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information in a track on a record carrier, the

devi ce conprising a head for generating a beam of
radiation froma radiation source for witing marks
and spaces between the marks, ,the marks and spaces
each having a nom nal run length of a predeterm ned
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that is longer than the short run |l ength. The
invention further relates to a nethod of controlling
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for writing marks and intermediate spaces. The length of a mark or space has a nominal value
of a predetermined number of units of length, usually called “run length” and measured in
bits, and the marks and spaces constitute a recorded pattern for digitally representing the
information in accordance with a modulation code. The device has a control unit for
controlling the laser power to a desired value during writing. The power for a mark is

controlled in dependence on the length of the mark. It is noted that the conditions at the
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made dependent on the length of the preceding space
to conpensate for the preheat. A problemis that the

| engths of the marks and spaces deviate fromthe
expected values. 5 It is an ogject of the invention to
provide a recording device and corresponding nethod
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the preheat at the begmmng of a next mark after the long mark in comparison with writing a
long mark with a power pattern without reduction of the bias power.

The invention is based on the following recognition. Measurements of
deviations of the marks, such as jitter measurements, are used to detect the quality of the
recorded marks and spaces. Although the document WO01/86643 describes a method of
compensating the effect of preheat in dependence on the length of the preceding space, jitter

measurements showed unsatisfactory results surprisingly even with a single length of the
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precedi ng space, jitter neasurenents showed
unsatisfactory results surprisingly even wwth a single
| engt h of the WD 2005/ 034104 PCT/1B2004/ 051892 3
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These and other aspects of the invention will be apparent from and elucidated
further with reference to the embodiments described by way of example in the following

description and with reference to the accompanying drawings, in which
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apparent fromand elucidated further with reference
to the enbodi nents descri bed by way of exanple in the
followng description and with reference to the
acconpanyi ng drawi ngs, in whi gh WD 2005/ 034104
PCT/ 1 B2004/ 051892 4 carrier, 5 marks, Figure I
schemat i caFigyre & buheratichity shevesatheierogdify @6@S&n @A oftftal record
opidigal record Figure 2 shows a recording device,
Figure 3 shows preheating due to a precedi ng mark,
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servo tracking signals for positioning an optical head
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pattern of indentations, usually called pre-pits or servo pits. The record carrier 4 comprises a

radiation-sensitive recording layer which upon exposure to radiation of sufficiently high
intensity is subjected to an optically detectable change such as, for example, a change in
reflectivity for forming marks 8 and intermediate spaces constituting a recorded pattern
representing information. Each element in the pattern has a nominal run length expressed in
units called bits. The run lengths represent the information in accordance with a modulation
scheme usually called channel code.

The radiation-sensitive layer may comprise, for example, a thin metal layer
which can be removed locally by exposure to a laser beam of comparatively high intensity.
Alternatively, the recording layer may consist of some other material such as a radiation-
sensitive dye or a phase-change material, whose structure can be changed from amorphous to
crystalline or vice versa under the influence of radiation. The marks may be in any optically
readable form, e.g. in the form of areas with a reflection coefficient different from their

surroundings obtained during recording in materials such as dye, alloy or phase-change
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run length expressed in wunits called bits. The run

| engths represent the information in accordance with a
nmodul ation schene usually called channel code. The
radi ation-sensitive |layer may;conprise, for exanple, a
thin nmetal layer which can be renoved |ocally by

EX RO LLInttR fBrnl FARhEs WRANiRE0A @FRAINSHANG d¥ffddn® Bom their
i ntensjt Alternatively, the recor ding | ayer may

cYHeNdng ?btaérl?g@“’&gﬁ%cf“ t"é'i“?@Ftoé’Bté‘ﬁ maerial. - i at i on
sensi ti ve Adyptial weite mbtﬁlsseis ﬁrhagrg@ppmiteethe '@dck oﬂ\lhé)&eratmg) record

SctagnLéCLl':F{ ﬁ%g} wrlj?eehegcl1 g‘ Q ca rlses a ra 1a 10 oerc l’tl T exam le a SO%ld -state laser,
ne or vice versa un r{% ?n?l 0]

r %tdgfatratmg a writeebeam 1 R SComag lifethg wrlta RYWe ;ﬁctrlcrcaﬂldgyl marle@mdddpted to

ft% ?%}tex% ogmaxlk.pth% h’]gs t]:) (BE e &Eeda{;vﬁa?‘w \%llte@a @rrl{eq ét@ggt fn%kh density

coefficient different From err surrouné

olseoadipggplisiicaterpviite steptegien e implemenise. e eonyollipg efghegiyrite power

aih |da5én&hcepﬁ@§qer@hﬂfﬂ% rﬁé@ 8 QQ%Q&%@& tﬁ’eQ,TZe oBEe Bt QmbEe.

