2
;e3exzZul @$6TZJIT 0,; WO U3/112158 PCT/ I BU2/ U3120 Met hod and device for
runni ng opti num power control The present invention relates to a nethod
for recorwiongozmBor mati on on an optical medium and nore SwAviBb/embey to a
met hod for conpensating for irregularities in an optical nedi um by
controlling the power of a radiation source while recording information on
the optical medium The invention also relates to a device using the nethod
accor di ngMethotigind devipgipe pinning optyum@pawvenedtal st ore data in digital form and
include all the various CD and DVD formats. The data stored on this type of
medi a can consi st of video, text, audio, 15 conputer data, or any other
formof digital information. This data is recor ad from an
optical mediumusing a radiation source such asmmmmmmmmmﬂllﬁ a | aser.
DVD-RW (Digital Versatile Disk - ReWitable) is an ggfi,cal disk format that
enabl es data to be recorded, erased, and rewitten to the same physical
di sk. A somewhat different format related to DQVD . call ed .DVD+tRW has
been devel oped by t PEWCBWPR{A?@}[%H?FHWFE’SEWF%&WWWBQP 3y,
Hew et t - Pagkal fhediint anth&Rispéofeuail¢ & a méfas@ bR copéhsdtingdbr imeyaiamieesn &f this
technol ogy are disclosed in European Patent No. EP, 1045391 Aé. In the
DVD- RW an@piissbredipmdiyirenoliing the ppyeigpfiadadigfion sgiuge yhg treardingdnigiagtionses a

phase- chaggeneaptied nfivint. ThE GRRAGHENMkoTBIick D a ¥R QSR Ak REEG oM thayer
used 25 in one-tinme recording formats i s permanently changed when exposed

to a |l@sethejoyamtionhe alloy used in rewitable recording shift
froma crystalline phase to an anor phous phase when equ mmummﬂmaser
beam By varying the power of the |aser beamto control th ayer
tenperature, crystalline areas and anorphous areas are for . During
pl ayback of the recgqrde t t .Cl.YS | ine ar alands" )~ 1] in
general reflect t heBPtgfgg?‘g(ﬁ? g‘ﬁf‘* %@H%Pﬁ%@ﬂogﬁ a%%/l%gl%?%&]ﬁ %‘S&Bagg Szgs]%m?r}d whi | e
t he anor pDOaB famars The dats ksred onithik typbsbmbdia tan consivr oftvideoatektasrlio,peam heat s
an area to a tenperature exceedi dhe neltin oj nt. (50Q-700C), of, t he
o1 ycridst SPRPHE G OF S dy7Br oAl Tebrations 4B et s pided P road
" amor phougron@opticMShediln BEn@RASRton BoScelSQENTAY) Br 3x 4RIk, a 1dgr." rewr i te” over
previously recorded _data, a laser beam heats_ the area a?ai n, but to a

1

tenperature s_orrev\ha]PVpe%W Digitpl Vewsatile skoRe¥nsle) isperpiies b et Satel ting
poi nt,  anngalidsta'td Be AlcbRid, lePastd, Ghd Rlwdtteh LB BAREhys MG 25idnkwinae mar k.

The erased area can be re-encoded again wwth data. "Problens may arise in

t he pr ocedliffesént fayot relateg to & VI-R3Htcaled DWPARYmbanlegenidexelenedydhe i s exposed
to conf,am ' o rnei i 2L at gl t herw se
darmgay SR Cbih ikl phiBY SRS, i Pl SRR Eelcal

pol ycar boréamahs,abd Riawhe Exsmplesofithis tachnsdogy dredigeosed an Eutohéan RatenyNar bonat e
substrateF‘i}\,ﬁO{)srg-lerned with a spiral groove that guides the | aser beam as
it reads, I é T erases information on the disk. Danage or

contam nati on can ckihahé BVD-RWiandDVB SR Whfsimale fréverdting ik podsidetseclnsarhel N an
undesi red y. To .address these, probl.ens d\zl,abglgr@g\ess known.in the art, as

"Runni ng G5TERA PRISPRBEC LgWer BY e TREBE) FErOPEUEIs AR X I st ens

to adjasst ik bee-1ime RcoRMEEROrmA8ispbifrahently dhanged Gtien bxposediperiadet Beahnthe

di sturbances encountered when witing tqo_an optical.
alloy used in rewritable recording layers can shift from a crystalline phase to an amorphous
phase when exposed to a laser beam. By varying the power of the laser beam to control the
layer temperature, crystalline areas and amorphous areas are formed. During playback of the
recorded data, the crystalline areas (“lands’) will in general reflect the laser light generated

