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i dent i cédevdl (Py) betwsarcthe@rase polses. 25 A recordi ng method of the kind set forth
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information layer by means of a radiation beam, said information layer having a phase

.15  reversibly changeable between a first state and a second state, the device comprising a
radiation source for providing the radiation beam and control means for controlling the power
of the radiation beam such that in response to the information signal the radiation beam is
applied to a first area of the information layer to cause the first area of the information layer
to assume the first state, thereby forming a mark, and such that a pulsed radiation beam

20  comprising erase pulses having an erase power level (P¢) and a bias power level (Pp) between
the erase pulses is applied to a second area of the information layer, before and after the
mark, to cause the second area of the information layer to assume a state substantially

identical to the second state.

25
A recording method of the kind set forth in the preamble is known from
United States patent 5,291,470. A mark is written by a sequence of write pulses and the
previously written marks between the marks being written are erased by applying a sequence

of erase pulses. The write pluses are at a write power level (Py,) and the erase pulse are at an
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20 increases when going from the center towards the periphery of a disc shaped recording

medium. The recording speed is also known as the Linear Velocity.

It is an object of the invention to provide a method according to the opening
25  paragraph for recording marks with reduced jitter while preventing "thermal cross-write"
during erase. _
This object is achieved by a method of the kind set forth which is
characterized in that the bias power level (Py) depends on the recording speed.
When the bias power level (Py) is set at a fixed level no thermal cross write
30  occurs while a minimal jitter of the recorded marks is obtained at a specific recording speed
only. However, when the bias power le\}el (Py) is set in dependence on the recording speed,
minimal jitter of the recorded marks may be obtained for each recording speed while still

preventing the occurrence of thermal cross write to occur.
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20  (P.) as the recording speed (V) increases when the recording speed is below a chosen
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recording speed, and that the bias power level (Pp) is substantially identical to the erase
power level (P.) when the recording speed exceeds the chosen recording speed.
Beyond a certain recording speed no thermal cross write occurs, because the
spot of the radiation beam on the recording medium remains only very briefly in one specific
25  area of the recording medium. Beyond this recording speed the bias power level (P,) is set
substantially equal to the erase power level (P,), resulting in a radiation beam having a
constant erase power level. Because of this constant erase power level a. Jitter of the recorded
marks is minimized.
A version of the method according to the invention is characterized in that the
30 duty cycle of the erase pulses depends on the recording speed.
In addition to changing the bias power level (Pp), the amount of energy
transferred from the radiation beam to the recording medium, and hence the local temperature

rise of the recording medium, can also be influenced by changing the duty cycle of the erase
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20 . from the edges of amorphous marks. These so-called Fast Growth Materials (FGM) allow for

high recording speeds but are sensitive to thermal cross write.

It is a further object of the invention to provide a recording device of the kind
described in the opening paragraph which is arranged to carry out the method according to
the invention. _ :

25 This object is achieved by a recording device of the kind set forth in the
preamble which is characterized in that the control means set the bias power level (Pp) in -
dependence on the recording speed (V).

A preferred embodiment of the recording device according to the invention is
characterized in that the control means set the bias power level (Pp) so that it increases in a

30 range between zero and the erase power level (P.) as the recording speed (V) increases when
the recording speed is below a chosen recording speed and that the control means set the bias
power level (Py) so as to be substantially identical to the erase power level (P.) when the

recording speed is above the chosen recording speed.
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first recording speed. T is the length of one period of the data clock when recording the

information signal 10 at a higher recording speed amounting to approximately 1.4 times the
. 20 first recording speed (T, = T,/ 1.4) and Tj is the length of one period of the data clock when
recording the information signal 10 at an even higher recording speed of approximately 1.75
times the first recording speed (T5; =T; / 1.75).
When recording the information signal 10, a ‘high' period 11 is recorded as a
mark and a 'low’ period 12 is recorded as an unwritten area (a space) between the marks. A
25  mark is recorded on an information layer of a recording medium by irradiating the
information layer by means of a sequence of write pulses 13 having a write power level (P,).
A space is formed by irradiating the information layer by means of a sequence of erase pulses
14 having a erase power level (P.) or by irradiating the information layer by means of a
radiation beam having a constant erase power level 15 (P.) thus erasing any previously
30  recorded marks. This mechanism of erasing a previously recorded information signal while at
the same time recording a new information Signal is known as Direct Overwrite.
The shapes of both the write pulse sequence 13 and the erase pulse sequence
14 are shown as examples. Other shapes, for example comprising an alternative number of

pulses, may also be used.
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Figure 2 shows an example of a setting of the bias power level P, as a function

