1 6 November 2006 Optical data storage medium and use of such medium The invention relates to a
multi-stack optical data storage medium for rewritable recording using a focused radiation beam
entering through an entrance face of the medium during recording, comprising: a substrate with
present on a side thereof: 5 - an Lo recording stack camprising a phase-changés tipgdnabee @@6ng
layer, saidoﬁrﬁc,[t; arlegglgdi Stea(r:rl]( iﬂ&%%eﬁs%ngfat %rpr%sqiéian closest to the entrance face and having an
optical tranami<aion o a when the phase-c%lange ayer is in the amorphous phase, and having an
optical transmission of TLOC when the phase-change layer is in the crystalline phase, 10 - an Li
recording stack, comprising a phase-change type Li recording layer, being present more remote from
the entrance face than the LO recording stack, a transparent spacer layer between the recording
stacks, said transparent spacer layer having a thickness substantially larger than the depth of focus of
the focused laser-light beam, 15 the medium further comprising pre-recorded information. The
invention further relates to the use of such a medium. An embodiment of an optical storage medium of
the type mentioned in thEheinogseiaingebaiea dosgpmuittiksiasknopt oal daitest Bagenehtenf S 5,726,969.
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amount of vesliagedor MipecatogdtanWEMAMPEG2 compression it is possible to record 1 hour of
high quality digital videc&gﬂ%ﬁgwﬁﬁé ?%Fgaos%éi%ewe recording time is 25 desirable. An
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option is to use optical disks wi ormation layers (see Fig.1). Such disks are already
available for DVD read enll( Be@eRQ StacR v isita ol phiselchengaliyioe staekatidikg tayeprsdsed in
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stack (stacipfmahtsensroissibiedbdes) Wasrathegihase thaneer Beer2606the amorphous phase, and
having an optical transmission of T . when the phase-change layer isin the crystalline
phase,
10 - an L; recording stack, comprising a phase-change type L1 recording layer,
being present more remote from the entrance face than the L, recording stack,
- atransparent spacer layer between the recording stacks, said transparent spacer
layer having athickness substantially larger than the depth of focus of the focused laser-light
beam,
15  the medium further comprising pre-recorded information.

The invention further relates to the use of such a medium.

An embodiment of an optical storage medium of the type mentioned in the

20  opening paragraph is known from United States patent US 5,726,969. Rewritable optical
storage for audio, video and data applications is arapidly growing market. For Digital
Versatile Disk ReWritable (DVD+RW) the storage capacity is 4.7 Gbyte. Thisisalimited
amount of storage for video recording. With MPEG2 compression it is possible to record 1
hour of high quality digital video and 2 hours of standard quality. More recording timeis

25 desirable. An optionisto use optical disks with multiple information layers (see Fig.1). Such
disks are already available for DVD read only (DVD-ROM). DV D rewritable dual-recording
stack disks are proposed in said known patent. The Lo stack (i.e. the stack closest to the laser)
has a transmission around 50 %. The stacks are separated by a spacer layer with atypical
thickness between 30 and 60 um. The L; stack (stack farthest from the laser) has ahigh



reflection and needs to be very sensitive. The effective reflection of both stacks is typically 7%
although lower and higher values are possible e.g. 3% - 18%. The recording layers of said stacks are
of the phase-change type. An optical data storage medium based on the phase-change principle is
attractive, because it combines 5 the possibilities of diect overwrite (DOW) an@ Nighestbeage0density
with easy ¢ tibility, with,read-only optical data sto systems. Data sipr in this context,
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involves th&faltimatgim of eubmdibrghee teal stz acbqoss pleoelg. 1@%ordBY%). marks in a crystalline recording
layer using a focused rqﬁivel high power radiation beam, e.q. a focused laser-light beam. 10 During
recording of information, eerer%/%%ﬁﬁl %%\9@ vét%r]%gp%gt()?ogfﬁ %%gem%%@ﬂ% n8§ta'1rcna%hat is
modulate doist aastooaga neeiwithbesedrdio thesplaaseachangeqoTde gl Msekis aat by & becdisei enrtiienegyh power
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severe cases the dis not be
unexposed areas. Erasure of written amorphous marks is realized by recrystallization through

heating with the same laser at alower power level, without melting the recording layer. The
amorphous marks represent the data bits, which can beread, e.g. viathe substrate, by a
relatively low-power focused laser-light beam. Reflection differences of the amorphous

