;]17e3e.\ <"~ 6@r: ? Method and device for recording marks in an information
Ia er of an optical record carrier, and record carrier for use therein. The
|nvent| on”lm’ﬂ“ﬁ a method of recording marks representing data in a
recordi ng i i i Si i i

havi ng a phasweoowlr ch is reversibly chan‘geabl e between a crystal phase and
an anor phous phase, by irradiating the information layer with a pul sed

radi ati on \y&hoa am&&%kréz%ﬁ@mardm h hlfe.fmélmaym? bR oﬂ_tl{a‘f PéeRENt S the

| ength of one period of a reference clock in a data signa n represents
a predet ercAnirsdantbxeqoral cantietler usedhgrein.t han 1, the marks being witten by a
sequence of pulses conprising (n-1) wite puI ses, the witten marks being
erasable by irradiating the information |ayer with a radiation beam havi ng
an erase power | evelhe(ieyention felafesto symethed pieeardipg mrl@éw@n@t@goiatapmases bei ng
pr eceded I ich is

| ower thalr%é(ctoﬁd %@gcg‘ggbsg\%er? r&ﬁ%{“@? ?’cgglg%lgﬂg%rglﬁgéﬁng le}g%ﬁ l)glgé"gner at ed
by a radi athichis svensibly, chihgeablnbetweeroncrysta phaseland asamazrphpuseh@p,cbyng devi ce for
recordi ng t.h I ec rdln sai,d r.ecording
e um o arsariBraisisier TP FyB Abinrdn Al B R Al Ty
changedbl exThehere é‘rre;&esenty ﬂﬁéngﬂh@&m«: @mbdan” aatferrepntunlmklﬁa phtamgnal andinsai d

mar ks havi ng | engt the th. Qne period of
T of or ancBeeSeR pre Syl nabii imber 2R B! D S SHBRB nod ot ural
nunber | arsgqrendeldpulies doynptising (h- B)twnxtgpt:llm uhafmuttmamlaﬂcs btiay efasdble tyy pul sed

radi ati on .be the ecorded nmar i.ng,erasabl e by irradiati

D o 1 R e e S P aHeB T R SRR RS R Tia R BOREEE R o)

t he devi cewrito plkd <$ﬂarsgqlftndseﬁmpatsbmnfngde@edm@vdodhmmshelamgaabolmg pbeam and a
control unit 20 for . controlling the po f the.radiati bea

cont r o0 urpel Géwﬁts{l&plewart e Brascour @Eﬂé% fhanenbam &ggnﬁsﬁr@l@é f or
witing aJmditicandue@ntrol ling the power of the radiation beam such that it
has a cooling power |evel (c) which is |ower than the erase pomer | evel (e)
preceding a first wheiBvegtipaeseelages Sxqyireordwedevipuios sordingelaiary Bisiogh
further rejrala8 om 8ot BROMANIRY, IRAesINiHhO meliSfh dofh ﬁs1ﬁ§&9fn@drﬂlﬁt1@r5laﬂ&v' ce,

sai d recording nediumconprising an information [ayer having a phase which
i s rever siliBVipg 8 Rhsg shinhds wEergiblythangsale bawesn s ¥stal Rbasg AnhrApHBIYs phase,

and coygpr ';ﬁlh{égarﬁrkaﬂrn%ksorﬁ%l?'léﬂgﬂlg of #F %Hike”ﬁregﬁ%é}ﬁ@&@ leAgthAf birCridl Bfa Met hod

and device as described In reanbl e are known from 30 United States

patent 5, raferengpdockAn pdatk stggalwml 1 represpifs aprearieratined ngfuraknpmbergageydhandnd t he

by irradiating the information layer by a pulsed radiation beam, the recorded marks being

erasable by irradiating the information layer with a radiation beam having an erase power level
(e), the device comprising a radiation source providing the radiation beam and a control unit
20 for controlling the power of the radiation beam, the control unit being operative for providing
a sequence of write pulses for writing a mark and controlling the power of the radiation beam
such that it has a cooling power level (c) which is lower than the erase power level (e)
preceding a first write pulse of a sequence of pulses.
The invention further relates to a recording medium for use in a recording
25  device, said recording medium comprising an information layer having a phase which is
reversibly changeable between a crystal phase and an amorphous phase, and comprising an

area containing recording parameters.