5mater|al or in the formof areas with a direction

of NCPAGREIT FHPT W diFeey F‘@h?‘”ﬂ“i‘"&ﬁ{h(: WEterPOVEP PRERAINGTE time
ofbntl ek 1dBE tebgdddeesallédipoiver paR@m et the Widk ktesbdgy Bt eri al .
'g‘? ?ﬁtel ??‘ oFf)y\\/trvrlxtf{lé) tne ggnsrlta' o?%la%lleg?fng ll.ﬁg%ggllatitgd t%yha\iﬁo}n%o sénal
hésid agocianrp witk &e pawer pelieat. Thninwwity otthe Wote beara g ehegower
S 'nérﬁ’ 'f(?tr(f%%rgadlsﬂgﬁg var1e§beft\9£eng%?1?er ReNGhid Mde&d%tetlg ﬁfﬂsg]aﬁout

ntro te power or creatlng a nar
adsteptellelchiapges ghqeptieal Piepestiesiph R SadiaHert sepsiftyeregotgearrier for

I BEARELHark W L£1Bw (S 268 doBfhghoWer HichbésbESng abdit any detectable
hi gh-density recordjng sophisticated wite strategies

a‘ihé“%e?’rﬁ‘lréﬁétﬁ‘tgéﬂ '"teémﬁd‘at"c%fm 1P 8?‘YVF“|‘?§V“6¥ torfparky f“F‘Eerﬁ%‘ ppace.
[ Thecbeperf&emme oma teheitabe @t R chidsert duch MR literdse ahe previbistyen
t he recedlng space. The

?Oéér)?%f“@% \sﬁca?lﬁ‘gawasfg “r at egy that determ ne the
vvr i t e powdbr iemlingetbe redaniog lager is scaped With alredm 1B evhosrikerbiy is

b& a ‘}e‘%&% Q@éi’ ofd c%néizi?l't lnﬁ‘eqs@ W& 10W @Mugﬁ {3 prJchlE@%y%tle&%

strateg For writ ng, he Iintensit
1haneg lmqmeal a&owl%yﬂﬁ read ﬁ@ar"meﬂ@reg rﬁram theyrscordagries g ﬁf@@nng

wg mdddidi& iR @M@Jmpyatvttﬂhe infdrM8tidnPh@ASbeing s@ndd EheMhdduBtion of
tgam 13 in the power pattern for recordabl e discs

§ feadh eﬁ@ﬁ%‘b@rﬁ‘“ﬁ“%‘f‘?é"%ﬁ@' maRAFT o means Qi i igtiQn-sepsitive
bdetetigr ﬁlhﬂt@enerﬁ&tﬁ@dd&lﬂnﬂ »ﬂﬁtﬂiﬁgﬁﬁcdtlne sfhie beph hﬁaﬁlatlon
properti es, of ecor d

for 15 for rﬁure 2ts|ﬂ0\?%a rl%co";l in Jévn'c E)r r/rl Imgzané/gr) readm(%I 1r?tj|c:%rma‘fa'on ona
prewed cander ¢ bf aimsa'hmns Writablg orabwrtabanmr cehple CRER or CD RW, ora
C |

e{é}%ﬁl&ﬁé \?D\fﬁng};{&&% is I&B%h gi?d %glf 1%5'5'?‘% nge%rgs f&Ys ning t}Q%‘aMfo%Qhe
ae iep fvhigh meousiinchide @ diiNegipit beocr@@éemths (perd £44eigr 4; ¢ head

€283 faRitighiNg #HitDY 'f&lé&lr%ly ﬂo@g&flr%qge HERJ #13he rhdialldRechitr e P43k,
erase power.
and a conrt)rol unit 20. The head comprises a radiation source, ¢.g. a laser diode, an optical

system, and additional circuitry of a known type for generating a radiation beam 24. The
radiation beam is guided through optical elements and focused into a radiation spot 23 on a
track of the information layer of the record carrier. The head further comprises (not shown) a

focusing actuator for moving the focus of the radiation beam 24 along the optical axis of said
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detectable change in optical properties. The read
beamrefl ected fromthe record carrier during scanning
is nodul ated in conformty with the information
pattern being scanned. The noglul ation of the read
beam can be detected in a custonmary manner by neans of
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oy mPHE" Tt&“ecﬁf‘ ‘gfz(’t‘ﬁ‘é"“f‘?céf R'a °?‘P}8’ 58k i*8 HEFDAY S
ciapge [11!1182‘:‘7 erhatsr F8aind lased ipahdryini oy | td’t@e raa pogkssing lunit &0, &ﬁﬁeﬂt
JrlvF u1¥1t %n%:tlr{]e?;{olslg(%enlu}é upnz Fg;@%n%g‘&l un(t) 50 golﬂrll%ap?lges cgntropmrcmtry for
i exﬁroplﬁammnprocm@, F ladgratl imgmorysand eertiobgakee for :perfmmg the writing
G} Radil RBbYTHEL AL A A MIBKS bd hpRbhiE SGGRIEGhdRbine in
| ayer. For reading, the radiafion refl ected by t

1ﬁ$‘€)?‘?ﬁ§t‘§ on layer is detected by a detector of a

usual typen afenfbodimehtOHE reclidiAE amtce @Ia@%a,,ge bytethBly0ft. lag al

head f or eratin d SI nd furt her

debet i drg’F aredn f g‘lf‘l‘ﬂh‘tﬁ’ ?@e &"“ff R ?ﬁtj aganegt to gpgmynicate with
fomoreising ueit Inalie bbtgD@puterfsgstencdms staldhrdized ig@ifate! Digiek dangis
(Hrectfy mte ? o%l%tfgr%ta 438 ano{lﬁ fe &t} doc%sl,sgln %1'11 3';03 processed

by "a processi ng 36 a af type

i ncl ud| ng Iaardmbgdimlew tbe devde fsquranped @ra staamdowmp,ufbr axmnple a
t\ﬁdel)(r)ec{ng nrl% Js I?(ﬁ cbrﬂfnﬂgrrﬁ% 'Tf'?J]conHﬂ 'ﬂﬁl?Zd Slte{n afdi {15}191 Iﬁ?tewﬁtrol

for rea orrratlon i ncl ude rlve uni t
Y "efb{dﬁfblalthehie\aeﬁ, isprengprbibe FePiRg difetly bpthe U%endttﬁ@erfom

ftﬁ@ﬂn&fo%&%'ff&n%é&neﬁ&ystém erhel 8Mice Erclu8QEPSIicaRon duti t e
processi ng neans far processing. the input information

