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 |ayer stack, comprising a second information layer, said first layer stack being present
at a positi&uéiogéFi&ﬂ%cﬁ}Q?%é?F&ﬁ% Bhtrance 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 GB) and.a double-sided version  of the dual-stack disk (type D; data
capachy <00 B HEERNBLA ast AU R ST B CFEAEL Oganble 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(l\e{D+R %nd a nearly compatihle rewritabﬁe format (PVQE;RW) have

been defined. For the di&fZ&ta Y a(?ypgogl)‘,’résgjﬁﬁﬁg iBik H%Jfgf}?f‘a{b(?(n é‘ggrrd%%ﬁie BY %’fﬁ) medium
based on dyelntriagalsSteptepdaicz0fosé to the first radiation beam entrance 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 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 described in non-prepublished European Patent Application no. 02075226.7 (PHNL020086) filed by
the present applicant. A dual-stack rewritable DVD(+RW) medium is also feasible, but it seems that
such a medium cannot be made compatible with the DVD- ROM standard, bec8usgehiber ddied
reflection and transmission of the rewritable materials2 5 e.g. phase-change materials, that are used.
The increase, in data capacity of a dual-stack DVD+R compared.to a single- layer DVD+R and its

compatibilfy/dREIPSSdToM SRy aHsacs E wiRa RArRL geR Iiriigang §28i94dfahtage is that it is

rather cumiPeISQIDEUR py NEdeLSURD Feliset Wiblipaaresatdics datare Wi DB (CRIF Whéchufas
become obsofete carw'ot be _overwrité?n. 10 It is an object of the invention to_%{lovid dual stack
1

optical dats &8P d6% Mie Rt SPEMS ARESHIEABINEHTA TARSHERIMG s i @%B’MBaubm with
adual staribRGMndEIbIdgeaisaidMmedivitand Masienrexd tablenaitian Diheasyolylpaktitniald This
object is achieved by a dual stack op%ﬁl data storage medium according to the invention which is

charadterised IARGEIROGH SPHFOANIEH RIS one selected from the group of types consisting of a
read only layer and a writeeanaedayaf dancctipat ifieosachnd siabaraiimRlayaipisant salggied from the

group of types isting qQf.a read only. Jayer, a write pnce layer and a rewritable layer, and that the

e of thel TSt VAP B TS0 e Y BT O & S ST TR PyRPRA the

the first radisdidvah@gmisendtansadace iunbarbissiproigoivéecavkaldierseparaiectatrdtigdirst

substrate. gglicant hzas recljigni%ed that the Ero lem with %dual-stack recordable, i.e. write once,
R4 it a

medium is'th 8?3%%0 B ?ﬁ@%ﬁiﬁ?\ﬁ FI RSt RS P WAL desire to put on such a

medilom, 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 hat be @ijte ttofahrsavthisanfiorpraticie adyalcieciApaicdntshsoeafierther

recognized that with. a combinatian of, different types of recording layers accarding. to the invention it
Sl 1o pooTSR A, SR At BN TG Ve B BACTS WA W B T AR DV ROM
standard. KtiskiRQditaatsionr e€aegidinecthainthadiist mfownaitda payescannoidoem by ewtidable layer

bec ﬁe than the requuﬁrperﬂ)ts an eﬁ%ctlve lrt()-:'fle%tllloPs I om%filt(#?ll[e V)[nth a dual.stack ROM version,

e c
of both stacks cannot be mse?a}ﬁyc/trﬁ%?é:. }&Vseﬁllt&b?e re%/vrltt%&lﬁé)l?ayer 88 Y50 Ru e’ Sp%?(%laccor ne

to the invention which 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



transmission, i.e. too much absorption, in order to achieve this compatibility. E.g. an 8 September
2006 3 important parameter of the type C DVD-ROM standard is the reflectivity of the storage layers,
which must be between 18% and 30% for each of the two layers. Consequentl\§ Septdirdicinton®ation
layer closest to the radiation beam entrance face of a 8ompatible DVD+R+RW medium should have a
high transmission, sufficient reflection and low 5 absorption. These crjteria.can be met for a write once

layer basefPBRE Gt RRFARTITEARIRGYRE fedVdmb AV eitandehisibe palrekivbr of FBG HBRE 1ayer, which

has a relativalys g @ptieat rasatRion $n.elieseveris,dhe hishinfasnayias. layasdgirmitalance (e.g. a
dye based Jayer with a relatively low absorption). layer or read only ROM layer (Iow absorption), while
the second MfGTRBIPH F’is“ﬁ?%ﬁ&iﬂxﬁﬁ ﬁ@ﬁ FERSANR FERRRABSE 9 ﬁe‘i?‘él}@%@l%ed on 10

phase-chapyorRiR W siedRieshens aale matehialsnkked stiagneigrepticalfisatioralsd oshould be noted
t the radiation beam

that for the write once Jayer any type of layer with a relatively low absprption
wavelBng RO At LTS BTy Tt G, FOf-Fe MR ARy Byere
Recently, teedeisaligoteney iansseobiectire ienaeabihiehcdnaviieh relativelythigh hgmeptdailaperture
(NA) for focusing.the radiation beam. This enables .a 15 smaller optical spot which allows a higher data
denaity. FOPIID YR PO IS i (0o B AT AR BT & PoAaha2hy i amaparent
cover layetvirththectutdeslofl sermbsdgnmof Iylinneiens onleIsORdat80mow fisagvianiagail that such a
relatively thin cover. layer makes the focused optical spot less susceptihle to optical aberrations by tilt
o1 e oA BT AHET RIS I SO M HEer VBT S PrGRE tance with 20
still erfougpHies shiarniinmatistancer Gti¢Dyrigabhermijatiiveike npgrate-dpthalaniladimdnthoaldecond
information layer is a rewrjtable layer. The advantage ?f such.e%me ium iéslihat alf of the diﬁé
R B IAREN § D

