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Recordabl e Optical Record Carrier for nmultilevel and
Met hod for witing thereon The present invention

WO edoaersss 0 a recordabl e optical record carri epCT/EBRI04/051451

particular to a wite once read many (WORM di sc,
conprising a recording dye layer. It further rel ates
to a nethod for witing information on such a
recordabl e optical record carfier. WORM di scs such as
CD-R or DVD+R as well as re-witable discs have seen
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However, the above standards are not throughout compatible so that for
example a BD disc can be used in an appropriate BD recorder, only. When, BD recorders
will be introduced in the market it will be advantageous that a single type of write-once discs
can be recorded in both the known DVD recorders and the new BD recorders. In addition, the
compatibility should not be sacrificed, i.e. when a disc is recorded in blue, it should be

readable in red and vice versa. Hence, there will be a general demand for discs that are
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disc is recorded in blue, it should be readable in red
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for discs that arerecordabl e and/or readable at two or
nore wavel engths. Further, there is no conpatibility
between marks witten at different wavel engths in such
a way that a disc or section gf a disc recorded at one
wavel ength (e.g. blue ray) can be read-out at another
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For example, in a DVD-BD combination, two dye materials are combined
such that both at 670 nm and at 405 nm wavelength a degradation of one of the dye materials
may be induced by laser light absorption. Each absorption is sufficient for an overall change
of the optical properties of the recording layer at the location where the laser beam hits the
recording layer. In that way a mark is written so as to ensure a successful readout operation.

The recordable optical record carrier according to the present invention

therefore is also referred to as multilevel recordable disc.
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For exanple, in a DVD BD conbi nation, two dye
materi als are conbi ned such that both at 670 nm and at

wae®snomssavel engt h a degradati on of one of thePCyBB2004/051451

materials may be induced by |aser |ight absorption.
Each absorption is sufficient for an overall change of
the optical properties of the recording |ayer at the

| ocati on where the |aser beam hits the recording
layer. In that way a mark is witten so as to ensure a
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frlec{)ls’d&ng of dcltta accgrdﬁg Poetﬁés?:’ st%xdgtrdg is gr[aﬁ? f‘ﬁqhé c%nt@xr oq\(ﬂe%?o%vé QBerefore

tra roove
emgsecNOfo%als rsuchws dtdd@l push wlbtra@bv@gmaslgﬁ%rareeckamdlf@m the

Sl Ancadl a6k | préL Fﬁ%uﬁz i VB RitdeRr ﬁl@ Qisé @s%gkl%flﬁﬁraﬁlt

e recording Intornmati on and used define
ielo Brercae HOAES Bi7! b Vi differgntntpve fengfhy %?V%@Eferﬁlalowgcak 0
LrE8RBors! PRIl Shel pbe-1B61R abddrdingo th@ fdueth a@@cﬂohﬂie prefdMifvention
Ther ef or € 1d| fﬁﬁgr ent servo 1S| nal s g %% “iadl al
FORRPHISEL P PIiplE £t APt GV Ry Pigpagp ot Hcase3paps i PSR He
Ihagihd diffethtepgregiattwidthen Dfd&r—tg eoneehatl bl traaking sigaed cangpe derived at
avgl%u% rrea}ﬂ\{nlgfwlriggg \9/afwelter|'1] sdA recor e applglng gﬁb é}goves has the
advantage that marks can be written at either wavelength independent of the location on the
track. The data capacity of such a disc, however, is limited to the lowest of the two combined
standards, e.g. about 4.7 GB for a DVD-BD combination, since the data capacity is
determined by the track piich and the channel bit length, both imposed by the longest
wavelength system (DVD in this case).



wa h@seisse,

10

15

20

25

30

photo detector. However, |aser beans with different
wave | engths have different optical resolutions.
the pre-groove according to the foRCT/B2004/051451
aspect of the present invention conprises nultiple (at
| east two), for exanple staircase shaped concentric,
sub-grooves having different appropriate widths in
order to ensure that a trackipg signal can be derived
at various reading/witing wavel engths. A record
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appropriate wavelength resulting in data of different data density. For example, the inner part

of the disc at small radii can be used for recording with red light while the outer part at larger
radii can be used for blue light recording. In such a segmented disc, the area reserved for blue
recording can have a reduced track pitch (radial distance between two adjacent tracks
determining the radial data density) for example 320 nm according to the BD specifications,

while the area reserved for red recording remains at a track pitch of 740 nm according to the
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devel opment of the fifth aspect at |east one of said
at |l east two consecutive sections conprises at | east

