1 30 March 2007 Method and device for recording marks in an information layer of an optical record
carrier. The invention relates to a method of recording marks representing data in an information layer of
a record carrier by irradiating the information layer with a pulsed radiation beam, each mark being written
by a sequence of pulses, the recorded marks being erasable by irradiating the inféPriYsieh38Yer with a

radiati_on beary bayHehaA&iBS BPRVEIRY PhaKER SRiATHALTANA IR RRYIRY @&F@@ﬁrwhich is
reversibly changeable between a crystal phase and an amorphous phase and said sequence of pulses

comprising write pulses having a first write power level (w 1), a bias power level (b) between the write

pulses, and a trailing power level (t) after a last write pulse of a sequence. The invention also relates to
an optical recording device for recording data in 10 the form of marks in an information layer of a record
carrier by irradiating the information layer with a pulsed radiation beam, said information layer having a

phase which is reversibly rrnésm eaple b tyése?n a cwséalfohas%.and an amor ase, the device

hous
comprising a radiation source'prgr\]/'@f}lgr;e fierddiation beam B g]o%lﬁsorleﬂﬁge’rrg}ngo%a[ ollﬂréa the power of

the radi_ation tiemmmt'n@wdwyﬁmf_am_ﬁcpwbvwiieg ta/sierqdjem@tbé anmptj'lsebufar\wtitimgtﬂsedark 15 and _
controlling the, pavier 8ERE LRAFOR BEATWAHER 3t LARRA BruEteRANE iRy Ghitkd bty ing the write

pulses in a sequence of write pulses, a bias power level (b) between the write pulses in a Sequence of
write pulses, £eaRRPYHMSHAENEINE) BitePaliRslanAi W IBLATa Rt ReGIE RANgRAN ATBSHAMME 18Yfd an erase
power level (ejhebiEiafoRRAUSNAPS AhVITE PHisesith A Fevatiinocmathasiandvrsleyiggas defined in the
opening paragraphs are known from the international patent lication WO 97/30440 (publication date
1 Auguet 108 PR AT ARCIL LN g S LT i P SEEOREIBE 1y AUER ARG it .
between the rhisskgriteipgerites] bwé)ecadsabbwapplping)daterrsdhpowie feNsskimrisiwedinghe sequences
of write p”lse%omﬁ}a\/rlﬂ‘ﬁf?a?ﬁgH?&%‘E?\/hﬁspﬁ‘@%? é)&\g{@e(nl&\_/el between the write 25 pulses and a return to

the bias power level after the last write pulse of a sequence of write pulses before rising to an erase
power level. International pateHVapiicatienelies thrsentical heaAskegdts \etdr (earigng: davdr) discloses

an impromed rmethaeh svhiahametiomfdaadi lRgtv e thatdhrcarrveper Riainiahpisamhmma bias power
level between the write pul level after the last 2 30 March 2007 vv_ri}s pulse of a

d li (
sequence of WHHE SNSAOUE/ENIRG P5 el s et tALTE,Rgye Which i reversi

changeable between a crystal phase and an amorphous phase, the device comprising a
radiation source providing the radiation beam and a control unit for controlling the power of
the radiation beam, the control unit providing a sequence of write pulses for writing a mark
15 and controlling the power of the radiation beam such that it has a first write power level (w1l)
during the write pulses in a sequence of write pulses, a bias power level (b) between the write
pulses in a sequence of write pulses, a trailing power level (t) after a last write pulse of a

sequence of write pulses, and an erase power level (e) between sequences of write pulses.

20 A recording method and a device as defined in the opening paragraphs are
known from the international patent application WO 97/30440 (publication date 21 August
1997). A mark is written by a sequence of write pulses. Previously written marks, if any,
between the marks being written are erased by applying an erase power level in between the
sequences of write pulses. The known sequence has a bias power level between the write

25  pulses and a return to the bias power level after the last write pulse of a sequence of write
pulses before rising to an erase power level.

International patent application WO 98/36411 (publication date 20 August
1998) discloses an improved method, which method has the feature that the sequence of write

pulses has a bias power level between the write pulses and a cooling power level after the last



power level being in a range between the bias power level and the erase power level. A change of the
bias power level in the known methods affects both the leading-edge jitter and the trailing-edge jitter. The
jitter is the standard deviation of the time 5 differences between level transitions in the digitized read
signal and the corresponding transitions in a clock S|gn§I the time differences ben‘?’& Y& d by the

duration of ongRepinsk &F aai HABKoTRALAR SRS BLRREASTE IR SlaSCHARE WY @n8863A¢ L. introduces