30 by alow power laser, while the amorphous areas (“marks”) will absorb it.
To write, a laser beam heats an area to a temperature exceeding the melting

point (500-700°C) of the polycrystalline recording layer and the heated area shifts to an
“amorphous” non-crystalline phase, thus forming a mark. To “rewrite” over previously

recorded data, a laser beam heats the area again, but to a temperature somewhat less than its



medi um The principle of the ROPC nethod is to indirectly neasure the | aser
power at the recording |layer and to keep this power constant in the
presence @fo ésRisgebances on the 15 disk. During a recordi reCEEBI3HEY an
ROPC net hod ascertains a "signature” for a particular optical nedium by
sanpling signals reflected from"satellite | aser spots" positioned in areas
containing the marks that have been burnZd by the | aser beam during that

recordi ng session close tg the area bei.ng recqorded ("witi rea" ,or
o te S pareting o aspsing fhaley Egvalios o e Fes B e TR BARGHEGL
(response ,gRe&fYe RientoRdysh ith diie signature is conpared 20 with the
signal reflected fromthe current witing area _to determne whether its

g \
reflected signal i sPreblemsasygrierinsheotess ?WE@&‘HP%‘%"&%?%PIFQWE&\WW&% a
di stur ba”%ﬁﬁéc% i£OGO4HA1E E&iffamin fonBRE asCRENE TR@dBants, Ur §s iadhdn BAOREwi
adjusting the laser power so as to set the signal reflected fromthe
current wdamaged. An entieadmsilivme srch as aCDror{INED oih gempriges 2 pplyeaibonaga subgrateredi um
25 However., . r i fomi -fornmed
pi ral - gr SoUE B el SRR S E S AT R AR L splilrddbp | 1
CD, the R@RCguidesthellaserrbeamntab it resledvrites, GDeradés mfertmatien o1s theidéskd Damiaggerous when
used with recordable and. r it abl systens., For exanpl.e. a typical
CD- RW R@éo%?'ﬁ’&gomscﬁaécs&%@a’?ﬁs &\?E@@ﬁg téeallgffé bggm ‘fng%lrggtw &4 signal s
fromtwo satellite ppaddicsehticsdiprablemparodessiadwitinlwriartaet ‘Reating Optimuacks. On
DVD nedi a, the track pitch is typicall uced by nore than a factor of
two wilOh Fevgeeentiod @é@d‘f’ ag d@ﬁ‘%&@‘?ﬁ%@‘%ﬁ&% gapstahe a5er PRYH OP7 vel v) .
I n future pohiCialord® @ onigfsatd BF Hisfitafites Sh@hhtefdSvheR vritRg s @tlogtidalt her .
Therefore, using the known ROPC nmethod with DVD formats inplies that the
satel | ite medi¥®. spots on DVD nedia WD 03/112158 3 PCT/|1B112/ 03120 nay
"see" sone portion ' i ; h wepgt may
i nadvertently det ec?ﬁes}?‘?{acsﬁ §§%P1% g§§g?eitﬂedgtlgﬁhﬁ élgé&tggg}%gsc%ﬂ?etéﬁs. When an
adj acent tthaxckortimg ldyseandie keepcthis pawetgodgant im the presense of disturtmgersaoithecondi ti on
in thecal gyl At 1. f rage | ' ¥ ks eat ed.
5" A ROPC 10 Baf i Bepidif BXREHER OB Rl BaaiEh LBl GE. kpapatpull
10040548 vdpeca imedanpepsangping sigoals wifideted Seambatelbite dashidpdtst pogtinned dedreast a

e mam 1 TGS e T PRACRT B HS BF oS pr AR O PeF PRERestor gt

strengt h ajhe tdire sreaphing rebided (‘editingafda” ot tvaitgsforyr #hbeizbofibe emipdelisat

several instances while p&?si ng over th(goai\ct ual recording area bef‘ire t he
I

start of 1dspendertgemhedandyigih (Faseonspsreed of thesystery fhe signafurei§,cPRPIEL  ed

i ght g r eg@l fle kignal $68LcRA Ronl BE 868 Sritidd Sre M BX BN il cRfet RElre@éd St rength
and the sanple reflected light strength fromthe pit are again detected
after dat asignekis selinggngrueusas g)rm@eateméw%ane?eswaﬁrea disrbapesis speaynteredthe  RopPC
IS perforniggp h ; L r, because
this netho a‘?g%ﬁgﬁlﬁ%?sz%&fd?%ur#?ﬁgwg@g%? g;ﬂ?etel?:st% f\ﬁlgng???%tﬁgﬁ?so det ect
stray si graflectesifidm the cufrent wirBing araaspesistangly (vatht theisigrasire of e pptical mpdinmar e
being rewitten. Therefore, it is an object of the invention to provide a
met hod and a device for obtaining a reliable reflected signal sanple,

