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generally to recordabl e optical storage systens, and
nore specifically to the determ nation of an opti nmal

| aser power for use with recordable optical storage
systens and optical storage discs. As is well known,

opti cal storage nedia, such asifor exanple CD and DVD
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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.
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method is generally wused as the OPC procedure. WO

2004/ 114291 PCT/ 1 B2004/ 050970 2 These presently used
OPC net hods are based upon i nformation being used,

which information is pre-stored on the disc. For

exanpl e, information my be pré stored onto a disc
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| aser devi c&¥r§ léFhveqr? # pgd {5 2 apicopticiens pritequlse gpjibration method.
medi um the nethod conpri sing:

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,



defining a test region of the optical storage medi um
using a |l aser device having an operating set of wite

w@amameers, witing a predeterm ned data patPEr/IB20®/050970

10

15

20

25

30

the test region; 30 neasuring jitter values for the
predeterm ned data pattern; and selecting an opti num
operating set of wite paraneters of the | aser device
for witing data to the optical storage nediumin
dependence upon the neasured j8tter val ues, the

I mum set wite arame ers, mnimzing the jitter
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" These and other objects, features and advantages of the invention will be
apparent from the following more particular description as illustrated in the accompanying
drawings, where

Fig. 1 illustrates jitter measurements,

Fig. 2 is a block diagram illustrating an apparatus embodying one aspect of the
present invention,

Fig. 3 and Fig. 4 illustrate a first embodiment of the present invention, and

Fig. 5 and Fig. 6 illustrate a second embodiment of the present invention.

Fig. 2 of the accompanying drawings illustrates schematically an apparatus
embodying the present invention. A disc 1 is held and rotated in a known manner by a known

disc drive apparatus, which is not shown for the sake of clarity.
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jitter neasurenents, Fig. 2 is a block diagram
illustrating an apparatus enbodyi ng one aspect of the
present invention, Fig. 3 and Fig. 4 illustrate a
first enbodi ment of the presen# invention, and Fig. 5

and Fig. 6 rate a second enpodi nent of the
present i n\‘/‘\e‘i‘?f“ir‘ifﬁr 10 ig proyirgdl foncogirolking Sutput RIFARISH ‘ﬁ@ laser device
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V{%E‘?Sy%&oggih&gf”f ?ur‘fﬁca“ﬁfiég%lﬂ%ﬁdﬁf ?i‘ﬂwsdf t he apparatus of
F|g 2 wll be described in nore detail below In
er tod mne an mum set of,wite parameters,
el 2

aﬁzl‘tes;otca tfm‘é'i"sm&e ditter hatedeads tdl)a mi ni mum
IeveI rpnlrru jit s to be

ee
£ St s 1 PR S Rbrr-nts ottpEn O] e ot mem e
emma)traeﬂmthejmen @iti$tenteid o mr:dmdedgasThq pirdsére invar@iol &laki® Sise of this

EE}OQ% t, ol{dz (ig‘él‘f%?éér %ﬁ?l{l% Qaﬁueg ?rom I er%c??al{wt% anc? measurement

-soufrcel) er source
2)Va14115) where-jittertotal is the total jitter value,

jittersour 9%' 3 fs% ﬂBQthgfaIntlﬁﬁstr%n"gr I3 ps‘t'fn@t‘ﬂo& Qnt%d%h% §1E Breseat

squrce and ittersource2 1s the jitter a
t dnvgntioaciaf § lgs‘b Hates THet Jatedatisn Wit éha digm! ngélse npéhed gf Fig.
this relationship, and operates to conmbine jitter

val ues fro efer. al ues and asur ment val ues.
g(‘)ll’owmg 11%Q§llezat}/on at step A, the first method writes a reference ac'ata

pattern 2 using a reference set of write parameters (step B). For example, the reference set of
parameters can include a fixed write power of the laser device, and fixed write pre-
compensation. The reference data pattern 2 is written to a part of a track 11 of the disc 1. A
measurement data pattern 3 is then written to the disc 1, in the same track 11 as the reference
data pattern (step C). The measurement data pattern 3 is written using a measurement set of
write parameters, which can vary from that used for the reference pattern. For example, the
write power of the laser source can be varied.

The writing of alternate reference and measurement data patterns 2 and 3
continues until a revolution of the disc 1 is completed. When the set of reference and
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 basis of the normalized

jitter values.