20  markswith respect to the crystalline recording layer bring about a modulated |aser-light beam
which is subsequently converted by a detector into a modulated photo current in accordance
with the recorded information.

An important issue for multi-stack rewritable disks is random access. When a

disk isrecorded for the first time the L, recording layer of the L, stack, closest to the entrance

25 faceof thelaser, is partially written. Since the transmission of written and unwritten partsis
different, reading and writing of the L1 recording layer may be influenced (see Fig.2). Of
specia interest isthe impact on the data signal, tracking and focussing signals. It is known
that an optical disk drive can cope with relatively small differencesin transmission e.g.
fingerprints, dust, etc. When the transmission differences exceed certain values the

30 playability of the disk is strongly degraded. In severe cases the disk will not be usable
anymore. Two known solutions are possible. In the first solution the Lo recording layer is
pre-formatted or fully written before recording of the L, recording layer. This procedureis
not desirable because it is time consuming for the user and not ideal for systems which

require random access. It should be avoided if possible. The second solution is to optimize



anymore. Two known solutions are possible. In the first solution the Lo recording layer is
pre-formatted or fully written before recording of the Li recording layer. This procedure is not desirable
because it is time consuming for the user and not ideal for systems which require random access. It
should be avoided if possible. The second solution is t® optimize 3 6 November6206Gertiterafdil data
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15 of thedisk.

It isan object of the invention to provide an optical data storage medium of the

type mentioned in the opening paragraph which has a good playability, recordability and
20 random access behavior even when the L recording layer has been partially recorded with
user data.

This object is achieved with the optical data storage medium according to the
invention which is characterized in that the pre-recorded information contains a flag whether
pre-formatting of the L, recording layer of the L, recording stack is needed depending on the

25  transmission values T\ ga and Ty o Of the Lo stack.

It was found that when the optical transmissions of the user data written
portion and the unwritten portion of the L, recording stack are within certain boundaries pre-
formatting is not required. Normally, when the transmission difference between a written
portion of user data and unwritten portion istoo large pre-formatting, before recording user

30 data, isthe only option for leveling this transmission difference. In the latter case, without
pre-formatting, e.g. the servo signals may be disturbed too much for successfully and
randomly reading and recording of afurther portion of the recording layers of the medium. In
order to select between the option of yes/no pre-formatting, a pre-recorded dual-stack disk

should contain information whether pre-formatting of the L, recording layer is needed or not



formatting is not required. Normally, when the transmission difference between a written portion of
user data and unwritten portion is too large pre-formatting, before recording user 30 data, is the only
option for leveling this transmission difference. In the latter case, without pre-formatting, e.g. the servo
signals may be disturbed too much for successfully andl randomly reading and éédoveimpeobadarther
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in the tracki ant signals occurs. Th
pre-formatted or recorded prior to recording of recording layer L;.

In apreferred embodiment 0.40 < Ty g5 < 0.60 and 0.40 < T oc < 0.60. When
the transmissions of the written and unwritten portions of the Lo recording stack are within
these boundaries pre-formatting is not needed. In this range of transmissions the playability,

20  recordability and random access are still acceptable. Simulations and measurements show
that the transmission of crystalline and amorphous phase change stacks may vary between
40% and 60% before degradation in the tracking and other relevant signals occurs. This
makes it possible to use awide class of phase-change materials for the Lo layer.