t herelds achi eving accurate | aser power control. 20 This object is achieved
by providing a neth and .a devi as, desgcri bed bel ow i n det all e net hod
and the device acco f”ﬁﬁert%ec?‘f‘?goﬁﬁg@ﬁf%i REE %8?? (g'ﬁ\é\é?oé)sos ere-(go mﬂéﬁ

escri bed
probl em i ngpirhiggrédvie toyheurkigop {feack k! of BMIeaingthrddrio that bECHY the ROPEDL

itself, rather than from.t satellite spots, tq nonitor and ntrol the
actual | as‘@?tﬁ%wnpéﬁa@\}'éggéﬁﬂétew fstdtésag “.ge%ﬁr?&ea upsd W 'ief‘ifd?cbge 9l i zed
Loy sanmpl i ngwtibBle By bagitads. SFdiRmE, altiscd) CWIRMERDECIetRodohytshrt thene | evel
rat her_than at the aporphous I.evisld. Fur t her nore, a%,cgr ate power control is
achi evii biveragevringotthercdissipd danaiairem bymtadellte septe P hicB AT ROSIPBYTMAR@% or di ng
to an enmbogliwentindfacktieoh DN te®A, the irickipi@R isAPibAINRedMchd By MBKRhan a

factor of two with respect to CD media (0.74 um as opposed to 1.6 um, respectively). In

future optical media the track pitch might even be reduced further. Therefore, using the

known ROPC method with DVD formats implies that the satellite laser spots on DVD media



30 for a specific conmbination of disk and recorder is determ ned, for
exanpl e, by executing an Qpti num Power Calibration (OPC) procedure. For
phase- changeomedisa such an OPC procedure may be based on tpm@Ey/mebbidgmown vy
criterion. Next, the paraneters of the ROPC are tuned to obtain a proper
wor ki ng range for a power control loop. Fhis is acconplished by using the
opti mumwite power WO 03/112158 PCT/1B02/0 3&20 4 established in the
previ ous wstagsded somoe pation ef sljHoee duackst Ipother words dhaigser spdt endlyataddertantm

reflections, observed. at .t he ite spot dur] a w.itin ssion. ln other
wor de. 1 nASISRATRAEIAS TatGHE i pgaBEbce Whth bl R re B o
subsequentan pRdwsitablcpuditiveg Seedb &k CORTIASIER thdcalRXdtion bhthe\W0érkge@tellAOGLndl S
«calibrated ny.CODdUCtid;Ig a first series of test witings at the optinum
write powEHIEEHOnsss F %t ur bed area of the disk and with the power control

| oop disabl ed. DuriQ@OptambBSd ussh i dy2Gfedid i bilseobdn Jhnae PARATNES are taken
and the gain is adjusted such that an integrator loop wll provide filtered

aver agi ng 1894054 whaeinadrealdaieciorand a sample-anfriold sirpeit desgct a saymplosaflertads i s
t hen cond j eMeh r ‘ﬁﬁ@‘p ) i 1 on
bei ng i nvgtlj itgsgrfrye%ﬁ ??ér? ﬁé&r ef I%%?@g ag%rgthgﬁ' I ndi c%fﬁ g‘gcé R%t%ge@xéﬁﬁuﬁl%omr

| evel was Tog varitueh refleeted light stzength anide samplsi reflecitesd lighi streagibdire bigh i nf or mat i on
is witte i um t i e ed from
the i t1 Sgresd# SelsEE RSP R g VB R PR B0 HebBoS PR

When $0r f agcerditendatpeoncthe optivabdiskn Thisamximum eflested light stiengl isarsedids aon t he

surface, is. encoyntered, the reflection_.(and hence the asured power)

dr ops. Inr??fgr?b(i?n © PRaginim {f"g‘FCtﬁ%hé}‘ S'(S?“gfmaé’qltgesséqfnpﬁ%regﬁﬁt?r}’se]fé‘ﬁStéft%@‘r%‘f’%gI y SO
as to remgidpitdré fath dutethAtaBeNdafefcrOME haditddOThd Valids Sre thétEcopipaetd #idm ned
power control |limts ensure that the actygl | aser power i s maintal ned at

| evel s be®REEE 18 ppHIRIeHen dhebasis gbshs result of the companisan Hewsysrabecaysedhiy

