METHOD AND DEVI CE FOR RECORDI NG MARKS | N AN
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marks representing data in an information |ayer of a
record carrier by irradiating the information |ayer by
means of a pul sed radiation beam wherein a mark is
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al ong data tracks which typically forma spiral on the
di sc_substlhapresentdpieption relaiss tq 2diegiod gerespadipemekepygsenting data

di ¥ E@eniton 1HEDE 2 f @ S@Her by SRdliaang the (nREMMtion 1656:00ydhadahLof a

witable (RWor RE). In

N N R R U SR e SA T
o dirige fulses ditt®Geduarse & vxamhg ¥ matkay kngth Nlrsbbemfg thcelelngth ofa

5 Irrgtf(e:%%%% ocl? %{zlkgée% n\é\@ (% apPLcau? fe(téft% rre%gt@r%?rtled wrlte stra ttegyv
| ayer is tThePreﬂetltsm@Stlcmpfunﬂ@atelagﬂs @peqotrsaeenchmnecbehrtgwawgaed
RYmPBAES: 2fiatldE Sutddnd {derdl JoRSETr beam In this way,
the naterial of the active layer can be converted from
one state to another state in a reversible (rewitable

0 pt i cal megdépti}al Qdita étélﬁ&Vs?ﬁ&hsbdaﬁi i§ Whred 6t GPAER redfHl 'céi’ﬁc:ers such as
actjve |ayer

10 Wtu@? égc\tsﬂ% dé)a? tgg&g eCord Ig?tg Hﬁﬁiﬁ gﬁxclﬁ-ﬁ/@mﬂ{yt} pravny spiral on thethc
poiope tOptisal dita tthe@endmfdaﬁ badieideli if tre¢eetibses: raatohly GROMOf
Lrou n t ween ft he
rlgc%f(d%ﬁ T qug o?]c% (Iga 1i {g‘oﬁ X acﬁewg?ag% C(ﬂf’\) %%%li’ cégase ci.t:{gcordable,
|vrrft@pmtamd> nmr@ble medid e disq hedva abtivedyhr (@lfso taled infordagion kapler)

Qz«thﬂhh@of&ﬂ 3o5Pof aT&%rd%%ts{a 1€|On9 Bfhé ﬁﬁhrep@fttm@%vé llafer ‘?Sttﬁz& &s

al | ows detecting t space transitions.

15 toﬁﬁl%ﬁl RaRprien ean be ﬁ@aelgpd&w MeADS 44 awnwam laggr Reap Instblat"éy’ ithe

tnka@erﬁﬁwe%@e %@5} debeh el ﬁelq ,on@me RlafitRd sthid irPd AR L
/space length is

. retrjeve The it
é%?r”rl lepﬂt&aidﬁegmer impyepsitie wy ‘E%O’lﬁﬁ ap‘qce msiebYAY25  denot ed
as | T. | nDaaedotdingé dohe ﬁplﬁd eﬁﬁ‘l'e 18leDbyo@Entify HdeQUBcetof marks. The
cert set rk/is s is,.enmplo =d Thi s
i S R T b e R St T
20 tShlelrdthps'lbetva_erNﬂramIrkg alogpethe @ata tragk angpdlizgd spapes DR ifflingtidreik
gﬁ‘croﬁ&f ih Ith% 1&3‘@%} thle\lmaﬂé §nc@d}{?helgﬂ%s:. ITheloptigarl] gon‘irgs? bect@gencel]ie s'?b%s

allows detecting the mark-to-space transitions. In this way the length of an individual mark or

space in the sequence can be determined, and stored information can be retrieved.
The unity of mark/space length is called the channel bit length and is often
25  denoted as 1T. In each type of optical storage systems a certain set of mark/space lengths is
employed. This set is typically a sequence of succeeding integers in the Ny, T t0 Npo T
range. For example, in DVD (Digital Versatile Disc) Ny;;=3 and Np.,=11, and the set of 3T
to 11T lengths is used. In the case of BD (Blu-ray Disc) Ny;;=2 and Np,,,=8. and the set of 2T



to 11T lengths is used. In the case of BD (Bl u-ray
Di sc) Nmn=2 and Nnax=8. and the set of 2Tto 8T
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vital that each mark and space in the data sequence
has the correct |ength. As has been nentioned above,
data recording in an optical systemis a thernal

process. To achieve the correct |lengths of the marks
and spaces certain wite strategies are appli ed that
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lengths (3T, 5T, etc), where N is the length of the mark in channel bits. Using this

write strategy a 3T long mark is written with 1 or 2 write pulses, a 4T long mark is
written with 2 pulses, a 5T long mark is written with 2 or 3 pulses, a 6T long mark is
written with 3 pulses, etc.