an additional degree of freedom by making the cooling power level during the cooling period, i.e. the
period followimgHeE 1RYS GAiRG 1ALENR DLWRE e 1BF RNE JENEL G AP SFaeRAME tR¥ Sise to 10 the erase
power level, independent of therigesf piastas eurler Tevs| all ovektioeytraitithg e ddfe distesttiehbe influenced

almost mdepelngl(en );ﬁ?feth Ileg}%qgee(%ﬁ%étég anlﬁ}grk? %M{t@estt[]ﬁe a%e r%%a $for ]dtlﬁgg -overwrite on a

record carrier, I1.€. orma on ed in e In or_ma ion ayer O e re_cord carrier and at
the samebtimeitfeseiings proveandeie|ranatioss/inhesigitizerbraacorignadend dipeonssporlgisadvantage of

the known meRdioRSPRCERIN\ARR R MASkRrRIenWEBER &Hﬁlﬁe%ﬂtﬁgoﬁpﬁﬁﬁﬁ@ﬁﬁﬁé they do not

allow a sufficient reduction of the jitter in the read signal obtained from reading marks written by using the
known method8/19%f f81d5188e LhB 1A EHOREE M BPodreE Red AT SRR iRy MLTERSBE the kind
described in ttaedaxpmalrtggaeéagrfmhdmbmgm(fngﬂhercoedugedwétemvamam’@m ds(ﬂmgevﬁdowkusn the
method of thetHre%Fn Iﬁ charqﬁ gl%ed n th the tralllng?p wer. ley eg ahsd hll%h f{ zﬁg the grase power

level (e) and lower than & Wit poev Sel('er{/étélsf\(/:{}ﬁq Vyﬁgﬁ%lds according & invention

replaceslthe cbekrgggpeawsr levell Inmnﬂﬂﬁwﬁth&ém@ﬁg\l\wﬁmllsTlmwMNameﬁ@létT&édpe)Wé&rlevel (e), by
a trailing powgg ﬁ"ﬁhﬂ%n&%ﬁﬁ&%ﬁd&%rﬁfﬁ@ BEWEdRMRy &lyd fRtgad of cooling the information layer

after a sequence of write pulses, a more or less gradual transition from the write power level of the last
write 30 pulse to the erase [5‘8\)6@?‘46\/@? quﬁfi‘fﬁﬁ%'é%?"f’é%ﬂi%ﬁﬂ"%\ﬁg%i%ﬂl? BRI H SHiFE - ddge jitter of the

marks being amalhymamﬁtbmwImgeed@edltteh@fﬁfmmaabhsm@ﬂad reyorde drierdamdraetieods. It may be
apparent to one sk lIed in the ar, thattembodlmelnts o{ the c%d a(icor%}l%to the invention using more

same rasing information previously yri ten .
than one trailing power eve gsuc as a epW|sey dédcent drM)arth rom the write power level to

the eras@Ppower level, provide an even more gradual transition
It is a disadvantage of the known methods, especially when the marks are

written at high recording speeds, that they do not allow a sufficient reduction of the jitter in the

read signal obtained from reading marks written by using the known methods.

20 It is an object of the invention to provide a method of recording marks of the

kind described in the opening paragraph having a further reduced jitter.

This object is achieved when the method of the preamble is characterized in that
the trailing power level (t) is higher than the erase power level (e) and lower than the first
25  write power level (w1l).
The method according to the invention replaces the cooling power level in the
known methods, which is lower than the erase power level (e), by a trailing power level (t)
higher than the erase power level (e). Instead of cooling the information layer after a sequence
of write pulses, a more or less gradual transition from the write power level of the last write
30  pulse to the erase power level is introduced, resulting in, especially, the trailing-edge jitter of
the marks being smaller than the trailing-edge jitter of the marks recorded by the known
methods. It may be apparent to one skilled in the art that embodiments of the method

according to the invention using more than one trailing power level, such as a stepwise descent



from the write power level of the last write pulse to the erase power level. The method according to the
invention has advantages especially when used in 5 combination with a record carrier comprising an
AgInSbTe alloy, such as, for example, a 4- layer stack of ZnS:SiO2/AgIinSbTe/ZnS:SiO2/Al-alloy. These
advantages can also be obtained when using record carriers comprising a GeInSE&Mé‘WC@%perlmentS

indicate that, whenntRese BUAKE BIRI YSab dRBSIARE! HH\?&%%\QH@WWQH&@FFHG@M%?%%% via growth of
the surroundrng crystalline edge to the center of the mark, rather than b}/% eation and 10 subsequent

growth. Consdfi7e VEHE ROVEE IS ALK DR AL W sk e i g 8REpRWRR'E¥Ep edges, leading to

intrinsically lower jrtter than observed in, for example, GeSbTe-based record carriers currently considered