It is advantageous when a semi-transparent metal reflective layer is present in

25 thel stack with athickness smaller than 15nm. At this thickness the metal still has a
substantial optical transparency which is required because the focused radiation beam must
also reach the L, layer. It is favorable when the metal mainly comprises one of Ag and Cu.
These two metals have the additional advantage that they have arelatively large thermal
conduction at arelatively low thickness which is favorable for the optical transmission.

30 In another embodiment the L and L ; stacks respectively have effective optical
reflection values R o and R.; which are substantially equal. This has the advantage that the
modulated signals when information is read back with afocused radiation beam are well
balanced. In practice R, o and R 1 have a vaue between 0.03 and 0.18, typically both 0.07.

The recording layers comprise at least three elements selected from the group of the elements



makes it possible to use a wide class of phase-change materials for the LO layer. It is advantageous
when a semi-transparent metal reflective layer is present in 25 the LO stack with a thickness smaller
than 15nm. At this thickness the metal still has a substantial optical transparency which is required
because the focused radiation beam must also reach3he Li layer. It is favorablé Woesniber 2G86
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small comgh%g?ggi@ I%I%%)%Eﬂgacﬁb%bé&% aﬁsﬁo&dgag nt an aoditiona! recording stack L2 is

present separa rom t ranspare nt spacer ayer having a thickness larger than the
depth of focus of the focused laser-light beam. In this case three recording stacks are present which
enhances the data capacity with approximately another 50%. 10 Embodiments of the optical storage
medium according to the invention and measurement results will be elucidated in greater detail with
referédce to the accompempintymerssondse optidachdragemsialowns acoaﬂ@h'angacictmmsgaséotimdl view of
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LI-stack. Imensions are not drawn to sc shows a schematic cross-sectional view of
the mediutrafiigs! in wihiigdh the Lo recording layer has been partially written; Fig. 3 shows in more
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medium according to the mvention;
data storage medium accordi ng to the invention including an Lo- and an L 1-stack. The

15 dimensions are not drawn to scale;
Fig. 2 shows a schematic cross-sectiona view of the medium of Fig.1in which
the Lo recording layer has been partially written;
Fig. 3 showsin more detail the stack design of the Lo and the L, stack of an
embodiment of the optical data storage medium according to the invention;
20 Fig. 4a, 4b and 4c shows the HF signal taken from an optical disk drive when
reading out the LI layer when a) Lo isempty, b) Lo isfully written, c) Lo partially written
Fig. 5 shows eye patterns of data read from respectively Lo and L recording
layers of DL disk
Fig. 6 showsthe averagejitter (in %) of dataread from L; recording layer of disk with either
25  Lolayer written after or before L writing.
Fig. 7 shows the open loop push-pull-tracking signal of the L, recording layer
with a partially written Lo recording layer.
Fig. 8 showsthe low frequency filtered central aperture (CA) signal and 3-
spots push-pull signal of an L1 ROM layer of dual layer disk. The Lo recording layer is
30 partialy written (half-track band).
Fig. 9 shows, inter alia, Block Error Rate (BLER) data of L, layer of dual layer
RW/ROM disk.



20 Fig. 4a, 4b and 4c shows the HF signal taken from an optical disk drive when reading out the LI
layer when a) Lo is empty, b) Lo is fully written, c) Lo partially written Fig. 5 shows eye patterns of
data read from respectively Lo and Li recording layers of DL disk Fig. 6 shows the average jitter (in %)
of data read from Li recording layer of disk with either &5 Lo layer written after 6rM\iefemgbéi 200thg. Fig.

