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1 Method and apparatus for determining the optimal laser power in
recordable optical storage systems The present invention relates generally
to recordable optical storage systems, and more specifically to the
determination of an optimal laser power fér use with recordable optical
SRR RSN RNR PRlicAhSIAAGE diaas ARdspyellKAUBr ABICG RIAragrge
media, such as for example CD and DVD 5 recordable and rewritable discs,
HeMade 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 radiation beam, such as a laser beam, 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 Oer@HPeQL%JmHMH%ﬁe@%%E?Jl%@vﬁc%ﬁﬁm (J;Qi@ﬂ%?fﬂ%rzsystems,

gﬁléthy reflective areas between the marks). The resulting pattern
REERBCTHIHA oA &S R Btant6 e SRovad SR d O E R RErRETRb!C
bpfivgenagoaykaneamnshacdbndrareaianrresponds to the physical encoding

of a data "1" yalue. The marks an aces are generally encoded.usin
o T S B0 SBACER 8% SRl SRARE R By
kepgydablofaBT toyviiib fod By, Prévukaiceudlofrep retiepltstanke eritatlof endaaly
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accurately. For example, if an optical reader reads a disc with a number of
BP HIpsh AR DiadoM b, redisddiiacsei Aty pratedadiasgn beam,
fRatures labhisanisiviespretajionynay esulhda: incasieatslaia mirenealtiaingdoihe

exieme Saseh rera‘iéf%}%{e'sﬁ%g@'sg% i sonental that opheal, o . cas),
fecorders are able 1o nmonitorand 20 maintam the guality of AisC writing in
endéurtds €émghle e docunzey whadethdbematk andhardulemgthg avef themarks and

RAMCHA AISHPEIRA VB EEROATHE IO AENIR VG AGEH BIRWUEHI B MAENUId 2

fower should be optimized. In addition, optimizing the write pulse shape

S NSHEE BRI Bthe RBYSI5E kTPoPSINE BlimisiRg [the Writdhsunsekspapepaces are
rRauiSyeRbicizsdo e condingtitiphiditiedisrasslatisticalimensy megihe 7 of

tﬁg@’@%‘f@%ﬁﬁﬁ? RO RASEN SRATE ALk LanStions QLCHIPRING A,

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 writing, the write power should be optimized. In
addition, optimizing the write pulse shape results in reduction of read-out errors. Optimizing
the write pulse shape results in minimized recording jitter. Jitter is a statistical measurement
of the variation in mark to space or space to mark transitions occurring when a disc is read.

Two different optimal power control procedures (OPC) are currently in use for
Recordable (R), and ReWriteable (RW) optical storage discs. For R-discs ‘beta’ and ‘jitter’
(or ‘sigma’) OPC methods are used, whilst for RW-discs a ‘Gamma’ method is generally

used as the OPC procedure.



10

15

20

25

30

Two different optimal power control procedures (OPC) are currently in use for
Recordable (R), and ReWriteable (RW) optical storage discs. For R-discs
“beta’ and 'jitter' (or “sigma’) OPC methods are used, whilst for RW-discs a
*Gamma' method is generally used as thé OPC procedure. 2 These

presently used, QPG RAHAAS AP OIIGRMPR MBI MRRING Wsediyhich

information is_pre-stored on the disc. For exam[lale, information may be
BrUcBBHOIEHY 1§ BiEsret PRODRLSC Al R Gtk A IR BV H B qEsskgmto
witRavhiepria ldeginanri Gitpracadiceevd bisvafarraiation whagh iebdatwaverC
always be.correct, and can result in OPC 5 failure. Currently, a jitter. me e
g e S E SR e T g
thduso-called jitter OPC or 6-OPC to find the write power at which the system