to be very promising for hiqjﬂesﬁr%ﬁ% Searing t@"ﬁ%&erﬂ §r¥u6'ﬂ%a§%9‘v88%§§ BB ML ﬁllrdr?creases

rapidly with decreasing mark'sizes ecause (0 ¥he maximum |ncr ases with a decreasing
spot size bf theoralination WthmreadiitRalEaIOW Kigh aedelafty ephedsuehés tiexanoleexdmple, to lower

wavelengths qf jbestadiafions saurEstHeb ez 1SR ARIMR 0N Thesc agearfhbdedrart Hodnaihaying a
wavelength at approximately 400 nm. Comblnln%a record carrier comprising.an AﬁInSbTe or GelnSbTe,

alloy with the W YR NSLESPEHFGTERIREAMPERAIGR SRONRD TE NG RARENS HEiEH a low jitter of

the recorded nhaskaliykiglh ueaﬂndmga&pwt&ss?ﬁfénmqﬂwned@mmommd @rm/\mh&thwd according to the

invention is charrgﬁt rrzedr p%te tgr st V\él’ltee ulls |n a sequenc use?e s a s cond write power
level (w2), the second e power (nr\]/v Bern H‘ han ?ﬁe irst'write power evel (wl). When the

write pov@r lesusised i mgwmnféopw@eemha @eqra@mrmrhﬂrhevgmwﬂ gehinedrsbepayeth sbapared to the
write power leyg|def |€&%uﬁ§%¢ﬁt’(‘&\6’£ﬂ§ |8Wéfi$tdér then SRRUSEEth OfoMENiLeh Pl SESs Bt BEREINGBAPe itter is

even more reduced An embodiment of the method according to the invention is characterized in that the
trailing power J8E 3§18 RN HOHEHEEA 'ﬁrB‘f)é?ﬁéBrB‘F‘fﬂQgré%rd?@QéPﬁ‘“é’r reGEr gy MRE OS5 diibodiment of
the method aceeiplistg émibhe trmerooem)laedr@rmneﬁm@lmmrt&ttmmgmd e Beoaves tf\mk(W2) is

dependent on properfies of the record carrrer Th trailin awer le (t & assigne a fixed chosen
value. Alternarﬁ/erfil)/, tnr?gnt]rd |%gr]atﬁd\r/]\?er? See\§e ca?rC easrnsig Sk (\)/aﬁaer)%v&?pﬁ g\%pg]nds on
properties of tﬂ@mdnmdwbrémdomwmgnf@ﬂ@mlm lbémaeron@edm.thsrré thalwdlaﬁohe trailing

power 4 30 M&5GRLARR as, for example, in the case of blue laser diodes having a wavelength at
approximately 400 nm. Combining a record carrier comprising an AginSbTe, or GelnSbTe,
alloy with the method according to the invention allows recording marks to be obtained with a
low jitter of the recorded marks at high recording speeds.
20
A preferred embodiment of the method according to the invention is
characterized in that the last write pulse in a sequence of pulses has a second write power level
(w2), the second write power level (w2) being higher than the first write power level (w1).
When the write power level of the last write pulse in a sequence of write pulses
25 isincreased compared to the write power level of the preceding write pulses in the sequence of

write pulses, the trailing-edge jitter is even more reduced.

An embodiment of the method according to the invention is characterized in
that the trailing power level (t) is dependent on properties of the record carrier, and a further
30 embodiment of the method according to the invention is characterized in that the second write
power level (w2) is dependent on properties of the record carrier.
The trailing power level (t) can be assigned a fixed chosen value. Alternatively,
the trailing power level (t) can be assigned a value which value depends on properties of the

individual record carrier where marks are to be recorded on. The value of the trailing power



level (t) to be used for an individual record carrier can be determined, for example, by a test procedure
where sequences of pulses, which sequence each have a different value for the trailing power level (t),
are used to record marks, and the resulting marks are read back and are analyzed. Other test
procedures can alternatively be used. Finally, the optinfal value for the 5 trailing p@\%MQ@\MQ@y

correspondinget\gép@) irachvigieal R RN GRTAIR @@M@@afﬁ&%&’@%%t@ﬂﬁ\ﬁné@?ﬂfﬂe%ﬁﬁ% 3 zlhle%teVe”_t the
value can be directly read from the record carrler_b%/ a recording device, Likewise, the second write

power (w2) caff958UESWRRER SgHeaaes 96 BLlTes aniCh s aun e ardiigie 8 AR VAt U difie depends on
properties of thailindiptduallsecq)l aarued wheremaiks el thdresdtogdesticrrd Geidisaakandhercobject of