7 shows the open loop push:-Rull-tracking signal. Eth LI regording layer with rtially written Lo
recording layer. Fig. 8 oA QNN egt ety et sl o) ARENRYEIALA S MRS e
push-pull sSignatiwe laréddrdding layer aif aidael | sipek disk.al e fiecent @k posaiesie/ @0 pattpdyisiritten
(half-track ba g% Fig. SIEO s.inter alia, Block Error Rate (BLER) data of LI layer of dual layer
RW/ROM ?srﬁ yGV\&l(gt?/eg %(\)gl(ra %Zlﬁg\]’v rﬁéeé‘h%g%‘%ﬁré'%bés’égtér}ﬂt@ avg (in %) and modulation M of
data read from the Li recording layer of a dual stack disk at different track positions when Lo layer is
partiagy written (note that Li is written after partially writing Lo ) 5 In Figs. 1, 2 and 3 a schematic

cross-Section of a multi-stack optical data storage medium 20 for rewritable recording using a focused
radiation beam 30 entering through an entrance face 25 of the medium 20 during recording is shown.
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resin knowpositidrecheses toriteptrance face 25 and has an optical transmission of T . When the

phase-change layer 6 isin the amorphous phase and of T\ o when the phase-change layer 6 is
in the crystalline phase. An L; recording stack 3 with a phase-change type L; recording layer

15 11ispresent more remote from the entrance face 25 than the Lo recording stack 2. A
transparent spacer layer 4 is present between the recording stacks and has a thickness of 52
pum, which islarger than the depth of focus of the focused laser-light beam 30. The
transparent spacer layer 4 ismade of aUV-light curable resin known in the art and may be
applied by spincoating or as a sheet of transparent plastic with pressure sensitive adhesive

20 (PSA). The medium 20 contains pre-recorded information modulated in an embossed
pregroove 21 in the substrate by means of Address In Pregroove (ADIP). The modulation is
achieved by wobbling the pre-groove 21, which is a known technique. The pre-recorded
information contains a flag whether formatting of the L, recording layer 6 of the L, recording
stack 2 is needed depending on the transmission values T g4 and T o Of the Lo stack 2.

25 In Fig. 2 the Lo recording stack 2 is shown which has been partially recorded
or written with data 2’ while the focused laser beam 30 focuses onto the L ; recording stack 3.

In Fig. 3 two parts of adual stack DVD+RW disk comprising a semi-

transparent part with L stack, called Lo, a spacer layer and a part with an L, stack, called L1,
are shown. The Lo part comprises a polycarbonate (PC) substrate 1b of 0.58 mm thickness

30 with DVD+RW pregroove structure, not drawn in this Figure, having a groove depth of about
30 nm and ADIP infoisused. The Lo layer stack present on the substrate 1b comprises a first
dielectric (ZnS)g(SI0O2)0 layer 5, a6 nm thick phase change layer 6, which comprises at
least three elements selected from the group of the elements Ge, In, Sb and Te, a second

(ZNnS)so(SIO,) 20 layer 7, a3 nm SizN4 capping layer 7', athin semi transparent metal alloy



applied by spincoating or as a sheet of transparent plastic with pressure sensitive adhesive 20 (PSA).
The medium 20 contains pre-recorded information modulated in an embossed pregroove 21 in the
substrate by means of Address In Pregroove (ADIP). The modulation is achieved by wobbling the
pre-groove 21, which is a known technique. The pre-r@corded information cont&iNezeftdgnaoster

formatting ,0f the LO recording layer 6.of the LO recording_stack 2 is needed depending on the
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ystalline LO recording stack 2 is 40%, the transmission of the recorded
transmission equal to (3T octTLoa)/4 Was assumed. An additional recording stack L2, not
shown, may be present separated from the L; stack by atransparent spacer layer having a
thickness substantially larger than the depth of focus of the focused laser-light beam. In this
case the transmission levels of the Lo and L ; stacks have to be adjusted in order to balance
20 effectivereflection valuesform the Lo, L1 and L2 stacks.

In Fig. 4 the HF read out signal of the L1 recording layer 6 from adual stack
disk is shown for three cases. In 4athe trace with Lo unwritten is shown, in 4b with Lo
written and in 4c for apartially written Lo layer, i.e. bands of 70 pregroove tracks
written/unwritten. Clearly in the HF signal some effect of the written tracksin the Lo layer

25  can be seen. Recording resultsin the form of eye patterns are shown in Fig. 5 for the Lo and
L, recording layers.

