WD 03/083852 PCT/1B03/01394 1 Optical data storage nmedi um The invention
relates to an optical data storage nediumfor recording by neans of a
focused rwoicawsisnz beam entering the medi umthrough a firstPCpliBeY(1894 esi nous
| ayer, which is transparent for the radi ati on beam said nmedium further
conprising at least: - a first recordinglstack, conprising a first

recordi ng, | aye ei n resent 5 proximate the first the first
?)é’éﬁc%loc{ﬁa &ft%%@?gg Fi%gmgl seco

pl astic/ nd recordi ng stack, conprising a second
recording layer, said second recording stack being present at a position
nore renote fromthe first plastic/resinous |ayer than the first recording
stack, - a transparent spacer |ayer between the first and the second
recording stack 10 having a thickness larger than the depth of focus of

t he focused radi ati on beam An enbodi ment of an optical recording nedium as
described in the opening paragraph is known from Japanese Patent
Application JP-11066622. Recently the Digital Versatile D sk (DVD) has

gai ned mar ket shar &ha&vgnion spkaiesimanioptical datactoragymedivanios resprsling)ey capaci ty
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and rew iwhadi B tEpardnit doreharadizion heas coaid sevianafurtbengaehprignd anemt:s: DVDR,
DVD-R for recordabl eéand DV@+RV\{RFDVD RW. DVD- RAM for rewitable. An issue
for both the recor 84BFEeSHing SREFCAPIPESBYB frst teserdnedayHebyingpressat capaci t y

and ther ¢fQigardns _ﬁ%@vg}giﬁlgtlglggm/rpgﬁ@tgqgepnl y single-stacked nedia are
present With a maxi num capacity of 4.7 GB. Note that for DVD-Video, which

is a ROM disk, duatalsesoad ressddiag wiath c8mpri€iBg acapaci reyordofztleyery safdeseced t 0 as

DVD-9, alrea have., a caonsi derabl e..market share. ) ently, recordable
and. 1 ewr TTSRTHE O binE PREBTE! oSt TRmSR ool fomiiic Rig efeeiijtebinonsTaes
dual - | ayekan the Girst ddtatdifé sigls, recordable and/or rewitable DVD disk is

probably feasible. The 25 DVD-ROM standard specification describes both a
si ngl e-stack di sk (®yfsasparend spaseclaperdictyyeen the fipst @) thesseopsld reegdingdtagk - st ack
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doubl e-si ded version of the dual-stack disk (type D, data capacity = 17.0
GB) are described. A%egn%:r)cgd?r%ler?t’of an optical recording medium as described in the opening
paragraph is known from Japanese Patent Application JP-11066622.
Recently the Digital Versatile Disk (DVD) has gained market share as a
15 medium with a much higher data storage capacity than the Compact Disc (CD). Presently,
this format is available in a read only (ROM), recordable (R) and a rewritable (RW) version.
For recordable and rewritable DVD, there are at present several competing formats: DVD+R,
DVD-R for recordable and DVD+RW, DVD-RW, DVD-RAM for rewritable. An issue for
both the recordable and rewritable DVD formats is the limited capacity and therefore
20 recording time because only single-stacked media are present with a maximum capacity of
4.7 GB. Note that for DVD-Video, which is a ROM disk, dual layer media with 8.5 GB
capacity, often referred to as DVD-9, already have a considerable market share.
Consequently, recordable and rewritable DVD’s with 8.5GB capacity are highly desired. A
dual-layer, i.e. dual-stack, recordable and/or rewritable DVD disk is probably feasible. The
25  DVD-ROM standard specification describes both a single-stack disk (type A; data capacity =
4.7 GB) as well as a dual-stack disk (type C; data capacity = 8.5 GB). Furthermore, a double-
sided version of the single-stack disk (type B; data capacity = 9.4 GB) and a double-sided
version of the dual-stack disk (type D; data capacity = 17.0 GB) are described. Recordable,

i.e. write once, and/or rewritable media which are compatible with the DVD-ROM standard



i.e. wite once, and/or rewitable nmedia which are conpatible with the
DVD- ROM st andard WO 03/ 083852 PCT/1B03/01394 2 are highly desirable.
Recent | y woOnams¥86r mat has been introduced call ed Bl u-ray PCIUB¢BIDP94 Wit h
even a higher storage capacity. This systemuses a radi ati on beam

wavel ength of about 405 nmand has a relatively high nunerical aperture

NA) of the.focused ragi ation be For . thi.s format al wite o (R
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also called L1 recording stack (see nr 4 in Fig. 1), of a dual-Iayer

