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WD 2004/ 100137 PCT/ 1 B2004/ 050592 1 Method and
apparatus for determ ning an optinum power |evel The

w@e@aamii3i nvention rel ates generally to recor de@i/e82004/050592

optical storage systens, and nore specifically to a
nmet hod of and an apparatus for determ nation of an
optimal |aser power for use with recordabl e optica
storage systens and optical storage discs. 5 As is
wel I known, CD-R (Conpact @i sc-Recordable) discs and
the like are mnade up of an optical stack. The stack
Melonhmddppareion®r étgmning pobpficamtpowatieelsubstrate, a
sensitive dye layer, a gold or silver alloy reflector
and a protective lacquer coating. Data is witten to
a disc by focusing a high power |aser onto the dye
| ayer so as to heat an area such that the
reflectivity of the area is altered. The areas forma
spiral track of variable Iength 10 marks (I ow
r ef | ect Trepresewadrsieytioa rethtds gardlly foirghidyble gftice stotagesysereas
an@ﬁﬁ)x‘é@feglf E:ﬁ? tg@{ngtﬁgd of aélpﬁﬁakys tfdr lagce %{uﬁf dtaf I) tmﬁ er
and es the data (f

mar ks and enco e store
POHPfsfef.usw@wecqféaa}ﬁ@?vqabwr@éfm@ﬁa@ Onﬁqakstcait@ahsaﬁnd a | and
area corresponds to the physical encoding of a data

cycl on. TaiEigety S5l ER e dsppf BT e ¢ ne
magdg tpofeh opticalperck. dthe stadkdromedy samsismoipolyeartyinhie substeatd, & i cal

seﬁsEtWQ @}qu%)ets gfld Qlesﬂ(f& Qﬁo?%ﬁ‘%&t&dan&lg gxld{eéﬁvg h]a\é%uef c%:]%née b@g??' €

reader C Wt
wifgh fog dise by fnqusingtethigh payves lasgento|therilye laydn sses tebagt ap atre such

thdl S &dffe@fvﬂf ettROur@Ss dtbref. eﬁieléfeﬁﬁorm-r@épﬁalma& Htv%a@fe%gﬁl' on

rrect a retrieval, an
mﬂé‘&%/(%’rf%ﬁje&%" égea%a@&gl ?Séﬁuﬁtm e%&%ﬁf?ﬁﬁP%W?@égsemks} {he &
resBing pdttermlof thh atarke pridi 1ah emﬁiemhd &Bio € Goradbrethd disarBadht or

traﬁ{ftgon bg‘tglem xﬂe arga gngg la(ﬂz’iI Qr elz éo?[rfespgxhdd bofe éjlryswall r?ocllrtlf o?r ga%a

sure t accurac
“11 é’c}hgt ke lands arettypicaing toj 16; elloekrcydpsu Iebgh (R tovt 1 wieere “T1 n

rqg&gﬁgmg@ﬂ@g&k%&gﬁyccurate mark/ |l and | engt hs, there
be_an optinmum | aser _recordi ng power for the

d| sc/r e@f’iFlé“e‘ParE SaEh BLHHGhE f wlp hﬁé@aeseﬁq#@%b#qlwﬁﬁ
exhrS€ if ah OptRaIdeddgr redd¥Bikc Withad numb@ W 3T Rakisetdy i re too

re ordln ct D 25
ot T E A g B 5B AP A1 By o BN
indRevit dzttabtreyql 2DV Rekhedases readifgilurdier ef or e dep e ndent

upon t hgdxacﬁlg %\/\ﬁ nﬁgss??lﬁgl%a[ %‘f’dﬁ gf:%&d@'?érggolng p g, fl so

t he spe e rec Ing I's ace. The

BN tha fralifysd dise wrtnedn prder powmaire B engiracyind albe sprkapdldnd or

leffpe Bver 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), DVDERW (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/di sc conbination at the actual recording
speed. Such determ nation is called an WO 2004/ 100137

weEaIhBAeD4/ 050592 2 Opti num Power Control ( ORCI/IB2004/050592

procedure. The optinmum | aser recording power wll
allow the recorder to produce the correct mark/I|and
| engths for a given disc at a given recording speed.
Two different OPC procedures are currently in use for
Recordable (R), and 5 ReWiteable (RW optical
storage discs. For R-discs "beta' and “jitter' (or
Opfirging Aevey COPE! (QREY hmbslurar &egneﬁemlabey regenditlg pavker wilt alibwr
the%ﬁérst&ﬁrotﬂlce @mct eﬂ s %levé‘édl Il?a Qﬁ’éﬁ recordin,
procedur e. e Jitter S|g C proce dure”i s one &f
spthe nost cormonly used net hods. Jitter is a

stati Sthﬁo&ixfféfHﬁ@@C rRefure®ire t:dmentwaﬁ hs’&tfbxﬂiécdrﬂhbléﬁR}( afl

th
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meﬂm@mregell@allaIuspjdewhllsef@oﬁl‘ﬂeirscsrae adhgna] aethod Fhedes fhe 68€nt | y
pmeael@ ﬁ?&l@ﬁ;@@@p@ﬁr&e@a@ﬁqnwm naoafoemw g 91%1119& used

re-stored on t disc (see for  exa
! ma\mwstga‘swsm%qf theyartien i@ gerkar land spedp gifyd & mean value
for P8 Gunl 1iethOivd 14 geReadcdakl ot it pasd wikiSsccdymbeqs, Part
I I I/'r C?Ré S%Etem 15 Description). Information may be
Playriecifg @S o a di sc which provides a recorder for
exanple with an indicative power level with which to