margins (W'“tﬁ%%%% 591&@%)&5%*1@ |t9esthd ﬁ'ﬁﬁﬁﬁ(’\@%%%@éfag’rgand video
consists of the consecutive writing of a number of tracks at increasing write
FEREFEs T fa danGdnaha brjitidied e ORtite” Sowksr MStWIRER GEmRe Iy 41 aehich
theshiapen Hawevekithesghsetvgatdittarcshatirgsdy The subndbHaeappliecbnsists
W, '{e power. t.Vari%ttiions gﬂttr% dru g)a ighgtmo enFitiesi(gf the orliscrﬁﬁrecltﬂttr}ea
measurement as wells This 18 ilfustrated i Fig. 1. 1tis knotn trom experience
witdr sershsdists phaejittt dbechaethertdlydtion birshibethe disc is dependent on

the tangentiglpesitionstatherthapdhe s adiahROSH R MM a SRRATG R RERer.

To eliminate fluctuations on the jitter measurements, it is sufficient to o
SiiaHats PoidtENAr VRAIRGEeTHErS R HiRARRO aIsRtEFR dV@raydl This is
avetrat&dimplgta revolution of the disc. This means that, for example, ten

jitter measurtfmeﬂ;[s take ten revolutions, Thi (lis a %O sjtctjnif('icant Rlarf of the
. t1s n_rom experie with su 1SCS ! 1tter due to the tion on
available power CANBration area of the tise “THere is therstdre aneed fora

gpatieceffibipendarnitenphitdengatibrhtiontivethadetr hocdrelindidbpaditish aggectof
BeResanvecaiamiRet s AIONdRdR MRNAtserAEASIRHIIIRAN
optimum set of write parameters for a laser device for writing to an optical
eliminate rotational variations.

Therefore, conventionally jitter is averaged over a complete revolution of the
disc. This means that, for example, ten jitter measurements take ten revolutions. This is a

significant part of the available power calibration area of the disc.
There is therefore a need for a space efficient write pulse calibration method.

According to a first aspect of the present invention there is provided a method
of determining an optimum set of write parameters 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 set of write parameters, writing a
predetermined data pattern to the test region;

measuring jitter values for the predetermined data pattern; and
selecting an optimum operating set of write parameters of the laser device for writing data to
the optical storage medium in dependence upon the measured jitter values, the optimum set

of write parameters minimizing the jitter value for the optical storage medium,
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storage medium, the method comprising: defining a test region of the optical
storage medium; using a laser device having an operating set of write
parameters, writing a predetermined data pattern to the test region; 30
measuring jitter values for the predetermified data pattern; and selecting an

em}aawnzewﬁ{@ﬁmg}é%téiafwwﬁtﬁg@mea@{é@fn@aﬁd@éﬁt@&xi&ﬁﬁeraéeftriiégwata

to the optical storage medium in dependence upon the measured jitter

GANREE the optimum set of write parameters minimizing the jitter value for the

optical storageerteslinvriinghatdaiatizedtipthaitheistepatwihitingtaof write

Bredet rmined tiiata &)atterp t,[% the test region comprises the step of writing a
arameters o, (Y as?r CVICEC. 10 e teist I'C%IOH, an{i .

eference data pattern using a reference’set of write parameters of the laser

device to thewesnesyinersarechSrizvditinpatiomea s desiangidates patiensapitbaent set

@%ﬁ@ﬁg&ﬁg{g& grmeqsurenent set of write parameters of the laser device
and in that the step of measuring jitter values for the predetermined data

pattern comptided #3é RisfFp P hsastiesitrap sl desp i earised Bhterns:

aﬁttbrd&m}ﬁisé_ep of norr_nalizing the r_neasured jitt(_er values, and in that t_he
ﬁigae%fo%%%gaﬂggﬁitgpymm&% %&'ﬂ&éﬁ&%\é‘{%% parameters comprise- s

the step OCSeleCting the optimum set of write parameters on the basis of
thesHorPhakFdiREP VaTABE A SPRttim set of write parameters minimizing
the normalizeddjitiekaaidesp bB sAlccongmgotoianatheraspeet of thie: presecttrs
U&‘é‘?ﬂ?ﬂ%’{" there is provided an apparatus for determining an optimum set of
write parameters for a laser device for writing to an optical storage medium

Hisviiep & te'SEagiBR EfREYSTaFGHE B AR EratdRe B ISty AR bpErHlter
wiliiiRgtelevaemapecable ticwhitenatpradrierminatkdata patie féovalues.