DVD+R, ot 0 apé ha/siativain kjsh awaprica gpertupy MR oRbmifepsed mdiation baaye. Fasdi um
th di atd t . 0 I - 0 L1
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first5rekperddDyekibrstadcéonsileted. cal | ed LO recordi ng stack, and the spacer

| ayer (see respectjvely nr 1, 2 and 3 in Fig.1l). Optical disturbances
inside or at the iMBAFdeacesss theyewndaprosding ﬁ?aé% 3lsgcalled il jrecordiag staflor at e

t he opti di j | Y@lnﬁvlm)k N LRl i r SV on the
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substrate-qye. interf , thus inducing stress 15 birefringence, also called
rechan; cOF stk oy Eh Bse B ot e BropaLy et b wbspere S ts-RBRe “whi ch
is the fitked aRbasldLLOFechREANAMK, wﬁl@-spérdaﬁldyeldge@ﬁbs{awﬁér ipgenged s t he

upper polycarbonate substrate may prevent to obtain a sufficiently snall
f ocused Figslor Optied disturbanses ingigeror tithe aytenfaceafdnyof theat Buecdldyes wal y af f ect

the refl ed er _beamfromthe L1, ayer. Singl.e-stack DVD+R di,a, and
G o1 SabEteleARE b RSE R 56 i bBY Shon RelE SeRb A PN REH I d s
above, slage€Id the kinbouGeeish] Resatkbffiohiin GRITARdYdlaydeiurig Wiaishanal @apt t he

substrate-dye interface is _near the radi ati on beam focal point, in contrast
to a duaindugggrespindibg pplyicarbapate Rearflee yubatiraedyn ierieae hupdnducipgstre®s f ocus at

the affe Ly | e [ refrl ) ' usi ng
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dat a st owhiph isreei firmt mibstiche redingue layentTheirdhced birbingpeed inghgapagr aph whi ch
does not or h rdl%/ uffer fromstress . birefrin enc?fin tg? first

pl asti ¢/ PeyFPFBeRat ﬁfijérraf@memewf% 1813 3 syt drntiyesspall focused laser spot on the

lower L1 layer, and will also adversely affect the reflected laser beam from the L1 layer.
Single-stack DVD+R media, and similarly CD-R media, are much less
20  affected by the problem discussed above, since the induced stress birefringence in the
polycarbonate at the substrate-dye interface is near the radiation beam focal point, in contrast
to a dual-layer medium, in which the radiation beam is well out of focus at the affected

polycarbonate area (with stress birefringence) while focusing on the L1 layer.

25
It is an object of the invention to provide an optical data storage medium of the
type mentioned in the opening paragraph which does not or hardly suffer from stress
birefringence in the first plastic/resinous layer caused by the radiation beam.
This object is achieved by an optical storage medium as described in the
30  opening paragraph which is characterized in that a first optically transparent thermal barrier
layer is interposed between the first recording stack and the first plastic/resinous layer.
A first thermal barrier layer between the first recording stack, i.e. the upper LO
recordable stack, and the first plastic/resinous layer, e.g. the upper polycarbonate substrate, is

proposed for use in a single-sided and double-sided dual-layer DVD+R, DVD+RARW and