begi n afhegapgesg{tﬁ%geqlﬁﬁ meTﬂahéare 6a§gd%55fﬁhfoﬂﬁlat1%yeu%%fsed

hovvever be correct can resu
which iswEPrSéoreqaenftm Qlwéfee i vl &V@“@ Bipsicgiomaas Bpecificaivnd
Sydtérﬁ b&ErHiba rasﬁR&BQam Q@rﬁ&bﬂ]ﬁé& SysterisPart 11 &IDIR I SSEERAL f Or

unt s di sc area f recordl t est, patterns
Depef i SRl i 28 B e oalp i T BRUCRE & e Bty o
exagplpevithrah didicgtive @pwe tevaiphit whizth artggith heOBC powdier Ehice of

mfgaﬁgtmq 1?&19 Fo bgo%vevgraqg 'é geséorrgct %Q%Tawq%s&lpln?P% i d ed

mthe’s aval'l a tasorage and
the tedtusther %Séd\taam@ oapqewmg us¢driister et opregedurerds e i s

reqhﬁe%ﬁeﬁtffemrg@mﬂ&ﬁf; of &agc a@eaff@}sécordﬁ 26 adilsl it b@tto weag@out
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""‘é"’ff‘?’%ﬁﬂﬁ‘l’ﬁ’% ?Sd’n‘f°§‘f‘38‘?t{éﬂty£‘i’f eéa“a’e%@"“gA CHPHT GRS R diSpr P ent
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tes%/s\hfsgg rmlgnbt%neeéecr ted at inner and/or outer test zones
6f°% Ef’i SIS RAIER over comes t he pr obl ens
associated with conventional jitter OPC procedures. 30

Accor di iQrd 9 th@r gfo dJ %{eﬁﬁﬁﬁfﬁégt sperce Eilﬁﬁelﬁ rs@ﬁig EH) dP@\{feﬂltoh on

there is provi
which is also 1ndependent 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 determ ning an opti mum power |evel for a | aser
device for witing to an optical storage nedium the
woreaohaad1eonpri sing defining a test regi on of tPET/1B2004/050592
optical storage nedium using a |aser device having
an operating output power level, witing a
predeterm ned data pattern to the test region,
nmeasuring jitter values for the predeterm ned data
pattern, and sel ecting an W 2004/100137
PCT/ 1 B2004/ 050592 3 opti mum oper ati ng out put power
optimye opawfting praput aesesr legiel wf helafeo devige for vniingidatago the optivel

st Infeahm 11§(§e95n@91%e R ltﬂé%ehsrﬁreq ﬁ@@r RAGRCH: &b%ﬂmtpt]@er level
neasur er values t he op IﬁUﬁ]%OMEf evel
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o 0P e RSP0 pBRPER oS b O BB g it b o
méaguredjBEs vten ghejopmmten poveek leed mirdmisingithe jifer ealed for e neidal
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or theo i cal ora

LTt
ot R AT B P B P TBUET o i ERERE Higsgrteces o e
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erﬁe(ﬁmehoaee\nercv@mpce according to a second
predeterm n different to.

P edet i aEte Bt ibutis Wi e 1 ey sawed
a swngenof ADeFReAADP/A Bitdraass i n Pre- groove/ Absolute Tine

irrg aEL (r:“ _e grhg %\ét%%d gfrtl?erﬁeserﬁ H'Qenﬂgn &Q\Q&s gg&ﬁgantsgdsa%tajgéstotv&r i's

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.).
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whemgao@oener | evel).

25 nunber tinmes (after witing is finished) in order
to obtain an average for that ADI P/ATIP franme (and

invention, the laser wite power nay al so be stepped
a nunber of tines per AD P/ ATIP frame. The nethod of
the present invention provides significant advantages
over 30 presently used OPC procedures in ternms of
speed, disc space usage, amd due to the fact that it
may be uysed for all recordable optical storage disc
medii a1 NORRFORY Fosfmaa e ClemesThia iR 2 Bruek s BPC
pbdeeuredprof@edy. CD-R, CD-RW DVDR, DVDRW DVDR DL (DL =
Doubl e Layer), DVDRWDL, DVD-RAM Blu-ray D sc,
etc.). WO 2004/100137 PCT/1B2004/050592 4 In an
exenpl arrese pisbadhenebiectsofeatinheang pdvaeipges piithecintentim, withb¢ wo
agphr Ko et (8o whdR norP PR E BRI eSoribBonP b1 IbEE M ents ARG R RN as
ot her objects, features and advantages of the

illpirgieth in R ACeMPRmng dvANgSaYeiSt from the fol | owi ng more
par ti culFguredasmeésefit 4 Sdesviaf of §plraldiDYRM dscpf t he
i nventi ] t K-t he conmpanyi n
_draw ngg‘,ﬂgu SZer reéerjssl?l&%%!r;@'t gkr%{jbf %rgceeﬁ'gg =y csolrcpécevv%%lv%l “Pesent
nygpfprgal CD- RW disc; Figure 2 represents a two-track

OPC pr 0GR €is b PrafiCERELRARE gdquﬁéﬁﬁmﬁe 16558 Wer levels in

invention: 10 Frgure 3 1s a graph representing
acﬁﬁf’ad‘%et‘f?@ﬁjf‘%prﬁsﬁ‘&fé“?’é“opiaser power levels in accordance