20  of the recording speed V. The horizontal axis 26 of the graph represent the value of the bias -
power level P, scaled to the erase power level P (i.e., Pg = Py / P¢) and the horizontal axis 27
of the graph represents a normalized recording speed V'. Below a chosen recording speed 29
the bias power level Py increases as the recording speed increases. Above the chosen
recording speed 29, the bias power level Py, is set equal to the erase power level P, for all
25 remaining recording speeds.
Figure 3 shows a recording device according to the invention for recording an
information signal 10 on a disc-shaped recording medium 30 comprising an information layer
301. The recording medium 30 is rotated around its center by a motor 34. A radiation beam
32 is generated by a radiation source 31 and focused onto the information layer 301 by a lens
30 33.
The information signal 10 is applied to control means 60. A current source 61
within the control means 60 has four outputs, A, B, C and D. Output A provides a current
which, when fed to the radiation source 31 through a control signal Sc, will result in the

radiation beam 32 having an erase power level P.. Likewise, outpﬁts B, C and D provide



occur, not even when a constant erase power level P. is applied. Applying a
constant erase power- level Pe will resultin a mnimzed jitter of the
recorded marks. Figure 2 shows an exanple of a setting of the bias power
| evel Pb asWaQMBA%2 i on 20 of the recording speed V. The hBEVEBH{04457axi s 26
of the graph represent the value of the fias power level Pb scaled to the
erase power | eve PB = Pb é E@ and the hqr'zo tal axi
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the graph SPRFHFLES gﬁ“h%}?ﬁﬁ??%de% Wite PRRET e & POWEI, %Wrm °

r écor di ng be@ees theSvritt pelséy, é&?ﬂmy. TR\ RirefitbfieiéH QAGRA, B Cdd@ D &mBedi N
speed increases. Above the chosen recqrding speed 29, the bias power |evel
Pb is set 5¢ DY 38 - hé?e@smcfr@%@ lpppqrsﬁedéw@pamrgematﬁr&g recordi ng

speeds. Ficsﬁmxeéwh@ftﬁf&mmgaapmmbsﬁeﬁge&&%mﬁ&sfo%shia\i&fa' nf OF

recording an infornmation signal 10 on"a c-shaped recordi ng nedium 30
conpri 8i ngigasl intefasonirel; signal Syeomprising sequencesef writé pafseseauil sequedees of craseat ed

around it lation beam 32 is generated by a
radi at i On%g%%gﬁﬂﬁg%%%esﬁr%ﬁagt@%he i nformati on |ayer 301 by a | ens
30 33. The i nf or mat Thencenirghmeant 60 also apmpprisecetting agsahs 68 foireetting he curter f I ent
source 61 _w thin.the cqontrol apns 60 has four outputs, A. B, C and D
autput A grot Bl Mirhiahse Gl EPeitort uhe o et Seliog tesyres of
t hrough aocupttB ehabidsghebiaSsowshildvel P,a6 Be betiin déﬂbﬁdeﬂc@éhﬂié@ébr&ﬁg%e%& havi ng
an eri%e ower | eyel Pe. Li Eig\é\n se, outputs B, C and D_praqvide 01/ 86642
PCT/ EPOI / GAEBE Totation f the recording medium 30 & & GensiinbAngloiYelodtydCARD, thehe wri te
pover | evedeoRding s%@éhvra@{)&ﬁ%ﬁ tHe@AABAI PoSitioR 6F #8 Fokusdifralifatibf ?férr the

B e selected by a

espectively. The current of each outfput A, B, Cand D can
swi t ch- unfecomiing nypdiung\§0; Atithe periphery ¢fgherscerdingdndsdium, thetacerdingspeeat iaabits 63

controll eg: [ | | . er.at or .63

£ anof or niiehie ki ke 6 WabsPi e Qi of e L ORUBPRERN, FRORGE Bositiarhe. g
sequenc esradiation seuzcepiil is eontrolltd by gusitioning mbarsi34s nformation abountieaadialr ity with
t he desired.pattern The contral,.nmpans 6 | so _conprise_setting neans_65 for
setti g% t engoglrolfg]hetmg’?ﬁo%fﬁuﬁﬁqlé%“?%%ﬁ’r“? E?ﬂqu‘gﬂ?@é:%P ?eﬁn’%{-ﬂﬁ@’?ﬂaﬁce on
t he recor Thewgttigansehns 68 teterginé the actual 2ingofor tividupiéht 6F cRAPBRT theardentas
power |evel P%to e, set 'tﬁédei&%ndence on the recording speed. 10 During
rotation SR %P?ﬂSer HHPREeNat a Constant Angular Vel ocity (CAV),
the recording spequge deRWMin Gibodliferk 88 Rlofy dévitl afordilis 1 MEUSEd

radiati on, beam 32 on the
invention. However, it will be apparent to those skilled in the art that embodiments of a