e 3T (or N/3) write strategy: In this write strategy the number of pulses in the pulse
train is N/3 for the mark lengths being multiples of 3 (3T, 6T, etc) and (N+1)/3 or (N-
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| engths (3T, 5T, etc), where Nis the length of the
mark in channel bits. Using this wite strategy a 3T

WO owg/osssik is witten with 1 or 2 wite pul sesPCHIBEI05/050781

long mark is witten with 2 pul ses, a 5T long mark is
witten with 2 or 3 pulses, a 6T long mark is witten
wth 3 pulses, etc. 3T (or NV3) wite strategy: In

this wite strategy the nunber of pulses in the pul se
trainis N3 for the mark | engths bei ng nultiples of 3
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Pref err ed e invention are defined in
pmbod@w@mﬂg]qgnvem@p g defined in the dependent claims.

The present invention is based on the idea to increasing the number of write

pulses compared to known write strategies. That is, for a 1T write strategy the number of
write pulses of ;che sequence is increased to N+k, for a 2T write strategy the number of write
pulses is increased to trunk(N/2+k), and for a 3T write strategy the number of write pulses is
increased to trunk(N/3-+k), k being for all cases an integer equal to or larger than one.

By the invention a better thermal management is achieved. Marks with a
desired shape can be created; in particular, long marks can be created which are continuous
and have the right length. The proposed write strategies thus offer great advantages,

especially when employing short-wavelengths lasers and high-NA (numerical aperture)
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The present invention is based on the idea to
i ncreasing the nunber of wite pul ses conpared to

whpwassmite strategies. That is, for a I T wiP&I/1B2005/050781

strategy the nunber of wite pul ses of the sequence is
increased to Nt+k, for a 2T wite strategy the nunber

of wite pulses is increased to trunk(N 2+k), and for
a 3T wite strategy the nunber of wite pulses is
increased to trunk(N 3+k), k bei ng for all cases an
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write pulses used in all known write strategies.

Furthermore, according to another embodiment, the value of the parameter k is
selected to be an integer larger than 1.

According to still another embodiment, for writing marks having a length in
the range from NpinT to Nipe T, 2 (N/m+k) write strategy can be used with m being a positive

integer larger than 2 and k being larger than (Nya m - Nppay - m)/m. For example, for a
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during recording of data is encountered. But a
wite-strategy with less wite pul ses nmay al so be
t he heat accunul at i onPCi/IB20¢5/050781
witing, and therefore to control the quality of the
witten pits. According to another enbodi ment of the

i nvention the value of paraneter k is selected such

that for all wite strategies the nunber of wite

pul ses is equal to or Iarger t han the nunber of

peri ods the ckT s, .equal to, or.
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nunber of wite pulses used in all known wite
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Wikt 2 B¥ 388 adq0r recording a 7T mark and the resulting
shapes formed in an information |ayer of a record
carrier, [Figg4stpwspeshemeficidfagraprnt ageqidingdedcegpeoliting te the
gj,:@s&ﬁgwg&ﬁ@rdl ng to the invention for witing a 6T
mark, Fig. 3 shows different sequences of wite pul ses
accordl ng to the invention for witing a 5T mark, and
Fig. 4 shows a schematic di agram of a recordi ng devi ce
ol ook i gfi 1485y Pt G5 Hendt ISR e RBnee i e T pftoa
pésoicaldd Ehanadl bib pgrid] Fegi lb Blame.ak abéxamplera digltal détaglgnhlkﬁo having a
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t he duratjon of the dg
having a length correspondmg to the duration of the “low” period. In general, the length of a

mark is substantially equal to the number of channel bit periods of the data signal times the
writing speed. The length of a mark is thus generally expressed by the number of data clock
periods T when the corresponding data signal is “high”. In the example shown in Fig. 1B a
mark having a length of 7T shall be recorded for the high period 21.

The data is written in an optical record carrier having an information layer.
The marks representing the data are written along a track in the information layer by a
radiation beam. The marks are areas of the information layer having optical characteristics
which are different from their surroundings, which makes optical reading of marks possible.