W th ht h evignf]eesiem?ow ﬁha&mihem;eth&i e Predent Bventibd; ow chart

of the t had, of . t he esent .i.nvention: Figure 5

Gt ot s oS s B R E T jY Betics Abbrabe RbbGrnany 1 o
emalpdigratpbiha pyesentinirotionent of the present invention; 15

Figure @‘1&?@% &Ei%ts %éy@stav&ggeq;\éﬁér%g@jitﬁgWes QLQS{'dinF ‘io: re

val ues according to an exenplary ‘enbodi nent o
exsmplaRy spbedirgenof thprespitdnypion f urt her depicts arrays of

power ardghuid 1 fuftfier YebickkSSraRGE SYWH £ jitt& vallles aB6RdHRY 18 hY
enbodi nﬁ}% OfgtI e present invention; Figure 8 further
exfepiy Pmbodiment of the presgut inygtionioner and jitter val ues

accor di riigutes fullier agpicevearaflodivgragd oo awe fitrer @hludshecording to

arPerx%%ﬁQ& e&@o\éﬁ&w Hhe 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

According to the present PCT/IB2004/050592
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Figure 9 depicts an array of average power val ues
according to an exenplary enbodi nent of the present
w0 pooenod1en; Figure 10 depicts an array of averBgEIB2004/050592
jitter values according to an exenplary enbodinent of
the present invention; 25 Figure 11 is a graph of
average jitter nmeasurenent versus average power |evel
i n accordance with an exenpl ary enbodi nent of the
present invention; and Figwe 12 is a further graph of
average jitter neasurenent versus average power |evel
tojapy Qpéieah FaRiARe MRTIHR Where aeHIIE fa5or SR i dﬁﬁﬁ’f‘ fospritipg
lnﬂjhﬁﬁﬁfﬂ to thdYM&Mink. Ordr e)&lel-Ek}% p@smﬁvdﬂﬁ@ﬁeﬁiw pldablk,vat not

n the test zones of

h% gﬁqﬁgﬁ%?%kﬁfggﬁgﬁ &g%ﬁ? lc;égd space efficient
OPC an Fegvixoldshoresw sidsfvientod a pandard ©D-RWiiliset Iponerpriivitide s
B (IQ‘;A’) @&eﬁﬁ&%g%&oﬁ%% &l a hwtbﬁceaf@em R3sneRily t he

di sc. hough the present 1nvention wll be described
cqied SR rhgﬁ rogi P! thefdiss-enpregranpmeneasy REAPVEHG: Iendin pipd Aad-out
areds S©%ind prbgritvh btea b 8re pRPIJECInANRLCI HlBdre Ad) Ecldvtu@ SEMNE present

t | | I 004/ 100137
I St S s e T R
fonbreupdeteness,cpd foramphdsae tht tiegrent ingentiersis am:dica‘bm‘co aslt standard

d&p%&£nat|on to the nmedium For exanple the present
Invention is also applicable, but not limted, to

DVD- R DLThe pssnRpyspiion uikizes wt-galled5d DE” &aDdres én Pre=Gingye) and
@ﬁp’\/@b@hﬁé e W I&WG@JOV@) fish e pekadnt od ItV dbrapg mbdia.

power - cal i br t|on
(oat - zorid 45 Bia Pert P Aot e ot Yl P &rEve fevs
thg evrieer add t;ackmmrbpedyl, aodithe bsailibtivngsinuegdadwitod freduencgdiosc. A

2P B%Z%EE gﬁ:‘[ﬁ? ga%ec@ﬁreél) (R \g/fglsc%_/prgvﬁégmhﬂ% ﬁlﬁ)‘#ﬂlﬁﬁ)ﬁ% tﬁé‘;eaorder

rogram ar e
but are Ti@tosqﬂbhwaﬁvquméulmde@@rw-1I<Hv eignal, gvhich gigefes

ams&lut@%e ab&n@fsgﬁﬁ ﬁswms%m&&ie Tikd8n %g«a&e%m@) ﬁm

9 are nerely included . for conpl eteness
°§%F@§P%@efﬁﬁ%ﬁbeﬁfr?ég% pis eroviding & timing ignal sF o WW@&‘% 4%
tidlokcilBligndas ﬁ‘equ&&y df $10 kﬂlzydﬁ f6ininal fiRed) FRIEVID-R(Wydsts then

0: ca

Pr ez Gr oqv d
RO SR e o e B
nm@ﬂmahmmMecordlng medi a. Al discs have a pre-cut

spiral gﬁ’ﬂ&l\/lﬁfomgn f ‘T'e%h Hnﬁl h@%1s§ hle QJHII on CIIII]& &&Q&Ya‘%ed to

keeps trac pr oper %
f@@éhq tiogng wal(fmnhw@eh talael mfwrrtahonan%bé d@réfﬁ yTh(‘:}f th1 sosmon on

1R 4isO iz wakingh@Aikbean BRRREM ALY @i AW ABLbBETmPheY- des

gh%a5ugxh§Lgrnatlon to the recorder.

