop=(P+P+112 VpeN:0<p<n-2
O QBB e s P60 S BT B UG Jagrgn s 9 and
Similarly, figures 7 and 8 show how three consecutive power and jitter values
are averaged and placed into two further new arrays according to equations
(3) and (4) below. Therefore, 5 averaging of three consecutive power and

jitter values cfth&rbRANECtABIEr iAgpferHIsd RsRuyatioasiollow iy BeBeBhs; stored
ReSHRRB tipR4R) BrigaeN:assess (3)

Ps,, = Po, os,, =ofl, VpeN:0<p<n-2 %)

Ps Po 08y 40 =012, vgeN:0<q<n-3 (6)

2.9+l = q

This has the advantage of providing more samples which will enable a more accurate fit to be
obtained when the average jitter is plotted against the average power.
It has been observed that the relationship between the averaged power levels

P,, and the averaged jitter values o is quadratic in nature as depicted in figure 11. The “+”

(1))

marks 20 represent two averaged power and jitter values, and the “x” marks 22 represent
three averaged power and jitter values.
In order to determine the power level that represents the minimum level of

jitter, the minimum of the function relating o, and P, (o,=f( P,)) should be found

(ideally by second order curve fitting). Given that the new function is observed to be

quadratic, by finding solutions to the equation (in which a, b and ¢ are constants):
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10 cr2q = (cq.1 +6q.z +6(q+1).1 +6(g+1)2 +6(q+2).1 +(7(q+2)2)/ 6 4
forvgeN:0<g<n-3 () The values from the four new arrays are now placed into
two arrays as shown in figures 9 and 10. 15 The four power/jitter arrays
defined by equations (1) to (4) may now b@ stored into the two separate
arr@_ygFg;i\iL b%lé)w: Pszp=Pop aszp=crlp VpeN:O<p<n-2 (5) Pszg+I=Pog
(O}iszq+i'°‘:0 ¢ VgeN:0<g<_n-3 (6) This has the advantage of providing more
samples which will enable a more accurate fit to be 20 obtained when the

a era&ef{)i}gg is plotted a((%efin ttths average power. It has bg[aenlobserved that
thePetat nship etWwedh ?\‘éuaaveerag_edeOWe?rFevMsl ,eé)ﬁdl{ﬁepao\‘}veerraged
jitter values G5Jg-0yadratic MWI%I@%@Q@%@%U e dd-. /'HFSEQJO", Warkse:
20 represent two averaged power and jitter values, and the "x" marks 22
represent three averaged power and jitter values. 25 In order to determine
thespowgL lgvel that represents the minimum level of jitter, the gjimum of
the flnction relating 6s and P (o-, -f( P )) should be found (ideally by second
order curve fitting). Given that the new function is observed to be quadratic,
by finding solutions to the equation (in which a, b and ¢ are constants): 10 6s
=aP 2 +bP + ¢ (7) when do-, / dP =0, we can calculate P = Pa , where Pais
the optimal power. Figure 12 shows a typical plot of 6s vs. P . When do-, / dP
=pw(()7, gvem@@): 5 2aPQ+b=0 (8) and so 10 PQ =-bl(2a) (9) whergsg and b are
coefficients obtained from the polynomial regression. The new optimal power
Pa corresponds to a minimal jitter value of the fitted curve. Therefore, Pa is

PR RRHIIHM JRSEIWHEROWESnkE £ING !ﬁ@ﬁ&pf?&ﬁ%ﬁlﬂ?@ression. The new optimal

power P, corresponds to a minimal jitter value of the fitted curve.
Therefore, P, is the optimum laser write power, i.e. the laser power that

produces the minimum jitter value of the fitted curve, which is symmetrical about this

minimum for a given disc/recorder combination at a given write speed.

It will be appreciated that in the exemplary embodiment given above, averages

of two and three power and jitter values were used in order to calculate the optimum laser
power. Averages over a larger or smaller number of power levels and associated jitter values
are also possible however, and the above is only to illustrate the present invention. For

example, if even greater accuracy of P, is required, an average over 2, 3, 4 and 5 power

levels and associated jitter values could be used to obtain the curve of figure 12.
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15 produces the minimum jitter value of the fitted curve, which is symmetrical
about this minimum for a given disc/recorder combination at a given write
speed. It will be appreciated that in the exemplary embodiment given above,
averages of two and three power and jitter values were used in order to
eqlgylate the optimum laser power. Averages over a larger or smaller
number of power levels and associated jitter values 20 are also possible
however, and the above is only to illustrate the present invention. For
example, if even greater accuracy of P a is required, an average over 2, 3, 4
and 5 power levels and associated jitter values could be used to obtain the
curve of figure 12. 11 CLAIMS: 1. A method of determining an optimum
ower level for a laser ? vice for writingg. to an optical s} age medium, the
ethod compr SRR g RS LRE B Rar e hsaH
writing ta pregetelsiimegt datdipattbemtchbd daspregign using a laser device 5
having an opgrating HIRYLAGIES RV MPASHIRg.IlieLYalues for the