According to another aspect of the present invention, there is provided an
apparatus for determining an optimum set of write parameters for a laser device for writing to
an optical storage medium having a test region defined thereon, the apparatus comprising:

an optical writing device operable to write a predetermined data pattern to a
test region of an optical medium at an operating set of write parameters;

a measurement device operable to measure jitter values for a predetermined
data pattern on an optical medium; and

a power controller operable to select an optimum operating set of write
parameters of the optical writing device for writing data to the optical storage medium in
dependence upon measured jitter values, the optimum set of write parameters minimizing the
jitter value for the optical storage medium,
characterized in that the optical writing device is operable to:
write a reference data pattern at a reference set of write parameters to the test region; and
write a measurement data pattern to the test region at a measurement set of write parameters,
and in that the power controller is operable to:
select an optimum operating set of write parameters in dependence upon normalized
measured jitter values, the optimum set of write parameters minimizing the normalized

measured jitter values.
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20 test region of an optical medium at an operating set of write parameters; a
measurement device operable to measure jitter values for a predetermined

data pattern on an optical medium; and a power controller operable to select
an optimum operating set of write parameters of the optical writing device for

y_vriting data tgrhe Mi%leﬁ%ﬁ@&@, EE&GP&&%'& %ﬁz&lﬁ?ﬁ&%@ﬁ?@iﬁ%ﬂﬁdﬁ%@ﬁ%@ed
jitter values, the optimum set of write parameters minimizing the jitter value

AP OSSO e TR QAR A ST G R A e SR AN VG RERISY1EE
ropapaiehtes write a reference data pattern at a reference set of write
parameters t ith? }ﬁ%trrﬁggoﬂée?nd write a {neasurement data pattern to the

test region at &measurement se S Write p%frameters, 30 and in that the

power controfligr isippbledy] disgrase idostaatioptimanpauper anibgdsatongrtgect of the
PRIRMSTSER B dependence upon normalized measured jitter values, the
optimum set of write parameters minimizing the normalized measured jitter
values. 4 TheiSe Y bthet BBRIES, %&%&?&b%@%%mw@e@f {RERnRh
will be appareiy frand thg. pllawing: mere pasicsiamsesof piéosasni listaiedl. in
the accompanying drawings, where Fig. 1 illustrates jitter measurements, 5
Fig. 2 is a block diagram illustrating an apparatus embodying one aspect of

the present irgedtidheRigeoBamy Rigdulogtrde wafistedmbdgirtean eppaetus

PRARRIY B YRS R cFifm> RAR s BHHEHRIR R85 A SMBOHRER) Yknown

the present invention. 10 Fig. 2 of the accompanying drawings illustratés
SESEhRiRRIRF A appishdf RoBThewaYIR el eEeRtifvention. A disc 1 is held
and rotated in adanWE MEE PEFViRiea fenovvitrollisg Bhityatpapaiakis ondigteislevice

T?tét@%ﬂ’{‘s E%Eé{%g r%"é‘f'f% of Gty & a?n‘%_f“é‘%ﬂﬁe [0 S-provided for cpntrolip
otitput parameters of alaser device  12. wihich s used o read and wiite from
aonirtdledéyibe donfihdepd faimdudesmhigtioareblevel, write pulse edges and overpowers.

A measurement device 14 is provided for measuring jitter values and for supplying data
relating to those measurements to the power controller 10. The operation of the apparatus of
Fig. 2 will be described in more detail below.