This object is achieved by an optical storage nedium as described in the 30
openi ng paragraph which is characterized in that a first optically
t ranspar ewO oBlog3sanl barrier |layer is interposed between tPoa/1BIFEB4
recording stack and the first plastic/resinous |ayer. A first thermnal
barrier layer between the first recordind stack, i.e. the upper LO
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energy of the radiation
the thermal barrier layer are e.g. ZnS-SiO,, silicon oxynitride and silicon oxide.
20 The thermal barrier layer may also help to increase the recording sensitivity of
the upper LO stack. Since the LO stack has a high transmittivity, which is necessary to enable
a sufficient part of the radiation beam to reach the lower L1 stack, the energy of the radiation
beam should be efficiently used while recording on LO. The thermal barrier layer will
diminish the leaking of heat to the upper plastic/resinous substrate, thus making the 1.0
25  recordable stack more sensitive.
In another embodiment the optical data storage medium further comprises
- a second plastic/resinous layer transparent for the radiation beam, opposite
from the first plastic/resinous layer,
- a third recording stack, comprising a third recording layer, being present
30  proximate the second plastic/resinous layer,
- a fourth recording stack, comprising a fourth recording layer, said fourth
recording stack being present at a position more remote from the second plastic/resinous

layer than the third recording stack,



beam shoul d be efficiently used while recording on LO. The thermal barrier
| ayer will dimnish the | eaking of heat to the upper plastic/resinous
subst r at ewotobws3saaki ng t he LO 25 recordabl e stack nore s®agiiB3ag394 n

anot her enbodi nent the optical data storage medium further conprises - a
second pl astic/resinous |ayer transparent for the radiati on beam opposite

fromthe first plastic/resinous |ayer, - a third recording stagk,
conprising a thi rd‘Fé@B?W%S?%%ﬁyert}@“%@p*‘Egémm%ége g%%rﬁ%&r ngitackecond
pl asti ¢/ maginBAUBick@4E larger tRanf tAY HEHh 08 ERT P theShaGKd &M rRhfg @ fourth
recording layer, said fourth recording stack bei ni; present at a position
nore renote from t he sewadmgtipallysitansparesi thenmal bamige Fayeh dntetpheedt beitween the
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| ar get t hedordihg nebdpinhistichfeoediwithfa doblefdaciisedos agfiadky 6Nthe8AF e sidedsecond
optically transparent thermal barrier |ayer, 1 nterposed between the third
recor di ndnpé{“gﬁk and the second plastic/resinous layer. In this way a double
sided optical 5 recording nediumis achieved with a double data storage
capacity of the single sided nedium The invention will be elucidated in
greater detail with reference to the 10 acconpanying draw ngs, in which

Fig. 1 shows a schepatic |.ayout. of enbodi nent. of g dual -stack opti cal
data storage nedi ﬁﬁ?é‘&‘@&?ﬁ%ﬁ’éﬁ P%elﬂgﬁéﬁegg?ﬁr,eaﬁr&?taﬂ‘@ rencg dpdvat i c

l'ayouy ofacadinSrlef dBRngSfin gyl - stack optical data storage medium
according to thé invention, 15 Fig. 3 shows a schematic | ayout of another

enbodi nent of a dodlg.d showed schimadticdaymk obm embbdinentofst drabgechepticainiata
accor di n%tt o) the(%.i nvent i.on arative exanple (prior art): In Figure 1 an
a

..Co
opti cal - ) lgﬁleacﬁ%rgfn@r%ofﬁgp%cor ding to prior art, for 20 recording
by means of a focused radivghiseienaRMubut 5f sNeMBoditiRat 6l sABk BFRM dathas a

storage medium according to the invention,
15 Fig. 3 shows a schematic layout of another embodiment of a double sided

dual-stack optical data storage medium according to the invention.

Comparative example (prior art):

In Figure 1 an optical data storage medium 10, according to prior art, for

20  recording by means of a focused radiation beam 9 is shown. The radiation beam 9 has a
wavelength of 655 nm and enters the medium 10 through a first plastic/resinous layer 1,
made of polycarbonate, transparent for the radiation beam 9. The medium further comprises a
first recording stack 2, comprising a first recording layer, being present proximate the first
plastic/resinous layer and a second recording stack, comprising a second recording layer, said

25  second recording stack 4 being present at a position more remote from the first
plastic/resinous layer 1 than the first recording stack. A transparent spacer layer 3 is present
between the first and the second recording stack having a thickness between 40 and 70 pm,
larger than the depth of focus of the focused radiation beam. The first and second recording
layer are azo dye layers. The first and second recording stack further comprise reflective

30 layers, respectively e.g. a thin semi transparent metal layer of 10 nm Ag and a relatively thick

metal layer of 100 nm Ag.