predet er MppethdaRY saHpeLRNR thd 184G AecAle Jilit AR URMRRELHAD sigHAL ith 86 Tod hat

the ROPC is only effectively operational during a disturbance, because on a
cl ean 1ar egxampe, peflosted iftomeedd pits thatare heingremmigten. According to a further

enbodi nent of the invention, reflected signals are sanpled fromthe witing
spot at the high reflective crystalline "erase" level. The reflected
signals are then fed through a | owpass filter, thereby reducing the sanple
noi se due to 25 ref ' . f I I N re . bei Qverwritten. This
approach i s advant a%hg%zérgﬁqﬁlstahgﬁe?thog"Eel léﬁenb% foeo??\?i\c}? ?{/ngg’f)gta ﬁéa fi?]‘{tlceeﬁfnred
sanpl e ar ebtamirgawslidbid feedtedysigfal sampid, dretkbst ashigviag adouetpilass peser doatause
theseani ntended signals are, in general, reflected fromnon-crystalline
areas” According to one aspect of the invention, the timng of reflected
signal sanpling is programmabl e such that sanples are only taken froma

thermal ly stable part of 30 the crystalline plateau. The present invention
can be i npl ement edafht‘r"’ %J?%Erac ireeddymreviding a methedgpd p devitroas dssanRgd bedeai n of

t he si gnaliddigf. TREMRMod biiht B6viELLesrding o e PrdsBt invelPRIIAZL B8 described
PCT/ 1 B( 12/ 03C20 Theggr esent invention will be described in detail -

her ei naf t 8Foblsm ke a5y wing the signgd reflegted fomdhermitespet itselerather @ from thhd wi t h
refer Qﬁces&au&ﬁso@qs mma&yanagg&mm&gﬁm 15&?@ ‘reddivkd 3?‘%15 Write SPofOr @M

illustrating the interaction between an optical recor g nedirum and a
devi ce ac&amplienyegridy srrealirbdbly sammpling thetrpf@ecied\signel as the Higlyreflgctive ceystalliow char t

Il lustrat i_lJ\'le Jafﬂerqggl%tq}lxe Mo%pl?o%gﬁe%tef %rtﬁgrm%ré:r%éﬁpﬂe Sgﬁﬁggﬁtpcg ist a%hltebgd by

i nvention;
feeding the sampled value into a power control loop.

According to an embodiment of the invention, first an optimum write power
30  for a specific combination of disk and recorder is determined, for example, by executing an
Optimum Power Calibration (OPC) procedure. For phase-change media such an OPC
procedure may be based on the well-known y-criterion.
Next, the parameters of the ROPC are tuned to obtain a proper working range

for a power control loop. This is accomplished by using the optimum write power



Fig. 3 is a functional block diagramof a power control |oop according to

an enbodi nent of the invention; 10 Fig. 4 is a chart illustrating the
ef f ect s olyoernatgsng a power control |oop according to an mbmBIOER0 of the
present invention; Fig. 5is a flow chart illustrating in detail the

operation of a part of a power control lfop according to an enbodi nent of
the present invention; and Fig. 6 is a flowchart illustrating in detail

t he oper atei¥lisRéd if tlﬂﬁi'révx&fs steplR6Yibimalibe SubBdqueNt pb@epreadifgy ddicalitedEroan
enbodi nent of the present invention. Generally speaking, the nmethod and the

devi ce aceeflegiions obssryadent fedun pat Aydng a %ﬂt"&ﬁ%ﬁ“& Inotherkgrds, REAPUBEMY, | aser
beam by Sfuméh rds Js%& E@fﬁ& ?éic&h&%iue%thavrﬁéws%b%qhemoa& Rhdii@are of a wite
spot, filterihg out lowlevel reflected signals, and converting it to an
i nput  si geampared.The actual power |evel Pactual received at the wi te spot

130 is.then maintai :
predet gr m ned rangeﬁﬁo@%gﬁlﬁrg@ﬁeﬁ%ﬁbm&d\e gé%{ﬁﬂ%%ﬁﬁiﬂ-}egwgec“ ve ROPC
I's thus estritbigs sthbdopftimumwiritegisiver areh undisturlediara qfﬂthdask andrathdh¢ pawasn of an