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
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The oscillation is frequency-nodul ated with a+/-1KHz

signal, which creates an absolute tinme cl ocking
wa@aabei3known as the Absol ute Tine | n Pregr OORET/IB2004/050592

(ATIP). The oscillation can therefore be thought of

as providing a timng signal. For DVD+tR(W discs the

oscillation has a frequency of 817kHz at nom nal

speed. For DVD-R(W discs the 20 frequency of

oscillation at nom nal spegd is 140.6kHz. Tim ng

informati on cones fromthis nodul ated signal. Wen
CDiRTWO tibR and N ADSP fragd afeugadfdrDVDIREY) disaepeoseoihicat(atdie can

U aled to formthe timng signal from which
mm?“f%e '?Corma ion may be derived. Thus the position on

the di Jésupdshons AP tiiackg-PRABPergue Hrpcedaperatine ety

invdrbiS aﬁﬁgﬁ’re@mﬁ@h&ﬂp@w@ 18RI dhEth’J d%lrl h@ pRPNRYe.
i nf or mat i on.

odul nieo e s b B g Eur e 3 Re B Eeeet vy
leveli nsseﬁ@ged fmmach KDY ATHP frexie, BEGhe Ipﬁweﬂ &vélvseddtefmios btyhlencmgas e

the gﬁﬁreﬁﬁ% a Itfheg i dearndtm%? Im\rll asgerv%rt n%)%/sxts a\9anla19£ fo% ? gla’gll SC
recgkDirRisc (qﬁibdnaw@ndl tlne Pmebeg oﬁs@ve)aqlﬁr@t WTDVBHR@V@ a@ﬂ BB

lasel %’Ee%o@ér? maf %ke{?nm%rpr(ggranﬁ@d Bélétﬂtgfs bR mBSrRer di sc

revolutiron.” According to the present |nvent|on t he
OPC pr olisenatiwly, & stendprdstag peyer cqylsl bs usepyhich i then sigpped by
pre@étéiﬁmecﬁ@rﬁcﬁﬂ%&ﬁer@tlﬁ@ﬁ]ﬁévaﬁﬁwefﬂléﬂébfs‘ keq@itedATI P/ ADI P frames
per utiaqn ar accor dj to
an exeng‘f“él?fl (g'ft}‘?ﬁ fest %B?ﬁf Wétteﬁ‘rgoeas(!lel%ctat ?RUEAR [ fase9
povieF lefrdl irf arnamiB/AaHIEfmmae (Thé bser WP RGAIs1B0 2@ Fsted as shown in

ﬁgurg éujld%eggs? 4119:115 %@%&ﬁ( hi epB(AHP/gfﬁ(‘ﬁ%me s Zevﬁ(gv}gr le\ge@mss

SCS{? revol uti on t the
Th¢ prsqedme @mtmqqsefomb@ ﬁr,staqevqmt@@ pf therfisguyprel thye dgtitgdguraber of power

1evEl¥\@avE bt Kanfpled OTfe 2100 El%gdd{ng idl tRen L RELBPE RcoMd kv olufiéh with
esent_ invention, igure 3 illustrates power

thelpéW?-:flle"Elﬁ shrpesd aﬂﬂ‘f’?"ﬁlj‘?gﬁ'ﬁﬁ procedure. 5 According to
the e n‘o@s:hhn@min f@me apthé ﬁdmdleh:y changgsidueing the asvdndIpvdltien 11

arefdafgaﬁegt 1%6 que]nﬁe 0 ose use? durm a{ﬂg ggblr o@utiﬁ??.g d’&g sE{Sﬁ%ﬂugps that
ADIPTH ffaines write vb@ta\wem pctvwe leml Airipg thedind artﬁéﬁ@ﬁ@ quﬂﬁéaé?

w1Mthcﬁno?&%‘6ﬁﬁéd%¥a' | able for a given recorder/disc
onbl nati on and the nunber of ste equi red. The
m ni munfesauingdsihaeremplagysabodipgnt of t %&Aﬁéﬁ% infyggyion pyhown in

ﬁg@%mh@ Hehe @t@u@ PG AR tlRékra ﬂﬁtsaifu&‘lcef)f folver leeanzies .
ch%ﬁ?ngs' tsl}eorglrr]l?rL L%,/ éil)gx 3}5&2{}%2{3(%51 proglergso é/svseomagég tﬁi m?ng used
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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predet erm ned anount every tine a new power |evel is

required. During a first revolution, test data is
wowdosiien3to a disc at a particular |aser powePCT/E8B2004/050592

in an ADI P/ ATIP frame. The | aser power level is then

adjusted as shown in figure 3 and the test data is

witten to the next ADI P/ATIP frane at this new power

| evel . 15 The procedure continues for the first

revol ution of the disc untjl the desired nunber of

power | evels have been sanpl ed. The sanme procedure is

t hen f aht aveel df i peesmeiaendon 8 eadnptifiarby Figiirks 2 dnkde ipower

] s ¢ kN fi own,, i..n
ceppE Sl G SRARHR dn BRI, 10l LB Sae LR
meth@\ﬂ_éthemeéﬁﬂt lmj@ﬁﬂfair e different in sequence to those used
during Acep fool Stpow @SS {eRBred & thed RbcRdep A fstep @OBULES

. that .20 ADI P/ P nmes witten t ven power
inofrgign i ARG 2 ARYA P AR st e LB gt ee T
At sl 0@50tha edcalder deterinies dhesler thAgioedde tigoiplett e agxdogdrar y

[ L0 ' i .

o FIRTLFY 18, SRR USR5 AN Al
at step HOR whather fetheraejibiiens fofthegdivemrodediyearareq@Bdar e changed

as shownfyitker flbGtkeBends ard dberth&ll rRced at REY100923EW b&wer level
) %r ohl ens aossom atq?Pg W th non_ 25 honbgeneities of the
is selfyoted atteg g0y frd the BIEHOBIWPS aver aged out .