In Fig.6 Direct Overwrite (10 DOW cycles) average jitter Jag is around 11%
for the L1 recording layer 6, which is represented by graphs 61 to 64. Jaq levels of the L4
recording layer 11 of below 9 % may also be achieved, which is shown in Fig. 10. Jitter of

30 thelgrecording layer is around 9%. The average jitter value of the L recording layer 2 is
dlightly affected by the status of Lo recording layer 2. Two experiments are shown. In the first
experiment the L, recording layer iswritten first and afterwards L, in thisway the read
effects are studied because L1 writing is always the same independently from the L, pattern.

Graph 61 represents alinear fit of jitter data before Lo iswritten and 62 after Lo iswritten. In



(amorphous) LO stack 2 TLOa is 52%. The effective transmission of a recorded part is close to 15 43
%, i.e. 1/4 of area is mark. Thus for the transmission of the written area of the LO stack 2 a
transmission equal to (3TLOC+TLOa)/4 was assumed. An additional recording stack L2, not shown,
may be present separated from the L1 stack by a tran8parent spacer layer haviGdNavénntlen2666

substantially larger than the depth.of focus of the focused lgser:light beam. In this case the
ranamiss E IR s SR L R AR SRR SRk ane
reflection \zghagsaftyrmvritter 0, didkaomdthevetainigsand fig reéativegis-snertbtaot Soppid 63 thprésentcarding
layer 6 from a dual stack %‘?k is shown.for three ¢ .dn 4a the trace with unwritten is shown, in
aty with LOMr It s S B R Rl T bt T e
written/unviirstiis a¥eardgd mtkegHB. signal some effect of the written tracks in the LO layer 25 can be
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recording Wﬁhrrﬂrﬂﬂikchvﬁttgptesem mylgyapﬁdﬂébmqﬂéopmeem@fmi b S'rgml.rtzijr@lme?r 11 of
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recording kdiwtzamwtsmbmmesigﬁdhown. In the first experiment the L1 recording layer is written
independently flom the | atain® oAt [cp e el b AEIRENES Lt
and 82 afteig_n_ata'@&\mhcé&l m%emot_@wandarcmmdemé_rsetdﬂn_(dodmﬁdﬁa_wiemm@wfri@arﬁeﬂwnd _
s simulatc o T B o o A e
written. TH@@t@m@@Md@ﬂ@ﬂm@ﬁidﬂgma e R@M@Ii$ Higa ;mﬂﬁi t;bfami@o Igogam
oop sionay T e o o e oo
is not activiaté®yeN A\ sieshpeEErdistombd nt bals Visitke weastvrisignan. Lo, in which case only a 180-
15  degree portion of the full rotation of several adjacent tracksis recorded. Thisis considered as
the worst case pattern for bit errors. The 3-spot push pull signal 82 of the ROM layer is
shown where the focused laser beam crosses an Lo written/unwritten transition. The
normalized signal is affected dightly, but no substantial offset can be observed. Tracking is
without problem but note that the push-pull signal 82 is small because of the use of the ROM
20 disk asLidisk. Theblock error rate (BLER) was low, all blocks could be corrected and no
effect of the partially written Lo recording layer is observed even for this worst case situation,
which isshown in Fig. 9in curve 91. Other measured parametersin Fig.9 are not considered
relevant at thistime.
The impact of a partially written Lo recording layer 6 was investigated by
25 modeling of the push-pull signal. The calculation results are shown in Table 1 as afunction
of the transmission T\ pa and T oc. The position of the focused laser beam 30 is such that half
of the beam passes a written area. For the transmission of the written area a transmission
equal to (3T.+Ty)/4 was again assumed. Clearly for 0.40 < T 94<0.60and 0.40 < T o <
0.60 the offset in the push pull signal is small (< 2 nm) and significantly smaller than the
30 alowed 16 nm which is the maximum allowed value according to the DVR+RW format
specification book version 1.1.
Hence both experimental results and simulations show that for arealistic range
of transmission values T ga and T o Of 0.40 to 0.60 the influence of writing information in

the Lo recording layer 6 on the tracking and read-out system is substantially absent.