wWo 38 Uis8gr ooves having di fferent wi dths. By tPCBIB2004/051451

nmeans, a conbination of the segnented disc with a
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According to an eleventh aspect which constitutes a further development of
the tenth aspect of the invention said pulsed laser beam is defocused with respect to an

addressed recording layer of said multi-color recordable disc.
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aspect of the invention said first predeterm ned

wavel ength is shorter than said second predeterm ned
wavel ength and said witing strategy utilizes a pul sed
| aser beam appl yi ng an |ncrea§ed nunber of |aser

pul ses conpared to the nunber "of |aser pulses
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wave en
power, pulse duration and size of the write spot (blue or red). The optical spot generated by

the laser beam determines the size of the written marks. In order to allow writing data at a
certain wavelength on a multilevel recordable disc which are readable at a different
wavelength the size of the marks has to be controlled both in length due to a different channel
bit length and in width due to a different resolution and track pitch. According to the present
invention this is achieved by choosing the writing strategy, including power levels, number

of write pulses, pulse lengths and shapes, etc., complying with a channel bit length and a



said marks are shrunk after witing. According to a
fourteenth aspect which constitutes a further
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bl na appropriate witing power. In a
Writing strategy information, i.e. information on the desired channel bit

length, the mark width, the type of segment to be written, write power, pulse length and
shape, number of pulses, etc. then can be deduced from a “writing mode” input, e.g. selected
by a user, corresponding to a desired resolution. The writing beam will be generated
accordingly having predetermined writing power characteristics corresponding to said write

strategy information resulting in marks with an appropriate width and length.



DVD- BD system for exanple, the disc can be readout at
both 670 run and 405 run. To allow marks witten at

wo evger7ssavel engt hs, e.g. in red using DVD ki nBICDiB2004/051451
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optics, to be read-out at shorter wavelengths, e.g. in
blue with BD kind of optics, narrow marks shoul d be
witten, preferably with a nultiple pulse strategy to
suppress lateral heat diffusign. Another possibility
is to use lowwite powers or to utilize a wite
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multicolor recordable disc.

A pre-groove 100 in a recordable disc according to the present invention,
hereinafter also referred to as multi color or multi level disc, is shown in Fig. 1 in a radial
cross sectional view, i.e. perpendicular to the tangential direction of the groove. This pre-

groove comprises an outer sub-groove 101 being wider and being used for tracking at a



di sc, at the beginning of each section of the
multi-color disc or of a witten data block in an

wo dspifsseat i on bl ock. References to data bl ockGT/IB20&1/051451
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the start address and the end address, can be witten
in the lead-in zone. The |lead-in zone may al so contain
information with respect to the allocation of

di fferent segnments. For exanple, a disc nmay be
completely reserved for BD or DVD density. If the
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Dielectric layers 113, 114 are possibly provided above and/or below the
recording dye layer, thereby forming a recording stack, in order to improve the optical
contrast and/or recording performance at high speeds. Light then may be reflected at the
stack in response to a light beam incident from the substrate side due to an index of refraction
mismatch between the recording dye layer and the dielectric. By this means, the reflection
requirements for DVD and DVD-R can be easily met by tuning the thickness’ of the
dielectric layers. Many other recording stacks are possible in order to optimize the optical
properties: the above recording layer sandwiched between two dielectric layers, a recording

dye layer with only one adjacent dielectric layer or without any dielectric layers may be



conprises an outer sub-groove 101 being w der and
bei ng used for tracking at al onger wavel ength.

WO-2005/0€71886 an i nner sub-groove 102 is provi ded REi/mB2004/051451
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enabl es tracking at a shorter wavel ength. The depth
and wdth of the outer and inner sub-grooves depend on
t he wavel ength and the optical properties of the disc
such as the reflectivity of the recorded and
unrecorded state and need to be adapted for optinmum
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The recording stack having a groove structure according to the above

embodiments enables multi-level recording according to the present invention. For example,

if a laser beam with small laser power at a shorter wavelength (e.g. 405 nm) is focused on the

inner sub-groove, only dye material essentially in the center of the inner sub-groove will be

degraded. Hence, small pits are created which generate a moderate modulation (variation of

the reflection signal) while being readable only at the shorter wavelength. If reading at longer
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m smat ch between the recordi ng dye | ayer and the
dielectric. By this neans, the reflection requirenents

wo 2005DVB8@Nnd DVD- R can be easily net by tuni ngP€TEB2004/051451
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4. Write in red with CBL=74.5 nm, readout with blue optics