A recording method and device as described in the preamble are known from

30  United States patent 5, 412,626. A mark is written by a sequence of write pulses and the
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2 previously witten marks between the marks being witten are erased by
appl ying an erase power level (e) in between the sequences. The known
sequence has a cooling power level (c) inediately before a first wite
pul se of the sequence, the cooling power level (c) being |ower 5 than the
erase power |evel (e). The cooling power |level (c) may be any power |evel

| ower than the erase power |evel (e), ihcluding a radiation source off

| evel . Therfeuel wraks makits HeE¥caR &2 nidies BefrglvaritRy laff$ase@Yy BplanyabauRr | evel

in the range between the erase power | evel (e) and the cooling power |evel
(c). As t newenlsyslg) ibbghween tbwnuqneys The W&P%@qe}labéﬁfeﬁ@gm@ewlw%£c)wr. te
pul se of tlﬁ&ﬁmeaﬁﬁﬁﬁ&?&e aﬁrs?%@ _I}ﬁxlie%?ﬂfqu(ﬂleﬁ'&r iﬁe‘é@dhn@%o@@ﬂ@?éﬂ(c) 'b&ﬁg'lc;v&epg ' n a
mark having a | ow 10 f is the stan devi ation of

time disff ég ﬁb@@a&s@pmlﬁvqlé@)e’r hercoglifg RowEh s vel fe)anay hgiany p@‘derrl@tfhlosweg?ham and
the corresponalengwt @ '(é)'lﬁaﬁdlhé]a PadfahiBE SousdeWRAkvel t”ﬁl% pBbvngleQél H Rhelae being
normal i zed by the duration of one period of said clock known nethod is
sui t abl e ftoy wdiepalses myebagny peweriersl maeborageekatyeearthe ¢rase powglylewrl (@) jandjthe

i nformati e r arrier
and ot t naoyk g BREIOCRs 1 chilfbe BEl BT (R kBt bAflE AERREET

i nf or mat i gulskafte seqnemtarmwlﬁ)lfeccvrécﬂmarhgan beefofred; easulting mraasa;kdahangelowpes of
recor Car {t eF l;[‘?w 1t?er01|§ t?lg t?lf?(%gd JleTr\]nath? othﬁAthlg% ﬁeﬁt’?]?esc})eﬂveep Ile%ef@aFglggns 1%\ Qe edges
of wri n sequences es are's e extent of

t hese t| nﬁhghzefdtr&dlsgndlandtﬂtbeuotrespnncpng)mmsttnoesmcafcldchexgnelcthe tinedifférerce and of
the recordi ng devic t he. ti fts are very small as 20
conpar ed e{ngnf)ﬂléah&ﬁ(}%ﬁﬁgﬁur(%o"OP\BPFPEGPOSL?EE%E Pfkls a drawback of the nethod
known from US 5, 412rl€e21&10tvhaiethoﬁ iduétsble Gir dheadvérorisidif 4 ecad chryiet, ey, by fitter

in the read. SI n ned fromrea mar ks tten, by .usi he met hod,
especi al | yNHE t?ﬂ‘éé% ?‘?(l%e rﬁfoéd%’fllﬂleéﬁtl H&at'r?f‘é%erro\é%‘rfﬁf?{g éﬁ&read‘g%tﬁ is a

dr awbaisk Qﬁm25nfehﬁisiﬁgﬁﬂf&d1aﬁfm prdidgdlngrittaeinfthd hembivamayet.r om JPA 08287465
that it requires corrpl ex 203 expensive .el 1«ictrgnl cs to produce.the tinme
shifts with suffici@mtetipdofireduging the jifter ig phasg;chanee fpes ofgesord EATHFTDR ¢ o

provi de a diRlREHinGhe FPACEB2ET463. M&mkﬁmmﬁ)dtth@edgbn&mspﬁus&eﬁlséqmeﬁdaseotopeni ng
paragraph, having a reduced | fitter wthout the need for conpl gx 30 and

expensi ve RUISSEHE Shiftedsin thg; Eh%ﬁit@épf these giaigisBifts ds danendentng RiRerisd °H®Ecri bed i n
the preanib@rd sarcltabd et @E kez8inglielb@lin b&HRral AR tinPsH € vEasmall &d r st cool i ng
power | evel (cl) when n=2, a second cooling power |evel (c2) when n=3, and
a third coomppgd pithelhe qusasion of e 9Titass: n> 4° 3 Instead of using a single
cooling power level (c) for all marks to be recorded, the cooling power
level is nade dependent on the |ength of the marks to be recorded. This