the invention tQ. Qroyi iC ordi vice.of the kind described in the seco ragraph
adapted for usﬁ?\%yﬁg%q %eﬁl%rgg%lga@)gr(g fﬁragtg geﬁﬁ'ﬁ\%\ﬁ%fg:lg %iéeﬁﬁjh?sméﬁ}/é(ﬁ%s&@gﬁ%\yg@éqv%e'pﬁ% the optical
recordingdevitil tothevysrdayab(B oriehpeading s indhvadubla ecaiirrgrpenenidedecoriehghbathan the

erase power leygldehai IPWMRS SNa (Hs HIRE YA TS RAWEIIFARI oo the PEESRITG@FHRYRdIment of the

recording device according to the invention is 20 characterized in that the control unit controls the power
of the radiatioFEREAIILRFEnhtREMSE Deseor Wit P dWRVEN B AsH R AHE RSN HLfse in a
sequence of vefitarphdsssigiite setonad oo dpéadebivp?)deeting dfiglrandhaduthestiosd vaitpower level
(wl). These andhother(,ﬂq(t%jecet%,J [)eature e%%g] advantages of the invention will be 25 apparent from the

: where.m r recor e . . . : :
following more p%lreucurar 8escn6t.8%°o embodiments of the invention, as illustrated in the accompanying

drawingslWhere Figure 1 shows diagrams illustrating the time-dependence of the data signal and of the

control signal controlling theipQWeINGRIR QNG Afjatiam Wﬁ?bi&é%@pﬁc%h%ﬁ’ér&?ﬁﬁd%%@@lﬁms of the

jitter, demonstrating the result of applylna 30 a trailing power level (t) according to the invention, Figure 3
shows measuldsEHtSesEiRediehehsRIBh srRampiRdariet st SRR G et R RHIMG D HRer level (t) and
a second writénpemienlevel (w2) according to the invention, and Figure 4 shows a diagram of a recording
device according to the invention. 5 30 March 2007
15 This object is achieved when the optical recording device of the preamble is
characterized in that the trailing power level (t) is higher than the erase power level (e) and

lower than the first write power level (w1).

A preferred embodiment of the recording device according to the invention is
20  characterized in that the control unit controls the power of the radiation beam such that it has a
second write power level (w2) during the last write pulse in a sequence of write pulses, the

second write power level (w2) being higher than the first write power level (wl).

These and other objects, features and advantages of the invention will be
25  apparent from the following more particular description of embodiments of the invention, as
illustrated in the accompanying drawings where

Figure 1 shows diagrams illustrating the time-dependence of the data signal and
of the control signal controlling the power levels of the radiation beam,

Figure 2 shows measurements of the jitter, demonstrating the result of applying

30 atrailing power level (t) according to the invention,

Figure 3 shows measurements of the jitter, demonstrating the result of applying
both a trailing power level (t) and a second write power level (w2) according to the invention,
and

Figure 4 shows a diagram of a recording device according to the invention.



Figure 1 shows diagrams of two signals, a digital data signal 10 and a control signal, 20 or 25, as used in
the method according to the invention. Figure la gives the value of the digital data signal 10 as a function
of time, the value of the signal representing information 5 to be recorded. The vertical dashed lines
indicate transitions in a clock signal of a data clock belénging to the data signal. TRE 'M@FR‘SUZQ‘ﬁhe data
clock, also called the channel bit period, is indicated by T1. When recording this data signal a "high'
period 11 is recorded as a mark having a length corresponding to the duration of the “high' Beriod and a

‘low' period 12 is recorded 94§ HEMWSALBgramsHf fwostanals AU SRR /29t FEWRY a length 10
correspondingsittihetluradoss abétién thwvnpeiiddctordegecahdive tarigthRigarenargives substetilly equal to

the number of chaRe BLASHRSROLS Sek SRS e WS SRESH OSSR AEagmr =
ki B e e e |

therefore often ex esse tRe humber 6 ck perl urin orresp dmg ata signal is
“high' (e.cp, 11T lioresarsigek Wiehverdenkeasherdiingy ingisatsitprditenndn mrjecksional ehedatacloperiods). 15
The data is WiEgRJM& M %'&%b@&r@iﬂﬂ%ﬂ@ﬁ&%‘l"ﬂ%@Btﬂ%@@%%c@bé@ﬁh@&ﬁaﬁﬁérﬁﬁ peRegsgNting the

data are written anngr%Ytrack in the information layer by irradiating the information layer with a pulsed
radiation bearNHEIENRY K XYEE LB R AgHARIRAN daian isiARR 1B e e a8 hetits different from
their surroundiaging biEngredeeqindalg eatia gupdtionarkiedggiblperiid kiglreld Sheved a2aentrol signal 20

correspondlngr to tQ atab?at aI 10 |n a flrs% dlment of the, i inyen &on and V(%Hre Ic shows a control