SR50cSEINE - g Avlig ap/ar Wdeogracesing et Uses "H?W%O“t'h%feiibtf‘i‘ Qnfhe
higgd univd ™, GhichRANSMPASEROINGRssRA reBf3Wdr inpat digndié sudh as analog audio
fa%{i)gp \t'iae%,r or2d|8g’ital uncompressed audio/video. Suitable compression means are
described, for example, for audio in WO 98/16014-A1 (PHN 16452) and for video in the

MPEG?2 standard. The input unit 27 processes the audio and/or video data into units of




and a laser power unit 29. The control unit 20
controls the recording and retrieving of 15
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froma user or froma host conputer. The control unit
20 is connected via control lines 26, e.g. a system
bus, to said input unit 27, formatter 28 and | aser
power unit 29, to the read preocessing unit 30, to the
drive unit 21, and the positioning unit 25. The
Ciafothaton Whick ard Qasscarvaltd e forBadai 280 TheCreddqiibckdsing ufio30 may

exa C Qcessor ram menory, and
CCC?H{IT’F %ﬂs“@“&P eagg'f’ g?d él‘dF‘bﬁ‘i?cﬁr&p‘{nﬁ% writing 20 and/ or
readi ng f Uihe fdroatesr 288 desoett fooddding rentr@Marmmyd fokrsattirigend

I &[B(L r{%‘%fy oeaga 19§cc?¥d§nc§¥vﬁh ﬂ}g Febbrgﬁé If(ﬂmatI 9% bg a&dlr%reﬁbrt c%rreclt On

he recordi ng
sgpé@%(ﬁﬁ@)n injerleaving, and ighanpg) codiree} thhS@loePr the éorfagter %@mpnsea

C@Mn%ng Ty fGﬂﬂélﬁcﬁ’rlg symhtonéglg Ipattefs e ﬁlgdtﬁaﬁ’ed 51gnal The
conmunicate with a processing unit in the ho

clorpAtiedynits gamnsisg dAdegssnformation: |aE’eVH‘tﬁeﬁfoé’Pff%*E@‘d'"E)la@’?S%b'e

dlataaoﬁssana’é rebofd&ﬁirieyudd»s}ttﬁeréom df donitrdiugit D& MABIOERAtteSattfiRdin
r ead pr &cessg&q 5 |I n an enb.o?é' ment, the

dt ?/?‘5%“ PG ormagerf TnRessgd 8 T“éﬂ‘ﬂ SIrERETIRT ) for exanpl e

a Vvideo e tsdipogerappzy rateiies ho fornares dareindidging thelerks to be

C I n

\glﬂ%englld déi:ﬂér&tg%aolasg v%pco?ilgcq 559 gﬁ%&gg%tg t}%g%t(i:agﬁ\% sou#r. 5n C}he

dq>nt1eai héag. Ty las¢reowerdy coatnalled in qsmrffamerwitltarmwrtmmm thatgakg$ into

t&@ou%!th@pr@i?e%%%ﬁﬁ&&nb%&ﬁét&m The deVl ce includes
application data 30 processing .. audi o and/ or

vi deo pr odédeating ‘S@Ikl"%‘ffﬂ Qrgblenugpébe rem@ygﬁtwr%ochoptlcal media
p(@@.semikegvmm veite- b:ﬂ:@ dhtichlMhediadike CDIR, @VDTR)/anG @lv;mrmsla: by far
C ressi on_.nean I nput s naj s u anal

R BT 57 e Simg B b S e B 5 Hha Srae.
altaskdodriré-okee medulisttizetl higheomputibiis/ wirh dxBEESR @I €ormats. The recordmg
?‘gﬂﬁdf‘%j%gfj‘g’%ﬁ C?%Xg{ﬂezlitem uce%rcha%#%sleir? thk/&a__e@eg?zae% gg} dmam]‘.fhtargets

| flapthe media ere Zpording sresband dath eapatidli Bffoats &y inereasé bhtlotheia perameters
l@ngO Hn'afettﬁenggl M@&?&Q&&Qﬁé&@ focbrlih, I)r@g@94é Q)@%\%Qghlgher speed

i nformati on which are passe on %Ot he formatter .
Tad/oF ightr dangitie s hengreavired tosformhmspeciomprK ipdestssls Qd&Eﬂ"émarkS
guédziu@e @gr%}{sﬁ&nevbdg;ﬁﬁg s ast/8r@hdMat difancdNRsfetnvaBt R&Ent@ Suhis
es ne or I N contro { rmattin
ek one gl control pata AndbopmLing and,
f oecensyitical equlrenimyltsaﬁdm-ngmsmwnoto dighlyaeftective L1band @abe 8f fabrication

((Eng%ed L ngﬁat‘% e?%b ﬂl%taclgrilgat %h%‘e”e‘%' n GO s&%nve ] Fel?eeaprggrm €

I Ses 'syncnroni zi
i ncl udi ng F%ﬂrﬁ(ﬂ’ﬂhg‘m mmgmsamsg#hy@ nrwemrwnarbduﬁratteednple shows

