Met hod and apparatus for recording marks on a
write-once record carrier The present invention
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recordi ng marks representing data in an informtion

| ayer of a wite-once record carrier by irradiating
the information | ayer by neans of a radiation beam
wherein a mark is witten by a wite pul se and said

i nformati on | ayer conprises an organic material.
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Pit shrinkage is a major problem that restricts the total data capacity and/or
data transfer rate. It is not fully understood what exactly the mechanism is behind the mark
deterioration (shrinkage) but it is assumed to be a sort of anneal effect that only occurs in the
cooling down phase of the stack. Mark deterioration is not present if I3 marks are written at
9T distance and if in the next write cycle, when the stack has completely cooled down, I3
marks are written exactly in between the previously written I3 marks. In this way an [3-13

carrier is written in which no traces of mark deterioration was observed.



marks are witten exactly in between the previously
witten 13 marks. In this way an 13-13 carrier is
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Generally, a ramp-shaped leading edge is more preferred to a stair-shaped
30 edge; however, but a staircase is the logical consequence of limited time resolution. Since the
number of discrete levels is limited in optical recording devices, a compromise is typically
pursued between dynamic resolution (number of power levels) and the number of time
increments. In some optical recording devices, write strategy optimisation is done in the time

domain, fine tuning of writing behaviour by time shifts, in other devices, fine tuning is done



same duration. Cenerally, a ranp-shaped | eadi ng edge
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25 ! er})%crs] hMlg a time le?igth ()}\l- "II 2'-l|>-elng _4, }or a (S,b B%)fécord carrier and being 2 for
a BD record carrier. After such short spaces the problem of pit deterioration during writing a
pit after a short space is maximum. When writing pits after longer spaces much less pit
deterioration occurs. Thus, the increase of the write power level in the front portion could be
made dependent on a length of the previous space. For instance, the front portion could be

30 made 1T long for a 3T pit, 0.5T long for a 4T pit, 0.25T long for a 5T pit and 0.125 T long
for 6T-11T pits.

Further, according to another embodiment the time length of the front portion
is made dependent on recording velocity. As the recording velocity increases, the time in

between two write actions reduces accordingly. For an increased velocity, the length of the



As already nmentioned above it is preferred that wite
pul ses conprising an increasing front portion
wa@emendiimgy to the present invention, i.e. whereCt/iB2004/051041
wite power |evel increases with tinme, are only used
for recording marks after short spaces, in particular
after spaces having a tine length of yT, y being 3 for
a CD or DVD record carrier and being 2 for a BD record
carrier. After such short spades the problem of pit
deterioration during witin it afte hort space
ORGSOV PGP erafe ahouiad e BBt Hte o
Ies«’slalpq: lased piver isadqatrdddor vogiogiatdighThueds, t he i ncrease of
the wite : r
made. deponient g SRS GG e spRhisofhs EtpHort from
i mgrlamegloclt -Hhepet! fegrit prﬁfeqably EMPEISNS #IcapEiapepEer lerel 0] hlgnra@ve

5 @ eRboddthdnts, fle folvel RN of tRY bl&:k‘m_apai Write 9ul?e5TrehLQ&gmfﬂﬁrb10@k @l

t d I T-
aée%!?egraﬁgf%‘% ﬁsrﬂrﬁ KR! Lﬁo r ?5’6‘1“??@}??'? Tﬁ@ l‘iarisrf%a sréﬂ@%deara%nﬁe
f powdr. fBurthérpossibgitynia el Rindl efpeletitidck Giere e Powhr igel vedigialy pylsed.
A%tifl Hr@thgreac&r -q)k)ﬂzq’vr}{g %u G Iistt%néﬁ@lgf tg @?%%he 1£a'2110r”; gr'rcl{lrealllln%edrge of the

uces accor
i ﬁ@r@a@e@av@pqﬂer tt’ ymprevi ¢he|readeytt phaggktetisies r ont  porti on

10 i ncr eases. nléoml\aﬁl@,apﬂamusta&emmymh@m%gyn s hoMbed f&}%a;!rﬂﬁgtom
in tp‘r"i} a nce thT t}4allable aser power
- BQUMPLEFERARE (e YRR THI R CRBRES ApEBIRRHgec ey rpviding
p tefratiatiedbeamiandla coamdl ubihepemtive fer ik Slgnghiepoweae tptadfaivn
t Iﬂganr z{ng ?or al%glrd}ng e wn?e [p 'lse(:) For fe% h %?1 In:a?rrks Tlh? conIrcﬁ unlpls ¥urther

power ernati
e ﬁ%ﬂivﬁ@n P@trol!%thmmer Oﬂ ﬂwedlanolﬁ baapsudh| thne kalcblﬂcabe@pwrwme