In Fig. 8 it is shown that normalized push pull and central aperture (CA) 10 signals 82 and 81 were not
severely degraded. In order to test the influence of a partially written Lo recording layer on the bit error
rate data rate of the Li layer a dual layer disk with a read only ROM Li layer was fabricated. The ROM
disk data consisted of a video stream (ECC correct d&a). The reflection of the GV aftiev2096
comparable with that of the previous LI layer. As a test pattern a band of half-tracks was written in Lo,
in which case only a 180 15 degree portion of the full rotation of several adjacent tracks is recorded.
This is canEiglered as the worst cage pattern for bit ernods The 3-spot push pull.8ignal 82 of the ROM
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normalized Signal is affected slightly, but no substantigl offset can be observed. Tracking is without
problem bgtsote that the push-polbsigmal 82 is small hex.agsenof the use of the B®ivh20 disk as Li
disk. The-block-errorrate{BLEERwaslow—alb-blocks-could-be-corrected-and-no—cffectof the-partiall
written Lo ?éording layer is obse'lQ/gg BUkn for this wo sqgégﬁ situation, Whi(:ipig‘t‘_‘sﬂ%\/vn in Fig. 9in
curve 91, Qther measured paramatgrsnn Fig.9 are not/comgdgred relevant at ghisnivine. The impact |of
a partially-written Lo recording layer 6 was investigated by 25 modeling of the push-pull signal-The
calculation results are shown in Table 1 as a function of the transmission TLOa and TLOC. The
position of this éocusadurbel hepdP i sghtha) helfval AR RepsmpaRsea fateites Girediftal the
transmission of the written area a transmission equal to r(¥3’-’>Tc+_Ta)/4 was again assumed. Clearly for
0.40 < TLAALLERY LAEKS. JGPPEBeN of Hed AReerHase;PERE s sHep g A A e PR ¥ nm) and
signifisantlyzssaabeiiten thea30 allowed 16 nm which is the maximum allowed value according to the
DVR+RW format specification book version 1.1. Hence both experimental results and simylations

show that for a realistic 12 1 PEAAHERS Pl Al W BN YA B -of era6 A A6 R ¥lence of
writing infarpatieecarding lfracaelintitiaytirough the peacHinaantbraan-aidr airRi¢ads & Wpstiawtially

absent. 9 6 November 2006 TLOC 0.4 0.50.6 TL.Oa 0.4 0.0 nm 0.78 nglsll(._33 nm
average Jitter Ja,q Of an L1 recording layer of DVD+RW Dual Stack disk is shown. At

k<\

positions where the Lo recording layer has been written the Ja,q decreases about 0.5 %.

10  Variation in Jag along the disk is about 0.5%. The pattern written in the LO recording layer
consisted of 5 times 100 tracks EFM+ aternated with 100 empty (non-written) tracks, 500
tracks Lo EFM data (a half-circular pattern is written as described with Fig. 8 ), 100 empty
tracks and 1000 tracks of EFM+ L. This pattern is clearly visible in the modulation (M)
curve 102. In areas where the Lo recording layer iswritten the Ja,q decreases because the

15 transmission of the Lo stack isabout higher, i.e. about 10 % relatively. This causes an
increased laser recording power in the L; recording layer which in its turn causes the
modulation to increase and the Jaq to drop, which is clearly visiblein curve 101.