resul ts in a signifltéerdrayveaskef the megiod knewd fromdfS 5,026 that liydops nat headshor t er
marks, i. &g sufha%ntma&ﬁuﬂaﬁwtmegd ligNobiaifla @Jn%@mgaarm&ewwgmﬁg BRver

| evel |n a sequence o0 pul ses requires | ess conplex and

expensi ve ra¢thed pwpacially whenrhemerks aignritied af ligh feparding apdedyy Inigp 9ra§/rba¢k| ofshifts
in ti of r

provi dng i PPSEBRARing 7l kh Gapon B OVARY et RBFEORRER M e pover
| evel and exhenstveelerimgnigsdoprodiebd hmesheftawitesdiicienta¢duzdslye i n recordi ng

devi ces, and generally only a m nor nodification would be required for

i npl enmenting the nethod according to the invention. The nmethod according to
t he invention especltad dnyoblrasofabkviandmige o phrdde aimediod of recording marks of the

kind described in the opening paragraph, having a reduced jitter without the need for complex

30 and expensive electronics.

This object is achieved when the method described in the preamble is
characterized in that the cooling pulse has a first cooling power level (c;) when n=2, a second

cooling power level (c;) when n=3, and a third cooling power level (c3) when n>4.



15 conbination with a record carrier where a |ayer conprising an Al -all oy
is replaced by a layer conprising Si and a dielectric layer, such as, for
exanpl e, a layer conprising ZnS: Si02. These kinds of record carriers are
known as Absorption Controlled record carriers. A typical high data rate
phase-change record carrier conprises a | ayer of an Al-alloy deposited on a
substrate. Provided on top of the layer’ conprising an Al-alloy are,

successively, at |3ﬂsﬁéad(?>|f'ﬁs13@a dhak e&&n&ggdwm&ra (ciPorial nfk¥RS bOFechAYEr havi ng
a phase which is reversibly ¢ angea e between a crystal phase and an

anor phous thsiraglingnower level iphadedependagon|thglength ofing thbegtecqrdeds Thigne
dielectri (Peslll@sylﬁra si fﬁcﬁ%ﬁ@dﬁ@ﬁ&?& tﬁgme'i Qhpedily SEME ShorRf Mh&E See., HSmdrRY €T
conpr|5|ng isrep y, successively, a |layer conprising
ZnS: Si 62 ﬁdnaakayeprBﬁmi$Elng Si on top of the substrate. A combination
of the method according to the invention and a recording nedi umof 25 the
ki nd of Absorption Controlled record carriers described above results in a
significant reduct iMedifyingadmwer teverin afequinse vhiwkits, puespmﬁiaﬁlSIlgss edrapiex he mar ks
are witten,at hi P ordi ng
to the i n\%redn on | Swe%ge?%c éeg%% eegaméég r}?ﬁ Hﬁ&ﬁ‘lﬁg@ th %En (:1 gg '?ﬁ%ngg‘\%@lﬁﬁ evel
(c,), the eém ofithe goid puigps fdmeovereleetrorficfpy Plawdmghla”f&rtnt pawerdenels{guchaner

lr g\églr c}lg)f’:lg)f oL e 1m&l ﬁ rgsr%)o(v)vgr l%vegped {hl e(zd}lgl% é)%?gr lev: g)l a?‘é elcl}pea%)js Qv%g%bel\ee gﬁgﬁ Lge

assi gned aecbrcbn@kie@hes eind mbmﬂy oﬂbrtammhmdﬁopnon Wweuld botaqnigedforer | evel s (c1l,
c2 and c?3) ed val.ue 4 depend on properties of the
|nd|V|duaWnP8@8FWg?§ gg?g%ﬁmﬂﬁgi%t ‘ﬁ@“&re to be recorded and on
properties of the radiation source. The values of the cooling power |evels
(cl, c2 and c3) to Re used for an individual reﬂﬁ E rr|er c n be
determined, for examsieethog\pecordiagfo "B‘F BUEHOP ESBSCIjire s 2 %‘w&ﬁw engisedhi ses,