ed
ecorde a Space, s ate etvveen arks and hav,
signal 25 corresponglng dats naI ina secon SmBodIAE r{ﬂe Invention. The control

signal 23.6r ZSQEE@B@wlf@rtﬁtb@IdlﬁﬁH@Wthfeﬂpﬁ)\}w meaqedraﬂmr@bahﬁ leigthweiiaimete imarks are written on
the 'nformat'%ﬂ%ﬁﬁa%&{@aﬂt!ﬁtﬁéﬁ%@ 6#‘8’1’%%9@9% Badéedﬁﬁéhﬁtﬁaﬁgﬂgpﬂﬁb%%@ {Britmgproportional to

the level of the control signal. Figures |b and Ic show a sequence of write pulses for writing a mark. The
power in betvv?é’@ﬁdth-'e‘%/'ﬁf@tﬁLﬂgég‘%iéﬂ‘%?ﬁ‘e‘b?f@@ﬁ%{@?eéjWWH@%\%F?@V@PE\MW@S is at a bias

power level (bjutBigRtievirtshonditigtatmaiisl ifsahighbe\weenTtier emeki Witing covridponaiie) eeased by
applying an erase power levlej {O()}]]fd CI| he em dlment of the invention described with reference to

Figure Ib, a traﬁlng elr\wer Vel recﬁy 8\9vs he last write pulse 3 in the sequence of write pulses,

the trailidg power level (t) T heetlatp iigtréter imathepticalsieqonthearlievdhyi)glan infdrveting leyvesr Ttiean the first
write power leyglldnk&enting the data are written along a track in the information layer by irradiating the
information layer with a pulsed radiation beam. The marks are areas of the information layer
having optical characteristics different from their surrounding, which makes optical reading of
marks possible.

20 Figure 1b shows a control signal 20 corresponding to the data signal 10 in a
first embodiment of the invention and Figure 1c shows a control signal 25 corresponding to
the data signal 10 in a second embodiment of the invention. The control signal 20 or 25 is used
for modulating the power of a radiation beam with which the marks are written on the
information layer, where it is assumed that the power level of the radiation beam is

25  proportional to the level of the control signal.

Figures 1b and 1c show a sequence of write pulses for writing a mark. The
power in between the write pulses, which write pulses have a first write power level (wl) 16,
is at a bias power level (b) 18. Previously written marks, if any, between the marks being
written are erased by applying an erase power level (e) 17.

30 In the embodiment of the invention described with reference to Figure 1b, a
trailing power level (t) 1 directly follows the last write pulse 3 in the sequence of write pulses,
the trailing power level (t) 1 being higher than the erase power level (e) 17 and being lower

than the first write power level (w1l) 16.



6 30 March 2007 Figure Ic relates to an embodiment of the invention where, besides the trailing power
level (t) 1 being higher than the erase power level (e) 17 and being lower than the first write power level
(wl) 16, the last write pulse 3 in a sequence of write pulses has a second write power level (w2) 2, the
second write power level (w2) 2 being higher than the first write 5 power level (Wl%O_IM.aFFH@ amples

given in Figu_re 1 show s?qudgm%% %IW&Q?‘O@H'§%ddimeﬁﬁ9hmriﬁe%%@é%§o@§%&éf§iﬁ’n@f 50%.
However, write pulses with utmles other than 50% may also be used, 10 In Figures 2 and 3 the

results are shBQNERtENEHAL6F -gﬁgrd?qﬂéh%%[df'ﬁ@%ée‘fﬁké?)ﬂla%Beﬁﬂllfé/"ﬁ'éﬁl%z%agtjitter 321 as
a function of theiryoberleofdDOW cycles|aWvritepilte himbeqwhiesfsthrtpmasksacpsesenting data are
recorded on a single r d.cary hile previously written mar re er, ' a.shows the
results of the rvr%':e'g? uor\g%ge:\vt%F@ ?ﬁg’jl eeégv(;’/ n§nwrﬂlggrgg\/\égr§gx 8¢ Sr2 ed" t@rﬁgééﬁﬁﬁé%s%%tevcﬁ%ving a data
rate of abbut awgelgaehitwipdtsecond (Mbps) by means of the methods known from the prior art. Figure