The or o SRRt RO e R RS o e sflal s T BT e | °

draw ngs. ifhdjusted sush machnagtregmdr ldopsmn ptavilg ﬂlietedlammgmg bf tha réfletied engnzlsn
optical recordin 150, .and, a device accordi n

exenpl ary @ r?ﬁ‘i?&pg@'lfﬁ of ﬁeﬁt "i’rl‘ff‘@s &5@?&)‘!03?1@}:“&%‘8& FrRRYer Gopixol ‘E’g‘gﬁﬁl €ent| on
operat®s talisaidd WRinglinealidfee if tR refledtéiSsegnal Mdichtes thaxaimpxigumbpdédidl/wacor der
110. The DVD+RWrecorder 110 includes at |east one | aser source 120 30
which irrzdredes a wite spot 130 on the recording surface 152 of a

writabl e or rewitagleyg ﬂ%‘é@ysﬁhlélﬁltltabéﬂ' A3l fYriatidh SKwiedh o Tee di sk 150

i ncludes a recording surface 52 and an per |layer 154 that is t%/pl cally
conposed atcoadipgmpdiamboteRQPGsamplessignals Tefiecigp flom the yaiting spet and mprilag sk 150

is preformed, t}'ohs tﬁ%%'sérg)l&w acQ,B wgtheg sOiPacke d%rggg (ﬁ%@ﬁ'taﬂ’ﬁﬂaﬁ guéhqastahe di sk

150, a | aser eam eate e | aser rns nar S|nt e
gr oov el 51 56ngetpeinednythe suhface, ]iiéﬁoﬁmilt&ed Ghdqemdtxosmﬁl/hb)x@ﬂh@mfcmmdmwm)t s 170 in

t he recordj urface 152 e oF ti,on C |t 1 ui res
a series d*r ‘%uf‘%"é?of'?e&ﬁ? ‘éaTP%‘ggro ddseﬁ'ﬁgd ugtgé; %n%so %q éj‘lad%wﬁetfﬁ%t es a
| aser bea ré&%rﬁaﬁabb@emonﬁamnm dhe pedatmiidRwit écimoenmupamre thevied s, Pw,
PE, and PB. PWdenotes the wit PE denot es the ower nd PB
denot es t SUBbIAEET PPWTAS MFBEaRRI At {"Ig'%lmﬁft‘”f?‘hﬂmﬂﬂ‘l‘@%tglyl "t“rﬁgh E&uml‘ﬁ Bwrites

to the di s};g,“;leﬁgnd @P@Gmém&dqﬁaxt,h@nlpaﬁane\ld ght is reflected fromthe disk
150 and produces reflected signals 165. Accordin

to.th npl ar
enbodi 2ﬁ3nt the r ecEP%I%t?OV?LEPP'%@(S“&'B‘PF&?S&%@%& 18 %ﬁf?e& eiy 86‘?5?%9[5‘1 uni t
115, for ?Qld 1 gm%c@%c@iu@@@l§§@l§ad ﬁeétﬁ@péﬁ&%«%’éméﬁ@yoﬁhﬁaﬁ control unit

11 S may cons asmgeunlt or of a nultitude of units, each
controlling a 10 sepascidios prm# furtber enhedineanbeitbe inyegionryeflesied signals are he

control unit, pg%yﬁ Hx%'vﬁ'}tlz;ggéot@t g éffecg{;g dry@llind¥er REPRVY Ghy reﬂ@f:te@l
processor aPccontroll e correspon control program

exenpl ar y sgrdabscirerthan fe(dfthrlohgl a lovepass Hiteri ti;lela’p}ptqde@nathc sampla lllbl@@ldwtpt e

strate has di ll’l wh r e 152
o be r LeDrOPREFoR BROMG B atbelk QYR TS afflodals EEALAI AN A

| evel of thigh feiﬁbt&ﬁﬂy@lﬁtlhéﬂmndbﬁ sdlﬁﬁle preadllmm:lﬁlmpngloéuﬂna&ededkﬁhal ﬂm]waweﬂs

t hose skil] ed Iﬁg:fshe art ahould appr eci te tl} t he mveﬁll on_nmay be

practi sed Peqayseithsse uppendedSiegals aﬁn ?rﬁ CB%frPrEé\on'r?@ﬁ H° 3% a

candi dates are DVWMor@M@tMea@ﬂ&t&\lEc MMtndﬁhmehnﬂxﬂgeo[&éﬂlec&hasgaalchange

nmedi a that use the DVD fornat. wever, the nethod is_ al s gllgl cable to

CD- RW nedi %@mpﬂnggtsm@%n@ablpFU@éhaté?@He%ﬁPW%CW@%’&F@ Mé‘ﬁ PIHOHIR,
'DVD- R d Wcﬁstaﬁfn@ baual in 20 these instances sanpling does not occur at a

crysta ine plateau but during the "read" phase between wite pul ses.
The present invention can be implemented in either the current domain or in

the voltage domain of the signals reflected from the recording medium.