predetermined data pattern; and selecting an optimum operating output
power level M&Wégéﬁgﬁ‘éfé%%@lﬁérd%ﬁiﬁﬁ&%tgé teé s piveatsins rabjechisiGen
dapandgacadpaniigseasiked jitter values, the optimum power level
minimising the jitter value fora(ghe ?f%tﬁial stqra e.meo(ljum, 10 chargcterised in
that, during vWé?ﬁlérlB\gtﬁlgeﬁr‘é AR IR AT RRET 25 8L ion in a
first scan of thieamedanrptineropexading outputpowelcievel didhadaderndevice

RrYAHesh GG oRdingida &J%E@e%ﬁgﬂﬁlﬁﬁH‘H@S&R&%Q‘?@H%@HQ&%‘@’J iiﬂé%r%m?s,

predetermined data pattern to the test region in a second scan of

He anirUA O BYeT AR15Y BUHBUL PR he i lisioladfater IHs et beoTeecig it
according to ggaeRnd-Rradriermined profile, said predetermined profiles
comprising a plurality. output power level steps, and said, sec

of org ratin g) , fond
redetormin GG B IR T B ARk L DS, (RS B df b s
suhoftiattiedivinetbpepatingoutput powerdevied {BE hser Ryideforwaritihgcthaling

B %%%?SE%HE‘%&%% Fﬁﬁf"er%ﬁﬁ Aty Cwﬁt?@%“ﬁre Qi QRHIEN to the

optical storage me In the first s¢an o
test region in a second scan of the medium, the operating output power level of the laser

device is varied according to a second predetermined profile,

said predetermined profiles comprising a plurality of operating output power level steps, and
said second predetermined profile being different from said first predetermined profile such
that that the operating output power level (Py; ... Py ) for writing the predetermined data
pattern to a specific angular area (0;... 0n) on the optical storage medium in the first scan of
the medium is different from the operating output power level (P, ... Py») for writing the
predetermined data pattern to said specific angular area (0,... On) on the optical storage

medium in the second scan of the medium.

2. A method as claimed in claim 1, wherein at least one jitter value is measured
for each of the operating output power level steps of the first and second predetermined

profiles.

3. A method as claimed in claim 2, wherein the step of selecting the optimum

power level comprises:
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20 the medium is different from the operating output power level (P1,2 ...
P,,,2) for writing the predetermined data pattern to said specific angular area
(01 ... On) on the optical storage medium in the second scan of the medium.
2. A method as claimed in claim 1, wherdif at least one jitter value is

measured 2gderman!y afihe RS AN MR RPWELJGY BbRERS of, DR MR! range

and second predetermined profiles. 3. A method as claimed in claim 2,
WHAHIIES SR RIS &ty TR Bt RIS eI BB hPIOSEcs 2
determining adnation:\ifdiehs sl dliastjitemv@ e power Ilevethavamiftssaige

Vearﬁ'gng output power levels in the first and second predetermined

of o
B%fﬁes; determining from said function an optimum power level that
minimises the jitter value. 5 4. A method as claimed in claim 3, wherein the

gtep of determiingoihs RSN SIFHNE JHFRFYAME {RPaveTlava] 15€fon

for respective pairs of consecutive operating output power levels, obtaining
FeleHBR ST a fensdeic s 8RR Fespective average jitter values from the
jitter values 14 eQMLEPOPEIRG f@IhQSEIRRNIPREAIITIHGEOPArPINGrALLPII! FIuiRihg
Ie\S/eISé. and determining a [uncéion whti.ch relates .tt e average 'ittt rv gues 0
thdaverage power levels. s, "A method as clainled in claim 3, wherein the
sterspbuditeg taithiogy treskeotionpdBtiedativippjittevenlesito power level
comprises: f%{&ﬁnﬁ&gvaefﬁﬁa@g&mﬁgﬂ%agfétg\fﬁe%@l@gﬂat%%mwﬁé IQuelse

obtaining respective average power levels and respective average jitter
PANRELSYEYh the jitter values corresponding to those consecutive operating
output power levels; and determining a function which relates the average

tter values tgthe average. 20, power levels. 6. methoc%gs claimed Ln lai
. . n{etho aa aimed 1n claim 3. wherein the step of determining the function
, Wherein the step of determining the function
relating jitter value to power level comprises:
for respective triads of consecutive operating output power levels, obtaining
respective average power levels and respective average jitter values from the jitter values
corresponding to those consecutive operating output power levels; and

determining a function which relates the average jitter values to the average

power levels.