Speci f iiCaatthey reveldjoaceahechddrPatAiop FOT) amedaserwiiopenisr i ¢
i L2819, R GRY83To MBRTRAA QP S0l B 2
requited igfertihmeaswred outit wravipes aktep H89di sc will not cause an

ano m_al %@refo?e?ﬁ&: RGth@ as BuBAA i ﬁéﬁk@f is l‘e@é&% f&errwoﬂi&{le
writing according he sequence as depicted in

. tot .
the flisqy fftisr measyrpmpqnis stajt after §ig wiiaghps begn aorm!wgfpr c8fh tpyolRtign. ot
every ADkiR/fbAddpRclafed Rt theladr powerdRisag&rhot tedskLily seny be

.nmeasured usi nyent.i onal t.echni ques. Fo X le, a
PP e BB e B RS RS Bisy et PR er | n
ADIPUATIP ifiemesia yonbentriesmcks jate notrvekiten twoh the eaniegpeweril¢veiehr the

sinrelation to a clock signal for

fea%ﬁﬁ%%(ng. "2004/ 100137 PCT/ | B2004/ 050592 7 The

met hod Bhentupies friansedisc thshgaaptipraianple. @ 0EWprames g by
DVDIBW S Gre 4sc@ PEk réolusion, SEPA P el (B9 CAORMY) £dhsedpdrN

figure 4 which shows a flow chart in accordance with
revRIf®. et hod of the present invention. At step 1001, a

power | efeelvritify veil tecdifidenbyovichen ABCRATEY frambiposttioag jik&03,
g OhEBETR] Pkl S 0 2B BBt
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,

procedure is conplete for a particular

WO 2@4/1013 7l |
If yes, then i

required. If f
at step 1005,
step 1001, and

wite power is

the recorder determnm nes whet her the

t is determ ned
urt her
a new power

t he OPC pr

| evel

revol uti on,

necessary power | evels have been BenmB206/050592

at step 1007 whet her
further revolutions for the OPC procedure are

10 i

ogedure continues.
revol uti ons are necessary at step 1007,

nmeasurenents are deened necessary

s sel ected at
If further
a new | aser

selected for t he neM/revqution at

cf on—1004

Povg:'r gé've}f oo

eqU|red
at step 10009.

w;ﬁef‘ft\/feasﬁ:méenﬁé 'as U i

edligion),

.Hag T1\Xcaa{s"utr%rﬂe
t he metRodvelisionut | i ned

ons
uti ons
in

VUI m
r evol

Py fHguoredTs TE
disc. Jitter m

edfor—each
asurenents start

gyt ut

.'-lf ter

t he
g has

on of 15
the writi

- been conpl et ed

for each revol ugi

r-on.

It will be

p,.Appreciated th

adl usted-—-as ﬂnnl

B§, fN€ Taser poweg,fevel's need not

ctad |

L necessarilybel
-y

A" WA v ey |

nfiare 2
LI ||guTb y

but

may be adj usted |n any manner provided t hat adj acent
ADI P/ ATI P frames in concentric tracks are not witten

with t
above

h%%ur S a

%9a§r

nmat?c rggreser%tloé hFtwo aﬁ%@ glg]tgin&i%lj ﬂo@zgxd

zone,

andemmptaeurerﬁenmlsxpg $qvqﬁ@sgr x(oﬁvewleve@vmﬂ(owlyn B evoug\@ama@r
Titth1 Y QLA PR eac rpovcv)e:r 'ﬁuzl Rorfel AIBRS1ufié0 'Fo@ar%l%ﬁfgr Srdsed

per revolutio

n. After ertlngtﬁ

revplgiisyas a By eAlar P/ AATIEer el pi5 8

Ly

enoug

wth th

di fferent

ingh ere o pgeri 5
tlel filas élﬁen @o%emlﬁ{qust@te

ormat 1 on

rO wer level
25 I's avail abl e

(0)t Similpddy, hgeevsoth (9 méermaﬁu@mie@@se githsrgrepth@owst iveihiaing fee

secglfld (@ﬂ%vc%t%ﬁ 1s N1 BheWshils aRGrra@¥PInPoRGdevelnrdeP

bel ow. | e

i s shown bel ow,

whi ch

Petodet &ieh

shows the ' Jltter

thquﬁathupmvehv@s drappliddén ditfevent ordere foe he diffsesdt rephitingf. t he

hol’vnmtall1 @xehﬁﬁ}y%mb 5H111n§nt ttltberedﬂlﬂs'm h@f

revol uti on

er Measur enent

test re i
ADI P/ AT ghﬁf% dé}ng&s are witten
megFAMEs pﬁ@u@@w%@éuh@esuwa% s plagRSa o new arays
ﬁwPGW&hﬁgﬁﬂﬁhgﬁgég@ 8 Pomer Level Jitt
itter revo

PO 00.1

sur ement
UES 6, two consec t1ve power an

31 er vrﬂtZes or ggj[h 2%}’99 zlmldtai on)

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 A, and the corresponding jitter

measurements for the first and second revolutions are ¢,,,0,, and 0,,,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 orl, according to equation (2) below.