S1 @9Hark irlhl%llovteg %@Eﬁa@éjanﬁ Binl$ m%&"ﬁ@%r?ﬁn&hﬁ%fﬁéﬁ is generated

information and are witten to correspon I nNg

adeipe WENg of the figt etk ghsAmasropradigages @ figst prafieay 3B irapsfaed vigRe
CroftiveR! sh&t spa@b e lbegdiitirdg of Be ndid RafkBL MRLdcEH Hat e ShoRER third

mark 34 followed by a space and a fourth mark 36. Again the amount of heat is generated
during writing of the third mark 34. An arrow indicates a second preheat 35 transferred via a
relatively long space to the beginning of the fourth mark 36. Owing to the longer space, the
second preheat 35 is less than the first preheat 33. Preheat is generally counteracted by either

shifting the leading edge of the write pulse, or by adjusting the height of the first power level



the output of the formatter 28 is passed onto the
| aser power unit 29. 10 The | aser power unit 29

wamogiMest the formatted data indicating the nedkgiB2@4061892
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witten and generates a | aser power control signal

whi ch drives the radiation source in the optical

head. The | aser power is controlled in accordance with
a power pattern that takes ingo account the
preheating as descri bed bel ow. Preheating is a known
pofabd @iite bilse, BPerd@Goh tHenNghgtiof e bteemm&e,captiésemed medi a

SR Frots o pariRore i G ORE PR e R g e
f gadraths pdsition tberécniged lzas g eonzewbettised edmpdmtuge; apipangof lowéreavrite-

ABUAPIAGSath R AR ol GRAT 2 [ 8 thel

exi sting formats. The
recordi ng E’@P"rtlfﬁilé ha@tsaowsthgéw@mamtyf eiefeatingt only depends on the

hg@liodsRPHE RAgtE E&@&Q@ﬁbdt Asd fandikl YIRS previthidly RESHQS RO ERat
targets. for dia are recordi ng speed and data

c 5 ARy atipn)- Efforts to increase both these paraneters 20
| ead to nomigurd Heowah gr’a;b]{(ﬂ‘rrftéi‘rs@ﬂlﬁtﬁ 1rﬁBdfeteﬁ@ Alg&pﬁ eCobas 1he

RIORE RS et P el P st R e BREIRE DrfHiF hening a 77
ambrcblack). AcTahklj4a slemts theardcaze vhlesdorseaced oful’reeurslhn‘gtlltséfr to 11T of
CGPlph0D 1 RS AN B DR an T h ISP SRR HE) e

- sta W | nce ne
p?‘@{?ﬁ%@ﬂleé fovsslaetepaces el iving dhet TTomask Ave(sehethe deyiaken persentage

rr@/@t[%aJ{a&xb aRd thé ﬁﬁﬁb&e{&@ﬁﬁﬁlé N Mttt SRR EIRM thdt e sFHcgsmeB{md

ive ease of fabrication 25 (inver
L‘i‘j’ Fé‘\‘?éoorsé% IAtSéEI”aF pitest is fquad f"h lopg Pi‘éf)]fs Vs rl DErgifest may also
S B Gebdrib¥Ebytall nfaFks et RivingGhe (fob GhT® spaceSit@aSoodEIRA EhING as such

F v aEsnl) P e MR atB s en B R SRR 58 mai

Arzasambu itis bbldne gipedrsto he aenmtlatibn oflusai in thewecotding@f hger merks.

first mar Eh:l'e 5 ﬁ\gwé{hg ?&/uﬂnm o(r‘i%?ﬁ tﬁdftﬂe reﬂﬂng%&?l%gtt. A%ﬁ}’st

transferred vl a ative space
bexginply islwgvsafﬁrss merkrﬁéiqllowacr [ maceAn%@emdarbi%nmaéwBrﬁ ofikgat is

"ﬂge,tn@r'afegj ddfhg WRikikg o?f4heffﬂét Infaved RB{ arfow @EResAN st Breh QYT thhnsferred
mark 36. Again the ampunt of heat is genera ed during

WP B SRAEE e SleFé"dt tethdo tha preinging offhe Aext BTk SR seqpndexample

sgoanathpa eﬁ&au fdwed @rws‘pecreraﬁaia ?bluﬂh Rark 58 |Aéghin\ll&| ayholna rdgheat is

space I he . n e our

¢ R b SRR Py hadlsa Aertoedith B st irened B o

t thansferredsiia pspadeanéithe 38ne sPleatidength to tigdrgnrang of the fourth mark 55.

C [ f.L ' f
ﬁﬁé%&k@%&%4 gée(for% tﬁellg ce caSJE@LsI él%el sﬁ%né ﬁghehtgﬁg%@o§ gﬁﬁ 1R first

f preleeat ﬁéoﬁ@rsollumr!@ thwm@d)%lﬁ e3mipthe @t BRODAY TalegOR! Brisf

Ofhe TdAger Wikt & Rithe€posd@Pendi ng on the |l ength of the
previ ous space, as described in WD 01/86643. This is

based on tT&IG ¢rbawi HeE pg‘ﬁ%lp?té’fnsg’b‘é%‘e@i‘:?ﬂeblas power in longer
| e, Tl Grkt@BtverGa@ri 1F0OF shbfd @ark has a first pulse 62 followed by further

pulses 63, which pulses are separated by intermediate periods 64 so as to constitute a multi-
pulse power pattern. The pulses have an intensity of a write power 65, and the intermediate
periods have a bias power 66. In between power patterns there is a cooling power 67 which is
very low (or zero). Above a certain length of the mark to be recorded, the bias level in

between multi-pulses is reduced. A second power pattern 68 for a long mark has its first



stack: the position to be recorded has a sonewhat
rai sed tenperature; applying a |ower wite- power

wo ewslozan4 del ayi ng the wite pul se can correctPthiB004/051892
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preheat. Experinments have shown that the anount of

preheat not only depends on the previous space |length

(cooling) but also on the length of the previously

recorded mark (heat accumulagion). Figure 4 shows a

graph of inter-synbol interference. A graph 41 shows

tﬂllﬁe 6t Ml%edﬂ@&ﬁ&eL Ringd J’épzﬁiitlé‘d Byl 151;1%115@16& peoay, ))u'hﬁlg the longer
mpar i so t he space.l e irectl.

