8 September 2006 1 Dual Stack Optical Data Storage Medium The invention relates to a dual stack
optical data storage medium for recording and reading by means of a focused radiation beam entering
the medium through a first radiation beam entrance face, said medium having &Seastiddirg086bstrate
with on at least one side of the first substrate: 5 - a firgt layer stack, comprising a first information
layer, a second Iayir stack, comprising a second information layer, said first layer stack being present

at a positidfVefodar St RFaRAEE NS H BRtrance face than the second layer stack, a first

transparent spacer layer between the first layer stack and the second 10 layer stack An embodiment
of an optical recording medium as described in the opening paragraph is known from Japanese
Patent Application JP-11066622. 15 Digital Versatile Disc read only (DVD-ROM) has proven to be a
very successful optical storage medium. The 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). A write once and/or rewritable medium which is compatible with the type A and type C
DVD-ROM standard is igblindesiabielafdriberdnar stazidoplidet sistaddthyerataniuah toe singtérmtack
disk (type B; data capacity = 9.4 G ggand a %ouble-sided version of th .duaﬁta%ﬁ di ksétype D; data
capachy <9 BYLS HESE 860, Fu0bs ARG ST B RO S atble with the
DVD-ROM siaiidarteane drighiy e esicabied iRelemnthaainew: feimatihiessobammintidciicadtdalied Blu-ray
Disc (BD) with even_a higher storage capacity. This system uses a blue radiation beam wavelength
and a relaﬁ\l}glfll?lﬁgcﬁ %55 gﬁ%%@éﬁa erture of the focused radiation beam. For this format also write

once (R) and rewritablex (R¥V)ayersiork, wihiyeiviwd deednFantitosinglesstack DVD (type A) a
compatible recordable format %[f(lVD+R %nd a nearly com at'blefrewrtitab:le format (Pvth;RW) have
been defiried. For the dd&CSeAEK R e SOBP B UBrApSHBRS JUSILRRIR B¥Shatie BV IRER) medium
based on dyelntriagalisSteptepbaicz0fose ts destirdesdiativorbpaapetlishedicanbpeahncPatent
Application no. §%0752 6k7 (PHNLO20086) filed by the present applicant. A dual-stack rewritable
DVD(+RW) medidhi S

a first transparent spacer layer between the first layer stack and the second

10 layer stack

An embodiment of an optical recording medium as described in the opening
paragraph is known from Japanese Patent Application JP-11066622.

15 Digital Versatile Disc read only (DVD-ROM) has proven to be a very
successful optical storage medium. The 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). A write once and/or rewritable medium which is compatible with the
type A and type C DVD-ROM standard is highly desirable. Furthermore, a double-sided

20  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 and/or
rewritable media which are compatible with the DVD-ROM standard are highly desirable.
Recently a new format has been introduced called Blu-ray Disc (BD) with even a higher
storage capacity. This system uses a blue radiation beam wavelength and a relatively high

25  numerical aperture of the focused radiation beam. For this format also write once (R) and
rewritable (RW) versions will be introduced.

For the single-stack DVD (type A) a compatible recordable format (DVD+R)
and a nearly compatible rewritable format (DVD+RW) have been defined. For the dual-stack
DVD (type C), a compatible dual-stack recordable DVD(+R) medium based on dye materials



is also feasible, but it seems that such a medium cannot be made compatible with the DVD- ROM
standard, because of the limited reflection and transmission of the rewritable materials, 5 e.g.
phase-change materials, that are used. The increase in data capacity of a dual&sagkeNEHR06
compared to a single- layer DVD+R and its compatibility with read only standards are clear
advantages. Hovv,%ver, a disadvantage is that it is rather cumbersome to Brovide such a disc with

prerecordet HSEA DR KR OARR SR IRSELRUS M & BBLGIER Ah I8t g etwritten. 10 It is an
ohbject of tmpmwgmmﬁ@ ﬁ[é??iﬁ&etﬁequab@b}aﬁfsplaﬂﬁﬁgﬁ@iﬁﬁbﬁwﬁ%m&dﬂﬁmmeélWPaﬁéﬁﬂﬂﬁréeﬁ in

the opening paragraph which is compatible with a dual stack ROM version of sali ium and has a
rewritable %&%8 e&ﬁ&é&obamws%ﬁa&%u%&%B?é%gaém%%&%%%aﬁemw f@&%‘éa-storage
medium agoMingntaiheduastiontidichiisccharacienizad tatbati shieditsttfesmationlayeedaione
selected from the group of types consisting of a read only layer and a write once layer, and that the
second infornk: 8?‘1'?% AR RS ’et@f’éd“f?d}%eawe group of types consisting of a read only layer, a
write once layer and a rew¢itableakryardanddpadithe typiuof she liBViDiRoatipartay sy isegldifferent

from the type oé%t(l@s con(ﬂ.informati n layer. and that the first radiation beam entrance face is in a
frst protectiVEl Ver 1Ry B GUDSPREHBH A Hrdt atiSUhARan K ek £ FAE HCOM S e IRAEYE roblem
with a duaistakiegertahle it.8. ratlite onedcrmadim psovide pretesdised ithgaapatyrdatadanhich a
manufact#l%]er ould deﬁ?ire tqgguhon such a rﬁgqium, have to be written sequentially medium by
medium. lf?%%ﬁ?éﬁﬂ QLW R/ %St?ﬁﬂ%\?ia 8 ﬁ%(éaﬂlfﬁ%%ﬁéﬂ%mrgﬁél‘of the first and second
infornation layers is a read only layer with preembossed information as, e.g., in a normal DVD-ROM.
A further problem is that an end user who desires to add his own information will not be able to erase
this information anymore. Applicants have further recognized that with a combination of different types

of recording layers accaditdigntotijeetiovartiondhsti s passidie tnalchiekeoptRAldised stacigenedium

compatible W(Ilth thefd[HaI }?ééerg élzltsta%ﬂ DVD ROM standard, It . mgortant f%feco#lnallzc? grllat the first