. 20 recording device according to the invention using more power levels can be realized by
adding additional outputs to the current source 61 and by extending the switch-unit 62.
Moreover, it will be apparent that a single output B of the current source 61 providing a
varying current can, as an alternative, be replaced by several outputs each providing a
different current while the setting means 65 select the appropriate output for setting the bias

25  power level Py, at any time.



recordi ng medi um 30. At the periphery of the recording nedium the
recording speed is at its highest-and it-is at its |lowest at the center of
t he recor dium The radial position:of the radia 3l is
controll e‘ﬁbﬂgs%%sl tioning neans 35. Infornmation about ttﬁJEir“ga”‘allbl‘{"&e
position of the radiation source 31 is®transferred from position neans 35
to settj ns 65. The setting imeans 65 detmttrns
for the current of output B of the current sourtﬂ!’,ﬁ"“ﬂlnﬂﬂ't of thls
i nformation. Figure 3 shows an enbodi nent of ar ’ Eﬂ"ﬁcordl ng
to the invention. However, it wll be apparent to t hos® gkilsled in the art
t hat enbodi nents of a 20 recordr ng device according to the invention using
more power |evels can be realized by adding additional outputs to the
current source 61 and by extending the switch-unit 62. Moreover, it will
be appagent that Andinddlof rbldhiilat B eiordififsgost b (B iSRHhARNS IRl G Ng a

e

varying current can, as an a rnative replaced bXa several outputs each
provi di iformatidh layardratre@;dmemedmm biirmadiatingthe MW&?\ enbympasofghe

01 pobs Pesinf B aiShoRhlcnifet vifl bt BRERL crefiibicRepp ity ' 17 YO

met hod eﬁ‘aterﬁﬁarseﬁon@mte whichnmﬂnbdregmpp-d (V) an information signal on an

information |ayer of a r cordn u |rrad|at| tion
| aye? by neans of@ YiteSteg; gthBh' x%etgﬁ{adgag FRPoF |on %‘ggnrﬁ%a%ﬂg a phase
rever si BigHalCld A TS RS infeMation| Iaye? to cmameﬁmdreaoseemmamdayem ch

nmet hod conprises 5 - a wite steg faor pI ying the radiation beam in
responsésstl@etthfeﬁw thgrehy formipg g gark, a first area of the information

| ayer- to cause thﬁle}ésé§kp%r%§p19ﬁ;gtaf}mseaiﬂimhrbemt&y@boﬁd)m@sﬁuére the first
st at e, thereby form r and an erase step, for g@@ yi ng .a pul sed

radi ati infoimation iayelabetgmd afierdhe merk, fecause the peeand arge pEfhe information layer g af t er

t he de@RadiBiRbearh0 t O assune a
st atlgﬂs doas%&rﬁc g%nﬁmiaa to the S’s%@@nﬁ%@ et he pul sgd radi ati on
beam conqnnpnsmgermeamlse:phavm mlmg’ealewlégﬁé%%\blﬂsmﬂe‘(eb@% bi as

power &fel %Pﬁ%‘ between the erase pul ses, characterized in that the bi as
power depends on the recording speed
characterized in that the bias power level (Py) depends on the recording speed.

15 2. A method as claimed in claim 1, characterized in that the first state is an

amorphous state and the second state is a crystallme state.

3. A method as claimed in claim 1, characterized in that the bias power level (Py)
increases in a range between zero and the erase power level (P.) as the recording speed (V)

20 increases.

4, A method as claimed in claim 1, characterized in that the bias power level (Py)
increases in a range between zero and the erase power level (P,) as the recording speed (V)
increases when the recording speed is below a chosen recording speed, and that the bias

25  power level (Py) is substantially identical to the erase power level (Pc) when the recording

speed exceeds the chosen re_cording speed.



15 2. A nmethod as clainmed in cl llrllledinthat thefirst state
is an anorphous state and the 3!““ (m mm‘ ﬂ crystalline state.

nmet hod as | n claiml, charactetiztd tn that the b eveI
(Pb) incr easeg}aﬁ%ﬂia range between zero apd the erase povver T@vﬁem“z%e) as
the recording speed (V) 20 increases. 4. A method as claimed in claim 1,

characteriged in tha{mt,{ggdgé&&n{éﬁ‘i‘@&lain?{ el(eﬁp&xeefa%gcor vé Bd gﬂ?\/g

between zero and the erase.power |eve as the.r ng sp
i hcr eases TdiBwmwhere Te ésctbe dm@qufw&rasspbbtmdawﬁwmbﬁwmumw and

that the bj n n o the erase
power IeveA[ Qs%lg%fseg%ﬂa@ra?uhngzeﬁé%ﬁ?g%ﬁ&ﬁw ‘%J@g&%’ &g %% t'%% &'h%§ n&recordl ng
speed. IlIIL Chill 11211 ii iiii * V\001/86642 PCT/ EPQO / 04457 9 5. A