T Raee et kel ees B hote oG bl ekt O Ciae o
ftbas tis dbis sedadtion bithe bims Hogergit esin3fe lorgerlriiarks rodans thitlless heat is
S th v e i

:BQ mu‘?dted duﬁrﬁ%&i Je&'}wg 1thS r(o?eﬁ%a@?)g g%eI ‘[/)Lettredan fgratgg 10%}%2 m]glr(l)cr
sqe)hleutee mosp@eelgeefwlsbschmn@th? MeitePweraiwo lmvre(eélede))eriqdhbetween
dtﬁé/ L[’l’s% %mg We%@rﬂﬁx@l%s p&vél; z{n%wé Iﬁ@hﬁedlaﬁrﬂ)gm;dg Getawﬁt%fe' puggs
es The black parts show that the spaces
bl@mna the rqdh@d ?TPS paveer-{The intapediate perigdsippying therefyced bipgpower
fiaungd tfﬁeqmerln@aﬁgte B&[oh%eﬂoﬂ: MR ks ofth€pdalef ﬁh@tt:mmiy al so
15 be descrl rks fol |l ow

ho t
space bei iy ‘68“ Is%\‘f © OB 58 %ﬁgwﬁse i t°¥1 Seer
Opudsp br)d lon@ﬁmd&r\ﬂdﬁtelpeﬂ‘bd@f)r tb Fedudralns h&%ht (ftea rddedfi:gtv\hSe power after
ra}e,'cSeHam tlmg)l oé %e énu 1-gullstetlflrs nlgtgy t%ati’tﬁersr% ?O?L{tlons ma re ogﬂzc? Qﬁtrfl{gc{nh%f
rremtyiadom(gess)lﬁroeidaﬂgehngméﬂk $ongFingukse 5 s hovvs t he
accumul at ijpn xfa&lc Qibodicht bfifie 5&§U'tlﬁé 15‘% Pr? ﬁEsbng%e power
first exanp ows a first mark 0
sppHer witha reduwé mas PRYfeK e is apppt awffum migimysRap length. onexample
Giethe frdiMem UAnéndsh ivhiek nBder@ths 131§ 1ohk, st lonBB K leRukh isA8ven run
alr row i ndzﬁzt es a first pr ehgeat 53 transferred via a

pagths upits (ADJNe Ry IBHGEFPE ' EBYSdgi nni ng of t he
next mar K Ibah enﬁoﬁleﬁﬂtmﬂthe)daﬁﬁal the Rh@edbiss ﬁoh'brf isl grﬁ&faky duced
flg ldcllefe¥\c'i;“en%e the rg’rp le g?h eﬁrdef(eg Olflt{ tblflas ggv[/er piay sta star'tb‘ g%ﬁe nO{nhnal taas
rmwkr Hhe firgh manrm@imtq m:dpd; ands@bsqt@emn@ﬂs prag hrefatsulﬁﬁluently further
t.’é&f@éf 4B eV 'A@teﬁaﬁ@@%e %ﬁu&nb@oﬁﬁéﬁas%%@r%a‘? Be §EEH BrefsO
beqi it ng o fourth nmar Thé shorter
réleeseﬂuefémﬁ éovreh éavgwawreéwé é'és R(’N’ér ‘§@ésond preheat 56

to be lessy Mwbo&lh@mfoms tiewd@ rtﬁmaucecﬁ@as pbBer iSIpHéd o 4 O
this problemis to limt the heat fﬁ{}erecordln %{r t he
i

fRrFfigiermyagdmagtent ‘Y‘H’e’eﬁp&'ﬁ ke ﬁ%ﬂ?{ éheafgd HPoXsT Y grample,
Fthgm@o@e:shu;v\m radudetl @ pmakftecpahtbefdﬂslohmyblléhgafﬁr thestatcefdhe
bi as

shower pal r()),retvc;,n if thﬁ r}% e to re ll.lcrléé Pmﬁ E}ﬂwer ta%ei %g urlFl) a}alt 1etrerrr]ne§1ate
fnsrrimher 30 pul ses 63, \Nhl ch pul ses are separ at ed by
I ntermedi §f & HELARGS o@ﬁ.e §9«1£3a Ju% &P thd plhis éhd'?r‘rll:an'e?late

pulse power attern ses have an i1 ntensit
viterieds lwwtles S0%nBhetPrwer, mﬁeév Héksealls be grepytesidy mﬁawf a

mlgﬁan @&mrgnafi men&&hm@ém& pra@g\aévep@mto@crunﬁ cto@l@glgnal Biefvals. A
very Above a

c"é‘m %(F'Fl Of) 5@@?% %t ﬁ% Cﬁ‘h‘i‘%ai“és r‘tﬁ‘é“r"e%’df?%@'“ef Eﬁ’é thg jbigg power

| &/dtwde 40% and 50% of the write power, while the reduced bias power is between 20%

and 35% of the write power.