. . 1um o t 1 n, the opening paragraph,w compalible wi u .
|nformat|or11nFayer cCannot aTaWntsoIe Iayer%eca%ge at%aﬁl{he requirements on effective reflection,

i.e. compaiibtd Rifivadugibatat kaRiOMdiensian] hat hotiwsiabks matioatddecarbdinypunien A suitable

rewri{gble layer has too H{Se cHJticaI tr@;gasmifgion i.eI tgo mu%lg: ael%sﬂ%%gon in order to achigeve this

compatibility. E.g. an 8 eptgn’\%‘étrl% e§elmﬁ'oart’%lﬁéf psaar%kmoé’ter of the fﬁ%g&rﬁ "REVCEENdard is

the reflectitdtshefihensiaragi@ch is characterized in that the first information layer is one selected from
the group of types consisting of a read only layer and a write once layer, and that the second
information layer is one selected from the group of types consisting of a read only layer, a
write once layer and a rewritable layer, and that the type of the first information layer is
20  different from the type of the second information layer and that thefirst radiation beam
entrancefaceisin afirst protective cover layer separate from thefirst substrate.
Applicant has recognized that the problem with a dual-stack recordable, i.e.
write once, medium is that prerecorded read only data, which a manufacturer would desire to
put on such a medium, have to be written sequentially medium by medium. This problem is
25  solved by providing a medium wherein one of the first and second information layers is a
read only layer with preembossed information as, e.g., in a normal DVD-ROM. A further
problem is that an end user who desires to add his own information will not be able to erase
this information anymore. Applicants have further recognized that with a combination of
different types of recording layers according to the invention it still is possible to achieve a
30  dual stack medium compatible with the dual layer (= stack) DVD ROM standard. It is
important to recognize that the first information layer cannot be a rewritable layer because
than the requirements on effective reflection, i.e. compatible with a dual stack ROM version,
of both stacks cannot be met anymore. A suitable rewritable layer has too little optical

transmission, i.e. too much absorption, in order to achieve this compatibility. E.g. an



layers, which must be between 18% and 30% for each of the two layers. Consequently, the first
information layer closest to the radiation beam entrance face of a compatible DVD+R+RW medium
should have a high transmission, sufficient reflection and low 5 absorption. Theg8&gpitenisecandse met
for a write once layer based on e.g. dye materials or a3 read only layer, but cannot be met for a
rewritable Jayer, which has a relatively high optical absorption. In other words, the first information
layer is a WHRYSHUEEA Aeaps f@agzmég@w it M STavaN ISWSBSOTEHYY Riy8F SIY888 only ROM
layer (low plyseypiiaih whiethBetsaean nfarmationiiryaciso fialativelyybightyorstgetiveyrangitable
layer, e.g. based. on 1Q pf\%zg-change materials or other erasable mateyials like magneto-optical
materials. IF'ShB{EME HoLREHTISE fﬂéﬁﬁﬁ? 1BHER PsgRt %VW%%F 18} 8R4 P atively low
absorptionV [heR radia e heash iy alergthisisuiabiassio thatfihienvrificerioa iayebaf the invention

is not restricted to dyﬁélayers. Recently, there is a tendenc;((ﬁto u%]eégaective lenses which have a
r

|
relatively HIGFPHRIARHEATSTSEHER SRIAYFSPIbtUInyg I PSGisSh O dYa PR HAS S Aaller
optical spatidishyaigwrs tuhighescadandensity rdvati vk Sygtenyitiéh pesfe iaatitecl foeigh tiricatiation
beam through a relatively thin transparent cover Ialyer Pf the order, of som§ tens, ofgilli eters or less,
.9 100m AFHUTAI LB TR s i S BRI AT BT Ty BISRAKE Lo 0L QAP ARl spot
less suscegpiihle telaptitallabvesstipnobylijeobilieadpiisaROdiuneainchWuthapthal) (hehibjgetive may
have a relatively small focus distance with 20 still enough free Workirlljgéetijstance( WD) for the
objective 15 IMABOTRAI0 B BRI ot tHE L CAH RS A SVt el S0 8P The
advarnagephhssichadgoeditenals traithalkafsdidediskaapatity caieo-ewiite maAeviaty. Prdiousing
application is e.g..the yse of a write on epéaR) + rewritable Q?W#)dual-stac? EVD medium for storage of
e.g. high-guiaiRiAdR \?.H§ SVEHOPSR RS I AR AT BYEHEIE & SAASHYIR ARt A Be be
stored on thdiuiite nnce Jayeicant it redubkohhy tatalcapacitynatsaypadiitionithe rewriiabie layer,
while the editing and/ rscene s lection information can bc-f\ storeq)an rewritten, j.e qan be easily
moditied, GF HE TN Sy e e B ol 7 Ghasees Rt B R SR R Ui edtiting
software melytbe: yrovitedionracseaptanty [2yL)Y fantbtheieg cho sediptibs bisowhhiawnatdtsral on the

rewritable la and edits it with.the 30 sof e, after practisi ith some examples d
o T S S B T e R e S SR R ¢ et in

order to sdvewspheeadihtoprbposeahromghmpldaisvetympaiitvtaspittetine dype 5 dD Wi OMestaindand, which
implies that 1.can B REYS SPRSK 2% 0P DrRIAYRAANLEY ResAds AR, 7906 4
layer makes the focused optical spot less susceptible to optical aberrations by tilt of the
optical medium and further that the objective may have a relatively small focus distance with
20  still enough free working distance (FWD) for the objective to operate.
In an embodiment the second information layer is a rewritable layer. The
advantage of such a medium is that half of the disk capacity can be rewritten. A very
promising application is e.g. the use of a write once (R) + rewritable (RW) dual-stack DVD
medium for storage of e.g. high-quality home videos. The raw video material, e.g. from a
25  portable camcorder, can be stored on the write once layer, and if required by data capacity
also partly on the rewritable layer, while the editing and/or scene selection information can
be stored and rewritten, i.e. can be easily modified, on the rewritable layer. Or alternatively, a
prerecorded example movie with video editing software may be provided on a read only layer
and the end user puts his own raw material on the rewritable layer and edits it with the
30  software, after practising with some examples, and subsequently records the edited version
on the rewritable layer. The raw material may be erased in order to save space. The proposed
example is compatible with the type C DVD-ROM standard, which implies that it can be
played back on any DVD-player and DVD-recorder.