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

above) is performed using the following equations:

By =

orl, =(ap.l +o

(Pp+Pp+1)/2 Vpe N:0<p<n-—-2

b2+ 0 i 0 pua)/ 4 YpEN:0< p<n-2

(1

@)
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Pl-1 cy(n-1).2 Figure 5 is a diagrammtic
representation of two arrays obtained for power 5 and
WQ Raotano1aeasur enent s usi ng seven | aser power | RPUBIBROMIIS50592
revolution for two revolutions. Jitter is nmeasured at
each power |evel for each revol ution. For exanple,
during a first revolution at a power level P. , a
jitter value 60 | is obtained. Here, the subscript 0.1
indicates that it is the fgrst (1) jitter measurenent
obtained fromthe first (zero-th) power level (0).
Simlarly, the seventh (6) jitter neasurenent (i.e. at
the seventh power level) during the 10 second (2)
revolution is 0-6,2. The results are arranged in power
Simfilalse figgpsdeand Pshophophreeesppageutiv hignighang fiier yalgsrard ageagded
andMaBedBRB W EBrihed néi £rfaGd REY:diRY 1 84B1idnQ (3) bt Pieldfwe TRIM fore,
reyoly i ons. Flgure 6,d%p|cts gpw in @n e ewplaﬁy
avepging o s ponsee e Poves proditprvalies of e phoys frbls dnrriarsy usie
the fdllgwing efuatione aver aged, the results of which are placed
into two new arrays for power and jitter
respectively. 15 In figure 6, two consecutive power
P, ar\d, T PiteR, V3l Yas N gr<pstvh3a first and a ®econd
revolution are averaged to provide the values of the
new array. So, for exanple, the first two power
orl eMe| s o, 0% ogachor gyebyt, oo a5 #6Po and P, 4nd t he
COoF@%@ﬂﬂQEP%nLBtter measurenents for thd*¥irst and
second revolutions are yo., , 6, , and 60 2 , 61.2
respectively. The two power |evels are averaged to
ThéNa¥ s {:&Egl‘é Bt el 200y HEERG PG ihB oFPHRY %@ho%)in B&EQWand0
and the tour jitter neasdrenents for the two
10.r evol utions at the two power |evels are averaged to
give arlo according to equation (2) below Therefore,

aver agi t WO copnsecutive wer and jitter val ues
oscr ool P uEREe as HepRRE P h S l Pt
intettjelaiol sopagate 2GyshoprbdRp:Pp+, ) | 2 VpeN: O<p<n-2 (1) 6i"Ip
= t6p.l +6p.2 +6(p+l).l +6(p+)).2)14 "dp EN: 0:5 p:5
n-2 (2) WD 2004/ 100137 PCT/|1B2004/ 050592 9 Sinmilarly,
Psfi-glr,es 7 ands,8=sHpw how ttnel:esmsectd i ve Pbwer and
jitter values are averaged, and placed into, two
Psirthrer new @heay@2accor di HE Wéog@lﬁ‘t‘l?’ons (%) and (4)
bel ow. Therefore, 5 averaging of three consecutive

power and jitter values of the above table is
Thip &esfthr ateaitage plpep vidingenokiamplgs vigjchewjill grablgragnore accurate fit to be

oA 1R AT BE Rt b phott VIR T Herdepdiver.

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 “+”
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 ar2y (6q9.1 +6q.2 +6(qg+l ).l +6(g+p.2 +6(qg+2). |
+"(q+2).2)/6 4 forVgE N.0<_qg:-n-3 () The val ues from

W0 b@4flens7 new arrays are now placed into two aPCHYBRGHL050592

shown in figures 9 and 10. 15 The four power/jitter
arrays defined by equations (1) to (4) may now be
stored into the two separate arrays given bel ow
Ps=Po 6s2p=orlp VpPEN: 0:!<p5n-2 (5) Ps2.qg+i = Poq
0s2.,+l =or2g Vg EN: 045 9 <_n - 3 (6) This has
t he advantage of providing nore sanples which wll
o €npblgpa  nore accurate fit to be 20 obtajyed when the
‘averageé jitter is plotted agai nst the average power.
It has been observed that the relationship between the
Vv d o B . t jitter
L P N 7P Pl SRS L T our e
11. TheFigute'12 shmskesypRal glepf esent?,.t Wiknadeer éged , pohere: and
jitter values, and the "x" marks 22 represent three
averaged power and jitter values. 25 In order to
2qrlet-eem ne the power |evel that represents(®he m ni num
level of jitter, the mninmmof the function relating
6s and P, (6s =f( P,)) should be found (ideally by
andgecond order curve fitting). Gven that the new
function is observed to be quadratic, by finding
solutions to the equation (in which a, b and c are
P, const(ant s): WD 2004/ 100137 PCT/1B2004/ 050592 10 a, =
aP," + bP,. + ¢c (7) when d6,. / dP, = 0, we can
calculate P, = Pive , where P,,6 is the optiml power.
whdré gaHde alecostiicieds dbtdingp fro@ khepbphon@il r@tessivts . ThPnew dpimal

de [ dP, = 0, we ve: = 5 2aP + b =0 (8 and so
p"%%@, ,co,ms—pp‘bcys(t‘?%\‘}“"{‘@;lﬁ%ﬁ@hée Ogéﬁﬁgécgu‘a’f"‘e coef 1S i zzi ents
obt ai NeghefefdNA NE 1R AT a8 WHRPHRE SileOie laddd Fov&@mat

optimal power™P,, Q corresponds to a mninmal jitter

produgbathe whnintunejitfel valusdf thei fitpes, cuiFievhéch dy sgmmptrical abouf thist he
mit@REh B Doy B G Le/WotdbEeoRBMRIon of 2 Sven Wik sh@Fer power that