Figs. 1c, 1e, 1g, 1i show different control signals 30, 40, 50, 60 for modulating
the power of a radiation beam with which the marks are being written on the information
layer. It is assumed that the power level of the radiation beam is proportional to the level of

these control signal. The control signals 30, 40, 50 and 60 are applied to write a 7T long mark
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and the "l ow' period 22 is recorded as an unwitten
area, a space, between the marks and having a | ength
"l ow' perPCDTB20031050781
general, the length of a mark is substantially equa
to the nunber of channel bit periods of the data
signal tinmes the witing speed. The length of a mark
is thus generally expressed by the nunber of data

cl ock periods T when the correspondi ng data signal is
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In Fig. 2 several embodlments of control 51gnals for writing a 6T mark using

alternative write strategies according to the invention are shown. In Fig. 2a the clock signal
10 is shown again. Fig. 2b shows a digital data signal 23 which shall be recorded as a 6T
mark. Fig. 2c shows a control signal 70 of an N+1 write strategy having 7 write pulses. Fig.
2d shows a control signal 80 of a trunk(N/2+1) write strategy having 4 write pulses. Fig. 2e
shows a control signal 90 of an trunk(N/3-+1) write strategy having 3 write pulses. In these

embodiments of the control signals 70, 80, 90 the value of the parameter k is fixed to 1.
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shown in Fig. Ig, does also not lead to the desired
result as is shown in Fig. Ih. Due to the | onger

w@eioses86b1 t oo much heat is accumnul ated in thePCT/1B2005/050781

information layer in this case. This |eads to severe
recrystallization of the marks being witten,
resulting in a nelt-edge 55 and mark shape 56. A
control signal 60 according to the present invention
conprising 12 wite pulses 61 is shown in Fig i,
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R84S RilsE HidAYto allve for different lengths of the first and last pulse of a sequence
for writing a mark. The number of write pulses is calculated according to the predetermined
write strategy. Then, for all marks of the same length, the same number of write pulses is
applied, that is, the control unit generates the same sequence of write pulses for writing a
certain mark. The preferred k, writing speed, and other parameters can be stored the disc such

that can be read by the recording device.
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source. The radiation beamis focused onto an
information layer 5 of an information carrier 6 in the

wo e0osgde1n di sc by a lens 4. The informati on CBCT/IB003/E0781

rotated at a constant angul&ar velocity (CAV) or a

constant linear velocity (CLV) around its center by a

nmotor 7. When the radiation source 2 is displaced in a

radial direction with respect to the disc, as

i ndi cated by arrow 8, the area of the information

| @Y gfsg2 can be irradiated by the beam 3. A position

sensor 9 detects the radial position of the radiation

beam for exanple by determning the radia

di spl acenent of the radiation source 2 or by deriving

the position fromsignals read fromthe information

| ayer via control signal Sp.The position is fed into a

cl ock generator 11, which generates a data clock
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has preferably an adjustable pulse width to allow for
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length NT, T being the length of a reference clock,
bei ng determ ned by application of a predeterm ned
fwite stramethydasclwnaldtelkioged in that for witing a
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6. A method as claimed in claim 1,
characterized in that for writing marks having a length in the range from Ny T to NyexT a
(N/m+k) write strategy can be used, with m being a positive integer larger than 2 and k being

larger than (Npax m = Nyax - m)/m.



wite pulses, a second wite strategy using
trunk(N 2+k) wite pulses, or a third wite strategy
waigiosgsgenunk (N 3+k) write pul ses, k being an i PCEIE2005/050781

equal to or larger than one is applied. 2. A nethod

as claimed in claim1l1, characterized in that for |ow
speed phase-change recording the first wite strategy

is applied, for higher speed phase-change recording

t he second mwite strategy is applied and for highest
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sequence of wite pulse, the nunber of wite pul ses of
the sequence for witing a mark of |length NT, T being
the length of a reference cl ock, being determ ned by
application of a predetermned wite strategy, the
devi ce conprising a radiation source for providing the
radi ati on beam and a control unit operative for
control ling the power of the radiation beam and for
provi di ng the sequence of wite pulse for recording
the marks, characterized in that the control unit is
operative for controlling the power of the radiation
beam such that for witing a mark of |engthNT either a
first wite strategy using Ntk wite pul ses, a second
wite strategy using trunk(N 2+k) wite pul ses, or a
third wite strategy using trunk(N 3+k) wite pul ses,
k being an integer equal to or larger than one, is
appl i ed.