Wi th g3ch csRBueiseN oy ieBerd Ghrtibeké a lgtrusmpfisihg AD8I1-510Gi§ RPlapBIa hpyrel S
(cl, c2 and c3), are used to record marks, and the resulting narks are read

back and &AAPYSiRgl S eydieticleetiq layerosughyas &3 cxapplea IR comprisne S8y |

Finally, tingseqids@Btecdalch@iefsQibe kid®nGs AlbbdiptidAQWMroll@M@EcYd Coidiers CR typid] C3)
corresponding to an individual record carrier may be recorded on that

record carigheata ratg phasechenge secordfarripg pRrBprisghe Eéefd)if Peéi-poy depesited 8t he

record 10 sﬁﬁs'trafeelfrobme@or{ t%§ of Ak NYed@WipFiSing BY ARSIy, REccbRR GO 1ERTorOVET
| evels (cl, c2 i mal val ues which depends on properties of the

i ndi v|2@ua|d1q1@@@rlaye@,e@mrmfermqmn\}mrch@vmra@awénqhds paersbborhgageabla getyigen
properti e% al f)lnﬁe %rﬁidinaa&‘l 9;?1059#{ ﬁ ied gﬁ’aﬁé -chdnBOBL, céﬂd Eéa?x%ttléh@t &fol i ng
power | evel elther t ron eating pul se"power’ T evel or the power

| evel of tdtr@ecmorlsyervklﬁbeorpmrs@ontwlled rxoeq|d egroiers; the Ipgeromprisingian PFhiilbDYrI%sul ts
in well-def I q get of
the i nvent%lli &%gbgaspédc%fsd\tel@éh cor éﬁﬁéﬁgg\l}%g? (¢ da '43 {( ngmd}ﬁgtcsr ?%togtylfn t he
preanbl e, sabkipeed cbmbmatscm o tthetthethodetchayding ¢ctbe divnlglom@nd heecordingmédiym oPO Thi s
obj ect,. s vV, anble is
char ac Ser Itﬁ;eelgh? ﬁ &%&%Qﬁb@%ﬁlﬁﬁ gé’cg}dr}:grrg?s degc%bg@ ?l?ogé ge%ﬂlééaﬁs %?ufg t erni ni ng
a first vakduetiéroof thdyitter oHithi ngrlepmspwdllgweien (t@m)arkdwﬂwnﬂ@; atdighgeamding al ue for
t he coollng ower level (c2) when n=3, and a third value for the cooling
power | evé ‘% 3) when n> 4. 25 It is a further object of the invention to
provi de a recordi ng nedi um of the kind described in the preanble, adapted
for use in the neth d a d.the rec |ce cco in t he inventi on.
This object is achi WFPttoﬁgw gl?ggf" erﬁnd @P?Sog‘araftﬁmfelqé pr eanbl e
30 is mﬂartm&wﬁrmom ;iokm leSéli(él), ameesac&mbamglpa@ef ReAN &), Agd PRrEret er s

conpri ses values for said first value for, the co ower Ievel(ﬁcl)

second val5elifeRovenievelde pisdepsadint op evefme%czf)thfaﬁ%gla&l?ﬂ JoTeg and; e fespr
cool i ng paouwgtiurhevel (c3). Usi ng the method and the recordi ng device
according to the invention, the cooling power |evels can be asshgﬁgd val ues

whi ch depends on pr Btﬂfe“r"?ll%gsp%‘fer tewels (G2 @P‘dﬁéf’a“reé&tb'?ec?sé‘&?erdl adixeg g ch marks
are to be yREOARGHtvIRELY 8bdHRS phRér 16RE (606) dndQ;)RANBS assigHal van@ewhespondi ng
to the individual record carrier are recorded on the record carrier
according to the invention in an area containing recordi ng paraneters.
These val ues can be directly read fromthe record carrier according to the
i nvention by, for exanple, an enbodi nent of the nmethod and an enbodi nent of
t he recording device according to the invention.