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

wo

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 mnimumjitter value of the fitted
curve, which is symmetrical about this mninmumfor a
w@eawenodssc/ recorder conbi nation at a gi ven w PCBIB2004/050592
speed. It will be appreciated that in the exenplary
enbodi nent gi ven above, averages of two and three
power and jitter values were used in order to
cal cul ate the optinmum |l aser power. Averages over a
| arger or smaller nunber gf power |evels and
associated jitter values 20 are al so possi bl e however,
cLAand:. t he above is only to illustrate the present
invention. For exanple, if even greater accuracy of
P,,,Qis required, an average over 2, 3, 4 and 5 power
| evel s and associated jitter values could be used to
obtain the curve of figure 12. WO 2004/ 100137
PCT/ | B2004/ 050592 11 CLAINB 1. A nethod of
L. det er mA%J%lg)d%Pde%ﬁ h plo§¥r%vefc fQIr a 18sel &SR rHleVi ce

for witing to an o tlca storage nedi um the nethod
ert@émﬂl@il%b@mr%ﬁ'éﬂeﬁlﬂﬁgt qmgthadcoppdsingn of the opti cal

St Or agQefiMBfdiaudst regasr& mhea)ph@s@aragéwum havi ng an
operatln out

or edet i it ShaRS e e krite et v Bt grine
predmaﬁmdlcngppttetrttemewaﬂrem for the predeterm ned data

pattern, .a pggdfc& ﬁaﬂe ROmEP: @e?e&.hﬁwna%%@ﬁ Lpg out put

power 'eve aser device for ~witin data to
t he optstlecting antapimpre oprEing pHIRUHPQp ¥R ehibeletsh

writB S [Rfe dptibd Rbraderthddfisy in H&b@ndeﬂﬁtubdﬁuﬁe r@é&!\@éd Jitt@r\/\%lues, the
mnimsing the jitter valu or the optic storage
OPLFRYEN PAYET ITGl %‘H‘gl‘%‘l?tﬂéerl ESNTEY rtﬂl‘?é’f’“ca]oslﬂr%ﬁ ale%i'“int ing of
t h e pr Qd@&c&ﬁ‘l%dﬂﬁtﬂatddﬁnﬁg Wﬂﬁﬁg&ﬂf the peddidi@ined st patt@gtoaie i n
i .St.scan th t he o ti t r
bbb e BT RS IR R e
is vérier s¢copling dked xsiiradeteimybred biofils, andsvdsinghuniting gf the prederpgmingd

datata&ﬁerg foetg@t%& Feg}oﬂ ach sea)ﬂ& galp @fttﬁeerﬁ@hutrrp thls BerdiBs Butﬁlﬁ 96\%‘9 in

secon scan of the ﬁEdIUﬁ] he op erati ng
leveh gfile laser dayisp isgpriadfggeordipgds & fféwd@aed?@%? pa 1%?&%%%?%‘@6

first RedBicmBAQADELARY, edet ermi ned profile, different to the
15 first predetermned profile. 2. A nethod as clai ned
in claiml, wherein the predeterm ned profiles

2. conpr i s methodds diaiadet tnyclaih 1 peheesin themedeteghiegipro cBmpride

i.oed in claim?2, wherein at |east one
apmmﬁvogmmmfﬁwgﬁggneasured for each of the power |eve

steps of the first and second predeterm ned profiles.
3. A method as claimed in claim 2, wherein at least one jitter value is measured

for each of the power level steps of the first and second predetermined profiles.

4, A method as claimed in claim 3, wherein the step of selecting the optimum
power level comprises:

determining a function which relates jitter value to power level, over the range
of power levels in the first and second predetermined profiles;

determining from said function an optimum power level that minimises the

jitter value.
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4. A method as clained in claim3, wherein the step of
sel ecting the opti mum power |evel conprises: 25

waledoenmiliai ng a function which relates jitter vECTIBBW®I/050592

power |evel, over the range of power levels in the
first and second predeterm ned profiles; determ ning
fromsaid function an opti num power | evel that
mnimses the jitter value. W 2004/ 100137
PCT/ 1 B2004/ 050592 12 5. Ay nethod as clained in claim
4, wherein the step of determ ning the function
5. rel at i agngthcitaeclaimad inelaino4, prdevein tHestep bf darmining the funfiipm
relaﬁ@ﬁﬁgr%iu% Abn&ePlompgecut i ve pover |evels,
obft'al ni ng respective average power |evels and
r es peciBPEiErageelconseativaparedey sl obiHning éespyctitegverage
powéAkHBSNCREJEHP etizh Btk Oallichd @6 theFitt6OARECIGIésyendDR Wethose
| evel s; and determ ning a function which relates the
consective BVer 1¥9%F Y al ues to the average power |evels. 6.
A et hddemsning sfumtion Whickclelienthd averbeiiter velueh® the aypragsf
pmﬁgﬁﬁggﬁlﬂ ng the function 10 relating jitter value to
power |evel conprises: for respective triads of
consecutive power |evels, obtaining respective average

6. pover |emehs -8 0eine®mResh i MeheRIEKAED of ddtdr@ining Meli@iftidn’ OM
t.he er valgfs corresponding to those consecutive

ne 1t
relz Y39 & RoverlRve! 8PE ni ng a function which rel ates
t he avdoragpedivd ttigts of@nseegive povtehevedsy elrt@gjes regfsctiyo werage
S. L. A y [ I L4, &b he
pouef kG4 Sna fpe B IR LR 1B B el Rofhosp R Aok
congegiitiye peweer pusleend evel conprises: for respective pairs

of conseeilihiNSa RAWBH whisl Rlafes (10 BécRizH |19 vaIRS RAGS AvdRige
average 20 power |evels and respective average jitter