It should be noted that the above-mentioned embodiments and experimental
dataillustrate rather than limit the invention, and that those skilled in the art will be able to

20 design many alternative embodiments without departing from the scope of the appended
claims. In the claims, any reference signs placed between parentheses shall not be construed
as limiting the claim. The word "comprising” does not exclude the presence of elements or
steps other than those listed in aclaim. Theword "a" or "an" preceding an element does not
exclude the presence of aplurality of such elements. The mere fact that certain measures are

25  recited in mutually different dependent claims does not indicate that a combination of these
measures cannot be used to advantage.

According to the invention, a multi-stack optical data storage medium for
rewritable recording using afocused radiation beam, entering through an entrance face is

described. The medium has a substrate and an L recording stack and an L ; recording stack



0.5-0.93 nm 0.0 nm 0.65 nm 0.6 -1.8 nm -0.75 nm 0.0 nm Table 1: Calculated push-pull offset (in nm)
for variable transmission differences of written and empty tracks. The position of the focused laser
beam is such that half of the beam 30 5 passes a written area. In Fig. 10 the influence of a non-written
or written LO recording layer 6, when the Li recordingldyer 11 is written through teveatbel R0asitten LO
recording layer 6. on.the average jitter Javg of an Li recordin la er of DVD+RW.Dual S&gck disk is
aonn. AR G G R e AN R RS A e R SR s
10 Variaticseparateddoslatrgrigeacksk9saabrday &.5Phe Thequatténg @etiers joréhent & agosrtiomcl agest
consisted of éim%s a%Oé)fgCaecks th@/laJrn altﬁrcréﬂ%jn é/rvri]tlgglonoo?r?pty a%n -Writh%r'l) rgchs 5%)'(,‘) tracks LO
EFM datag% SIFCIreUIar PAtTern 18 WHIEh AS daseribed with E6 OE),.Fﬂ?(‘)N emptty Tacks ARAPT000
tracks of BB re§pethisehaitse e elvarphois ipleage Hnd imdloke aisial (i phasee TIEmediaumas where the

LO recording laver is written Y r use the 15 transmission of the | 0 stack is about
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the invention, a multi-stack optical data storage medium for rewritable recording using a focused
radiation beam, entering through an entrance face is described. The medium has a substrate and an
LO recording stack and an Li recording stack 10 6 November 2006



both comprising a phase-change type Lo and Li recording layer and the recording stacks are
separated by a transparent spacer layer. The Lo recording stack is present at a position closest to the
entrance face and has an optical transmission of TLOa and TLOC when the phase-change layer
respectively is in the amorphous phase and in the cry&falline phase. The mediugiNoecemtzen2006

pre-record&E fA‘ fﬁr nation modulated in at least one of: an embossed pregroove in the substrate,
embossed pits in the substrate and recorded phase-change marks in at least one of the recording
layers LO and Li. The pre-recorded information contains a flag whether formatting of the LO recording
layer of the LO recording stack is needed depending on the transmission values TLOa and TLOC of
the LO recording stack. In this way it is achieved that the 10 medium has a good playability,
recordability and random access behavior even when the LO recording layer has been partially
recorded with information. 11 6 November 2006 CLAIMS: 1. A multi-stack optical data storage

medium fog rewritable f%‘hﬁdiﬂgs!é&if‘@pﬁi @mdaa@aﬂ%mmﬁ@eﬁifm@r&mﬁ@m&ace face of
the medium during recording, comprising: a substrate with present on a side thereof: 5 - an Lo

recording SPSUREEI ARSI SR SLeripp Y aug an eHaRsEdines gl K Ssd U Juea rant itk being

present at gpRFitieR:closest to the entrance face and having an optical transmission of TLOa when
the phase-change layer is in the amorphous phase, and haying an optical transmission of TLOC when

the phase-change layerdSiRFELWLRRIRENb RIS 98 el recording stack, comprising a
phaseschange type Li regprdingdeyet skeloedpipaeitigagicserteingseppdhe prisrnag fage than the LO

recording stack, a transparent spacer layer between the recording stacks, said transparent spacer

layer havin S HOKHE0EGE RERAATIE, B AR 1RO QLS P AN RIS g A IAYBERht beam,
15 the medjstrodLdesfemprising Rehenpisisshintoragidaysherrtasiaediphhial theserandecorded

e ol P B DB, egfdna sack s

phase,

10 - an L; recording stack, comprising a phase-change type L1 recording layer,
being present more remote from the entrance face than the L, recording stack,
- atransparent spacer layer between the recording stacks, said transparent spacer
layer having athickness substantially larger than the depth of focus of the focused laser-light
beam,