met hod as ¢lained in cl 1 wher.ei ase ve a duty cycle of
Tir, Sndbe T s et a ibmedn Gains 5 eSaRErERY & M I i ot Herpiss

bet ween tViﬁa&h&fgéfb‘éﬁd/ééﬁneﬁry%ﬁ)ﬂidtﬁzﬁ?asﬂié&é@?dxﬁgs}?e@d(V)Wm&ﬂ%ﬁéest he duty cycle
depends on the recording speed. 5 6. A nethod as clained in claimb5,
characterized in that the duty cycle increases in a range between nearly

zero and unity as 1 & L&ARNEdelile AR F&Trdi ata dordin, §pee3(v Ghftigg device
gﬁ)'% g)g ( r}gornagl on ﬁﬁ?

for recording at a recor g spe on an
i nf or mat i cignabgmean informatiencloyetiofg rmcﬁimrmbgnumrbyamadnaumgﬂm hnfonmtmn fayter bn

| ayer ﬂ)y r;igan ?Q? Paftlogb%ﬁg %1 lﬁ)f%n‘gﬁﬁml fe?ktg\gu[x%?gﬂ v%ﬂ‘»ﬂ;l %gpaaoY ng a

phase rever5| a ea theen: & t he
devi ce corhctweenmgirastaadmnltammime;ehédnvammpﬂsmg the rad| at I on beam and

control nean contyolli t he of the i ati n be h that in
ooponse HRIRKSH SoBR fer praa e et beai and onloi i B8 capRrliad

first 15 a;rmteﬁhehﬁlmaﬁ%mm@rma{tayer to cause the first area of the

I nformation | ayer to assune the first state therebé form ng?dit mar k, and

such that "a pul sed PHeFRERSLIe theinfarmation rignabdheradiation beare.is apaliedig adirster ase
pover {lseV eirea dfffR infidaforPla ?&t@%& tHe G & ardal It IRENMRG o] BFer®b ASBmB WeSESt | S

applied to a second area o i nformation layer, before and after t he
mark, to ctate therehy fomnring @ marlp andsuchrbati nf or mat i on | ayer

- a pulsed radiation beam comprising erase pulses having an erase power level

(P.) and a bias power level (Py,) between the erase pulses is applied to a second area of the

information layer, before and after the mark, to cause the second area of the information layer
20  to assume a state substantially identical to the second state, o

characterized in that the control means set the bias power level (P;,) in dependence on the

recording speed (V).

8. A recording device as claimed in claim 7, characterized in that the control
25 means set the bias power level (Py) so that it increases in a range between zero and the erase

power level (P.) as the recording speed (V) increases.

9. A recording device as claimed in claim 7, characterized in that the control
means set the bias power level (Py) so that it increases in a range between zero and the erase
30 power level (P.) as the recording speed (V) increases when the recording speed is below a
chosen recording speed and that the control means set the bias power level (Py) so as to be
substantially identical to the erase power level (P.) when the recording speed is above the

chosen recording speed.



20 to assune a state substantially identical to the second state,
characterized in that the control neans set the bias power |evel (Pb)

i ndependege@isessd e recording speed (V). 8. A recordi NGcefpposfuags cl ai med
inclaim?7, characterized in that the gontrol 25 neans set the bias power .
| evel (Pb) so that it increases in a range between zero and the erase '
power | dOel (Pe) Asecoiting deviceds alimelie dlainvy, whereiadlxosrase$ulsés have arddiyng
device as .clained in ai characterized i hat t.he .control means set
the. br adyIEREH Toeyhite 1o R furpfilfor3h ot P drd Todf eyt PP e, Sor o anct
t he er agaccesifreleaise pulk&y elardcheiredin thitthe eansldhdags s ardivipgycleiar eases when
the recording speed is %el ow a chosen recordi ng speed and that the control
means s &EPauAencs g the, NEERREP- (Pb) so as to be substantially identical to
the grase power |evel (Pe) when the recording speed is above the chosen

recordi ng speed. WO 01/86642 PCT/ EPQ /04457 10 10. A recordi ng device as
cl ai med ln cl ai m 4 reoprdingdeyicegs clajmeddn slain 4Q, chasaeterized ip ¢hat gqntrobmgansT / Tp,

where T, ti.Qn: I oS dn8 uh ﬁlggecgﬁﬂﬂgeen t wo
successis?/téﬁeeédgggigﬁsdgggmgﬁgﬂgtgerEé’gﬁqn lt1 at the con?f(a)% nmeans set the

duty cyepeedi(¥)indegseadence on the recording speed. 5 11. A recordi ng device
as clainmed in claim 10, characterized in that control neans set the duty

cycle so as to increase in a range between nearly zero and unity as the
recording speed (V) increases. L 14 S
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