Fig. 3is aflowdiagramillustrating a first nethod
enbodyi ng the present invention, and Fig. 4

WO kdoysinat es a test data pattern witten to a BPCEHDB2004/050970

10

15

20

25

30

using the nmethod of Fig. 20 2. Follow ng
initialization at step A the first nmethod wites a
reference data pattern 2 using a reference set of
wite paraneters (step B). For exanple, the reference
set of paraneters can includeSa fixed wite power of

the | aser devi d fixed ensati on.
The refere E‘ée%‘%fféf“ag%acyf%’lstr?sﬁ“ 1§n5}\‘)‘alp fl‘?férﬁ ggg(e?yéw of a
t raatdecitidelpfvritidnaedlioses, it.is AffRTentipasuiae KERimdat onpabiive réference
3 h in the sane track 11
aSefn? Hl%&lﬁr'ea }éﬁt {tér%nlué qis}'ngg%%Q1 (n)1 (step Q The
rreasurerrenffh@@vawpatqoenen 3is witten using a
neasurenent set of wite paranmeters, which can vary
fromthat used for the reference pattern. For exanple,
the wite ppwer of t aser s rce can he vari ed.
Thitien, ;m'?a\ﬁ ll‘m%gﬁgﬁ(ﬂ&@e Ee and nmédsur enent
data patterns 2 and 3 30 contln es until a revolution

of the disc 1 is conpleted. Wien the set of reference
and rreasurerrent data patterns 2 and 3 have been

Vet RE g S LR BE DT, | Shon .

t hmslaeasvlathu @ter pSthepedsyreies dath basien, H@ljiaey). is ta fttdrlo€the reference

t t
b aighdt QB M, 1R R iR e e,
P(Wlallﬁszo #EeOB0ken0casBer@inh pastetntod ingerésemight/pm gisher bigher ar lower than
S iR jliteAONIM RfereflielphfdiR NGE sibEls WERAdhWPon O ARG LY BF Mter,ex
witfen sequences, it is Sufficiently accurate to
néPfs#e consecutive reference and neasurenent

j itter val URSopUSURAGoREUSE] Othel ae)ectezr Blethe%@tokalﬁ nResenes
0 er

eT" arm&ltter sy &ltt
} i A By KRR Faib B alrmuh o et ope
I swrmahigedjubibg the eqationces from equation 1), jitter.eas
is the jitter of the measurenent data pattern, and
jitterref is the jitter of the reference data pattern
(source 2 of equation 1). Note that the sign nust be
explicitly regenerated because the jitter on the
nmeasurenent, pattern of interest m ght be either higher
orjillgrer tHE@r,.. - jitter,, ©)

which is sufficiently accurate of a small practical range of observed jitter. With a simplified
normalization formula, the chance of the propagation of errors is reduced.

In one example, the measurement power level varies during writing of the
measurement data pattern. In the embodiment of Figs. 3 and 4, each measurement pattern
portion has a specific measurement power level, and these power levels increase in a
stepwise manner from a minimum level to a maximum level. Alternatively, the measurement
power level can be varied continuously.

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.

Accordingly, in a second method embodying the present invention, a reference pattern is
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the basis of the minimum normalized jitter val ue,
determ ned by equation (2). Alternatively, the jitter
val ue can be nornalized using the equation 20
jitter,,,,,, = Ztterneas - f itterrij (3) which is
sufficiently accurate of a smaﬁl practi cal range of

obser ved tter. Wth a si % g ormallzatlon
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increase In a stepw se nanner froma mni
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tangential _direction are.typi,. er.than from .
track tot PR it G petiRldh F SR ARRRL R s s
a jsteconsirmpntydat tembaskyemat drideefpress dath patiame b arooptica disc drive,
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witten SC oOn r'evol uti on on one
ofnelgh@rldg @guenemal foamdnadtes YiRéwwiobblp epuntarvithi vethe wobtile leretlo

a sehafi fnfaRt hwa;ek“@ﬁncwa@a?aoﬁlemon a second revol ution.
This second nethod is_ illustrated in Fig

and 6.
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t
p%&zﬁ%&é Gliv g)(ll%% gfﬁesf 4(15 %geqpo%; aJ v@e\ﬁe’h)e res?&ﬁe Ra c%gcy 5r§g%grve
d u*fhlqhgarv\heu reduegyl ¢ & fiesporderyprabfent tlyeub’f@etslg meﬁermce emmrement The

p%&ﬂtﬁ&@d _]ltt-Eh&ln bIRASME RIBRPAI IR RrRafL.erns 3 and
reference data patterns 2 are witten in nei ghboring

tracks of the disc, as is showm in Fig. 6.
AJ=jitteryeas— jitter g @

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 apparatus for measuring jitter values, and then selecting an optimum set of write
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, CD-RW, DVD-R, DVD-RW, DVD-R-Dual-