2b shows the results of thermeasHfRNEBhIPRUIEr WhHRRNRHSAIPUREOPIRE it '@eATWIE Speed

having a data rate of about 34 Mbps bg/ means of a method according to the invention where the trailing
power level (Y502 PHIB4WY SKAECHR7oi RREYRE WIRPYISES ML Bty Perathaethan R0 Y value 20 of

the first write pwee leeel (w 1) being 6.5 mW and the value of the erase power level (e) being 2.5 mW. A
significant decrease of especially the trailing-edge jitter 321 is obtained over the range of the number of
DOW cycles shown in the graph. Figure 3a shows the results of the measurements of the jitter when
marks ar¥ recorded by mdarfigofeh2 angnidhmestdid aiesbesindreontmedsiemeots elststeadingestigecording

the 25 marks;ubpse iaroTee SUSRARCRIIS;RRP WL I RitlnRo S YFARLIORAE NTRARRY (RS BEAING Speed

having a data rate of about 43 Mbps. Because of this increased recording speed, an increase of,
especially, the- &I BeCfitEes 3P S BBS RPER R A B € B HREHECRAA IR B SR d P HE Lirements of

the jitter whenwmiggkseareusBcanitash alsksesodisgispeed having a data rate of about 43 Mbps by means
of a method according to tllc_le invinti n where th tr?'lin ower 30 Ievfetlng { at valuekof about 0.50
Igure 2a SNOWS t esqﬁ%cr)] he h

times the value of the first WHte powerVYeve fw W ee?gzu{ﬁg]%net?:gnd fgr &)v%%maervé f\?VZ) isata

value of #bourearernissraserdiiaiepefdhenying adete piewéaloveB4blrghbitsataesetane (idspote power
level (wl) being, &% BMY,@RetB8s known from the prior art. Figure 2b shows the results of the

measurements of the jitter when marks are recorded at a recording speed having a data rate of
about 34 Mbps by means of a method according to the invention where the trailing power
level (t) is at a value of about 0.47 times the value of the first write power level (w1), the value

20  of the first write power level (w1) being 6.5 mW and the value of the erase power level (e)
being 2.5 mW. A significant decrease of especially the trailing-edge jitter 321 is obtained over
the range of the number of DOW cycles shown in the graph.

Figure 3a shows the results of the measurements of the jitter when marks are

recorded by means of the same method according to the invention as used when recording the

25  marks whose jitter measurement is shown in Fig. 2b, except for an increased recording speed
having a data rate of about 43 Mbps. Because of this increased recording speed, an increase of,
especially, the trailing-edge jitter 321 is observed. Figure 3b shows the results of the
measurements of the jitter when marks are recorded at a recording speed having a data rate of
about 43 Mbps by means of a method according to the invention where the trailing power

30 level (t) is at a value of about 0.50 times the value of the first write power level (w1) and
where the second write power level (w2) is at a value of about 1.10 times the value of the first
write power level (wl), the value of the first write power level (w1) being 6.5 mW and the

value of the erase power level (e) being 2.5 mW. Again, at this increased recording speed, a



value of the erase power level (e) being 2.5 mW. Again, at this increased recording speed, a 7 30 March
2007 significant decrease of especially the trailing-edge jitter 321 is obtained over the range of the
number of DOW cycles shown in the graph. Figure 4 shows a recording device according to the invention
for recording on a 5 disc-shaped optical record carrier 50. Alternatively, the recor&Q:MﬁFéPr@%V be in the

form of a tap%rgﬁrﬂééﬁt%&!ﬂéﬁs@@f ERBORN 'ﬂﬁ%hﬁ’li‘ﬁﬁ%&@@ iaertehesangRRth s %@éﬁ@e@f@h@ontm' unit
60. A current source 61 within the control unit 60 has frve outputs, A, B C, D and E. Output A provides a

current which WHEH RIPRAW &Y FESishNNdBHPedBRN through a control signal Sc, will result in a radiation

beam 52 having a first write power level (wl). Likewise, outputs B, C, D 10 and E provide currents

resulting in the bias powerlgeve!9 gpghig %gr%r 'Qr% WeF g\égé é&l ﬁﬁe%%e nyvg %P?Wgédkﬁgel (w2) and the

erase power level (e), respe@%j vely he current eac can elected by a
switch unft 62diFerehepaebertieit BRAE SpEIeRe0. wteanpev@yntbereemdcnawr:mw@ﬁe@ thy feredd signal SD

and a clock sigjgal @Hatl@%S ﬁgreoﬂﬁﬂﬁﬁtﬂrﬁﬁf&rﬁ%@{ %Sbg}%dé?d@dsig'aéﬁ@ I ELSRAIGNFES Of write

pulses having a first write 15 power level, write pulses having a secon wer level, bias power level,
trailing power $8vey CUsFFgtSPYERe ﬁé\xr’é'ihla\%‘? SRUERLNG B9 5 g’?é’d‘tﬁﬁﬁe& Brfre %I@&%l&ﬁ‘é‘?‘ék‘ is
obtained frompaoiltcka genenaidiicB witsnelod neoecadthitighdevicess, luaedg‘loawmm Agralstagleispeed, the

clock generator %3 IS plgsetata frxgg fre%uenlcystwrrlrt%n (\)NrrtrrrF%/a]t bel\ev P ee BQgér%qlbency of the
clock generator 58 W vary with the actua rrtrng spee8 %0 srgna rovrded at the output
of the coHirol @mt%m@ndeoarrymgrwtmquélwdegsmwritéepeﬂée)s the ﬁﬁihh@d)@wehéevahﬁﬁtﬂ?ﬁ source 51.