In yet another embodiment the medium further comprises a second radiation beam entrance face
opposite from the first radiation beam entrance face and a third layer stack, comprising a third
information layer selected from the group consisting of a read only layer and a 8\8itptemnberlages, a
fourth layer stack, comprising a fourth information layet 5 selected from the group consisting of a read

only layer, a write once layer and a rewpitﬂfg?le layer, said third layer stack being present at a position
closer to the second radiation b&aF' GRIAREETROHASH the %@mfv‘a@fm@@s&aﬁa% sparent

spacer laygidpgtuebsthethiacdayes shpokientdhario il layenrisiaskaanththattadypsds thedhird
information layer is_different from the type of the fourth information layer. 10 The maximum data
capacity o SiffieksresePHsetd E%H{%?&F‘aﬁf’élé%éff’éé@eﬁ‘iéaf ﬂ’?’i%ﬁ?n%ﬁ%‘&? £ 1BEEB T8 DVD. In

order to stengytw@erensdans ticconiveVis én, R Ydardorayat, stack dingeidiaefe atuies irforangticiSayerg. a
full-screen and wjde-screen version as.is commonly daone for mavies distributed,in the U.S., 8.5 GB of
storage ca af%ﬁ{ﬁfi TBh A YRSIRERRS Pha st e B atiBIE o5k Qg i StE R Sptical
recording mageliugiid thirethiyn ek dpasepkeihie propostidmadismdsicosspatibledmtivitdeaad only

version, e.g. the type D DVD-ROM standard and consequently has a doybled total storage .capacity,
e 170 TGS R Hb RS BUBEO N b SO Lo SUE GUeT KB4l SeH U B68 mediam

may consiiyef s iviiie hiedeirtormyationdayais aadihwayienoitalel ehinformationdayRkgerésg.
DVD+R+R§Y,V The two r Writabl%Jaﬁ/ﬁ/eis aree.’IU(])IIcated.in getween the write once layers, for 20 reason of
difference ]iﬁeéfﬂltc PBH) e e gfﬁlé ?gi.r)llaet,loél. ?Bbeﬁase-change, and write once, e.g. dye
mater(als, as described ahowexmenotirecapiie gt lsiypgis-sidddmebfttvk sptivitabla layeigcan be

accessed from one side of the disc, ile th er two layers can be accessed from the side of
s ahoe R e S S R e S S e p e P
second radiation hedidiaptecateddaoes ave onehbstirst @ndfallsecead subsitkiscraspeatiualyasliz a special
embodiment the secqnd radiation b .entrance, f is in the first substrate and.the first radiation
ot ontr AP EIAIS (015 LR RE M AR L NS AP o Sanemd bSO AP BalF RRERS

embodimeint effioieine 3 lzcrefait/e olapadeksiyutiss stat b fdrmail3epanad nesidmghibénimedium with a

high Flsens?{reaual stack formc?t#n the oth%r side. E.g.c% coq}%ned EVD / %E())hin another emphodiment

LI 1S proposed. € Proposed meaiuin a ¢ with 1ts re A% OoNn..c.g. s
the secon dlélﬁonpoe%m en ange aceilsina seconcfn rotective coverlayer ngr e flrs% raglatlon

beam entrapecido¥ s ROMissiploteatile @sequelaiehsepdrald fdootdtha dirsiestipatiage clp thidcase

protective ER'H é?i Sot e t Ir)ee%{}bQRB%hThe double-sided dual-stack optical data storage medium
may consist of two write once information layers and two rewritable information layers, e.g.
DVD+R+RW. The two rewritable layers are located in between the write once layers, for

20  reason of differences in optical properties between rewritable, e.g. phase-change, and write

once, e.g. dye materials, as described above. One of the write once layers and one of the
rewritable layers can be accessed from one side of the disc, while the other two layers can be
accessed from the other side of the disc.

In case of the dual sided dual stack DVD-ROM compatible embodiments the

25  first and second radiation beam entrance faces are in the first and a second substrate
respectively.

In a special embodiment the second radiation beam entrance face is in the first
substrate and the first radiation beam entrance face is in a first protective cover layer separate
from the first substrate. This embodiment combines a relatively low density dual stack format

30  on one side of the medium with a high density dual stack format on the other side. E.g. a
combined DVD / BD.

In another embodiment the second radiation beam entrance face is in a second

protective coverlayer and the first radiation beam entrance face is in a first protective cover

layer separate from the first substrate. In this case protective cover layers are present on both



8 September 2006 5 sides of the dual sided dual stack optical data storage medium. At least the first
substrate is present between the second and the fourth layer stack. A second substrate may be
present adjacent the first substrate. The latter may occur when the the two sidésSepthiatrae2idom are
produced separately and connected together at a latesstage in the production process by 5 bonding
the first substrate to the second substrate. For an optical data storage medigm compatible with the

dual stack FYDRBRAG StRE AHGh TRERIRISH CHBrRICRST IBGEIWBR Y Setiesdin !¢ dSat a

radiation beagnwaeienotie ebegnir aximately oo Ayw: fraskan péisad dabarsierags Brgshesancompatible
with the dua] stack BD_10 s%ecificati%[% he effective reflectio%le\éel of the Sta%;ﬁ ranges from 0.04 to

0.08 for dSIARPEMEDRARENEF 15 {Bt.tfﬁ‘fl?rys‘?ﬁ&‘t‘é-?‘é%’r BUWY A% 8146 MSELIR #Svelength
of approxigagdaledOspanneoin dontdersidedapdical datarsiamga medisaucaspaiblswih the dual
stack DV -R%\l/l on ?ne side and thquual statck BD specification on the other side the effective 15
opticat reflRRBOHSNEI EFHIREHAG A BE SRS It least 0.18 at a radiation beam wavelength of
approximately 655 nm ang theoptfestivaontealy afteitionclavphoblhe it edehl faucthB1a0KIO B least

0.04 at a radiatjon beam wavelength of approxi ly 405 nm. 20 The invention will be elucidated in
rontor JotRTE PRI O L BTAS e CRAOUSHE T Rch el o ARSI R hace fayout
of an embedivetnizti afdipplstankteptiess daia storage medium according to the invention, Fig. 2
shows a schematic layout of another embodiment of.a dual-stack optical 25 data storage medium
ocording © he e Ao e R e R R ot AT e dual
stacK opticqlediHfiaasioiabe sffectivenraticotiding tel thethavemtionahigs 4rehoiv8da s O faiiddalout of
another embodi t aéi t#e sid ‘? dual-stack optii ciﬁta storage .medium accoyding to.the
 ention, Bn B b e S R S e, SN aRdh e
means of agpeusedtaddiddonbeam 29 is shown. The radiation beam 29 enters the medium 30
through a frst radiation pearm,Srufance ss 2k I Med MRS S Sast St B ale 8 Sgptember
DVD-ROM on one side and the dual stack BD specification on the other side the effective
15  optical reflection level of the first and second stack is at least 0.18 at a radiation beam

wavelength of approximately 655 nm and the effective optical reflection level of the third and

fourth stack is at least 0.04 at a radiation beam wavelength of approximately 405 nm.