Fig. 2 shows a flow chart that illustrates an exenplary nethod 200 of this

i nvention. The exenplary nethod 200 starts at step 210 in which the optinum
wWiting pouwrRss¥yT) is determ ned by executing an Opti malpdiomsei/e3620

Cal i bration (OPC) protocol. Such an 25 OPCis well-known in the art and
typically involves conducting a test wri gi ng in a designated test area)
generally known as the Power Calibration”Area (PCA), while the actual

writing power |evel i acdehBhventidn #/4l bSdR6kived i BERS herdifgfier©h Rl basis b i NG
power |evel (Pactual) that produces recorded marks with optinmal npdul ation

proper t i esxemplaysmpedimeantspd thrdpentipn andeithieferense s the perompanygng Havhiess ent

i nventi On’thérgﬁ: a-loop 300 is switched off during OPC. 30 The net hod
proceeds to steps 220, 230, 240, 250 and 260 which collectively make up the
t hree-step process big. tisladiaguam tipstratingahd intepactipn befween an aptied) recppding oner

control, limts ar t abl i shed. acc i procedure. The OPC
-procedtfrerg}‘fdéfnalgn a%&zvﬂ)cteibarcr%o%hgg\t/over thgf@gﬁm%ﬁo "which will be

ref erenced as | 00% Fig(Pik a flovt thartdtstraing iv genalrtheoperaidn oy a metiodan and

undi sturbed area OL t he di sk. Next, the power control limts of WO

03/ 1121~8-2ce0rdipgfq theinvsalpmy 50 the a | oop 300 are set at PM N and PMAX
whi ch, in an enbodi FRNY is afdb@iondIHIS6k Aingrah? 6P dwdrChiiirol (@ppedirdiugto/an The
next stage in the process of calibration of the a-loop 300 occurs in steps
230 and 24mbogdinest effhomyenipnyndi st ur bed area on the recordi ng medi um that
is an gyea W thout il £aUl @hitinR&atidgthd SEREsT opértif Sfbwes GortroMuoli Ng
setpoint for the a | oop 300 is established sucﬂ that, in the absence of
power | i midceorpigi i amemimdppent pfide gresepiinvgRliay ng power | evel (Pactual)

mai ntai ned with the Sl : oSt 9 |
illustrated in Fig. Fgfq)%hae se{:]%gﬁlea glrlé)l‘tar?g%g t?%@gﬁggég?g%ﬁ%%ﬁv?ﬁed by
conduct i ngeoatroldedp aecordingdo en ethbadimerns ofithe prasentiaventignpnd t hat is de cx | oop)

off. This step 240 Ls sho i etall .in FH.o. j iRed 10
greater detail bel o&).g' ahsey\@?%g&fagtslpggéllgtdl’é:mtdﬁgmlﬁ?%%g%fogfo %ggﬁfﬁfﬁl on of the
a- | 0op1 B300confrkldsoprdcacidinigio ait epsoditent o2 i@ pramat ide@htiomher e t he nmethod of this
i nvention checks the integrity of the calibration perfornmed in the previous
stages to ensure that the undisturbed test area is truly free of

di sturbances. This stage is shown in detail in Fig. 6 and is described in
greater detail 15 below. Again referring to Fig, 2, having calibrated the
a-1 oop 300, the net Fsaerafy Scpﬁ@“i‘ﬁqM?tb‘?ggaﬁ‘fid%@d§°taﬁc°§$‘%t°2“7?)p‘|'°Fe“é

cal i br at | Ofdrioft érlol a pREHeleRosd Rl B0 bPUirfAhgS rbRlcdRaRkIAk crbhllFR | 1

t he exerrplla?’y enbodi m%irslt equgflg therr eflegte _ergasre owe?PRE, oes not
exceed2PMplateanofatverse 3, fifering eyt lov-1pvet eflaeied sanaly apgeonyping 139 aningPt s, As

i nformatiog I ' i gn : 1 Hell By §POt
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medium which is typically a disk 150. The disk 150 includes a recording surface 152 and an
upper layer 154 that is typically composed of a polycarbonate substrate. The upper layer 154
of the disk 150 is preformed with a circular or spiral groove 156. When writing to the disk
150, a laser beam 160, generated by the laser 120, burns marks in the groove 156, thereby
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refl ected signals 165 and hence in a control signal 1650 representing the
refl ect edwg) @ph4165. As is shown in Fig. 4, the a | oop 3aOr/mBagpmads by
rai sing Pactual to increase the power of the |aser beam actually received
at the wite spot. However, the adjustnept of Pactual is limted by PVAX
and PM N which were set during the calibration of the a |loop 300. In the
exenpl ary tBekasbpBO0 are SEMARAhd PMaRwhizhy i@ aermbditknGg aqlial 000% edd 12086 afpt i num
witing power POPT for the relevant disk 150. In view of the foregoing, it
will be apiredsBEd¥eWhat the present invention provides devices and met hods
for writing informafhoRext Sage iihd prbdess cndlisratisreofthd @dop 300 dbdum imkiche