The control signahgGyiepBR: BRPOYSER] ﬂﬁkeeFQéé'%%rt?&?éﬁézr&%@&" er Piethgradigtiaprsource S1.

The radiation beam 52 is focused onto an information layer 501 of the record carrier 50 by a lens 53.
The disc-shaf&tiPHéora: garﬁe?%§%95t$deﬁmaﬂvgéhww %%Wrtﬁblpﬂ*ﬁgzé?r?%@r ofa

recording devicpaaecogetipgior mdmvrem@mysrmmbb@grfaxrmnwaglout shpansthods meearding to the
invention described WI refer nceh ures Ic usrnn% only one tr |I|n%)owertl \{el rqge However, it

may be appar%nq {8t%rne Al R° the arfa t%%r'fae do R L T R 5 AR NG Ing to the

inventioriasinpomier tevblam diecd uisail iRy ipo\wsedend nosvatHexes! daﬁemwgeler&cemﬂﬂ@mww hexréle power level
to the erase p%%ra&%‘b%\m@@@d%?a[&%i‘&ﬁ@ yaafddirg Aot R 116 S UGN PHice 61 and by

extending the switch unit 6
clock generator 58 When the recording device is used for writing at a single speed, the clock

generator 58 is preset at a fixed frequency. When writing at a variable speed the frequency of
the clock generator 58 will vary with the actual writing speed.

20 The control signal Sc, provided at the output of the control unit 60 and carrying
the sequences of write pulses, is applied to the radiation source 51. The control signal Sc
controls the power of the radiation beam 52 generated by the radiation source 51. The
radiation beam 52 is focused onto an information layer 501 of the record carrier 50 by a lens
53. The disc-shaped record carrier 50 is rotated around its center by a motor 54.

This embodiment of a recording device according to the invention is suitable
for carrying out the methods according to the invention described with reference to Figures 1b
and 1c using only one trailing power level (t). However, it may be apparent to one skilled in
the art that embodiments of a recording device according to the invention using more than one
trailing power level, such as a stepwise descent from the write power level to the erase power
level, can be realized by adding additional outputs to the current source 61 and by extending

the switch unit 62.



30 March 2007 8 Claims: 1. A method of recording marks representing data in an information layer of a
record carrier by irradiating the information layer with a pulsed radiation beam, each mark being written
by a sequence of pulses, the recorded marks being erasable by irradiating the infStMatr2Rer with a
radiation beam having an erase power level (e), said fhformation 5 layer having a phase which is
reversibly chaggggkje between a crystal phase and an amorphous phase and said sequence of pulses
comprising write pulses having a first write power level (w 1), a bias power level (b) between the write
pulses, and a trailing power level (t) after a last write pulse of a sequence, wherein the trailing power
level (t) is higher than the erase power level (e) and lower than the first write power level (w 1), 10
characterized in that the radiation beam is set to the trailing power level (t) directly after the last write
pulse of the sequence and that the radiation beam is set to the erase power level (e) directly after the
period during Which the radfatigiherbahmepsipgonprestrapietg g dpteventinfamatiortad efvclaimed in

claiml, Where"?ef&ﬁd@%F%jé%?ré@%fn@@%ﬂﬁf@rﬁ%@@l WiHEISUiSMEFRIR AR aRig Pgiween a crystal

phase and an amorphous phase comprises an AginShTe alloy. 3. A method as_claimed in claim 1 or 2,

characterized REHRVHHRD thed SRQURRRR ObBH G Rs TSP YEEH 81K OF P9I SESaRDY Mot power level
(w2), the secoidonmiseigpdwer Wetred (sdtioaibeninohentamrethe fiostaviéepe)yssiteivédind)ioh. A method as
claimed inclaim 1,2 or. 3. characterized in that the trailin er Ieve(l#st Is dependent on properfies of
the recordfscarri}!’11 r?r Vér.]%ar%@%eo\g%éé]é AImer ﬁfﬁ?’ cﬁg?rq?%ﬁgtl: g‘%él"(’: &rigec |r?1allﬁ)§? #gnsgeacnond write power
level (W2) is dep@hielnis Ghasedpd tied sofitheceedfdrd cantamn 3ot PO Bangn foptivalteecording
device for recqyglipg @RS SREDRIPRIUES (B BBiBIRTMAHAR 'ﬁ)’l@és?érﬁj_@ﬁ@iﬁ%ﬁ%&%r Iy diradiating the
information layer with a pulsed radiation beam, said information layer hava a phase which is reversibly
changeable (t) after a last write pulse of a sequence, wherein the trailing power level (t) is higher than the

erase power level (e) and lower than the first write power level (w1l),

10  characterized in that the radiation beam is set to the trailing power level (t) directly after the
last write pulse of the sequence and that the radiation beam is set to the erase power level (e)

directly after the period during which the radiation beam is set to the trailing power level (t).