20 The invention will be elucidated in greater detail with reference to the
accompanying drawings, in which
Fig. 1 shows a schematic layout of an embodiment of a dual-stack optical data
storage medium according to the invention,
Fig. 2 shows a schematic layout of another embodiment of a dual-stack optical
25  data storage medium according to the invention,
Fig. 3 shows a schematic layout of an embodiment of a double sided dual-
stack optical data storage medium according to the invention,
Fig. 4 shows a schematic layout of another embodiment of a double sided
dual-stack optical data storage medium according to the invention.

30

In Fig. 1 a dual stack optical data storage medium 30 for recording and reading
by means of a focused radiation beam 29 is shown. The radiation beam 29 enters the medium

30 through a first radiation beam entrance face 21. The medium has at least a first substrate



6 la with on at least one side of the first substrate la a first layer stack 2, comprising a first information
layer 3, a second layer stack 5, comprising a second information layer 6. The first layer stack 2 is

present at a position closer to the first radiation beam entrance face than the seSuptctaper 2086k 5. A
first transparent spacer layer 4 is present between thedirst layer 5 stack 2 and the second layer stack
5. The first information layer 3 is a writﬁ once layer, and the second information layer 6 js a rewritable

layer. The ¥hTHEuRRERISHTTH A5 108 ideadusts RsHHYfel AdLHs SR FRE L aRIPHLBAD Bt groove or
guide grooyigopatigsn inyts suifasad theersiaelob fhedipsisiager slaskd3mothistivads &f payearbonate (n
= 1.58) arg)% has a thickness of 10 580 m. The servo pregroove is used for guiding the focused
radiation bea aé'grcﬁﬁ?ﬁ%zrésc%ﬁ’ifﬂﬁ A PSP TRAY ?Iiitf?§gf'a 5 Sidiation dsaR RRIGRES @faecﬂ"%mprising
a first infofiisatiesnkhysics $11ak 6 of dityaning syatahada tyedn s grésdarbetdphand iy« thjekness of

90 nm, The dye may be deposited by spincqating or.eyaporation. A semi transparent reflectjve layer
of A B = 555, A0 HEOTAD B Aot S8 DS 0 TG BN A T AL A8t Tayor 3

and the spheektaydridfantdatepasiiathy ergwspabienngr Iiecliisb damspaat spacerdayasséds made
of an UV-curable Efsi. or a pressure-sensitive adhesive (PSA) (n = 1.5) with a thickness of 40 - 60 m.
The second BYET S¥5k 5 comprises, in this order, a first dielectric layer made of ZnS/Si02 (80 : 20) (n

= 2.15) having a thicknessbefrdd3 atimsand denasiac by apuitesing @ cauritabla igcaidicg sayes made
of a phase-cha 20 GeIlnSbTe alloy (crystalline: n = 2.9; k = 4,8) haying a thickness of 12 nm and
epositor B ST, A1SbtHh SAIMAR R 5 8 R DSRS0 (0 258t B S Hasing o
thickhess $F@@nnMiansdenasiiashby ispiste inggddeffabiviodayeal méadedaf hin 20d0Mnk = 7.83)
having a thickness of 100 nm angr?egtog%ited b%/sE%utterin tA second substrate Ib, fa(t'je of
polycarboﬁ%%rgﬁn«_g e ARG R RS ot 8 80 H GO Bre St SORRER MRS Bond 25 layer
stack 5. Thefstibsfi@idafehasmadesia pyaginodecasrgizicldygraove patterd 0l hsuirfgaaldtkiigsside of
the second r st 5. The listed optical parameters.n and k are for k =655 nm which is the

1 jayg stag 6 chosited B P

radiation beam” wave een%’fﬁ e gac} SRS LRE ?rraﬁg%ﬁ%@ié%na‘r%:s Sy aﬂfg? Stalck 2: 30
Reflection i lgcti2Ol206r df ans(misHA (kI3 64 Hbdakpftedtiveneiedtidmiiasplitstdapernsiackh?: = Rl =

20'2%/% Seﬁrosqqnlﬁmaaﬁtgf E(a}51ér 3 and the spacer layer 4 and deposited by e.g. sputtering. The first
transparent spacer layer 4 is made of an UV-curable resin or a pressure-sensitive adhesive
(PSA) (n = 1.5) with a thickness of 40 — 60 um. The second layer stack 5 comprises, in this
order, a first dielectric layer made of ZnS/SiO2 (80 : 20) (n = 2.15) having a thickness of 135
nm and deposited by sputtering, a rewritable recording layer made of a phase-change

20  GelnSbTe alloy (crystalline: n = 2.9; k = 4.8) having a thickness of 12 nm and deposited by
sputtering, a second dielectric layer made of ZnS/Si02 (80 : 20) (n = 2.15) having a thickness
of 23 nm and deposited by sputtering, a reflective layer made of Al (n=1.97; k =7.83)
having a thickness of 100 nm and deposited by sputtering. A second substrate 1b, made of
polycarbonate (n = 1.58) and having a thickness of 580 um, is present adjacent the second

25  layer stack 5. The substrate 1b has a servo pregroove or guide groove pattern in its surface at
the side of the second layer stack 5.

The listed optical parameters n and k are for A = 655 nm which is the radiation beam
wavelength. The calculated reflection and transmission are:
First layer stack 2:
30  Reflection (R1) =20.2%
Transmission (T1) = 64.1%
Effective reflection from first layer stack 2: =R1 =20.2%

Second layer stack 5:

Reflection (R2) =49.1%




Reflection (R2) = 49.1 % 8 September 2006 7 Effective reflection from second layer stack 5: = Ti x Ti
x RI = 20.2% The effective reflection of both layers is in full compliance with the DVD-ROM standard:
18%<R<30%. 5 In Fig. 2 a dual stack optical data storage medium 30 for recordiSgpanidtraatiing by
means of a focused radiation beam 29 is shown. The fadiation beam 29 enters the medium 30
through a first radiatiogn beam entrance face 21. The medjum has a transparent cover layer Ic. On a

first substratE RS prHSENP A firdh REYBRALAXR"S 4t mprisinb % fitst Takormtich layer 10 3, a second layer
stack 5, cornprsiagiasreriad dnfermatianyiayeas & funecbrsplayiee siabkhe b VIDEREN atampagition closer
to the first r g/'ation beam entrance face 21 than the second layer stack 5. A first transparent spacer
layer 4 is plrgé’eﬁleeIw én the first layer stack 2 and the second layer stack 5. The first information
layer 3 is a write once layer, and the second information layer 5 is a rewritable layer. The embodiment
will now be discussed in more 15 detail. Cover layer 1 c is made of an UV curable resin and has a
thickms-:ss of 100 pm and may be applied by spincoating and subsequent UV curing. First layer stack 2