Examples (according to the invention):




wavel ength of 655 nm and enters the medium 10 through a first

pl astic/resinous |layer 1, made of polycarbonate, transparent for the

radi at i orwbeans®s2 The nedi um further conprises a first recondong3st ack 2,
conprising a first recording |ayer, being present proximate the first

pl astic/resinous |ayer and a second recofdi ng stack, conprising a second
recordi ng | ayer, said 25 second recording stack 4 being present at, a
position nore renofdigwsm anppticaldeta stoyags mediup 39 Holiewnayherein, acrdingie

first regardi t I en the
R P S LS S s
gm | ar fiest réchaling fteckdbmidhthe fiirdt ptastic/odsiddue 1dyec Usie dddeaidiv e aptichkedata The
first and second.recording . | ayer ar o.dye layers. The first and second
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thi n sengid./ A3 h BEkITES 6 20 B hd & debBsi % @RPuerii. Thé waky thick netal
| ayer of 1020 nm Ag. Exanples (according to the invention): W 03/083852
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medi um 10 as described with Fig. 1. The thernal barrier Iaée 1 mainly

b
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radi ation beam 9 during recording and/or read out. First recording stack 2
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may be deposité&d by spincoating or evaporation. A sem transparent
refl ecti vensitiveerdhesdiveARSA) (==0..D8vitlka thigkr@}s tfaddi AP0 ant Ahe kevosd rapbrdingim i s

resent between the first recordi ng.layer. and the r.Alayer .3 an
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t hi ckness of 40 - 70 m_ The second recording 15 stack 4 conprises, in this

order, aofprphescdihangscGeinEblagiey waxralbre: ars/-8i bz 4 Bihavingey thickness pf 1B pm
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record n%aving a thickness of 23 nm and deposited by sputtering, a reflective layer made of Al (n=
20 1.97; k=17.83) having a thickness of 100 nm and deposited by sputtering. A further substrate
5, made of polycarbonate (n = 1.58) and having a thickness of in the range of 550 - 650 pm ,
is present adjacent the second recording stack 4. The further substrate 5 has a servo
pregroove or guide groove pattern in its surface at the side of the second layer stack 4. In
another embodiment, a servo pregroove or guide groove pattern is present in the transparent
25  spacer layer 3, at the side of the second layer stack 4. The second recording stack 4
comprises, in this order, a write once recording layer made of an azo or cyanine dye (n = 2.2;
k = 0.02) having a thickness of 80 nm and a reflective layer made of Ag (n =0.28; k =3.8)
having a thickness of 100 nm and deposited by sputtering.
In Figure 3 a double sided dual stack optical data storage medium 30
30  according to the invention is shown which is compatible with the type D DVD-ROM
standard. Reference numerals 1, 2, 3, 4 and bl correspond to the description of Fig. 2. The
first transparent spacer layer 3, made of an UV-curable resin, has a servo pregroove or guide
groove pattern in its surface at the side of the second layer stack 4. Further substrate 5 of Fig.
2 is replaced by a coupling layer 6.



of a phase-change GelnSbTe alloy (crystalline: n =2.9; k = 4.8) having a

t hi ckness of 12 nm and deposited by sputtering, a second dielectric |ayer
made of 2Aw6/0%08885180 : 20) (n = 2.15) having a thicknessPofi/IB®/13m and
deposited by sputtering, a reflective |ayer made of Al (n = 20 1.97; k =
7.83) having a thickness of 100 rimand deposited by sputtering. A further
substrate_ 5, pmade qf polycarbonate (n = 1.58) and having a thickness of in
the rangén gfiednpm 30 EutieR£OMPLisesHr esent adj acent the second recording stack