5. Write in blue with CBL=74.5 nm, readout with red optics (although hard to
achieve)

6. Write in blue with CBL=74.5 nm, readout with blue optics (BD standard)

7. Write in blue with CBL=175 nm, readout with blue optics



additionally be enpl oyed adapted to provi de best
optical performance of the stack. To this end it nay

wheooatiymsd ageous to further provide for differpei/1B2004/051451
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dept hs of the sub-grooves 2 202, and 203. Finally, the
reflective layer 215 shown in Fig. 2 is covered with a
cover layer 212. The recordi ng stack having a groove
structure according to the abgve enbodi nents enabl es
mul ti-level recording according to the present

igivent i on Wﬁ@fnlﬁi@&ﬂ&'@Lﬁl‘fsﬁn |r@a3&ﬁu}&ﬁ?é@o%&sh snal |
| aser power shor mavelen th ng P
f ocused orT“t"H@’eﬁs Siste) I’gffbleﬁ?lé‘i?%mgt}ﬁlf 9063%@%&6&3? e it the

a®sendah 8¢ hcyurhﬁlytchﬁroﬂelmn&ﬁhe@ fvoﬁdbl @hel ifieationSs bt (Jimbeite twd- lot
at e

Sl AR PG e Sutroel pisterd bR FL R ey e o

reefpaibility if requiyed IA)muMmoloe reoedablp disadkylsbepriza mpltipte redosling
Zsba%f&st (ﬁiglexayﬂ% g‘%"?@s g 'a%e de§er rd‘?e@e%{rfé gre?écﬁ{/eol%? Etw’?éélrﬁirlrg{c%%b!ﬁd; y
tboyeripuinatedonavagl eiler. rT@ew 81ad§ aray e sapirafied by hispgoer lagesdn

%Wﬁ{on@rl}gév@}f fa@ﬂ%em%g the inb&ﬁ&'t‘is%@tshn(lﬁh g@?ec&laﬁlg only, but can
short ef wavel ength) which then is focused on the inner

SEEPRied B\/@ase?haélﬂ‘*ewrdlag %sowﬂlh%lﬂtwﬁéthe #ave englodimeats gie dgigebed
Vit kdrm$6r 80 dombiakior eetifientdha Gy @t Bhitedno theygembiabtivhe .

Broader and deeper pits will result which generate a
hi gh nodul ati on whil e being readable at the shorter
and | onger wavel engths, as well. In view of

multi-level recording it mght be favorable to add a
thin protection layer, for exanple a transparent
dielectric layer, between the dye and the

pol ycar bonate to avoid degradatlon of the

pol ycarbonate and to nmaxi m ze the contrast difference
bet ween partial (only the bottom part) and ful
degradation (the two nodes for two-Ievel recording).
Fig. 3 shows a layout of another enbodi nent of a
segnmented nulti-color disc 300. It contains a lead-in
zone 10, a m xed segnment 312 conprising plura

sub- grooves as described above, a single groove
segnent 314 according to DVD standard, a single groove
segnment 316 according to BD standard, a second single
groove segnent 318 according to DVD standard, a second
m xed segnent 320, and a still unwitten portion 322.
Each of these segnents is preceded by an
identification block (not shown in figure). Wiile the
m xed segnent can alternatively contain CBL=74.5 and
CBL=I 75 nm data bl ocks the single segnents can be
witten with data bl ocks predeterm ned by the w dth of
the groove, only. Therefore an identification bl ock
precedi ng each data block within the m xed data
segnment



has to indicate, for exanple, the CBL and wi dth of
this data bl ock. The CBL=74.5 nm bl ock is preferably

WoREHEBSAM t h a bl ue | aser, the 175 nm CBL bl oPKT/B200400651451
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witten with a red or with a blue laser. The lead-in
zone contains the start and end addresses of these
segnments. Reading and witing in the m xed sections
can be done with both the re%BDVD | aser beam and t he
bl ue BD | aser beam Accordingto this exanple the
iqvaRtd:-on facilitates follow ng possibilities 1. Wite
inred with CBL=175 nm readout with red optics (DVD
standard) 2. Wite in red with CBL=l 75 nm readout
with blue optics 3. Wite in red with CBL=74.5 nm
readout wth red optics (although hard to achieve) 4.
Wite in red mﬁth CBL=74.5 nm readout with blue
optics 5. Wite in blue with CBL=74.5 nm readout MAth
rled opticd F%ﬂ“i%@@‘wawa?oad ?%“%&?W@V@% ageeorging dge lpyer B e
Vi1t }) whEksy 4id Decbiding Hﬁaldﬁw(l 10 21y dbhllpﬁse@ atidasiSwh Biganic dye