is a write once stack com piiging adirsttidioopatiniiay efodagradeddiarn o ante agmemd feadng; K =

rantparolt AETB AL yBHSeE i DB T B R t0f REF AN ROk AT 4 IEKIBES of 20

nm, are prasemtionghvetnthaifinsdiesmaionilayeic andithe mpacei Hayetdapdrbetueen Hmeifirst
information layer 3 and the cover layer 1 c. These layers are deposited by.e.g. sputtering, The spacer
Jayer 4 is rhdedh QR UVRGHBILSHIF S5 hAE A ARk of FOIH RS RS PGB bitiEhn 1o
present in 3he fustitblagpaseiskshacaipayeipd 26cahdhia fiaeatb thiaeans fakehisbley21ayrk Tl second
layer stack 5 corp trises,.in thii order,tﬁ ?Jrstt digglectric})la er made og ZnéiSiPOZ %ﬁo : ZOMQ =2.2)
having a tAERAESE SRS HAT St hEp DS ) LptitR ﬁ%rf‘&‘?g\%%ﬂ% fEracSPAThG Tal&P Raleds a
phase-chanae Ge ST eallpyrdaryptakingyar= is présenBizheatnyeafikickpesstafklB ama thad
deposited by sputtering, econd.dielectric layer made .of ZnS/Si02 (80 : 20) (n = 2.2) having a
(mokness PP Ah OIS dar DS 05 CHURGHIN VS AR BB RgE SPALT TS D K 2.1
having a thidknassonfldy0 fiiv ancyvdrgadsitegehyTHputiesoiimEhewilshsublstrdiedssesimadecof
polyclasrbora%gﬂ(n = 1.58) and has a thickness of 1100 pm and is provided with a servo pregroove or

guide groove
Cover layer 1c is made of an UV curable resin and has a thickness of 100 pm

and may be applied by spincoating and subsequent UV curing. First layer stack 2 is a write
once stack comprising a first information layer 3 made of an organic pigment (n =2.4; k =
0.02) having a thickness of 50 nm. The pigment may be deposited by spincoating or

20  evaporation. Transparent dielectric layers of e.g. Si02 (n = 1.5; k = 0.0), not drawn, both
having a thickness of 20 nm, are present between the first information layer 3 and the spacer
layer 4 and between the first information layer 3 and the cover layer 1c. These layers are
deposited by e.g. sputtering. The spacer layer 4 is made of an UV curable resin and has a
thickness of 20 um. A servo pregroove pattern is present in the first transparent spacer layer 4

25  atthe side of the transparent SiO, layer. The second layer stack 5 comprises, in this order, a
first dielectric layer made of ZnS/SiO2 (80 : 20) (n = 2.2) having a thickness of 50 nm and
deposited by sputtering, a rewritable recording layer made of a phase-change GelnSbTe alloy
(crystalline: n = 1.5; k = 3.5) having a thickness of 13 nm and deposited by sputtering, a
second dielectric layer made of ZnS/Si02 (80 : 20) (n = 2.2) having a thickness of 17 nm and

30  deposited by sputtering, a reflective layer made of Ag (n = 0.08; k = 2.1) having a thickness
of 120 nm and deposited by sputtering. The first substrate 1a is made of polycarbonate (n =
1.58) and has a thickness of 1100 pm and is provided with a servo pregroove or guide groove

pattern at the side of the second layer stack 5.



pattern at the side of the second layer stack 5. 8 September 2006 8 The listed optical parameters n
and k are for k = 405 nm which is the radiation beam wavelength. The reflection and transmission are:
First laver stack 2: Reflection (RI) =15% 5 Transmission (Ti) = 65% Effective reflggiiembardirst layer
stack 2: = Rl =15% Second laver stack 5: Reflection §R2) = 29% Effective reflection from second
layer stack 5: = Ti x Ti X Rl = 12% 10 The effective reflection of bo h-Iaéers is in full compliance with

the single-Tifel B9 PR AR eEIs4nd K aoi i 143 Mnavdbeibis LR BESNRSER optical data

storage megikes@is Bhowhedboaampatiieniitvinadype D DVD-ROM standard. Reference numerals
la, 21, 2, 3, 5, 6 correspond to the description of Fig. 1. The first transparent spacer layer 4 is made of
an UV- cu%ﬁ%ﬁ%&as a servo pregroove or guide groove pattern in its surface at the side of

the seconRigyatisiack 15.-Suystrate Ib of Fig. 1 is replaced by a coupling layer 12. The medium further

comprises_a second razi ion heam entrance face 22 opposite from the first 20 radiation beam
entrance fAGEST SR ﬁé 5501(?

in d reading in a third layer stack 7, comprising a third information layer
8, and a foEftictayerestagtod Graamipisingradakrth infRimatisy layer 11. The third layer stack 7 is

present at @ position closer to the second radiation beam entrance face 22 than the fourth layer stack
10. A sec “Spacer layer 9 is present between the third layer stack 7 and the fourth layer

stack 10. Tedltayers@29 st2aks Ib, 7, 8, 9, 25 10 and 11 are identical to respectively the layers and
Sides bon A2 TSR ISR A0 S5 N ey b AT 4 thicknes of 20 300
Depdandingraea é¢hfectivicko@ssioh thebstibstyatesslinautl doaptiaine spdcerdaisisdagandBl) R@thickness of
the coupling laye : }44ma be Q}'(J)Jsted in order to have the total thickness of the medium 30 not 30
exceed thétgﬁ’ggﬁiuéﬁncéneé as specified in the DVD disk standard, i.e. 1500 m. The thickness
range of the substrate however is also limited in order to prevent occurrence of excessive optical
aberrations in the focused radiation beam 29 used for reading and writing in the information layers.
In Fig. 3 a double sided dual stack optical data storage medium 30 is shown
15  compatible with the type D DVD-ROM standard. Reference numerals 1a, 21, 2, 3,5, 6
correspond to the description of Fig. 1. The first transparent spacer layer 4 is made of an UV-
curable resin and has a servo pregroove or guide groove pattern in its surface at the side of
the second layer stack 5. Substrate 1b of Fig. 1 is replaced by a coupling layer 12. The
medium further comprises a second radiation beam entrance face 22 opposite from the first
20  radiation beam entrance face 21 for recording and reading in a third layer stack 7, comprising
a third information layer 8, and a fourth layer stack 10, comprising a fourth information layer
11. The third layer stack 7 is present at a position closer to the second radiation beam
entrance face 22 than the fourth layer stack 10. A second transparent spacer layer 9 is present
between the third layer stack 7 and the fourth layer stack 10. The layers and stacks 1b, 7, 8, 9,
25 10 and 11 are identical to respectively the layers and stacks 1a, 2, 3, 4, 5, 6. Hence a dual
sided dual stack medium is provided with identical design on both sides bonded together by
coupling layer 12 which may be a PSA with a thickness of 20 — 300 um. Depending on the
thickness of the substrates 1a and 1b and the spacer layers 4 and 9, the thickness of the
coupling layer 12 may be adjusted in order to have the total thickness of the medium 30 not
30  exceed the maximum thickness as specified in the DVD disk standard, i.e. 1500 um. The
thickness range of the substrate however is also limited in order to prevent occurrence of
excessive optical aberrations in the focused radiation beam 29 used for reading and writing in