10 These and ‘ot her objects, features and advantages of the invention wll
be apparent fromthe followi ng, nore particular description of enbodi nents
of the invention, as illustrated in the acconpanyi ng draw ngs, where
Figures 1 to 3 show diagrans conprising the tine-dependence of a data
signal and a correspondi ng control S|gngl controlling the power |evels of
the radiation beam 15 Figure 4 shows a'diagramof a first recording device
accor di ng defendd@ ptapéRies bOhe indRGUEI G6UTE catrisWehich SlhRd a@% B reBord&EAA%n
recording device according to the invention. 20 Figure 1 shows diagr ans
conpri si n@reRRBies PhiRa Fadiatign sevsee; Zhe wplues o5ihg regling eo‘aﬁrde‘ael%(snﬂ #1d cg) 20.
Figure 1 ggg fes ffnbi%ld{lﬁll fé@or&)éarﬁé}%a@bélaét&lmrfé@t 1%r SiaBpR, by B 1edpracelibiiect i 0” of
time, the value of the sig resenting information to be recorded. "The
vertical Driskessquanersof pWéﬁsC‘attb eaecg a%liemqeélﬁ%mg fiffgreat vadues $orghagoolng poveRst a

cl ock bel QE\ler(gl, OanHQ? Q@h?edstb EHBYd:- ma-l‘-ltkearﬂﬁﬁé Rzgulﬁlflg ﬁlQﬁ(s gRtEdHaPCknd al SO
cal l ed the channe period, 1S indicated by T. When recording this data
25 si gnal andymdgﬁthep@ﬁftmwemes osm beussd gbiernatively. Rinplky, Hevaptigrabvalusrfon the
correspon eriod 12
Sl d;@gglﬂl'bgtpgr\feﬂ%\\;ﬁ%’ Qﬁh & ch‘Pé’Sg&{dﬂg to gf? Hdﬂﬁidujahacﬁﬂ Qarflied rﬂér% aving a

| engt h corm@s@drmmthmg retcordtCIamed l]n this case, ﬁfe vialue car epdireptdy re@difroﬂnrthqgnecmd al, the

| engt 1%}anstalrcltlally equal to the nunber of channel bit

perio s of & al times the witing speed. The length of a mark is
t herefore often expByamgdmgyhetdaelmgpdver lewéls 30, cdanchcﬁ;bpmkal pelnesadsch/\,hen t he

correspondj ng .dat a SI nal ' e 6T for a

corres pono‘J € gld@la‘% Brog? ﬁs (ffﬂf)e mg.mdg%;l “Ef(r%’rd ‘fgdmergnava 4 "% rocal{e b\égrelrg(i?rdeda?‘" ((jj 2T for
a mark w tdn paopectres eﬁqhe Pecdiii anign skaira: 8 fagnednsition frgmhhegdmohﬁg)po“aatheHoeitm khe
periods). Th ta is Mﬁlt i rd carri.er co rls ng an
PR or et dTPPE aGPERE s ek oG s Ehe R EeY d O b BRI iR sGBFB* 1t waen
crystals phobsned Thigrswlizon pBIdsfined phialsehdvinge redwePlidGe- change | ayer). The
mar ks representing the data are witten along a track in the information

| ayer by irradiating the information layer with a pul sed radi ati on beam
The marks are areasit@fa fultBerioBfeftf oTicl idventicy @ prétadd Mc&&hgeé‘t}weﬁ?&f&lﬁeﬂéﬁ@ri stics
which are different from5 their surraoundings, which makes optical reading
of these rAsPgdedindls me@nblﬁ adenied fopussioihe methadiresasing fafha nveriodor r espondi ng

to the data signal. The control signal 20 is used for nDduIatlng t he power
of a radiation beamw th which the marks are being witten in

informdion |ayer, WhepRestis 4°§13&%’s‘ﬁhﬁédh@cIﬁ‘é{fdlpﬁée"b‘ifv@ﬁcrlbé‘bélth?)Pfe?lﬂ‘é‘e is

radi ation QeandifdRi MROHE f&&%lngh@v&é‘@on&ﬁl‘é&l m&hs fhGee@hingk 3t YMAE for 4R
Figure 1 b shows two sequences of pulses for successively witing a 6T mark

and a 2T rfepkng mostehlexeldeie when B72, pasospd valuefor the gpaling Rowerdryeh (f2buikesa=37
having a cggl, 'ﬂﬂ%ﬁﬂ}@%rth@y@olhné %weﬁ VeTQ \ﬂ%}ﬂ‘%ﬂ | evel in between the
sequences 1s at an erase eve The power |evel in between the
wite pulses 21, 22 and 23 with the wite pul ses haV|ng a wite power