between mul ti-pul ses is reduced. A second power
pattern 68 for a long mark has its first WO
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further pul ses separated by internedi ate peri ods.
During the |longer power pattern the further

i nternmedi ate periods 69 have a reduced bias power 70
for some of the tine. This rgduction of the bias
power -l evel in the |onger marks nmeans that |ess heat

it f’] accumih ﬁ% fﬁjoogﬁfh;ehtnﬁ: (h@r pREAITEH ar@ace Hclulde% aebifgd pEl{’bﬂt
e power pattern 1or n
e s et PRYYCE dPaicyiange for?@ %?\R"u“%beﬁ@\b‘éf thar, [f of he wilte'

| power. medi at e peri ods between the pul ses having the

nom nal i L nt er nedi at e erh o

bet ween theguﬁulsgegg p‘Wﬁv‘? Ora?arel u°cé” Iehetls Tlhe \%@ure gixgithe
i correspmitivigagowenyettdro ths edeh of thgnm teagtheid tieaahgh BBS) Bdweing the

i Qﬁévﬂﬁgen&mn Ik ?Jw"&%' cﬂﬁgcéaﬁa@&ies%z af Serib i, \IIHeFEﬂ'L(w@ HaRGes

€ power p tern. erent uti on na
steite peer Phe(bhintliatesins sevaty(pyndispies edyded bias potes P () indcates

pébbﬁr?g paae!r h‘Mﬁﬁnal msqwﬁ(@l) lab as pw @at)ce@mlastlé»er@ﬂyo @ *tphe
hei g . a reduced (;) ter a cert

CTinpstels i fensby amedee negoBa F5t Qb el bfrasy  spplc
Sfol MhdtRIS 7Irar)a l&%elt A idedaat the rmmloméfthmﬁtpbmrl1mn(fdtda1&sthe

by oa% bﬁg 6?0 ngttartéxggf rgr? Q?ﬁ% ﬂgr]]% % n]!hrqm et Em)r raﬁg:edlage d)erlod
t Tie epowyd has peeh tasted asd Wifite strategyl (re €0 ot)lD‘aBHpOMdual bye Kis¢)s

about tw G, u‘J‘&eshva% %!#Iﬂ‘ EHﬂ:r sﬁﬂlg)ﬁ l?lterfg%ﬁcle gés‘tﬂ!: Sowe_i%arﬁ

i f the mnifum run ree run
| lesiigge radheed bighppwen i he @ggﬁ Bhows thedetal space wnsﬂeﬁgf'mmm pimglar to
(l7 l)re b Q)'Ilgumr@%egnh&‘ﬁ%d'»ﬂxté Jﬂﬁte%%%bl@ g®En 1E|F Bufe®. The JltE‘r-s%H\bol

odi nment  of devi ce bi as EOMBY
gunﬁﬁferarrcrf §1Sp éﬁ?ﬂ'&% impraved epnsiigrably &7 dhe’ @heanhmﬁ e ét"ﬁ“Ch uses

E@ﬁng@@(}ﬂﬁpé\et ofiolaep V). aise @pmmemam ti5i¢ @kd is 8o ldshaatmmdomajmer
ias po intermedi ate perio n .
oubsequanth prpTtsameE st S ah st P formafny seuine
r delredeeld biagmweo We lesamphd df grchvding vaitrgl infommtipreidactobbled gregroove
t ilggest)rll d rP[%’\? 660@%5 ﬁ@ cerﬁ}oppata%%eﬁgﬁmed B% ge'for];n@(?part of the

uced bi as ‘power havin uced E
| teagle jpw the ragorg ﬁare?fmumle V@‘PestfPféth‘éf\'lF paver arild er%ﬂpeeer, and in

bg,aa&umpmefeduc%d SRR 1rf AnQPbEdim Mt REdRF AT IR RhatiBARRA tindicate
th respect to the start or the end of thegpower

ptaf PYYeh PAteRsF ind¢taiinsigeindicatipg ﬂﬁ."ge ahhie thigguchien ofdbaRas gower
P & @bkt e the eaned biaf p@&e@ @dﬁnffey@k rReordihd @eeds.he start of

N

| emtgdiments oghtbnD VDR tim lageryit mey, beausefultay wely/ o Bigpfpeedie-
"L LSBT A OO UEBRT R ol
aoptlcal disc has been described as the mformatlon carrier, but other medla such as an optical
card or tape may be used. It is noted that the word ‘comprising’ in this document does not
exclude the presence of other elements or steps than those listed and the word ‘a’ or ‘an’
preceding an element does not exclude the presence of a plurality of such elements, that any
reference signs do not limit the scope of the claims, that the invention may be implemented
by means of both hardware and software, and that several ‘means’ may be represented by the

same item of hardware. Furthermore, the scope of the invention is not limited to the