10 In order that the normalization is valid, it is
preferred to uses radially aligned jitter

wore@gareaent s for the nmeasurenent and ref er encECTER2804/050970
patterns. In an optical disc drive, this is achieved
using the defined timng pattern, known as the
"wobbl e". At radius R, the neighboring sequence is
found after 2f RF w wobbl e counts, with w the wobbl e
length. A small msmatch, howéver, will not be a

probl e eS|des rrently | ment ed 6-

P Hevaovetuinrien: PVBEr DV E0M RV PEk Dredew e Yietv- Dual
fdﬂwﬂimﬁbIMMMhﬁdanaﬂBﬁema@pt|n1zat|on (see, for
exanpl e European Patent Application 02077527.6
- PHNLO20578- by the sanme inventor). In such a case, it
is not sinply the wite power that is ranped, but
other wite strategy paraneters (such as, for
exanple, wite pul se edges and overpowers) as well.
The response is a second order curve, 20 which can be
reduced to a first order problemby subtracting a
ref erence nmeasurenent. The subtracted jitter can be
referred to as "AY'. To nornmalize: Al jitter,,,e,,, -
jitterref (4) 25 This neans that the idea of using
jitter neasurenents on reference sequences can
directly be applied to the nmentioned wite strategy
optim zation algorithm It will be appreciated that
enbodi nents of the present invention provide nethods
and apparatus for neasuring jitter values, and then
selecting an optinmum set of wite paraneters, using a
greatly reducing disc area. It wll also be
appreci ated that the principles 30 of the present
i nvention can be applied to other optical nedia, apart
fromdiscs, and that |aser device includes any device
produci ng radi ation, either within or without the
vi si bl e spectrum '~ Exanpl es of disc type optical
recording nediumto be used in conbination with the
present invention include CD, CD-R, CD-RW DVD-R
DVD- RW DVD- R-Dual WO 2004/ 114291 PCT/1B2004/ 050970 7
Layer, DVD RW Dual - Layer, DVD+R, DVD+RW
DVD+R- Dual - Layer, DVD+RW Dual - Layer, DVD-RAM and
Blu-ray Disc discs. WO 2004/114291 PCT/ |1 B2004/ 050970
8 CLAI Vs



1. A nethod of determining an optinmmset of wite
paraneters for a laser device for witing to an

wWopittaad295t or age nmedi um the met hod conpri si ngPCT/IB2004/050970
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defining a test region of the optical storage medi um
using a |laser device having an operating set of wite
paraneters, witing a 5 predeterm ned data pattern to
the test region; neasuring jitter values for the
predeterm ned data pattern; an8l sel ecting an opti num
operating set of wite paraneters of the |aser device
f SrEARGS; ¢ ng data to the optical storage nediumin
dependence upon the nmeasured jitter values, the
optimum set of wite paraneters mnimzing the jitter
val ue for the optical storage nmedium 10 characterized
in that the step of witing a predeterm ned data
pattern to the test region conprises the steps of:
Wi.ti ng a neheh®ng eetetairangmich@hiin k% bN@rita pir@h@&re RE £laset
ofde‘\;\l@é%gw&?r e%graetert.slotf the .| aser e\éi ce to the test
r e on " HndaiR I TP SORERLH MR P SO 8r n using a
measur enentdefirirtg agést weiob ef thd sptipd sarmet mediurof t he | aser
device to o]t . ' i
clai m 1, whare BRLaA ROk ol AR LI ke
a pyigierminashdata pafern th gheltegbisgioglevi ce. 20 3. A met hod as
clai med i n bk Fier WRRE &r helpRADANRE dhif ¥@kernOfndt he
| aser device varies over the witing of the ]
neasur ementelEFEPSANPRIMER Qpergfing Aet REYH(S fargaeters gf thplgser device for
clvaitiy data WHIRY @tichl btb@gd1RIm in@Rhndddte Upde the dR@ured Atdr&Blues, the
evel  ov

rises fragma.mnimm/level . tq a _maxj mum| I er the
raPERH P P Pivees B g DR NE T teph LT redim,
nmet hod as chaicteeiekdiimthed tid stapdf writiey eepredetelnginguiala@rpatiegv i lthe test
Ofreg{i(ghecoln glqdeviGe rises in discrete steps over the
writing g? % he rftgs ]

h asurenment data pattern. WO
2004/ 11429 yripGTd 1eBRO0XAJaG5ROTO usily; agefegnepesetiod yritgparameters of the

cllgsg,ra%dicé{gt&qystg@ign;%d claims 2 to 5 wherein the power
| evel of the |aser device over the witing of the

ref erence 0&fIRE HAEPEPFRCHt datg pakigiy using AMAIPEBEN 5% OEVHE ned

i pa@indiefolth lase? dewdaes @ik RestrBgodreasured jitter val ues
rel ate

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.

4, A method as claimed in claim 3, 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.

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.