In order to determine an optimum set of write parameters, that is, a set of
parameters that leads to a minimum level of jitter, the minimum jitter value needs to be
found. Due to the definition of jitter as the standard deviation of noise in mark edges, jitter

values from different sources can be combined as follows:

(Jitter z‘otal)Z - (Jitter sourcel)2 + (Jitter sourceZ)2 1)
where jitterio is the total jitter value, jittersoucer 1S the jitter attributed to a first source and
Jittersource2 1S the jitter attributed to a second source. The present invention makes use of this
relationship, and operates to combine jitter values from reference values and measurement
values.

Fig. 3 is a flow diagram illustrating a first method embodying the present

invention, and Fig. 4 illustrates a test data pattern written to a disc 1 using the method of Fig.

2.
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15 controlled by the controller 10 include write power level, write pulse edges
and overpowers. A measurement device 14 is provided for measuring jitter
values and for supplying data relating to those measurements to the power
controller 10. The operation of the apparatus of Fig. 2 will be described in

more detail belaww L ordefitadstar %&B%@&QHM%%@WMHH%P&E%@%@&S’
that is, a set of 20 parameters that leads to a minimum level of flltter the

RATFRGHSIRER iRIEN AR s oV HES RYARTIISUSEB e sttt Risfasenpgsct of
standacdsdaniaitoniof Neigewritnrkeddas; jiardsabsesntionedifere pte-

sources can combined,as follows: 25 .IZtt2Ntotaly - .|Ztt2Nsqurcely +
USRI TS LA IR B AR R O or CAENAIERY diec 1. 4

jtasuraribot detapaitéins B so thaevartknjittahsolse isnthe jistae anelolted e seference
FLCPHSAUES ANEHRIEIERLINVEN U PankeSUSS AliliGsiA0 JSREQRSAR 30

operates to combine jitter values from reference values and measurement
VAR RS %5 BEAR SYPaliP MR AP RS RIINGE RABB i G HBPle, the
prigsgidty in e ioRsardurig cdnibstatas a test data pattern written to a disc 1
using the method of .Fig..2. 5 Following initialization at step A, the first
ethod wiiteL S Felda e s R Rl
perrannetenyi{stepy BtiPopethardiste] theoraérteAcW ket b wardmeétemscecand
inelvde Aefixad ViR ROWEL B R daReh deMER (ARd BXEAMIEREE then measures

compensation. The reference data pattern 2 is written to a part of a track 11

Sterealies for e vaiios ReiFfant deitd bARERIF5S finsh Veee pStePthelatsdbedin

Hiosgnaadiiaekstkeas tthepaifaianss odatatpplianie(steph e The drRASURMSREd

q%te? \%?ltltGern 3 is written using a measurement set of write parameters, which
an vary from that used for the reference pattern. For example, the write

power of the $asertbogrsaelvanyesvared! Thewaritiitchedtbevatenreference

AL DGARW SINARE dRf@RALENS & Ak iy L GRANY %%ﬁ{ﬁﬁ'ﬂz@ EEYQUHRR Rference

the disc 1 is completed. When the set of reference an
and measurement jitter values using equation (1).

The equation becomes

( jittermeas)z—(/'i tterref)z‘ (2)

Jitter = i\/

where jitternom 1S the normalized jitter of interest (that is, the jitter sources from equation 1),
Jittermeas 1S the jitter of the measurement data pattern, and jitter,r is the jitter of the reference
data pattern (source 2 of equation 1). Note that the sign must be explicitly regenerated
because the jitter on the measurement pattern of interest might be either higher or lower than
the jitter on the reference pattern. The sign is dependent upon the relative sizes of jitteryeas
and jitterr.