6. A method as claimed in claim 3, wherein the step of determining the function
relating jitter value to power level comprises:

for respective pairs of consecutive operating output power levels, obtaining
respective average power levels and respective average jitter values from the jitter values
corresponding to those consecutive operating output power levels;

for respective triads of consecutive operating output power levels, obtaining
respective average power levels and respective average jitter values from the jitter values
corresponding to those consecutive operating output power levels; and

determining a function which relates the average jitter values to the average

power levels.

7. A method as claimed in any one of claims 4, 5 or 6, wherein the function is a

quadratic function of the form o = aP*+bP+C, where o represents jitter value, P represents
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relating jitter value to power level comprises: for respective pairs of
consecutive operating output power levels, obtaining 25 respective average
power levels and respective average jitter values from the jitter values
corresponding to those consecutive operhting output power levels; for

PReReELNG dHadSofaqnse UV RO GRS QHHRUEADNRF [8YE!R RRiAIRTRE by

respective average power levels and respective average jitter values from the
fitERg a4 TRsHEd 96 iRt R dR ekp i dhifiePoperatity?dlitput power

levels; and 30 determining a function which relates the average jitter values

o the average power levels. 7. A method as claimed_in any one of claims 4,
o 6, whor o TSGR Lin G AR FIRE b B GG ePpcal Soraee

aR@itbPi+ € dinhiprei reldressintsriitteoosal fiepRsrepPiRpaesitd thovier dedeltandn

A8 RUTRo Ty is 1] vined by
B D B ey . A

method as claimed in any one of claims 1 to 7, wherein the optical storage 5

Qh"ledil_»lm is 3 ﬂiﬁfeﬂﬁﬁiﬂgcﬁﬂﬂ@ﬁ_ﬁ Hﬁﬁﬁ%&fﬂ&ﬂﬁnﬁ@lqﬁ? _M&ﬂdﬂ?fgiﬁféa#storage
therein, and wherein the operating output power level i ried for eac
PRARS S 818%%&@.1“2%%1 P ESLRRIM @W%%@Fi SHRFAME Yt 7
whergintbéepposlcsicrays wnadidion dsch diBP Havirg Gibsalite time in
pre-groove frames (ATIP) defined therein, and 10 wherein the laser power
level is varied for each ATIP frame of the disc. 10. Apparatus for determining
an optimum power level for a laser device for 15 writing to an optical storage
medium, the apparatus comprising: means for defining a test region of the
optical storage medium; a laser. device having an operatjng output power
leVel, operabfePP3WHdS dﬁ?%&&?é‘?ﬁw‘?ﬁé’@&“é‘t‘&’é’&ﬁ’&iﬁ‘ée‘t R fedpregiytre for
meanstioannopasu ringajti enodalue shkosipe e deignmingd data pattern; and 20
means selecfing an PRUHM OperAlNg put ‘E{V%?Et'&"gé QldGjaser device
for writing data to the optlcaigstorag medium | dcepencf nce upon the
measured jitelaseiidesicethaviistrn OReisEnEpuBE PaTiSIHISphpaElilgde Vit

fRedbeaRticPl St a88Me Bl st region;

means for measuring jitter values for the predetermined data pattern; and

means selecting an optimum operating output power level of the laser device
for writing data to the optical storage medium in dependence upon the measured jitter values,
the optimum power level minimising the jitter value for the optical storage medium,

characterised by power adjustment means operable, during writing of the
predetermined data pattern to the test region in a first scan of the medium, to vary the
operating output power level of the laser device according to a first predetermined profile,
and, during writing of the predetermined data pattern to the test region in a second scan of the
medium, to vary the operating output power level of the laser device according to a second
predetermined profile,
said predetermined profiles comprising a plurality of operating output power level steps, and
said second predetermined profile being different from said first predetermined profile such
that that the operating output power level (P ... P, ) for writing the predetermined data
pattern to a specific angular area (0;... 0n) on the optical storage medium in the first scan of

the medium is different from the operating output power level (P; ... P,») for writing the
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characterised by power adjustment means operable, during writing of the
predetermined data pattern to the test region in a first scan of the medium, to
vary the 25 operating output power level of the laser device according to a
first predetermined profile, and, during writing of the predetermined data

BRI EShARGIP T, ML Ry §§&9ﬁ9 ML %0 MEBHN R Y8RV & torage

operating output power level of the laser device according to a second
Preteteprifitegorstiteasaidhsegditeimined profiles comprising a plurality of
operating output power level steps, and 30 said second predetermined

Erofile being%ief;{erent fro%saigfirs} pre ete[Pmined p({ofile such ﬁhat that the
Perating outpRRIEWHIEVERERIT 280 T} IR Ae Brets s i Yata
pptitermtposy spleedicanguder: area (01... On) on the optical storage medium in

the first scan, ol e MEANB ARIRNL TAINE. RTAOL QIR RRUEL [eye!