st andar. ue with CBL=I 75 nm readout

pahen |bﬁ%‘g 8%?%%"8“ di re‘i.‘té”au"ﬂe‘ﬁ‘ﬁe wi th CBL=I75 nm

readout with red optics Two Ievels enabl e nulti-Ievel

rgcor di ng ‘A Byotrd fe aJc?r\é%’g ﬁgugll 1 a gl%faﬁtg i$ed III tgét Iggii Etgxsﬁtrtwo

can be accurate y con er wor
i mgeaivtdy e materialyang mixgdvvithie onedayeiberelpyr providiesa fogipdund material

qgﬁp@k%@%hh%&mgghﬂ%ﬁg be extended straight forward to
hi gher degree of conpatibility, if required. A

nultlcplor recordabl e disc may conprise nultiple
rgcor di ng Aslteaﬁ&&n{ed h@bi@fip lid aim! 16 EFBHeitd ehytBat kaY Rkoerding dye

el ectric, ective | r etc uch as |bed
%{/‘é"“ﬁ’élﬁ?sﬁ%\lteaébtWBﬁ?“Brdlélgéﬂ‘Xg%’?ﬁ%?aCh 21‘!?&’&8“%?1585?‘ yPag o
segaicalyesiatbyalqresgeadely. | ayer i n comonly known fashi on.
Further, the invention is not limted to dye recording
only, but can be applied to phase change recording as
wel | . AItHb@gmi%h@rab@@@génﬂ@mﬂndnﬁsw@méhdb@@mﬁbgdeﬁ

tp%\rﬁ%d @dr t@ck@)\é%uﬁpseg mrﬁﬁé hﬁéhs{t% sﬁmé@é’ueé lgaglnh ﬁlfféf%kt widths.

Nlmted to this conbination. CLA A recordab
optical record carrier conpr|5|ng a recordlng dye

lsayer (2 ml)eeord’\ﬁﬂ[eEWOQ&g &b dlaﬁﬁlqr EHafiBte e irl A @ pre(gkdoVe is
npri.ses at | east ani c dye materials

B’é‘?‘%f&g g‘t’?é B EREOgt CO&TPFIF%% %tﬂ‘fas 9 SPEPrYt Yesoctions eAChr haxigg d
chiffarénevidicscor ding to claim 1, characterized in that

said at |east two

6. A record carrier according to claim 5, characterized in that said at least one of
said at least two consecutive sections comprises at least two sub-grooves having different

widths.

7. A method for writing data on a segment of a multi-color recordable disc,
wherein marks representing the data are written via a writing laser beam at a first
predetermined wavelength, whereby said marks are written according to a writing strategy
providing a channel bit length and a mark width appropriate for read-out by a beam of
electromagnetic radiation at a second predetermined wavelength being different from said

first predetermined wavelength.



organic dye materials are m xed within one |ayer
t hereby providing a conpound naterial with at |east

wo mwsabmses pti on flanks. 3. A record carrier achO¥/iB20@/051451

10

15

20

25

30

to claim1, characterized in that said recording dye

| ayer conprises at |east two recording sub-layers each
conprising one of said at | east two organi c dye
mat eri al s, respectively. 4. record carrier according
to claim1, characterized in *hat a pre-groove is

provi ded for tracking purposes conpri si ng at Ieast two.
sub-grooves having different wi

Srrier adt®ft E‘? corgingete glaim 1, Whé”f?ﬁ)‘ %i‘t‘fi@?ﬁpieélﬁtemﬁnefll’f‘ét’el%{lgth

[k ﬁro@éﬁthﬂrﬁsaid&e@ﬁd)p&b&&ﬁnfn&f wivfeﬁﬁéth agl spid Wﬁﬁg&ﬁrategy utilizes a

co | Si east, two ecti

B PR ePe P B nttSed SRR asst oy RS R S B dpap gt
tlesecpuddesrappropidiafonwtitug makk 4t seid firat prajaiedhisdd Wwagdetgthone of
said at |east two consecutive sections conprises at

| east two sub-grooves having different widths. 7. A

rfet hod f orA mgthadi ageprdieg ta cloim 3 vdergheseid fost predeterintined pabedength

i€ QRftelaRInQaifl ket bnd pAICEALiRed RN KiSnoiteRl %@%ﬁr{ggmat HRR
are witten via a witing |aser beamat a firs