the information layers.



8 September 2006 9 The pregroove (or guide groove) of the second layer stack 5 and the fourth layer
stack 10 may also be present in the coupling layer 12 in which case the coupling layer may constitute
a sheet of plastic with pregrooves on both sides. In this case, spacer layers 4 @Septenalyec@08tute an
UV-curable resin or pressure-sensitive adhesive (PSA9 without 5 pregroove. The calculated reflection
and transmission for k = 655 nm are: First Jayer stack 2 and third layer stack 7: Reflection (RI) =
20.2% Transmission (TH'S BFISY® EFrettifesransetiohhofird Yﬁﬁ.ﬁaﬂ%y%flgﬁat@ﬁ 28 = RI =
20.2% Sergoddayrrstack alanddpustadaiemstaskpldeRafieation (Rddir4A% kil dolfpativaaafiection
from second or fourth layer stacgg orl10:=TixTixRI= éﬁ%‘% The eféectlve reflectlon of both layers
s in full coRBIiERRS ifARRSEPHPRESG WillnAseerooss o LoHsiAes, T BiY ca5%: SRASTe Sl aual
stack opticaldaiastemgttmnediion3uablacsitnigpansuicading by aupess ofRsRrusediadiation
beam 29 is shown. The radiation beam 29 enters the medium 30 through a first radiation beam
entrance P Y¥he medium has a transparent cover layer Ic. On a first substrate la is present a
first layer staekacearegiisiitgtaRQritstiniarinadiofoleyer63,5maeamnd layer stack 5, comprising a
second mfrmaltlon layer 6. e first Ia ers ac%k 2 is present at a position closer to the first radiation
beam entranite face™2 £ ¢HeSed tyer-stack 5. A first transparent spacer layer 4 is present
between tlkeﬂeehdm(mstad(m%nd the second layer stack 5. The first information layer 3 is a write
once layer, and the se {1 d |rg tlon layer 5 is a rewritable layer. The embodiment will now be 25
discussedTﬁarW(Wésﬁg %’) )?er 1 c is made of an UV curable resin and has a thickness of 100
pm aod rﬂaﬁdwm&lf&dtmni’ﬁumﬁﬁimg &ndisluiaaeqatﬂm UV7euriRg.F@RRyer stack 2 is a write once
stack comgrising a flrst |nfr atip Ia er 3 made of an organic pigment (n = 2.4; k = 0.02) having a
thickness SF50H et SHtTay e tepc Sitec by spincoating or 30 evaporation. Transparent
dielectric IM&ﬁbe@\QSr@Q%m% 1.5;k=0. O) not drawn, both having a thickness of 20 nm, are
present b en the first.information laye the spacer. layer 4 betwegen the first information
layer 3 aneé:\ﬁ? e (1:\66{/ reer{'l ():/ om, ronil!}sigconé/l yer rlcéj layer ﬁacck Sor l%r. —apfjx %tl X ﬁ = 505%

The effective reflection of both layers is in full compliance with the DVD-ROM standard:

15 18% <R <30%.

In Fig. 4 a double sided dual stack optical data storage medium 30 for
recording and reading by means of a focused radiation beam 29 is shown. The radiation beam
29 enters the medium 30 through a first radiation beam entrance face 21. The medium has a
transparent cover layer lc. On a first substrate 1a is present a first layer stack 2, comprising a

20  first information layer 3, a second layer stack 5, comprising a second information layer 6.
The first layer stack 2 is present at a position closer to the first radiation beam entrance face
21 than the second layer stack 5. A first transparent spacer layer 4 is present between the first
layer stack 2 and the second layer stack 5. The first information layer 3 is a write once layer,
and the second information layer 5 is a rewritable layer. The embodiment will now be

25  discussed in more detail.

Cover layer 1c is made of an UV curable resin and has a thickness of 100 um
and may be applied by spincoating and subsequent UV curing. First layer stack 2 is a write
once stack comprising a first information layer 3 made of an organic pigment (n =2.4; k =
0.02) having a thickness of 50 nm. The pigment may be deposited by spincoating or

30  evaporation. Transparent dielectric layers of e.g. SiO2 (n = 1.5; k = 0.0), not drawn, both
having a thickness of 20 nm, are present between the first information layer 3 and the spacer
layer 4 and between the first information layer 3 and the cover layer 1c. These layers are
deposited by e.g. sputtering. The spacer layer 4 is made of an UV curable resin and has a

thickness of 20 pum. A servo pregroove pattern is present in the first transparent spacer layer 4



deposited by e.g. sputtering. The spacer layer 4 is made of an UV curable resin and has a thickness
of 20 m. A servo pregroove pattern is present in the first transparent spacer layer 4 8 September 2006
10 at the side of the transparent SiO2 layer. The second layer stack 5 comprise&sSuptishordena first
dielectric layer made of ZnS/Si02 (80 : 20) (n = 2.2) h&®ing a thickness of 50 nm and deposited by
sputtering, a rewritable recording layer made of a phase-change GelnSbTe alloy. (crystalline: n = 1.5;

k = 3.5) hatiHy SH5iQkARSTBSPEh AT BYSbSHEaSHSPLdURTNGK 5 SempriSidRiRCEErdnade of
ZnS/Si02 (@8t AOknis Rydrhanis®aAhkNess sy 1200 a2 depasitediiyisestering namraftective