(P1,2 ... P,,,2) for writing the 14" predetermined data pattern to said specific
argjulsranrea (Oeraong oHRMopaCENstorade firddnshicirrdesdetsnaisedn of
thefmedium. 11. Apparatus as claimed in claim 10, wherein said means for

selecting the 5 optimum power level comprises: means for determining a
function whicEIS R JRECPVARE T hLE B S LTS oF SildPating

outpuispotkeriteveldun. the first and second predetermined profiles; means for
determining from said function an optimum power level that 10 minimises the
jitter value. 12. Apparatus as claimed in claim 11, wherein said means for

ddtermining thePdEtivT leBthE jiteamVdlushe P st resassdendstrsedningelns

fahQRiRiRIREh S e sRREt VS PRl QlrenSBRLELve operating output 15 power
levels, respective average power levels and respective average jitter values

from the jittePFAILEY 88 A A RSt D RS ERHER ¥ 8PSEHG AT
powerleviBlspardinearsafor detarmiringnd fuspeionewhichpeglate s thesdvarage

i'i?i%{ v: L‘é@%é&é@%nﬁ%{lggr%gt‘ﬁo%%""’c%'%ﬁ’ﬁl%_cf}lo%r%éﬁg“&R&%%%%%é‘v'%'sm%gd'”
laim 11, wherein said” means for determining t
means for determining a function which relates the average jitter values to the

average power levels.

13. Apparatus as claimed in claim 11, wherein said means for determining the
function relating jitter value to power level comprises:

means for obtaining, for respective triads of consecutive operating output
power levels, respective average power levels and respective average jitter values from the
jitter values corresponding to those consecutive operating output power levels; and

means for determining a function which relates the average jitter values to the

average power levels.

14. Apparatus as claimed in claim 11, wherein said means for determining the
function relating jitter value to power level comprises:

means for obtaining, for respective pairs of consecutive operating output
power levels, respective average power levels and respective average jitter values from the

jitter values corresponding to those consecutive operating output power levels;
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function relating jitter value to power level comprises: means for obtaining, for
respective triads of consecutive operating output power levels, respective
average power levels and respective average jitter values from the jitter
values corresponding to those consecutiVé operating output power levels;

and 25 meangdgi;4stepmining siyngienwhichssiiss g averaeediEiput
values to the average power levels. 14. A paratus as claimed in claim 11,

RRETRIR 85I RS fOICERIEPATHTHG HE A HETRSA e ARG SrteeH S it to ToesF
iaveheanpeisespdtdinganthbos abiainitge tperagpesiipet paivsrat casnsedutive
operating oufput, POWSISyels, [6Speglive, AYcrage BOEL IEVEIS AN, ucs o he
respective average jitter va uestrom the j\l¥ er values correspgnél‘lng S those
evtisgentiverdpelating output power levels; 15 means for obtaining, for
respective triads of consecutive operating output power levels, respective
average power levels and respective average jitter values from the jitter
values corre<HBIEIRY 16 tiBeldares e dpEratRd ottt piswehapamtical
atdech peeanBinrdeie iaining aniy nddiess Whieh delale srie averapeditias valee s,

ti%m% 5. avelglat%gtpt wer leve ;"3 aratus as ed in tﬁ@ %?a(atiof cla%lms

Is. 0 lai
S e B S B e R B TS e N e S

pvprelgrobiee fram&BIADIRY definatistherein, charcaterized in that the power
adjustment means is operable to vary the operating output 10 power level for
each ADIP frame of the disc. 16. Apparatus as claimed in any one of claims
16 to 14, for (EBAFAMS & SHMSS LIRS Aflim BRiAd 4 MstsRaviign optical
alosgleliadding e peagrioonsyingmes A titede hregriher el &hrantg azeskin

at the power adjustment means is.operable to vary the rating, 15 output
e o R B AR S oAty e
recordng ddeadofer dist, AbIM prasing faheapgaratus for determining an
optimum power level according to any of the claims 10 to 16.

17. Recording apparatus for recording data to a disc, comprising an apparatus for

determining an optimum power level according to any of the claims 10 to 16.