2. A method as claimed in claiml, wherein the information layer having a phase
15  which is reversibly changeable between a crystal phase and an amorphous phase comprises

an

AgInSbhTe alloy.

3. A method as claimed in claim 1 or 2, characterized in that only the last write
20  pulse in a sequence of pulses has a second write power level (w2), the second write power

level (w2) being higher than the first write power level (w1).

4. A method as claimed in claim 1,2 or 3, characterized in that the trailing power
level (t) is dependent on properties of the record carrier.

25
5. A method as claimed in claim 3, characterized in that the second write power

level (w2) is dependent on properties of the record carrier.



5 between a crystal phase and an amorphous phase, the device comprising a radiation source providing
the radiation beam and a control unit for controlling the power of the radiation beam, the control unit
providing a sequence of write pulses for writing a mark and controlling the power 3 MEGadiion beam
such that it has a first write power level (w 1) during the write pulses in a sequence of write pulses, a bias
power level (b) between the write pulses in a 10 sequence of write pulses, a trailing power level (t) after a
last write pulse of a sequence of write pulses, and an erase power level (e) between sequences of write

pulses, whereift the trailind PRREFALGEP(HNE #&W@r’(?ﬁéﬁ‘f?ﬁﬁn@rﬁ?@ BANGOIEET {4 Bwer than the first
write power leivébriwdiioahayacierizeshia thaieits domiraingitecndroistihel pawvaitbiatpe ssadiation beam such
that the 15 radjati is.set to the trailin wer Jevel (t) directly after. the ite pulse of the
sequence andqé?é%?&rggr% ia?ﬁ;ﬂ%g@éﬁ%@@éﬁgr&gg 'ﬁfga&s ms%éw?/\éﬂ' ﬁv‘g \ég‘%ﬁ@c%&/%ﬁ?grg II[%1e period during
which the Padi&fbyeeieaaiyisial@hasethrdtpaiimgrpoove Phasel (. devias eopiiiting corgdiiat alepidiseas claimed in

claim 6, charagigizeich thihadititien HePRMEPA BEREGPOMOIBENRERE Blethewadiptipndfamnsuch that it has

a second write power level (w2) only during the last write pulse in a sequence of write pulses, the second
write power 1RRAMWHS ERAIKE! HY hROMARGRSIANGNRRitd WHaMERrdopwM il AR AR R' MY device as
claimed in claithepowst, afibsaatieicacdsartnaich2hdhie fepidaktentdiog aeswee (aanuiteshaeans for

determining proqerties of the recc}r\gv t?t%rh r_and means for aFgli?%%% a v%lé@ Ft?ethk‘ traiHnag power level (t),

. ulses, In a SeueNce O ses, a ias power Teve een SES | ) )
which value dé)pends Sithe determined proper I85°0! the Tecord carier. AT recording device as

claimed ihOclaipadpeatraphotaitzudses, thtiaitig Boverstieve iéralteirtgasevidts polsgrfsescaneraefor determining
properties of thteard CAMIe AN HEMIS IR ST RIR L IR RE GRS level (w2),
which value depends on the determined properties of the record carrier. ) )

trailing power level (t) is higher than the erase power level (e) and lower than the first write

power level (wl),

characterized in that the control unit controls the power of the radiation beam such that the

15 radiation beam is set to the trailing power level (t) directly after the last write pulse of the
sequence and that the radiation beam is set to the erase power level (e) directly after the

period during which the radiation beam is set to the trailing power level (t).

7. An optical recording device as claimed in claim 6, characterized in that the
20  control unit controls the power of the radiation beam such that it has a second write power
level (w2) only during the last write pulse in a sequence of write pulses, the second write

power level (w2) being higher than the first write power level (wl).

8. An optical recording device as claimed in claim 6 or 7, characterized in that
25  the optical recording device comprises means for determining properties of the record carrier
and means for assigning a value to the trailing power level (t), which value depends on the

determined properties of the record carrier.

9. An optical recording device as claimed in claim 7, characterized in that the
30  optical recording device comprises means for determining properties of the record carrier and
means for assigning a value to the second write power level (w2), which value depends on

the determined properties of the record carrier.