prbsabler hsarearinEg E‘faé‘er‘lsﬁS wilhateatsd pulse dpratep RampgFed to the pulse
Vefukaib @ ShpRpaaE f FEtitgOnakM bdid Mgt HédeRing akaMigt. Ny a
channel bit length and a mark wi dth appropriate for
read-out by a beam of el ectromagnetic radiation at a
si®cond pr e’dlﬁttBTdmi:@ﬁtingNa‘aaloﬂmq’(cﬂanbﬁi g, wl]hefra‘bg sa&ahﬁrsf rom
%dgteI 1£edt é%lg tlgghg]rtgr% geéc %rml sd wave h and sai
ccorar et ereby sal | rsf1 eterm ne
Vet e%@@gbl utllyeshmﬂaeé tasar fpegmn mlydlgé@eldmtn puﬂ@a ef iperedserbldser
Vi@\(r@x' &RGiB B 1881 FBwiF fof %%g%ﬁsfrl@ta?&Yd it p¥e‘d@t€1§n&d Riab &G,
I'aser beam appl yi ng an i ncreased nber “of | aser
pul ses conpared to the nunber of Iaser pul ses

alﬂ propr i ateméikid okdihg g cRRY K& wltrel§ahid pfﬂlsd'dsliser beam is defocused
det er m ned, wavel en

Oy P QT By gt it ofaelgawﬁtbmfar?%%oe@%@?engt h

is shorter than said second predeterm ned wavel ength

d d [ |
Zlgpl fualng \g{glg%lo%gjf o‘fcfl%gtgl%uny j} Iwhergg}gsai% fﬁé‘é §e§%? I |Se§ E;vape?earllg%h
dolepger thdn said aemd puligamigd aeyabmethppt mﬁm'ramg stfatagy wtilizes ng

rm{sgoglaég ‘ée?%'r ag:i:éé §gec§%§%g %Iélﬁﬁéiﬂof‘ﬁ%lr i&n\égéé%o‘?@g}e@ to \Aﬁconun@)er of
&

JaspiPulses ppropil wﬁgn@dk%é@ﬁeq FHgrderaningl greydenthhan

sai d second predeterm ned wavel ength and said

13. A method according to claim 7, whereby said first predetermined wavelength
is longer than said second predetermined wavelength and said writing strategy utilizes a
pulsed laser beam applying beam pulses with shorter pulse duration compared to the pulse
duration appropriate for writing marks at said first predetermined wavelength and whereby

said marks are shrunk after writing.

14. A method according to anyone of claims 7, 12, or 13, whereby said first
predetermined wavelength is longer than said second predetermined wavelength and said

writing strategy utilizes a pulsed laser beam applying laser beam pulses of decreased laser



witing strategy utilizes a pulsed | aser beam appl yi ng
| aser beam pul ses of increased | aser power conpared to

wao b@slosrses power for witing marks at said firBCT/IB2004/051451
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predet erm ned wavel ength. 11. A nmethod according to
claim 10, whereby said pul sed | aser beamis defocused
W th respect to an addressed recording | ayer of said
mul ti-col or recordabl e disc. %2 A net hod according to
claim?7, whereby said first predetern1ned wavel engt h
Ip%wlewa&sarea BAR 158 RBweLHPRFH BIRLEIThINEG WRVELHAGEBrmined
nd said witing strategy utilizes a pulsed | aser beam
dﬁﬂF?ﬁﬁb a decreased nunber of |aser pul ses conpared
to the nunber of |aser pulses appropriate for witing

rks at said, first edeIe m ne

t hod ac c“b‘P%'i 'Hge ‘i°6d1 8 PR RREPe 0“%%1"% geﬁ’reﬁ%‘%aﬁve or said
pmﬁd@bwmqwmﬁﬂnmhneiﬂm@ﬁhﬂm&bkdqgaménmamisandnsecond
predet erm ned wavel ength and said witing strategy
utilizes a pulsed | aser beam applyi ng beam pul ses with
sleor t er pui methadipeeprdiegto eloipardigrebywinfoypatiop rapeeseitatisg fopspid
BRIt 1o if %remsala [&mﬁﬁaﬂsﬁ bikk §1@éedm§ k4i® egment.
predet ermned wavel engt h and whereby said marks are
shrunk after witing. 14. A nethod according to anyone
OIf7 cl ai M8 A/metfod, acéididgto ALY, 8id¥reBRiIntbrihatios kepresentative for a

det ned veJe .S | o han. sai d second

SrErdrH Rl el SRR oo S pir cqy
utlllzes a pul sed | aser beam appl yi ng | aser beam
pul ses of decreased | aserpower conpared to the |aser
power appropriate for witing marks at said first
predet erm ned wavel ength. 15. A nmethod according to
claim7, whereby information representative for said
witing strategy is stored in an identification block
precedi ng said segnent. 16. A method according to
claim7, whereby information representative for said
channel bit length is stored in said identification
bl ock precedi ng said segnent. 17. A nethod according
to claim7, whereby information representative for a
reflection level is stored in said identification
bl ock precedi ng said segnent.