The optimum power level is then selected on the basis of the minimum
normalized jitter value, determined by equation (2). Alternatively, the jitter value can be

normalized using the equation
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measurement data patterns 2 and 3 have been written to the disc, the
method then measures jitter values for the various patterns (step E),
normalizes those values (step F, described below), and then selects the
optimum set of write parameters on the bfsis of the normalized jitter values.
15 Since there is always just a small angular difference between two
consecutively written sequences, it is sufficiently accurate to normalize
consecutive reference and measurement jitter values using equation (1). The
efupipn becapmep 20 jiitefey.. - littermeasy G. ltterre$y2) 25 where jitter err”
i the normalized jitter of interést (that is, the jitter sources from equation 1),
jitterme. is the jitter of the measurement data pattern, and jitterref is the jitter
vihihk iscsfefifenos]yoeaaipattern (ol wectof sugatdnbbyridietttiaitile signplified
MRS BRI FEURNETAIEdL DREPISE hEOlitiRTAR NG MgRSkrement pattern

of interest might be either higher or lower than the jitter on the reference
pattern. The glg%‘?%’&é‘ﬂ?éﬁdbﬁflﬁﬁ%ﬁeﬂﬁ@lféi%%l%Yf WIEFTieTRReRE 88 b
Jitasiebmenedaptipaticm poves deteldisntie brIalecteshon, threibasisabihat pattern
minimum, pormalized iter value, determined by.cauation (2. Altematively

e jltliler VAIE Can BeTnormalize using the equation 6 |eter,'1 Jlt?fe .- JitteYf
(8w nhictnissifficientyimooulatd of asmaliydetidaMamgsivflplibe meehiittarent
Withasigpelfisd aecnaizalisnsformula, the chance of the propagation of
errors is reduced. In one example, the measurement power level varies
during writingl6MRE" ifeastrRIRE Rt at 2 phtehsrais ey Bimb SirtH AEYEigs. 3
aifetvneabivReASY eMenicp ptiesmh pertiemiasiaspecHiadmedasdementictuations
power level, and tese powenieyels ingiedse in %%%%&V‘{‘ASE manner from a
minimaE evel ts & maxn’f?um‘ Vet Riteha |ver,(i € measurement power
lbvalrdanglpeivarechndntithmighpodying the present invention, a reference pattern is

written to the disc on one revolution on one track of the disc, and a measurement pattern is

written on a different track of the disc on a second revolution. This second method is
illustrated in Figs. 5 and 6. This method makes use of the fact that jitter fluctuations are
dependent on the tangential position and not the radial position (on a small scale). In the
second embodiment, the reference data pattern is written (step B’) using a reference set of
write parameters (e.g. fixed power level), and a measurement set of parameters (e.g. varying
power level) is used during writing (step C”) of the measurement data pattern. The
measurement data patterns 3 and reference data patterns 2 are written in neighboring tracks of
the disc, as is shown in Fig. 6.

In order that the normalization is valid, it is preferred to uses radially aligned
jitter measurements for the measurement and reference data patterns. In an optical disc drive,
this is achieved using the defined timing pattern, known as the “wobble”. At radius R, the
neighboring sequence is found after 2/7R/w wobble counts, with w the wobble length. A
small mismatch, however, will not be a problem.

Besides the currently implemented 6-OPC, the above-described jitter
evaluations can be used for other write parameter optimization (see, for example European
Patent Application 02077527.6 -PHNLO020578- by the same inventor). In such a case, it is not
simply the write power that is ramped, but other write strategy parameters (such as, for

example, write pulse edges and overpowers) as well. The response is a second order curve,



10

15

However, in method of Figs. 3 and 4, there is always a small angular

difference between the reference pattern and the measurement pattern. The
jitter fluctuations in a tangential direction are typically higher than from track
to track in a radial direction. 15 Accordingly, in a second method embodying