5 to an average of jitter values of the neasurenent
and reference data patterns. 8 A nethod as clained in

webk@im@or 2, wherein the optical nmediumis aPCi/BE2004/050970
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and wherein the reference and neasurenent data

patterns forman alternating pattern on a single

track of the disc. 10 9. A nethod as clained in claim

| or 2, wherein the optical nediumis a disc, and

wherein the reference and neasfrenent data patterns

are witten on consecutive tracks of the disc. 15 10.
ret hod adh BRAFHAAHAET G (919 OfFaims 2 (g e herain hppower level of

opthé gk devirdiowkttieSvrRaingl bt refefenct datigadrmistiker. r ef er ence

and nmeasurenent data patterns are witten on

nei ghbouring tracks of the disc. 11. Apparatus for

det er m ni ng\ methajosiciaimed roskem 1| e elvhefein thambeasred jitthe valess relate

f havi ng

R T S e

conprising: an optical witing deV| ce (12) operable to

wg te a predgliesdds @ﬁ%e@%@a1ﬂqtotr§r%ere 1Pthdptit A nRdibB S a disc,
region of an optical medi um usi ngm?é%al erating set

fanmhfr@nﬂ&rrafﬁréwragd MEpSYEIA %Wﬁma mating pattern on a
op@fgaltack éfGhd@RsuUre jitter values for a 25

predeterm ned data pattern (2,3)on an optical nedium
(1); and a power controller (10) operable to select an
Ot i Mum opey mtthatighs skeimed in cm:intl &r Z,Dﬂ‘l‘eﬁenﬁhetlipﬁicalﬁneﬁibﬁ is a disc,

! %g (thg}{ Ith&%efgr%%czf )ancp meastgement atttgmg a?re %vqul en ntcor%gcun}/ei tracks of

e liponmedsure
vékuhs t he optinmum set of WW|te parameters m ni m zi ng
the jitter value for the optical storage nmedium (1),
30 characterized in that the optical witing is
op@r abl e t & mgthqdiag clgimed fneflaimd ot davhsrefnethe eptipal msfling isa disc,

r Qlfn@ WaHEiR tieefertice Wid h@sREh AR LfaBerhOart Qﬁttentoﬁ%hglﬁl%%n%ﬁracks
g ite a measurenent data pattern using a

h9A5frent set of write parameters to the test
regi on. WO 2004/ 114291 PCT/1B2004/ 050970 10

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 laser device (12) for writing data to the optical storage medium (1) in
dependence upon measured jitter values, the optimum set of write parameters minimizing the
jitter value for the optical storage medium (1),

characterized in that the optical writing is operable to:

write a reference data pattern using a reference set of write parameters to the
test region; and

write a measurement data pattern using a measurement set of write parameters

to the test region.



12. Apparatus as clained in claim21l, wherein each set
of wite paraneters includes a power |evel of the

wo amenigervi ce. 5 13. Apparatus as clained in cPEi/mB2a@/050970
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wherein the optical witing device (14) is operable

to vary the power |level of the |aser device during

witing of the neasurenent data pattern. 14.

Apparatus as clained in claim 13, wherein the power

| evel of the laser device 10 Wises froma m ni mum

| evel to a maxi mum |l evel over the witing of the
nmeasurenent data pattern. 15. Apparatus as clained in

clizi m 14, wkppereiufastchimadomesiml 1ayeherai edch eet bagte paandtae

ri t 5 16. Apparatus as cl ai ned

: nﬁ&‘&dek Qﬁcq’l'e%?e(lg o?th@fagepﬁevm 2 to 15, wherein the power

| evel of the | aser device over the witing of the

r efzer ence i d

B mod i n ap ek Sabini heckdn HEBRRLAAL B (1

v fipgikle topany the paver 'le‘CFl aﬁh@l@@r dryice @pring) writiag of/the me@urement data
t handgasurenent and reference data patterns. 18.

Apparatus as clained in claim1ll, or 12, wherein the

optical nmediumis a disc, and wherein the reference

and. measur earppmhtuﬂzatcamaﬁrt &S] 3f wiicBigihe Bdviee [eRélof g laser device
parEsE:ser mggnn?mu 0e b ?Ck % It heer de:I SrCin \%ﬁt 12; u t data

Appar at ugTasme al & PRIBYR oL LY S ving Qhibg mE3suERen

opteitgmal nmediumis a disc, and wherein the reference

and nmeasurenent data patterns formare witten on

consecutive tracks of the disc. 30 20. Apparatus as

cl1ai med i n APpaitns o tlared irpclaigyidy velierein thepayst lewe lof e lfan device

| Siss iHd86rete s@td Wherein the reference and neasurenent

data patterns are witten on nei ghboring tracks of

the disc.

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.

18. Apparatus as claimed in claim 11 or 12, 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.

19. Apparatus as claimed in claim 11 or 12, wherein the optical medium is a disc,
and wherein the reference and measurement data patterns form are written on consecutive
 tracks of the disc.

20. Apparatus as claimed in claim 11 or 12, wherein the optical medium is a disc,
and wherein the reference and measurement data patterns are written on neighboring tracks
of the disc.