| evel 14, is at the +$O 0 eve write | se,of a
sequerie 2371 5 15 alFone G BRAGT TPt F barve Rry TRl me o MR
rear heat idegeripedvarthé préshbléradaptéd foandt ih bhe nidtiositandalictrecopdihg devide ascosdifgience 22
IS directIF eceded by a front heating pulse 25 having a front heating
power | evél FW 3 \Wen recording a 2T nark, only a single wite pul se 26
is applied, said single wite pulse 26 being the first wite pulse in the
sequence and the | | se, i e se at . th

t ti 20
S s s 1+ e St e st re S E B dratHiogd & e PLomblS: o

si gnal 3630 igBihrattezR6PMAh: 84 a&h cSitgnial r&&dﬁ@rﬁa&ﬁﬁmmﬁ%& valgepedd dat a
signal 32. Figure 2a shows a data signal 30 conp&%5|ng successbﬁgly a 2T

mar k and aﬁretwahlsrfw the;,cqeking pewr deval (epy gernd velye ordliscochie pyyer &ypdRdicAY

control si@pabaidlfor HBRodl@Powbeldl (). pul se 252 of the sequence of pul ses
for recording a 2T mark has a first front heating power |evel (f,) 342,
while the front 25 heating pul se 253 of the sequence of pulses for
recording a 3T mark has a second front heating power |evel (fz) 341. Figure
2c shows a data signal 32 conprising again the 2T mark now fol |l owed by a 4T
mark to be recorded. Figure 2d shows the correspondi ng control signal 33.
The rear heating pul se 242 of the sequence of pulses for recording a 2T
mark has a first rear heating power level (r~ ) 3 51, while the rear
heati ng pul se 244 of the sequence of pulses for 30 recording a 4T mark has
a second rear heating power level (r3) 352. In the exanple shown in Figure
2, marks having a length |longer than 4T will be recorded, using a front
heating pul se having a front heating power |evel which is equal to that
used for recordlng a 4T nark and u5|ng a rear heating pul se having a rear

4 M N - Y o P T 1 a
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t he correspondi ng control signal 41. The cooling pul se 271 of the sequence
of pulses for 10 recording a 2T mark has a first cooling power level (cl)
44, while the cooling pulse 272 of the sequence of pulses for recording a
3T mark has a second cooling power level (c2) 45. Figure 5 shows a
recordi ng device according to the invengion for recording data on a

di sc-shaped optical record carrier 150."Alternatively, the record carrier
may be in the formgfip thE%ﬁmd%&ldjﬁ%%c@fd@[kadevigpacc%mﬁ?tb%Herlgvénlﬂgn,'tﬁ'!:f or mation
to be recorded in the formof 15 marks, i's connected to a control unit 60.
A current ceelinsnewsileyigls ernrbetaprigned ralnesl whieli deperis len prapessies ofithpindiyidual B , C, D
and E. Qut i i ch, . Al | source
151, 1 hr onarr s Ariib AR ey drk e Earded TH el B ol 08 3

havi ng San cerrespendingvorthd ipdigldugl3ycord ¢dreesiasarecaydadpmttbe Beor€carbenavdoriiingt@vi de

currents rtﬁéﬁlbédnlﬁﬂ irj dh a&&eco rainﬁr%/rgf)o\é?%§ L%%rgétgrstﬂ%sg whles Q%ng“évéve dl}gr:tﬁe)}e}g?é | evel

(r), the front heating powe he ‘cool I ng 20 (c),
respect i vdtom thf hezorsinarren tccofdimgto theguvantion By, f@, ex@nplp), anandodineanofiiles sel ect ed
by a switch it .62, Th i tch unif 62 i .ated, by a_.pattern generator
63 cont r oi et B tf il efing ovlc® 1R B &8RP er

generator 63 transforns the data signal SD into sequences of pul ses having

a cooljing power level (c), .a wite power level, a front heatir ower | evel
(f), a%ear heating Sé\ﬁrgd qﬂée\?\(%e‘(tf")fga?ﬁﬁso‘angﬁg‘éatnﬁgs (b%%eltnvﬁng\?’é Wﬁ?g§) in