R EacHt jey&eniap aa%ifﬁfgf@é?_‘iﬁo@?etﬁ%} WAL Lc}é{%?eﬂ'&%%}@sﬁf&ﬁqent. The
revolution on one track of the disc, and a measurement pattern is written on

suBrRsteh g GebPerEleies Bhes ' Ycohd 1eUBHiGSN. This second method is
illustrated in Figs. 5 and 6. This method makes use of the fact that jitter
ﬂ,ygtu&t)iﬁons_ag erdependent on the tangential position and (Qﬁt the radial
posftion”tén 4'smll scale). In the 20 second embodiment, the reference data
pattern is written (step B') using a reference set of write parameters (e.g.
&%M%A@M%Xd@@%%&%@?ﬁ&ﬁﬂ%@ﬁﬁ%&% BRRPRIRS Q@& ¥ifitirectly be

power level) is used during writing (step C') of the measurement data pattern.
et 8a BrREM Y sattetrey SRHA FRifeRe e it patterns 2 are written
in neighboring Wacks pbrta@isthabsnbahinumndofig. et aidemthaiide
noymalizadon s yalid s preferred (o yses radially ajaned et st of it
measurements for the measurement and reference oata p%t erns. In an
opioaiteis o dnye gihidyiseduhiey ddaming [theldefindd aimingapattban thaowniplss
U}q};%’\ﬁ&gﬁ'}n%ﬁﬁql%ﬁrﬁyetsﬁplﬁg'w&gm%ﬁ@ﬂ 'ﬂ%’aﬁ?, éﬁeflq lffb@n%s?ﬁﬁ/fﬁ’at laser
e

wobble counts, with w the wobble length. A small mismatch, however, will

ABtiRaChidnsam dShissaurius ngd wipHoRt RRpIStEN e ¢ Bleyb the trgible spectrum.
above-describedhfiierop¥iiugiopptianb@tdsadnionahes beitepalasiitftion
optimization (see, for example Eu icati 71527
B e R e R S AR B v
wajter JoWierRMatisalalraped Phii-oth EVibrite stratédy bdreahbtors, QNEhBSY fdrual-
EXAMAR RN UIRE BAOSS B gyeLpowers) as well. The response is a
second order curve, 7 which can be reduced to a first order problem by
subtracting a reference measurement. The subtracted jitter can be referred

to as "AF. To normalize: AJ jitterme,s-jitterref (4) 5
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This means that the idea of using jitter measurements on reference
sequences can directly be applied to the mentioned write strategy
optimization algorithm. It will be appreciated that embodiments of the present
invention provide methods and apparatu$ for measuring jitter values, and
ergplecting an optimum set of write 10 parameters, using a greatly
reducing disc area. It will also be appreciated that the principles of the
present invention can be applied to other optical media, apart from discs, and
that laser device includes any device producing radiation, either within or
without the visible spectrum. Examples of disc type optical recording medium
to be used in combination with the present invention include CD, CD-R,

D-RW, DVD-R%V&-}?W, DVD-R-Dual- 15 Layer, DVD-RW-DuaISI(iI/_a}/er,

VD+R, DVD+EN DV R B Ay BB SRW Y B ERGSTS BB B EMm,
derddsliprayiDigcodiscptiBalGlotd i octlivinmitmodhotidetepmimigig an optimum
set of write parmeters fof.ailasardeyike fAlwling 5o, ap optical storage

medium, the method comprising: defining a testregion of the optical storage
medium; usiti§alaseeHeRNtE RanieraRrshtaging by ofanttansEmstisiag a
mg%@i&@@@%%@}m@q&a@p@ggﬁp to the test region; measuring jitter
values for the predetermined dat ttern; and selecting an optimum

Sl il

operating set ST pLAVEHSH IR RUORES RS PR Bta to the
optical storagelen@diamaptidepe npeagegspoot theteeasucesjiifeho/hlsedetine for

QRHmY H&tﬁ%ﬁfe‘%q{i%ﬁ%{ S ﬁl&é%‘&é&ﬁ%dﬂ%&c@ehues the

storage medium, 10 characterized in that the step of writing a predetermined
gafanpaishe kY e RushegioR RBHHHE DS tHestalyofoR e rbiage aadiem.

pattern using:RafgéRieReasehOhWELS PammaiesRithenaseuda\ierta thene test
test region; and the step of writing a measurement data pattern using a

KER8T8HRER set of write parameters 15 of the laser device to the test
reginep, of writing a reference data pattern using a reference set of write parameters of the

laser device to the test region; and
the step of writing a measurement data pattern using a measurement set of write parameters
of the laser device to the test region,
and in that the step of measuring jitter values for the predetermined data
pattern comprises
the step of measuring jitter values for the various patterns; and
the step of normalizing the measured jitter values,
and in that the step of selecting an optimum operating set of write parameters
comprises
the step of selecting the optimum set of write parameters on the basis of the normalized jitter

values, the optimum set of write parameters minimizing the normalized jitter values.