4. The further SUbS%EéUoﬁ%éla@?@/r irREE Yfyer PriRGHS e&mfemﬁqmgnafwﬁ@ pattern
inits surface at the si e secC | ayet stack 4. In anot her

enbodi rrenpposlaemm/‘tbletﬂrsigﬂ@m/eemogdamlgroove pattern is present in the
transparent 25 spac e si de. of stack 4. The
second recording sfi ‘fl% gtﬁﬁﬁ%%c&zh ?OWHIﬁfrﬁg %&H@Fecoég%glltygg’ﬁggffr?@g? di ng
Iayersmgﬁw&a@ﬂh@ge@oﬁupwmemodmym’ 0. 02) having a thickness
of 80 rimand a reflective |ayer nade of A (n— 3.8) having a
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dual tack 0 [ on is
shown whi cﬁ?rcgggg Cr#pgﬁeb’il%&%se?%gt %ggstl&m I%%reﬁ\ﬂ% %Cﬁf?&lg%lg%&ég fglﬁ%&ﬂ%&'ﬁﬁ%&e
nurrer al s ldyer 2, thant}&taﬂdr&brcﬁﬁggtasmmd to the description of Fig. 2. The
first transparent spacer |ayer 3, nade of an UV-cugabIe res{iegfoﬁ?t S a servo

pregroove or guide- a@?%@éfaﬁﬁﬂatr@}*ﬁpﬁ%rlab’gr%m%eé‘t ¢ thirdeang;t t he second
| ayerst 2 epl aced by a coupling
Iayer10 q%(ggﬁg%%%gg\r%?ﬁ%%%%&fggﬂmgégit’h% @3 n:ijm 30 further conprises: -
a second pl asti c/ r eaisecnd olpayﬂty ﬂansparamsthmrmhtbarfrmr laykeb2, actegosainbdieean 9,
opposite fromthe first pla resi third recordi ng stack
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a fourth recording layer, said fourth Trecording stack 4° being present at
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range of Aficknesd 0800 — 300 pum. Depending on the thickness of the substrates 1 and 1’ and the
spacer layers 3 and 3°, the thickness of the coupling layer 6 may be adjusted in order to have

the total thickness of the medium 30 not exceed the maximum thickness as specified in the
DVD disk standard, i.e. 1500 pm. The thickness range of the substrate however is also

20  limited in order to prevent occurrence of excessive optical aberrations in the focused
radiation beam 9 used for reading and writing in the recording layers.

The pregroove (or guide groove) of the second recording stack 4 and the
fourth recording stack 4° may also be present in the coupling layer 6 in which case the
coupling layer may constitute a sheet of plastic with pregrooves on both sides. In this case,

25  spacer layers 3 and 3’ may constitute a UV-curable resin or pressure-sensitive adhesive
(PSA) without pregroove.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any

30 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 a claim. The word "a" or "an" preceding an element does not exclude the presence of a

plurality of such elements. The mere fact that certain measures are recited in mutually



- a second optically transparent thermal barrier |ayer b2, interposed
between the third recording stack 2' and the second plastic/resinous |ayer
1'. The |wapasssamsrd stacks 1', 2', 3', 4" and b2 are identiPcaliBo3n1394
respectively the |l|ayers and stacks 1, 2, 3, 4 and b2. Hence a doubl e sided
dual stack nediumis provided with 15 identical design on both sides
bonded taget her. by coupl.ing, | ayer. 6 which may_be a PSA with a thickness of
20 - 300 d%r@é Sepandert damsislecs potdndieals thet 2 coabuighian phihsse measyrs fanngh et he
spacer | r 3', the thickness of the coupling |ayer 6 may be
adjusted%%%igfgg?ﬁgg'have the total thickness of the nmedium 30 not exceed
t he maxi mum t hi ckndssordmgspéin ihivedionrantopécal defa storsge sedmdafod redording 8500 m
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pregroove (or guide groove) of the second recording stack 4 and the fourth
recor di ngompreds attleastenyfingt wooldingrtackepnmprnising e fitsd tgslording laxye bedgipresalti ch
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beam is dgggribed. The beam enters the nediumthrough a first 5