fai ntai ning constant witing power at the recordi r;g%‘?urface 152. Still, it
i's to be 1B0ndesS dneep 23han yestureadesi andhs recerding Mdium 1A ISR AS%enpl ar y
embodi nent.giafy frlggul%@é?i@tloda{é&elﬂts{eﬁQ4@Q@o¥]ﬁﬁ‘é seipoiRfoURe 6160pB00 igRYy be made
thereto w tlhout parting fromthe spirit and scope of the invention as

defi ned byestahlshidsuchwhatgn thebpence of payep imits Pumand Pres thegstyabwnibes ROWer| Al VS:
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(130) ‘being an ar ea TbnfcHastighapegEss of fBEpY bhe floog 3l efeleb €8 o | on
beam (1 60) gpipsk 266,260 Unldy268) vidréihe nitfdd bOtHROIAY Ertioh chetks the idegritabf hower of the
radi ati on beam (1160) such that a substantially const antt?\grtl tin r
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beamis control controlling an actual current applied to a radiation
sourceld5 ¥1®@) 3. A nethod as clainmed in claim1 or 2, characterized in

2
that the reflected ?\iggﬂarlat%n{n]gQ§)F%£gg{l?if§%§@r§tg? We%—l%%gﬁﬁFlﬁ’%gtﬁdﬁrﬂf%e

| ocation where the fecording sur n-a crystalline phase.
A net hod amveltiah pegtedds testep ATHBIf a chliraondntegrég chack ihsiep 260andigated thatd’aahi, t he

oLt RS e G BBl WL a8 & ARk o 2
met hod as pj,al Meetch D7EWaLINE 3f infofaatiette Hezkidk 150 stahatAsinfingatidn is esitten,iteg f r om
the sagpling of Lhear el ol G \Shonal Fad A8 Dnihfoldy &sdilitiAak it PRRS
signals representing the sampled reflected signals 160 can either be currents or voltages and
are used to calculate the reflected erase power Pre. When the single-pass reflection of the
disk’s substrate is denoted by 7, the reflected erase power Pgg on the recording layer becomes
Pre=Pger
25  while the detected erase level Vg becomes
Veg=ce*PgerP=c*Pgrg*r
where c is a constant. This yields a relation between Pgg on the recording layer and the
dctected crystalline level Vg:
Ppe = Pger =Vg/(c*r) =((Ve*Pg)/c).
30 In Fig. 5 the step 240 of the calibration process in which the working point of
the a-loop 300 is calibrated is illustrated in detail. First, in sub-step 510 the a-loop is
disabled. The next sub-step 520 is to initiate a sequence of test writing at Py=Popt. The
reflected signals 165 are sampled in sub-step 530. Next, in sub-step 540 the gain (“c-gain”)

of the sampled input ¢ is reduced from an initially maximum value to a value at which the



12 PCT/1B02/0362(1 6. A nethod as clainmed in claiml or 2, characterized in
that the reflected signals (165) are sanpled when the power of the

radi ati onwapa@i204a0) is in a read phase between wite pul sesrigiisec2é net hod
as claimed in claiml or 2, characterized in that the nethod al so conprises
the step of directing a signal representing the reflected signals (165)
into a power control loop (300). 8. A nme8hod as clained in claim 7,

characterized in that the thod al 10, conprises th al.cul at
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clalrredlnto claim12, characterized in that the |.im pr ammed to
it e asgufinal O 4R unaRg e U Towal Wb Pem i edialishh ol Dol 265
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conprises neans faqr control i

th t d l's (165
SUCh that VAR St SRR of el g vnp e AR chiles TheEyatebira (1
| ocatifn VWSE Rothth@ t6 86 QAtHiitthchildl %AGE: froded? and Reric8 stbuld i irffluehdeehpwake. 15