layer made of Ag (n = 0.08; k = 2.1) having a thickness of 120 nm and deposited by sputtering. The
first substr‘éft‘Bofl?aF#;br%éB‘é“S’PB&;?c‘ﬁ% & fﬁcg‘ﬁ%zj%‘ﬂd’}?% 8@%@%&5@8?%%8’8%&%6% and is
provided withyaf1EA pregmave d5gidengrodvekpaiernidtiheasidlacpbine spgepaayes stack 5. The
medium 30 further.comprises a 10 second radiation b entrance face 22 opposite from the first
radiatfon bseegﬂ?'% it %erﬂagﬁ&%%ﬂ%%?ﬁ@é@??&%f&%ﬁ&g S RO TEger '
selected fragpdie@isuspeainsigtingedbarand wrlynirivasfang @ wiotesymce tayeliaving a fitukietsyer stack
10, comprising .a fourth information layer 11 selected from the group consisting of a read only layer, a
write. one oS AR AR Ty B i ey GERERTF DB Ry SRR Lloser to 15
the second sgjiatio hheai ciicanceatane @3 tham thel iyibvidyernsihckstd; aped @ saeondgiiansparent

layer 9 bet the, third | tack 7 and the foyrth | t . The type of the third
formatiof B9 BHCHTABACIHS G DRSS RO T A Byl Sk SHEBHAStbstate o i

preseot. Thesedontlaasiditambeanmentapd? gae dtisimahsetonadiviecteeneveadayertdck The
eopechve PRI EAIEREIL 18,810, et hed iRt uste pumpds e
bonded togeﬂggtibg kﬁmmd’m&y&ﬁu bs&atwﬂge anctImyeayhé ctnhinkgastackor cmﬁ;ﬁia'gig
subste 0 S S e URIo e ek 00 o s s e n b
radiation beawm |3swadeleogtitafledagfieciidntantl isansmidsiobeare prdsshiayarpsisdk? cdoditinord layers
S e R A B AR e ey sk 2or
transparent spacer layer 9 between the third layer stack 7 and the fourth layer stack 10. The
type of the third information layer 8 is different from the type of the fourth information layer
11. A second substrate 1b is present. The second radiation beam entrance face 22 is in a
second protective coverlayer 1d. The respective reference numerals 1d, 7, 8,9, 10, 11 and 1b
20  correspond, mutatis mutandis, to the description of reference numerals 1c, 2, 3, 4, 5, 6 and la
as described above. Substrate 1a and 1b are bonded together by known means. Substrate 1a
and 1b may be combined as to form one single substrate in which case this substrate has a
thickness of about 1.00 mm and has a pregroove in both sides of the single substrate.
The listed optical parameters n and k are for A = 405 nm which is the radiation beam
25  wavelength. The reflection and transmission are:
First layer stack 2 and third layers stack 7:
Reflection (R1) = 15%

Transmission (T1) = 65%

Effective reflection from first layer stack 2 or 7: =R1=15%
30  Second layer stack 5 and fourth layer stack 10:
Reflection (R2) = 29%
Effective reflection from second layer stack 5 or 10: =T1 x T1 x R1 =12%

The effective reflection of all stacks is in full compliance with the single-layer BD-RW

standard: 12% < R < 24%.



Reflection (R2) = 29% Effective reflection from second layer stack 5 or 10: = TI x TI x Rl = 12% The
effective reflection of all stacks is in full compliance with the single-layer BD-RW standard: 12% < R <
24%. 8 September 2006 11 It should be noted that the above-mentioned emb&ifuetetibust@nés
rather than limits the invention, and that those skilledlih the art will be able to design many alternative

embodiments without departing from the scope of the appended claims. In the claims, any reference
signs placed between p LR it it e ebesraiiens ?ﬁﬂ%@lﬂﬁﬁl}%@%%@ﬁd than

"comprisingmédeesenat axadudend e pr asreckinbelpnienist avistepaslther dbagnthess istadairva claim.
The word "a" or "an" preceding an element dges not exclude the presence of a. plurality of such
elements. FAROIE ALY ‘ﬁ?&%@?fﬁiﬁ%&%&ﬁ% ziFé’l?E&fcéE"iﬁ%?ﬂgﬁ%ﬁadm%rléh%éﬁ@meﬁ?%laims

does not ingieaiecthabms ¢oapbinadiaraf parsehaeashifisnoabobigriised Indduankaggaih) Ahdual stack
optical data storage medium for recording and reading by means of a focused radiatjon beam is
dosorbed S SUATRIEHRS S AR SH S IR FotINER LR e ARE L RO b cum
has at leasha tlsinsubistraisraviti! on"ahleastediagsialelomiie Host subskaiala tiesplayeicstelk,

comprising a first information layer, a second layer stack, comprising a second information layer and a
frst transp PRV ERC A S I Be AN SPF IR TS Ty S{AREAY Sha'SAEEHRS 1Ry BPREANK. The frs
layer stacklisfpraselepahdenpositian ddesaovtarediczhradiatiobiaeasn enthascentasertianthe second
layer stack. The first information layer is one selected from the group of types consisting of a read

only layer ‘é?ﬁﬁléo e layer, and the second information layer is one selected from the group of
typed Oconsisting of a readioallytiakespacalridetoseedgy atedndafoe vadiaidiadaye rebldenpype atdne first 20

information layer is djfferent frgm the type of the second information layer. Compatibjlity of the
ot itk R EUANE R ST S P R e R o oty ar
maintainedadatidaie sacle dnverisioiscof The mediwmiakeaalsastde sesiheddieningich third Rast torth layer

stack. 8 SePr%len}thg 006 %sztrgLAl S: 1A %J&I stack o%llcalﬁla%qn orage mIedlum for recording and

reading byS R IhE OF R TSN A %5%(1)??’ AT enten 8 F‘neg’lum(f’llirrr(l)ué)ﬁ1 S st 1387306 beam

entrance layer stack, comprising a second information layer and a first transparent spacer layer

15  between the first layer stack and the second layer stack. The first layer stack is present at a
position closer to the first radiation beam entrance face than the second layer stack. The first
information layer is one selected from the group of types consisting of a read only layer and a
write once layer, and the second information layer is one selected from the group of types
consisting of a read only layer, a write once layer and a rewritable layer. The type of the first

20  information layer is different from the type of the second information layer. Compatibility of
the medium with read only standards is achieved while the advantages of writability and
erasability are maintained. Double sided versions of the medium are also described having a

third and fourth layer stack.