pl astic/resinous |ayer which is transparent for the radiation beam The
medi um further




conprises at least a first recording stack, conprising a first recording
| ayer, being present proximate the first plastic/resinous |ayer, and a
second r eworodiosagsst ack, conprising a second recording | apemr/Bsxid4second
recordi ng stack being present at a position nore renote fromthe first
plastic/resinous | ayer than the first re@ording stack, and a transparent
spacer { 10 between the first and the second recordlng stack having a
thlcknes§ AdMFer than the depth of focus of the focused radiati on beam A
first optically transparent thermal barrier layer is interposed between
the first recording stack and the first plastic/resinous |ayer by which it
is achieved that the nedi um does not or hardly suffer from stress
birefringence in the first plastic/resinous |ayer caused by the radiation
beam A doubl e sided version of the nmedium 15 includes a third and fourth
recording stack and a second optically transparent thermal barrier |[|ayer.
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clainmed in any one 0
interposed between the first recording stack and the first plastic/resinous layer.

2. An optical data storage medium (20) as claimed in claim1, wherein the first
15  recording layer is a write once layer and the second recording layer is one selected from a

write once layer, a rewritable layer and a read only layer.

3. An optical data storage medium (20) as claimed in any one of claims 1 or 2,
wherein the thermal barrier layer has an optical absorption k << 0.01 at a wavelength A of the

20  focused radiation beam.

4, A dual stack optical data storage medium (20) as claimed in any one of claims

1 - 3, wherein the thermal barrier layer has a thermal conductivity smaller than 1 W/mK.

25 5. An optical data storage medium (20) as claimed in any one of claims 1 - 4,

wherein the thermal barrier layer has a thickness in the range of 1 — 500 nm.



wherein the thermal barrier layer has an optical absorption k << 0.01 at a
wavel ength ? of the 20 focused radiation beam 4. A dual stack optical
dat a st orwge3meissum (20) as clained in any one of clains PCTAB®/o1dkier ei n
the thermal barrier layer has a thermal conductivity smaller than 1 WnK
25 5. An optical data storage nedium (20)9 as clained in any one of clains 1
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t hi ckness 1 n the range n optical data storage nedi um (20)
as clainmed in any one of clains 1 - 6, 5 wherein the thermal barrier |ayer
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at least: 10 - a second plastic/resinous |layer (1') transparen r the
radi at i oriiSedifA2( 9licon epyposile and sibeantdxddd.i r st pl astic/resinous |ayer (1), -
a third recording stack (2'), conprising a third recording |ayer, being
present proximte the second plastic/resinous |layer, - a fourth recording

stack (4', conpri simgptival @itd ttbrage edding (3 J)AY 8laimS@irtardyeof cladkis [ €¢0r di ng
stack being present at a position nore renmdte fromthe second

pl asti c/ rE&rHB ke mpdipeyfurthen compiises #Hdeaski rd recording stack (2'), - a
trangparent spacer | (1adkicREL 4 Dl t faurth, recordi ng
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radi at i oroppesite from tleefimnplagptiedabisylayergdhspar ent thermal barrier |ayer (b2),

i nterposed between 20.the third recordi ng.stack and the second .
pl ast Ip c/resinous | a—_ﬁégl_ré recor(ﬂng stack (%Q), comgrlsmg a third recording layer, being present

proximate the second plastic/resinous layer,
- a fourth recording stack (4’), comprising a fourth recording layer, said fourth
15 recording stack being present at a position more remote from the second plastic/resinous
layer (1) than the third recording stack (2°),
- a transparent spacer layer (3”) between the third and the fourth recording
stack having a thickness larger than the depth of focus of the focused radiation beam
- a second optically transparent thermal barrier layer (b2), interposed between

20  the third recording stack and the second plastic/resinous layer.