power. In step 620 the method initiates a second sequence of test writing which is conducted
on the same undisturbed area as before. In step 630 the reflected signals are sampled. Using
the same time period over which integration is performed, in step 260 it is determined
whether Pyax is triggered. When Pgg indeed indicates that Ppax has been exceeded, the test
25  areais assumed to be disturbed in some way and the calibration procedure is regarded as
unreliable. Then, in step 265 a new undisturbed test area is selected and the method reverts to
step 250 or, alternatively, the method proceeds such that the writing session is either
terminated or is continued without the use of a ROPC.
Additionally, during a typical session of writing user data, a trigger of the
30  upper limit Pyax may indicate a loss of data integrity. The recorder could then opt to
. perform a retry, reallocate the data block, or issue a2 warning message.
Once the a-loop 300 has been calibrated and the calibration has been verified,
the method is ready to operate under working conditions. A writing session, where user

information is transferred to the recording surface and during which Py is measured with
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' When, in step 280, it is determined that Pya exceeds Pmax or drops below Py, Pacual 18

- 25 adjusted accordingly in step 290 and writing continues in step 270. If there is no more
information to be writen to the recording medium, the method proceeds to its end.

A writable or rewritable medium 150 includes, for example, a recording
surface 152 and a polycarbonate substrate upper layer 154. In the upper layer 154, a spiral
groove 156 is preformed. A laser beam writes information to the medium 150 by forming

30 pits or marks 170 into the recording surface 152 while following the groove 156. The area
being written by the laser beam is the write spot 130. Reflected signals 165 are sampled and
converted to a, which is the input to the a-loop 300 that controls Pyciua. During a typical
writing session the power to the laser Pycya Will closely track the optimum write power Popr

until a disturbance such as, for example, a fingerprint, is encountered on the disk. This
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while maintaining constant writing power at the recording surface 152. Still, it is to be
10  understood that the foregoing relates only to the exemplary embodiments of the present
invention and that numerous changes may be made thereto without departing from the spirit

and scope of the invention as defined by the following claims.
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determining an optimum write power level for writing to the medium (150) by
5  performing an Optimum Power Calibration (OPC) protocol;
writing information to a recording surface (152) of the medium (150) while
sampling signals (165) reflected from a write spot (130) on the medium (150), the write spot
(130) being an area on the recording surface (152) to which the radiation beam (160) is
currently writing; and
10 controlling the actual power of the radiation beam (160) such that a

substantially constant writing power received by the recording surface (152) is maintained.

2. A method as claimed in claim 1, characterized in that the actual power of the

radiation beam is controlled by controlling an actual current applied to a radiation source
15  (120)

3. A method as claimed in claim 1 or 2, characterized in that the reflected signals

(165) being sampled are reflected from a location where the recording surface (152) isina

crystalline phase.

20
4. A method as claimed in claim 3, characterized in that the sampling of the
reflected signals (165) is timed such that samples are only taken from a substantially
thermally stable part of a crystalline plateau.

25 5. A method as claimed in claim 3, characterized in that a signal resulting from

the sampling of the reflected signals (165) is filtered by a low-pass filter.
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comprises the step of directing a signal representing the reflected signals (165) into a power

control loop (300).

8. A method as claimed in claim 7, characterized in that the method also
10 comprises the step of calculating the power of the radiation beam (160) applied to the write

spot (130) on the basis of the signal representing the reflected signals (165).

9. A method as claimed in claim 7, characterized in that the power control loop
(300) is calibrated by establishing a minimum and a maximum value for the power of the
15 radiation beam (160) applied to the write spot (130), said minimum and maximum values

being proportional to the optimum write power.

10. A method as claimed in claim 9,' characterized in that the method also
comprises the steps of:
20 disabling the power control loop (300);
locating an undisturbed area on the recording surface (152);
writing to the undisturbed area; and

adjusting the gain to an integrator.

25 1L A method as claimed in claim 10, characterized in that the method also
comprises the steps of:
enabling the power control loop (300);
writing to the undisturbed area; and
invalidating the calibration if the power of the radiation beam (160) applied to

30 the write spot (130) exceeds the maximum value.,

12. A device for recording information on a writable or rewritable medium (150)
by means of a radiation beam (160), characterized in that the device comprises:

a radiation source (120) for generating the radiation beam (160);
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reflected signals (165) being sampled are reflected from a location where the recording

surface (152) is in a crystalline phase.

15
15. A device as claimed in claim 14, characterized in that the device comprises
means for controlling the timing of the sampling of the reflected signals (165) such that

samples are only taken from a substantially thermally stable part of a crystalline plateau.

20 16. A device as claimed in claim 12, characterized in that the device also
comprises means for controlling the sampling of the reflected signals (165) such that
reflected signals (165) are sampled when the power of the radiation beam (160) is in a read

phase between write pulses.

25  17. A device as claimed in claim 12, characterized in that the device also

comprises a low-pass filter.