15 p@mgeecornﬁnsreeﬂy&@ rlidh HallBg HIAE koleP 1:6Q megaagtv@mftare FHa ontrol
heatin the recording stack. Thi | eads to a

u
RIRGLES "35‘&18 LFipgcopERRKgnal apalpgyr eh%r“ab%%cgebr Jepicss, jugh ag
Kiswigthinf upits] e bén@l@iérswhdéﬂremtehﬁlt@ml\ﬁ/ed’lv Itrev:a{trol lﬁ‘lltS‘llab’ ght |y

%nlﬁ%gegfeaf)y!lhlglftallj pe?srl C()igm %p r1V\{re I‘ a| &ram 0pont:rollfng

t s mecesing emewhat broader to |rrprove the readout
20 characteristics. The recording apparatus according to

the invention is arranged for carrying out a nethod
accor di ng 15 vEwiop Wr)le‘r?fvlbﬁﬁ"plaf't?df‘h‘?‘%‘e@ Al with referpnse tstls q
r ddivings, ﬁmlﬁcmur ce for providing the radiati on beam and

a control H o%% %lér\lllfe()f{l‘lg[lmg gepancpncyt Egconproq slg%iv?r of

the radlatlg eama roVi
f gentreltiegtheipavgr efftke radiatien bcafﬁhecoc@mtp ot enrhqdlmemsvf the mtvm;pn

25 operative lfl Qsﬁmtd{fﬁreml gleﬁlgﬁaugﬁ)svﬁlfhegonttpbﬁloﬁ ﬁqlv@ké me in
beam such that said shaped write pulse conprises

S‘Fl’éﬁ‘l““ﬁ'érgf‘?on havi ng a wite power |evel increasing
W th tinme.FigBehdw@ntdfaglam of the time-dependency of a control signal according

to another embodiment,
Fig. 4 illustrates the preferred area of application of the invention,
30 Fig. 5 shows the temperature-time profile at the trailing edge of an I3 mark in
between I3 spaces preceded and followed by an 111 mark,
Fig. 6 shows a diagram of the time-dependency of a control signal according
to still another embodiment,

Fig. 7 shows mark formation simulations of an 13 mark,



unit may be inplenmented using conventional anal ogue or

digital electronic devices, such as switching units,
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having equal time lengths and equal step sizes in this embodiment. It should be noted that
parameters like the number of steps, the step size, duration etc. depend very much on the
recording stack and the recording velocity. The number of steps can gencrally be between 2
and N, N being at least 20, and the step size is generally between 2 and 99% of the normal
25  write power level, preferably between 5 and 10%.

To provide an extra power boost 30, a modification of the front portion can be
used such as proposed in Fig. 3. This extra power boost 30 is preferably applied at the end of
the front portion 31 and before the normal power level portion 32, and has a power level
larger than the normal power level applied during portion 32. This leads to an even better

30  reduction of thermal interference at high speed recording.

The invention is preferably applied in situations shown in Fig. 4 where an I3
mark has to be written in between two long 111 marks, separated by I3 spaces. The
temperature-time responses at the trailing edge 40 of the I3 mark are compared for a blocked

(50) and a staircase (51) write strategy in Fig. 5. The staircase consisted of 6 time steps in
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t NBvyel as indicated by the dashed line. Shown is in Fig. 9 a control signal 70 having a staircase
shaped front portion 71 having an overboost, a dog-bone pulsed middle portion 72 having an
almost constant power level and an increased end portion 73. Such a control signal 70 is

30  beneficial to write the leading and trailing edge of a mark somewhat broader in order to
improve the read-out characteristics.
Another possible control signal is indicated by reference sign 80 having also a

staircase shaped front portion 81, a gradually decreasing middle portion 82 and a constant



followi ng 111mark. Post heat includes both the
tenperature rise by direct heating of the | aser beam

whoedosabaas heat di ffusion through the recordi ngPGL/EE2K04/051041
It can be seen that the second tenperature rise 53 is
suppressed, or at |east nmuch | ower (peak 54), in case
a staircase shaped | eading edge is used when the 13
mark is followed by an 13 space. It is noted that the
first wite pulse, to actually wite the first
111mark, hardly causes a tenperature rise at the
t regf PorHgR So e g&idu?c“ﬁ decpeasipgpor er IRyt iniermidgls poraaS? esddo
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shrinkage conpared e initial pit shape 70.
obRsBus that the reduced tenperature rise in case of
the staircase pulse (the second 111 pit is witten
with the staircase pulse as shown in Fig. 6) leads to
| ess annealing and thus too | ess pit deterioration as
can be seen fromthe pit shape 72. Experi nental
evi dence of the benefits of a staircase wite strategy
is givenin Fig. 8 Shown is the nodul ation of an 13
mark as a function of wite power (for a DVD+R 13
carrier, 4x speed). Wile the nodul ati on 80 saturates
and eventually drops at too high wite powers for the
bl ocked strategy, the achieved nodulation 81 is nuch
hi gher and seens not too drop for the staircase pul se
shape where the power was varied in increnents of 25%
of the wite power, thus 25% 50% 75% and 100% Fi gs.
9 and 10 show further enbodi ments of control signals
according to the present invention conpared to a known
bl ock- shaped control signal having a constant power
| evel as indicated by the dashed |ine. Shown is in
Fig. 9 a control signal 70 having a staircase shaped
front portion 71 having an overboost, a dog-bone
pul sed m ddl e portion 72 having an al nost constant
power | evel and an increased end portion 73. Such a
control signal 70 is beneficial to wite the | eading
and trailing edge of a mark sonmewhat broader in order
to inprove the read-out characteristics. Another
possi bl e control signal is indicated by reference sign
80 having also a