accor danceppareh fidnchs folledingaimberparticidfar ddieriptiod oR erib@iiraentSIE theino&itiah,ed from
a clock geﬁeratﬁr %58. Wien.th recor%ing device is used for witing at a
si ngl e spdeiratefdn Of ARMPERNNABY IS Y PE preset at a fixed frequency. Wen
writing ﬁt a vari abfigu@pe@ﬁs shbhﬂiizfjglizﬁﬁuk@)_l_h RipYisif tI{ehﬁ;&de@fxﬁgﬂ@ﬂﬂ'h@lﬁt@EigﬁﬁB W |h |
vary with the actual writing. speed. e _contr ignal S~, provided at the
out put of aE‘HéC%WP?‘B‘Pn&ﬁ‘?f"tr&étﬁna'rwn%%ﬂ‘?%ﬁhﬁQo‘i‘sﬁq‘f‘ﬁg %@ﬁd@%&%ﬂnm te

pul sesys5 i s connect eﬁgﬁ@ 4tshéwd Adih@hin QN a HE FeBrding evil O & c6:RAM 16 kheSh@RAAdn, S~
controls the power of the radiation beam 152 generated by the radiation
source 152 The radiation beam 152 is focused by a |l ens 153 onto an
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The data is written in an optical record carrier comprising an information layer

having a phase which is reversibly changeable between a crystal phase and an amorphous
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Figure 5 shows a recording device according to the invention for recording data
on a disc-shaped optical record carrier 150. Alternatively, the record carrier may be in the
form of a tape. A data signal Sp, comprising the information to be recorded in the form of
15  marks, is connected to a control unit 60. A current source 61 within the control unit 60 has five
outputs, A, B ,C, D and E. Output A provides a current which, when fed to a radiation source
151, through a control signal Sc, will result in a radiation beam 152 having an erase power
level (3). Likewise, outputs B, C, D and E provide currents resulting in the write power level,
the rear heating power level (r), the front heating power level (f) and the cooling power level
20  (c), respectively. The current of each output A, B, C, D, and E can be selected by a switch unit
62. The switch unit 62 is operated by a pattern generator 63 controlled by the data signal Sp
and a clock signal Sg. The pattern generator 63 transforms the data signal Sp into sequences of
pulses having a cooling power level (c), a write power level, a front heating power level (f), a
rear heating power level (r), and an erase power level (e) in accordance with a desired pattern.
25  The clock signal Sk is obtained from a clock generator 158. When the recording device is used
for writing at a single speed, the clock generator 158 is preset at a fixed frequency. When
writing at a variable speed, the frequency of the clock generator 158 will vary with the actual
writing speed.
The control signal S, provided at the output of the control unit 60 and carrying
30 the sequences of write pulses, is connected to the radiation source 151. The control signal Sc
controls the power of the radiation beam 152 generated by the radiation source 151. The

radiation beam 152 is focused by a lens 153 onto an information layer 501 of the record carrier

150. The disc-shaped record carrier 150 is rotated around its center by a motor 154.
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Figure 6 shows a recording device according to the invention for

recording on a disc-shaped optical record carrier 150, using values for the front heating power
level (f) and the rear heating power level (r) which are dependent on the length of the marks to
5  berecorded. The data signal Sp is connected to a unit 70 comprising determination means.
This unit 70 analyzes the data signal Sp and determines the length of the marks to be recorded.
Dependent on the length of a mark to be recorded, appropriate current settings for the outputs
C (rear heating power level) and D (front heating power level) of the current source 61 are
selected and transferred to the current source 61 through signal 71. In this way, instead of a
10  single current, resulting in a single power level of the radiation beam, both output C and
output B may supply different currents, resulting in different power levels of the radiation
beam, the value of the currents being dependent on the length of the marks to be recorded. A
similar technique can be used for setting the values for the cooling power levels.
Besides being dependent on the length of the marks to be recorded, the front
15  heating power level (f) and the rear heating power level (r) may also be dependent on
properties of the recording medium. Information concerning the optimal settings of the power
levels for a specific record carrier on which data is to be recorded may be supplied to unit 70
through signal 72. The information concerning the optimal settings of the power levels may be
supplied, for example, by a test procedure determining the optimal settings or, alternatively,
20  may be read directly from an area containing recording parameters on the record carrier. A

similar technique can be used for setting the values for the cooling power levels.