digital clock signal. Hence changes of the power |evel
W Il occur at clock signal intervals. A 30 duty cycle
woof005%10433% 25% etc. can be easily real i ze®CT/1B2004/051892
Sui tabl e values for the bias power are between 40%
and 50% of the wite power, while the reduced bias
power is between 20% and 35% of the wite power. WO
2005/ 034104 PCT/1B2004/051892,,10 I n an enbodi ment, the
power pattern for a space inc1udes a cooling period
hawoﬁgxeat_s,czﬂwltﬂe me’ﬂﬁm‘%ﬁ}/ Ed&? p:ailrr]etvérsz Hbwar fehtti@ oEQﬁHbE_B@n of ,
p r _bei ess than 1% of the wite power. Figure
sﬁ%@gsgﬁﬁggdﬂﬁf?erns for a range of run |engths. The
Figure gives the 5 corresponding power pattern for
each of the run lengths in the range 3T to 14T using
the followi ng notation. One row of 8 characters
i ndicates one bit period T, wherein (w) indicates
wite power Pw, (b) indicates bias power, (r)
i ndi cates reduced bias power, and (c) indicates
cooling power. The nom nal bias level (b) is 0.45 *
Pw, reduced bias level (r) is 0.3 * Pw. The duty
cycle of pulses and internediate periods is 50% The
reduced bias power is applied 10 for lengths of 7T and
longer. It is noted that the reduction of the bias
power is activated at the start of bit 5 in the power
patterns of run lengths 7 to 14, i.e. within the
intermedi ate period. The exanple has been tested as a
wite strategy for LO of DVD+R-DL (dual -1 ayer disc).
Figure 8 shows a graph of inter-synbol interference
usi ng the power patterns having reduced bias power.
The Figure shows the total space length distribution
simlar to 15 Figure 4, but using the inproved wite
-strategy exanple given in Figure 7. The inter-synbo
interference (1SI) graph has inproved considerably
(cf. the I'SI graph of Figure 4 which uses a single
bias |l evel of 0.4*Pw). The inprovenent in this case is
1% | ess data-to-clock jitter. In an enbodi nent, the
record carrier conprises control information for
setting the reduced bias power. An exanpl e of
i ncluding control information in a wobbl ed pregroove
20 is described in US 5,060,219. The contro
paranmeters included in a preforned part of the track
on the record carrier may indicate values for the
wite power and the bias power, and in particular the
reduced bias power. In an enbodi ment, the contro
information may indicate the power patterns in
detail, e.g. indicating the tinme at which the
reduction of the bias power is to be applied, or the
reduced bias power at different recording speeds. 25
Al t hough the invention has been explained mainly with
reference to



enbodi nents using the DVD+R dual |ayer, it may be
useful as well for high-speed R recording (DVD+R) and

whegbkrosansi ty R-nmedia (DVD+R, Bl u-ray Di sc BD R T/IBY0642051892
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an optical disc has been described as the information
carrier, but other nedia such as an optical card or
tape nmay be used. It is noted that the word
“conprising’ in this docunent,,does not 30 exclude the
presence of other elenments or steps than those |isted
andatMse word “a' or “an' preceding an el enment does
not exclude the presence of a plurality of such

el enents, that any reference signs do not limt the
scope of the clains, that the invention may be

inpl emented by neans of both hardware and software,
and that several "neans' nay be represented by the

sane |ten]0 FurthernDre e SCO Of e
et | om e B REGHS: Wnyian K 6a0s Drishieer (4 the
Rﬁﬁkéﬁﬁﬁﬂﬁﬁ@51892 11 enbodi ments, and the invention

each ver f . I.nat | 0
55, L ARG S Rl b Ao
R@mﬁ$E@@@nﬂ@@m&@thmmtlmmNﬁm%rmmB@Wh$emﬁ@mﬂneém@@mﬁg
' ﬂ?&g{eﬂﬁhéd%mb& o@bx‘isr Q\‘alfhe(n]a]'l)s hgﬂ n%a ﬁl@lﬁ&ﬁgof(ﬂﬁf&énﬁ{un (e%%ths for

devi ce conmp rISIhﬁ:f eneratln%
Ué%rﬁae@mgﬁf&dvfawaaw thed e&ﬂ?raﬂlea&thwmgwmﬁér%? ofifpn fepgtly and

R¢ KhgeaRlldingRAIBASorR8hIMIBN chdIRardRE tesst orleNéhg iR kit is longer
Baces each h%%ing a nomnal run length of a 5
PEdRT ePE TR unber of bits, and the marks having a

m.rhdmttohl skaurag fcordiof neahe (20) foumnircﬂmgthsmfv\@r of thiearpdigioe Rdurdaguring

i nfor |ff n nat.hs
% wrltm%‘mn%éorde%n((:)ef&l@l %ﬁen in de[gendetn e%rtgenrélg %Ih%cl udi ng
athe bcxmsmattgnéorglhmrlt ofrtlmongewglleﬁlgtfampatmg east one | ong

r %legs@ﬁgéelﬂultsg%gwﬁgsa Mely @v‘;er than the short run Iength,

- radi ation source con means (29) for controlllng
ttiélepbomerfirg fintermedigaprariad P?sweeg JErelsesdayinmgbiasroweraiyg
Wrdt tewggael sBcodd ﬁ]wrf]rdam&pe}%d Betviee D BOBIilsdd iﬂ&\lil%rd"reduﬁed bias power, the
enaence n the.run ern
gt Eina P P e Froie f2Rd Sl b

t;hxlseeftpub@eSpdmam ng a wite power, - at |east one
first internedi ate period between the pul ses having a
bi as power, and - at |east one second internediate
p&ri od betDssienastchemqgiin claim Ihabéreig the redackd biasl poicas gredvatly

t Bucedhin d@ﬂendeﬁ@:st;n 1R Hmn l%ﬁéflp Bfkhé REELIBIN [ﬁ)@@r &ﬂph&g at least two
including the internediate period before the fina
reduced bias power levels.

3. Device as claimed in claim 1, wherein the reduced bias power is applied from

a predetermined moment with respect to the start or the end of the power pattern.