staircase shaped front portion 81, a gradually
decreasing mddle portion 82 and a constantend portion
w@3005/0Ma43r adual | y decreasi ng power |evel in tPer/m2dolesiosn
portion 82 is used to conpensate for the heating up of
the recording stack. A third control signal 90 is
shown in Fig. 10 having a staircase-shaped front
portion 91 and a slightly pul sed renmai ni ng portion 92
wherein the power |evel is pul&ed between two |evels
ar or above the normal power |evel of the known
bl 6CK- ghaped pul se. CLAIMS: 1. A nethod of recording
mar ks representing data in an information | ayer of a
wite-once record carrier by irradiating the
information layer by means of a radiation beam
wherein a mark is witten by a wite pulse (10) and
said information | ayer conprises an organic mterial,
chhr act er i 2geethod of rseardisginatkyseiresentipa dyein(at Gformativp laysesa
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p thod as clained in claim erein
“)s§$§&?$§?§%%ﬂﬁt. on (22) consists of n portions of
substantially the same duration. 5. Method as clainmed

i i clai M 1yveih@ssRlathedd daihinont portion (31) has an end
portion . 1) having an increased wite power |evel
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write power level is lower than the (i+1)-th write power level.

4. Method as claimed in claim 3,

wherein said front portion (22) consists of n portions of substantially the same duration.

20
S. Method as claimed in claim 1,
wherein said front portion (31) has an end portion (31) having an increased write power level
which is higher than a normal write power level of the subsequent portions (32) of the write
pulse.

25
6. Method as claimed in claim 1,

wherein said write pulse (10) comprises a time length of xT for writing a xT mark, x being an

integer number larger than 1 and T representing the length of one period of a reference clock,



wherein said wite pulse (10) conprises a tine length

of xT for witing a xT mark, x being an integer nunber
wo acogeo41than 1 and T representing the | ength oPCDIB2004/051041

period of a reference clock,and wherein said front

portion has a tine length of T and the remaining

portion of the wite pulse has a tinme |ength of

(x-1)T. 7. Method as clainmed in claim1l, wherein the

front portion of the wite pulse has a tine |length

smal ler or larger than IT, T representing the |ength

of angrydiergia s3idfions porgory hag afimeisegticel dord thg rempping partige of the write

cl ﬁjlmgsaitmleqér?h]rgréﬂ)Mer ein wite pul ses (10)

conprising a front portion (21, 22) having a wite

power |evel increasing with tinme are only used for

rezor di ng mthos aadldimed ishleint 1, spaces, in particul ar
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c afepiesepting ghe lopsthied eneepsriad o p refaeniarleskai m 1, wher ei n
wite pulses (10) conprising a front portion (21, 22)
having a tine |l ength which is dependent on the
refording \}\@ﬂt?eiast?ﬁ?‘m?dﬂ“ﬁ]é‘lmtﬁ’cul ar which is increasing
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or , Bbk@hti L Mriqul sed power level. 11. A recording device
for recording nmarks representing data in an
information layer of a wite-once record carrier by
i rg.adi at i ngvdite as adimedimtiniant,| ayer by neans of a
radi at.i on rei.n rk.i ' . ite. .

15 ol Sk BRRT TG A, SpdiPhydz " PhbMEIL Al e i
or drasrident pmthe recertling ydasity) dvipagtisuleroriehiisingrepsime wathl pringreasing
SOMEdr@ind Rlocigf OVi di ng the radiati on beam and a control
unit operative for controlling the power of the
radi ati on beam and for providing the wite pulse (10)

f oro.r ecor diMghotl Beclamed<is claimhiar act eri zed in that the

control unit i eratiyve.f rcotrthir] t wer  of
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c osvwbstingally cansfan gradyathy decrosing 21 slightiy)pulsedmomgr lavelar i t e
power |evel increasing with tine.
11. A recording device for recording marks representing data in an information
layer of a write-once record carrier by irradiating the information layer by means of a
25  radiation beam, wherein a mark is written by a write pulse and wherein said information layer
comprises an organic material, the device comprising a radiation source for providing the
radiation beam and a control unit operative for controlling the power of the radiation beam
and for providing the write pulse (10) for recording the marks,
characterized in that the control unit is operative for controlling the power of the radiation
30  beam such that said write pulse (10) comprises a front portion (21, 22) having a write power

level increasing with time.