$10% U& ()- 10 U 10 U 10 UF710% U& () - #$I %% (M zX9~\ =! s9010%

U& ()-!69*#10%CUCU& () -! D' #109QUQU& ()-y! 13 10% U U& ()-f #10%

& ()-! (1#109%BUSU& () - M ;

) <) =) >) +w, - oME! $9010% - , g#10% / & ()- @ (1 "10% /& ()-!63F 10% /& ()- 10HUHU

10HUHU 10HUHU! ; 1" 109%HUHU& () --s---/wLlgq2} [ OME! ! ; "#109% " & ()- !6"#10% /& () -

|, "#10% /& ()- F10% & ()-sY10% & ()-!, g¥10% /& ()- @23333; 445rP=! | ;

"#1008 " |, 2F#1098&8& () - F+F#10%8& () - F+! (F#10% B"B& () - F+ 10// 10//

10/ /! DF96! 10% / & () - g5769: <=| >wWX6P=! @&3 ! 109BB& () - f F#109%& () - F+! @#10% B:

B& () - F+! ;éﬁ?%gi@-&&' ()-F+!:

F#1096B5B& { ) - B4, F#109&B&BE' () - F+| >} >~>>>7222@Y: | 3Y - 1098& () -f" 10988’ () -
Y s!109B& ()- , 109B& ()- F@ 109B& ()- 10BB 10BB

10BB@ @@\ AABAEXY: ! 3° 1 31098B& () - 3109B& () -1 @1098B& ()-3 1098B& ()-3Y

109B& () - 1107B& () - BinRBho@08 Fleaiiny mdrist MFg(Faatd iR ot Q¥R Bédilh; sasl
109B& () - y#1098&' () - 3 109B& () - 310YBE&’ ((@-E FFFFGGGAEXY: ! F. 109B&' () - F&-
1098& () - FWG‘;WWI#%‘WQ an ipformegiopdayey havingreompge Vhickasireyarsibly wi x1 y1 dYNC!

10B changeable between a crystal phase and an amorphous phase, by irradiating the information
layer with a pulsed radiation beam, each mark having a length of nT, where T represents the
5 length of one period of a reference clock in a data signal and n represents a predetermined
natural number larger than 1, the marks being written by a sequence of pulses comprising (n-
1) write pulses, the written marks being erasable by irradiating the information layer with a
radiation beam having an erase power level (e), a first write pulse of a sequence of pulses
being preceded by a cooling pulse having a cooling power level (c) which is lower than the
10  erase power level (e), said radiation beam being generated by a radiation source, characterized

in that the cooling pulse has a first cooling power level (c¢;) when n=2, a second cooling power

level (c;) when n=3, and a third cooling power level (c3) when n>4.

2. A method as claimed in claim 1, characterized in that the first cooling power
15 level (c;), the second cooling power level (c2), and the third cooling power level (c3) are

dependent on properties of the radiation source and the recording medium.

3. A method as claimed in claim 2, characterized in that the first cooling power
level (c;) is substantially equal to the second cooling power level (c;) and the third cooling

20  power level (c3).

4. A recording device for recording data in the form of marks on a recording
medium, said recording medium comprising an information layer having a phase which is
reversibly changeable between a crystal phase and an amorphous phase, and said marks

25  having lengths of nT, where T represents the length of one period of a reference clock in a data
signal and n represents a predetermined natural number larger than 1, by irradiating the
information layer by a pulsed radiation beam, the recorded marks being erasable by irradiating
the information layer with a radiation beam having an erase power level (¢), the device

comprising a radiation source providing the radiation beam and a control unit for controlling
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5. A recordmg device as claimed in claim 4, characterized in that said first value

10  for the cooling power level (c,), second value for the cooling power level (c;) and third value
for the cooling power level (c;) are determined dependent on properties of the radiation source

and the recording medium.

6. A recording device as claimed in claim 5, characterized in that the first value
15  for the cooling power level (c)) is substantially equal to the second value for the cooling power

level (c;) and the third value for the cooling power level (c3).

7. A recording medium for use in a recording device as claimed in claim 5, said
recording medium comprising an information layer having a phase which is reversibly

20  changeable between a crystal phase and an amorphous phase, and comprising an area
containing recording parameters, characterized in that said area containing recording
parameters comprises values for said first value for the cooling power level (c;), second value

for the cooling power level (c;) and third value for the cooling power level (c3).

25