15  the medium further comprising pre-recorded information, characterized in that the pre-
recorded information contains a flag whether formatting of the Lo recording layer of the Lo

recording stack is needed depending on the transmission values Ty gq and T oc Of the Lo stack.

2. An optical data storage medium as claimed in Claim 1, wherein the pre-
20  recorded information is modulated in at least one of: an embossed pregroove in the substrate,
embossed pits in the substrate and recorded phase-change marksin at |east one of the

recording layers Lo and L.

3. An optical data storage medium as claimed in Claim 1 or 2, wherein 0.40 <
25 Ti0a<0.60and 0.40 < T\ o < 0.60.

4, An optical data storage medium as claimed in any one of Claims 1 - 3,
wherein a semi-transparent metal reflective layer is present in the Lo stack with athickness

smaller than 15nm.



2. An optical data storage medium as claimed in Claim 1, wherein the pre 20 recorded information is
modulated in at least one of: an embossed pregroove in the substrate, embossed pits in the substrate
and recorded phase-change marks in at least one of the recording layers LO and Li. 3. An optical data
storage medium as claimed in Claim 1 or 2, wherein @20 < 25 TLOa < 0.60 angl o¥@mbe2pos: 0.60.
4. An optical data storage medium as claimed in any one of Claims 1 - 3, wherein a semi-transparent
metal reflective layer is present in the LO stack with a thickness smaller than 15nm. 12 6 November
2006 5. AB.optical dataAstorptijeshutiusoragechasai achiasClaimed i wOgieindheheretaltha aietgl comprises
one of the r%lael:meréts A% and r(I:euc')f h6e' @&o&?&:ﬂ datg &'ﬁ)rage medium as claimed in any one of Claims
1-5, wherein the T aRa P'SackS respec |ve@/%1ave effective optical reflection values RLO and RLi
which are substantially equal. 7. An optical data storage medium as claimed in Claim 6, wherein RLO
and RLi 10 have a valug b n,Q. nd 0.18. 8. An qptical tor i claimed in
Clainijél, W%erein the rec%?ﬁh%ggag%é%@ eri@é’%ﬁ ﬂ;ggt l%rreﬁg%feﬁr%'il sn %gﬁe(grggr}gr?rﬁ he group of the
elements @etarSbedndaritel. 1S dka regmitiziciatmetafbemi vesahitioal asfotainp d duesiR orandRihe
preceding | qui in: itjonal recording stack L2 is present separated from the Li stack by
a transpay\gﬁ? wW%%\g‘rj ay%{rE @z&in (aél thickness larger than the depth of focus of the focused laser- light
beam. 20 10. Use of an optical data storage medium according to any one of Claims 1-9 for

multi-stackyand random RGeess Keniitable AR LG ERAIO simed in Claim 6, wherein Ry and R

10 haveavaue between 0.03 and 0.18.

8. An optical data storage medium as claimed in Claim 1, wherein the recording

layers comprise at |east three elements selected from the group of the elements Ge, In, Sb and

Te.

15
0. An optical data storage medium as claimed in any one of the preceding
Claims, wherein an additional recording stack L2 is present separated from the L, stack by a
transparent spacer layer having a thickness larger than the depth of focus of the focused laser-
light beam.

20
10. Use of an optical data storage medium according to any one of Claims 1-9 for

multi-stack and random access rewritable data recording.