2. A method as claimed in claim 1, wherein each set of write parameters includes

a power level of the laser device.

3. A method as claimed in claim 2, wherein the power level of the laser device

varies over the writing of the measurement data pattern.
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and in that th-e step of measuring jitter values for th-e predetermined data
pattern comprises the step of measuring jitter values for the various patterns;
and the step of normalizing the measured jitter values, 20 ands that the step
of selecting an optimum operating set of Write parameters comp rises the

step of_el e Emhlbfﬁ%cpﬁtm%&?iﬁ%ﬁ&&%fi%%iﬁ@%&%@&ﬁe@%?ﬁﬁ%i§d§_éfr hdGice
normalized jitter values, the optimum set of write parameters minimizing the

ROFETRETTiEPVRIFES! D X muthiSychS Caiff ey ire afiha M eremr M4ls
petr@hwrite parameters includes a power level of the laser device. 3. A
method as claimed in claim 2, wherein the power level of the laser device
varies over the writing of the measurement data pattern. 30 9 4. A method as
élaimed in cléirmahedrsrelininiad poen bvehotthéhtazerddeickofidedafiordesice

RuaIRURJRYEL D SISy 6F A¥ehihG WHIRGL AL hmeasurement data

pattern. 5 5. A method as claimed in claim 4, wherein the power level of the
laser device rises in discrete steps over the writing of the measurement data
pattern. 6. A meifinedas eldimradnammhesefisiams 2 ithbrewhregiowifigevel of

ower level of the !ﬁser. device, over the writing of the reference data pattern
e 0 R e R o o e g0 e 28 the measured
jitter values relate to an average of jitter values of the measurement and

reference daja RaiEiNs: & MBaHNAgAS JRIMGHLIRF At Qhréd WRET G el ate

optical medium is a disc, 15 and wherein the reference and measurement
iat8 peraneliovar wHushefiBgimysHiesebAnG refegieedatk Rt RS disc. 9. A

method as claimed in claim 1 or 2, wherein the optical medium is a disc,
8 A method as claimed in claim 1 or 2, wherein the optical medium is a disc,
and wherein the reference and measurement data patterns form an alternating pattern on a

single track of the disc.

9. A method as claimed in claim 1 or 2, wherein the optical medium is a disc,
and wherein the reference and measurement data patterns are written on consecutive tracks of

the disc.

10. A method as claimed in claim 1 or 2, wherein the optical medium is a disc,
and wherein the reference and measurement data patterns are written on neighbouring tracks

of the disc.

11. Apparatus for determining an optimum power level for a laser device for
writing to an optical storage medium (1) having a test region defined thereon, the apparatus
comprising:

an optical writing device (12) operable to write a predetermined data pattern
(2,3) to a test region of an optical medium (1) using an operating set of write parameters;

a measurement device (14) operable to measure jitter values for a
predetermined data pattern (2,3)on an optical medium (1); and