4. Device as claimed in claim 1, wherein the long run length is substantially

twice the minimum run length in the range of run lengths.



pul se of the power pattern. 2. Device as clained in
claim1l, wherein the reduced bias power is gradually

WO mdsieado4 N dependence on the run | ength, or tHE/IB2004/051892
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reduced bias power conprises at least two 20 reduced

bi as power |levels. 3. Device as clained in claim1,
wherein the reduced bias power is applied from a

predet erm ned nonent with regpect to the start or the
end of the power pattern. 25 4. Device as clainmed in

Al aim1l, Wheeesalainted il daig 2, wherei@tigtrinimemguibksbgiminitle range of

t .
f*é“nféﬁa*‘s”%%k D s s e BoB AR RRGS T gty s
déDeclaimed in claim2, wherein the mninmumrun |ength
in the range of run lengths is three run | engths

units (3T), .and the |l ong run Iength IS seven run

l%ngt hs u eyice as chumed inclgm 1pRbareind duy eyclsjofihg Pylses @1y m
lintersR@ib@ ipbriods | Wibytamiady 0% nd thebilpo®ass Befcken 40% and 50% of the

i nternedi a ri ods 1s supstan nd.t he bi.as
SREPOTES b Bt Be ke b an 2R and 1P TRk Pl i
tdasiculedbecte g pbwmeipgwstaﬁtgllbwmm Wi paved, a36% ofduget) bias

SR ol aPEL TRl uar "and the reduced

bi as power bel ng substantially 30% of the wite

pover . 10 plyicdBVaffeddSc1fihal WRGeih the pbvir B’ﬂm’bm Wpﬁder&oﬁqb}%es
power pattern for a Space_ conp ri ses aCOO|n %erlo

He9Plig parlqsidlawp%coab%éroweﬁ i Pﬁﬁ&“t“?’dl}ﬁ %Pllqgwewerd’&n& §s than 1%
REWRMwriepongr. | ess than 1% of the wite power. 15 8.
Met hod of controlling the power of a radiation source
during recording information in a track on a record
carrier, tMeghordefdvotolirtix posienef:a radiation $aurvg dofngmeeidsgand
S spaces each
Ri%ﬁ#a%mp% ‘Qﬁﬁpon r}gclro un %ﬁ{ﬁeﬂ’%@e &%}gﬁgt erm ned nunber
ofwrmng Qf mzakﬁohncl H@cmctwgenﬁbwm«ﬁgs the matks pd pgecepach having a

diofnfiral £RTenktH Bf 4 OB LeRBind OHumbERIF §§se£Hd|tlﬂiQn4rlt§%avmg a multltude of
information, the different run |engths belng

b Tereqp o 1esgthy t?ﬁrep@f@t"rssth%m&)f%@mr %ﬁw"gféer?"h[ﬂ“u%ﬂ‘g%beé'tg wihin a
I Ie@,@bf AR ©ngthOAnY teWihgt BIORHRg &nchstahe $heASin |12t dnd Bieast’ dAB long
e short run length, -

| engt
68?1%?%‘1 hiatrfiqlofl%éthﬁrb&é?hogffm{nlﬁ%gn} adi ati on source during
s-abostrolingttherpgwenf the coliatianercaiitrimg aaigevidng in paodrdace witha power

dpedggn gledgge%df%@e Srhﬁe fult 'ﬂﬁ:nktﬁ,n gth,

the power pattern for a mark of the long run length comprising

- at least three pulses having a write power,

- at least one first intermediate period between the pulses having a bias power, and

- at least one second intermediate period between the pulses having a reduced bias power, the
at least one second intermediate period including the intermediate period before the final

pulse of the power pattern.

9. Record carrier of a recordable type comprising a track for recording
information, the recording comprising
- writing of marks and spaces between the marks, the marks and spaces each having a

nominal run length of a predetermined number of bits, and the marks having a multitude of



the power pattern for a mark of the long run |l ength
conprising 25 - at least three pulses having a wite
WEoonsn34104 at | east one first internediate peripdI/IB2004/051892

bet ween the pul ses having a bias power, and - at | east
one second internedi ate period between the pul ses

havi ng a reduced bias power, the at |east one second

i nternedi ate period including,the internedi ate peri od
before the final pulse of the power pattern. 30 9.

Ra a6 nédérgthe For @preBerkiBEME A Rioh WREdiFEHBM FinIbddths Beihd Witkn a

for recordin informatiqn, the recording conprising -
VPTG PR IR S5 L2058 e\ RBE FPepi Bag e af it ohe o
nmn keggthridt is page shae ee khdaawum legetla  nom nal run | engt h of

t 1 hed nber. of bit t.he . ks, havi.
R RO YRR o e Sy e ARt 3o Wi e
5 dpattfreiredependense brethgtundengbr representing the
i 0 ot . s being within a
?"2%5‘2“‘3?*{“?'35 A Y ASERH H LEBARE, 06 he at | enst
orré leath Byrqe pulses hevingyd WritgReMeit | east one long run |ength

t hateadt lsTe! ﬁ}ﬁ%f]nntedné'tél pdride F&??ﬁ&herpgﬁeslt_ﬁﬂgé Rbias pover, and
controllin e power Q e radiation source durin
sat ifaW"i‘et SF%’QB i"l‘F”g‘idé"éer REEALRENGCR Fre gulFFSWaYne &5 eicmdt fgs rl?oﬁg?{’ the
10 Odehandedeeond mtdrinedidi¢iperibengiuding thé irteposidite feéibd Efdie the FinA
nﬁﬁéo?&eh&%r'?@% run length conprising - at |east
thréé puPsesp%avfng a wite power, - at |east one
f the tord pareer wordpraing cgranol iofdrrvtivnéoe settingahepedusaididsquwverg a
bi as power, and - at |east one second internedi ate
peri od between the pul ses having a reduced bias power,
the 10 at |east one second internedi ate period
including the internedi ate period before the fina
pul se of the power pattern, the record carrier
conprising control information for setting the reduced
bi as power.