PoweRlevRS fromthe jitter val ues corresponding to those
consecutive power |evels; for respective triads of

consecutiv ower level.s, abtaining r ective average
7 power V%gﬁﬁ%ﬁﬁgngggﬁg?Pﬁvqwggggga%cfgﬁggghlgfﬁ§%%r}om
reldtihgjitier taherio panteiesel camprisspondi ng to t hose consecutive

pover | fgyrgipgétiv%h(iirs of consecutive power levels, obtaining respective average
power levels and respective average jitter values from the jitter values corresponding to those
consecutive power levels;
for respective triads of consecutive power levels, obtaining respective average
power levels and respective average jitter values from the jitter values corresponding to those
consecutive power levels; and
determining a function which relates the average jitter values to the average

power levels.

8. A method as claimed in any one of claims 5, 6 or 7, wherein the function is a
quadratic function of the form ¢ = aP*+bP+C, where G represents jitter value, P represents
power level and a, b and ¢ are constants, and the optimum power level is determined by

setting the differential of the function to zero (d6/dP=0, Poptimun=-b/2a).
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25 determning a function which relates the average
jitter values to the average power levels. 8 A

woreaohaa1as claimed in any one of clains 5, 6 OPCTIB2004/050592
wherein the function is a quadratic function of the
form6 = aP2+bP+C, where 6 represents jitter value, P
represents 30 power level and a, b and c are
constants, and the optinmum power |evel is determ ned
by setting the differentig of the function to zero
(d(y/dP=0O, PoplimJ'=-b/2a). WD 2004/100137

9. PCT/ | BAOG:AH3 2988 Red ih3nPone Af theprawdinggaimh.arheeth theoptics)

stor%%%legfumtl?ae dﬁrh%ﬁﬁéjdd&gsgﬁé ?e—%ﬁmve“*ﬁﬁfe?@ﬁbﬂt’)%ﬁ&ﬁ&ﬂefeﬂl and

iumis a ng address in pre-groove
Wherqlfafh%@“(eﬂﬂqb)? verstiforserheAAT Ephe ofdifdliscwher ei n t he power

| evel is varled for each ADI P frams of the disc. 5 10.
Arreth

d i.med. in
0.1 o o e A PR o ey 9 B g SEnBaRERR B o
storm\memgmabesrbicma*eng abpadute impingreggravv farhes dpfiwd thefinnand
rs:evel is varied
whe %?ﬁlggcﬁp%rllﬁv gfgrrlgédo?ltegﬁ\ 131'3 g%:m@% d,lbs\t: nmet hod as
claimed in any of the precedlng cl ai ms, wherein the

11.0pt i calp mdfbda€ @i BOnBThd bR EOIEYIdiEE Shasie tefopidar R,

SR T RBE DB BUBTRAVEOL VPV

DVDIiRE DL, DYD+RpPUDaR WsD VDR d#t, OVibHRWh §LaDVRRAMomB lp&aer
dlscISeveI for a |aser device for 15 witing to an optical
storage medi um the apparatus conprising: neans for
defining a test region of the optical storage medi um
2.2 | aseraflevicor &E@e%ﬁ&g@ﬁ‘cgﬁxﬂﬁ&%bv&gev@%MBsepWé frevel ,
operable to wite, a eterm ned data patterntothe

W“F%gst? arf Qppad poragRRFI LY 3‘F APREREE FIRYSPE t t er val ues for the
pr edet efidahdTeciedaihga ﬁatrég&ihmfthamdlcél@tomgansdxml ecting an

opt i um 1% g ec{e‘\% eli l%a,gmglé% aﬂerat"? O\ ,.epowereleveP |0petr 2% th %?% 5

devi ce ora
predatentlppbdathepaiteen opigriest kegiomeasured jitter val ues, t he
OPt | MU, SOV md oSl il Y1 34 ok cBBiertrlc B %aaweanﬁor

t he optlc storag I'um characteri sed
adj ust reqeEs sHeging AbPREFMAE) cBeTating PHAY PO EGVRlGE @P HSHé‘evwe

for B REESREMHE Sﬁwga;,{o?ag@ﬂl%&ﬁﬁ th defenlidage tIpBlS ihe fn@&h&ﬂl jittdd vélues,
first scan of ating

el
e B R PlsvErE e s i P 03k CBRifhg To a
first phedetriedbypederadnbtinkre 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, different to the first predetermined profile.

13. Apparatus as claimed in claim 12, wherein said means for selecting the
optimum power level comprises:
means for determining a function which relates jitter value to power level,

over the range of power levels in the first and second predetermined profiles;
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and, during witing of the predeterm ned data pattern
to the test region in a second scan of the nedium to
W@ 200¢/10(187 oper at i ng out put power | evel of the PEEEB2004/050592
devi ce according to a second predeterm ned profile,
different to the first predetermned profile. 30 13.
Apparatus as clained in claim 12, wherein said neans
for selecting the optinmm power |evel conprises:
means for determining a fygpction which relates jitter
value to power level, over the range of power |evels
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17. Apparatus as claimed in any one of claims 12 to 16, wherein the optical
storage medium is a disc having address in pre-groove frames (ADIP) defined therein, and
wherein power adjustment means is operable to vary the power level for each ADIP frame of
the disc.
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