a power controller (10) operable to select an optimum operating set of write

parameters of the optical writing device (12) for writing data to the optical storage medium
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and wherein the reference and measurement data patterns are written on
consecutive tracks of 20 the disc. 10. A method as claimed in claim 1 or 2,
wherein the optical medium is a disc, and wherein the reference and
measurement data patterns are written oH’neighbouring tracks of the disc.
ff) ﬁﬂde%&%ﬁ%@p@{ Helarriniag: ERURYBH AR rsé%?leﬁ{e_%ei@a?ﬁétg%V'Ce
or writing to an optical storage medium (1) having a test region defined
TREFEYH B4t Tebihphiing: Sertsstieat Whdhy device (12) operable to
write a predeirirminetdatarpatiesopB36hl2;3)itg detest regiontaé an optical
medium (1) using an operating set of write parameters; a measurement
device (12) oo SR 8 T e SR S S REHRR s o e
frattesgiof2, 8)don an optical medium (1); and a power controller (10) operable
to 5?|9Ct an QRiNY MQRFEANINY B&t ﬁa{twmasiﬁgm&%&%&é&h&aﬁm&%@%&m
device (12) for writing data to the optical storage medium 10 (1) in
HeBeteFE%lpon measured jitter values, the optimum set of write
parameters mathimizingdpewtienvalue foothappticlakstorage medium (1),
s acl:}%né gnllno I‘el%ttigpgesa%ttl%varllt\évrglrglgqu\s”&edI%s%ﬁgnr eb1|1 otﬁ)l:lc\)q’lrrrllgl%zaed measured
reference data pattern-using a reference set of write parameters to the 5 test
fagion ushdhR AR AU se<Arafie AtaReAc Pt migsing ancierigre mentset Her
wiliiesparameters to the test region, ands that the power controller (10) is
operable to: select an optimum operating set u write parameters in
dependence upon normalized measured 10 jitter values, the optimum set of
Wiite to paradiperafunisinlizing thelaornhbl whertmezeh s fineite patamsters

ARRARWS ARFlalmed i ¢almgldicwherein each set of write parameters

13. Apparatus as claimed in claim 12, wherein the optical writing device (14) is
operable to vary the power level of the laser device during writing of the measurement data

pattern.

14. Apparatus as claimed in claim 13, wherein the power level of the laser device
rises from a minimum level to a maximum level over the writing of the measurement data

pattern.

15. Apparatus as claimed in claim 14, wherein the power level of the laser device

rises in discrete steps.

16. Apparatus as claimed in any one of the claims 12 to 15, wherein the power

level of the laser device over the writing of the reference data pattern is fixed.

17. Apparatus as claimed in claim 11 or 12, wherein the measured jitter values

relate to an average of jitter values of the measurement and reference data patterns.
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includes a power level of the laser device. 15 13. Apparatus as claimed in
claim 12, wherein the optical writing device (14) is operable to vary the
power level of the laser device during writing of the measurement data
pattern. 20 14. Apparatus as claimed in dl&im 13, wherein the power level of

tl@‘? _Iaser devigs,arisgs J£QmiAdMIRIEME 19! 11 @ﬁ@%@%ﬁﬁé’a&'&é{&ﬁﬁh{% a disc,
writing of the measurement data pattern. 15. Apparatus as claimed in claim

1o WhisrariRhEs [SEET fadenatiiemaRetatfiaRAtEm ORI i | GTBRYBEPHFR O1 6.
Applanaivis @3ledigeed in any one of the claims 12 to 15, wherein the power
level of the laser device over the writing of the reference data pattern is fixed.
30 17. Apparatus as claimed in claim 11 or 12, wherein the measured jitter
Values relateAtwanteses agerstljittetayalléonfXheheremshecpier aredium is a disc,
5%??&%?&%@8@1‘5%@%3} %é@uﬁﬁ@ﬁré&%ﬁsp%eﬁﬁ' FORA 4R SR ldn Workeutive
wherein the optical medium is a disc, and wherein the reference and
ks afdhéitcdata patterns form an alternating pattern on a single track of
the disc. 5 19. Apparatus as claimed in claim 11 or 12, wherein the optical
edium is a disc, and wherein the reference and measurementdata . ..
2 erns fornt BRSNS L) e SR S CPOER A
efainwberdm thainafdreroe 42] whestaimine dytipatteredigmigtendisocigibanag tracks
wheteipthe reference and measurement data patterns are written on
neighboring tracks of the disc.