face, said medium having at least a first substrate with on at least one side of the first substrate: 5 - a
first layer stack, comprising a first information layer, a second layer stack, comprising a second
information layer, said first layer stack being present at a position closer to the §i&iptadibéiop0b6am
entrance face than the second layer stack, a first trariparent spacer layer between the first layer
stack and the second 10 layer stack, characterized in that the first information layer is one selected
from the ggu‘ﬁ ypes consisting of a read only layer and a write once layer, and that the second
information layer is one selected from the group of types consisting of a read only layer, a write once
layer and a rewritable layer, and that the type of the first information layer is different from the type of
the second information layer and that the first radiation beam entrance face is in a 15 first protective
cover layer separate from the first substrate. 2. A dual stack optical data storage medium as claimed in
claim 1, wherein the second information layer is a rewritable layer. 20 3. A dual stack optical data

storage medium as claimegh i A RN HAITSoRE ReMIRETSIR e e her sRmRises

second radiation beam entrance face opposite from the first radiation beam entrance face and 25 - a

third layer efadiecesf pridiniea bt ipHérnnaide ragdivseibrasahfiohisHadiidupbesAsHUrEST a read only
layer and @a\é@'t&ﬁlﬁ%dﬁﬁfﬁr}naﬁ/fﬁé‘m@y@i AleCk MRS IR IpiRrRatioPIRYeselected from

the group consisting of a read only layer, a write once layer and a rewritable layer, said third layer
stack belngubﬁér%t at a position closer to the second radiation beam entrance face than 8 September

2006 <13 the fourth layey gtack,\R.565000 FAPRRAEN RPATENIAYELRENgeN the third layer stack and

the fourth layer stack, and that the type of the third information layer i$ different from the type of the
fourth information layer.352ORHIFNFEMRIKoPRIBRIGHIE SE6FHE HBUANQL lakamerddiBbIAYS, wherein

the 5300“&5&9&9&9@&@@&& ﬁpﬁrﬁf)&%éﬁcﬁd&mdhﬁeW%t%‘dQﬁHﬂ?béarﬁ‘éﬂt‘ﬁl‘n%@ﬁlé@ﬁ{mata storage
medium as claimed in claim 3, wherein the
second layer stack,

- a first transparent spacer layer between the first layer stack and the second

10 layer stack, characterized in that the first information layer is one selected from the group of
types consisting of a read only layer and a write once layer, and that the second information
layer is one selected from the group of types consisting of a read only layer, a write once
layer and a rewritable layer, and that the type of the first information layer is different from
the type of the second information layer and that the first radiation beam entrance face is in a

15  first protective cover layer separate from the first substrate.

2. A dual stack optical data storage medium as claimed in claim 1, wherein the

second information layer is a rewritable layer.

20
3. A dual stack optical data storage medium as claimed in any one of claims 1 or
2, wherein the medium further comprises a second radiation beam entrance face opposite
from the first radiation beam entrance face and

25 - a third layer stack, comprising a third information layer selected from the

group consisting of a read only layer and a write once layer,
- a fourth layer stack, comprising a fourth information layer selected from the
group consisting of a read only layer, a write once layer and a rewritable layer, said third

layer stack being present at a position closer to the second radiation beam entrance face than



10 second radiation beam entrance face is in a second protective cover layer. 6. A dual stack optical
data storage medium as claimed in any one of claims 3, 4 or 5 wherein the fourth information layer is
a rewritable layer. 15 7. A dual stack optical data storage medium as claimed irg8 &eptendaf 2ans 1, 2,
3 or 6, wherein the effective reflection level of the stadlés is at least 0.18 at a radiation beam
wavelength of approximately 655 nm. 8. A dual stack optical data storage medium as claimed in any
one of claifis PUENIBYSF Balherein the effective reflection level of the stacks is at least 0.04 at a

radiation beam wavelengikcoi@pprepinatelydoblaye: Bth dnahstackiapfiaaldalasiamrgeinadium as
claimed in any one of claims 4 or 6, W{}gein the effective reflectionéfé\gl of the first andffi cond stack

s at loast G0 308580 AGHIR b RS AIEHGT B aHBrO A e INAREBRELHVE reflection
level of theothitdiafoenhaticin istaek is at least 0.18 at a radiation beam wavelength of approximately 655
nm. ABSTRACT: A dual stack optical data storage medium (30) for recording and reading by means
of a foscused radiation beam (29) is described. The beam enters the medium (30) through a first

radiation beam entrancesfdael @dok dpacaleritanhagaieishpalidhiubstiateaia) witbroin gideast one

side of the first substrate (la) a first layer. stack (2), comprising a first information layer (3), a second
layer stackg?%(?flacg ISt %agb%%tﬁ%}lﬁ/‘?fg?ffﬁéﬁbét?éeg/é)i:s@u%ﬁﬁ%tg' first transparent spacer layer (4)

between the first layer stack (2) and the second layer stack The first layer stack (2) is present at a

position clgser to the first radiation beam . entrance face (21) than the second.layer stack (5). The first
ormation Tayer (3) s GhdCELIASATIEN TR SIS PSS cbIITRY B B8R S RYeh g 2 write

oncellayerseaanddhadtetanekiformaiions fayeis(b) isavndelectedvicemy trdageoup of types consisting of a
read only layer, a write once layer and a rewritable layer. The type of the first information layer (3) is
different from the type of the second information layer (6) and the first radiation beam entrance face is
in a first pr@tective coveAldver segaoptéchilaimtaheotiigt sndafitraias Clamiedtihitiby ehhefvladisd, With read
only standgrr%ls (l)% aChl%l\lleegoth[Iﬂe the ad[vanfa es of ert%bllglt%\{land erasability are maintained. Double

sided versfons'of the medidi are 3iLs™ deséhse s ﬁar\‘???/lb thirdP&hd fourth layer stack (7, 10). Fig. 3

15 7. A dual stack optical data storage medium as claimed in any one of claims 1, 2,
3 or 6, wherein the effective reflection level of the stacks is at least 0.18 at a radiation beam

wavelength of approximately 655 nm.

8. A dual stack optical data storage medium as claimed in any one of claims 1, 5
20  or 6, wherein the effective reflection level of the stacks is at least 0.04 at a radiation beam

wavelength of approximately 405 nm.

9. A dual stack optical data storage medium as claimed in any one of claims 4 or
6, wherein the effective reflection level of the first and second stack is at least 0.04 at a

25 radiation beam wavelength of approximately 405 nm and the effective reflection level of the
third and fourth stack is at least 0.18 at a radiation beam wavelength of approximately 655

nm.