k
capacity cf BTt ROVER SRSIENTS dpphextghiy e & L3P Wiite'OHER R & Hwritable

e
(RW) dualrstastion Eanmeavigianigth Stovaige lef g thigthe uwalitydnomiayddedeheliheciawvid@otmaterial,

e.g. from a 25 portable camcordgr, can be stored on the write once.layer, and if required by data
capacity 0T o B et By PRt (RSSO ARGl G S LBCB it tion can
be stored asidtiexyitizih, inemedcabepeasily (Nagifiedfoonsihe tetithble dayamOTdienatisely, a

prerq%orded ef;am le oviq with vicho ediljiln%lso% ar mag/hl%% P ovided on.a read.onl 1[%yer and the

end user pslﬂ?é N5 QS T Ty éﬁ%ﬁoﬂ‘?ﬁé“ rewlita Efeala%srlt 4Bty i%XR/??ﬁIItHeIS pretetre

focus the radiation beam through a relatively thin transparent cover layer of the order of some

tens of millimeters or less, e.g. 100um. The advantage is that such a relatively thin cover

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.



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 pla8y&gtoadicopoany
DVD-player and DVD-recorder. 8 September 2006 4 ¥ 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, corfprRiACEHiFhREIEH dhe ek Wa SRt HROMRASES P bs Yohsisting of

aread onlyidayemah@ wiitenoBgeclaypposifonidh layeristackicmpasingrrfoudikifendatipirdayer 5
selected from the group consisting of a read only layer, a write once layer and a rewritable layer, said
third layer GBS G PRELSHSE %Hﬂéﬂ%ﬁ“&&%l%éf%%%é&?ﬁﬁ%‘é‘iié??%&ﬂ?%“ﬂﬂ&ﬁé@ {584 than

the fourth laygnsfacknd secapditrnapaientospachl iryeichetyepnidhe thikriayerstaskoandifie fourth
layer stack, and that the type of the third information layer is different from the type of the fourth
infor anoﬁq%%ﬁ; r@l?ﬁh%ﬁ&%&&?ﬂ%%{ﬁ&%%a{ﬁﬁﬂ&l Jihte SEIF QOSE XKDt B Sorage

medium islligritechi € ¥irtd18ydrGRcdio b brir @ndaratposicinn buesyers DB S @oadiatigtionD¥in format,
including extra features, on one disc, e.g. a full-screen and wide-screen version as is commoply done
for movies HIHHRER IHETS SUREE ek o CApIARSPY U RBRSAY TNELAET Hictitdre o
compatibléagetbiscisisietitbe absthdkyeplicalkieser diagtheadpsothadadiuntésrpaapo s&dr The proposed
medium is atiple with its read only versian, e.g. the type D DVD-ROM standard and
consequeﬁlﬁgﬁ?g@tﬁa@u‘éﬁgi’&ﬁQS%&&%E#&EW&Q@@%O GB in case of the type DVD-ROM. The
double-sided dual-stackTdptitak thalansloragepaeastioi simyecsdsistadltwacwiiricalcintosmation layers
and two rewritable.information layers, +R+RW. The two rewritable layers are loc in
potwoen TREHEE BERTREre: 1 o0 LB IOy B 2t B SRS BRI able.
e.g. phasefemaatgchndingréerofieeyesy odyméeniterials, afilescedrethdbade-sQrenof dissowrtdsonce

layers and one of tlhed rewritable Iaglﬁrsr%gmt k?.l?hﬁggﬁsgdérgr% nefl side of the disc, while the other two
g

layers can BB RS SR E SHEHETHE e dis 8t thY WA DY REFLEER DVD-ROM

compatiblémnffiodinentstifer2b dinsipatibl sdoabitradedtthalbeack epticcectades:anediuthe first and a
secopgi Surt%lset(liﬁ}r% 1rse S%%%tsi\clg.lyfhe proposed medium is compatible with its read only version, e.g. the
type D DVD-ROM standard and consequently has a doubled total storage capacity, e.g. 17.0
GB in case of the type DVD-ROM. The 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



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 side8 Heffitermbecd2006wvith a
high density dual stack format on the other side. E.g. & combined DVD / BD. In another embodiment

the second radiation beam entrance face is in a second protective coverlayer and the first radiation
beam entrSHES AL lﬁ?ét%\%hé@ﬁ%é)%%%é@%ﬂé%%&aﬁ}é’eg AR TR S case
protective gryenddyersdr ehpiReent aidohf8ub@ntsmbeik006s sidesiithe taglisigeeseual stack

optical data storage medium. At least the first substrate is present between the second and the fourth
Jayer stack A SEtdhe W%éﬁé%tﬁay%gﬁf@sw SHEENEhEifBE SHBstidER O BREM Ay Soccur

when the the dwe:sisigaatdReambciunracd tppetitced Skparataly andcpryirctash ipgetiebat a later
process b ondin 4he first substrate to the second substrate. For an optical

stage in the productio 5

data sﬁoraBB‘}??él&iEhﬁ %@ﬁmgﬁ%&ﬂﬁ SCEP SYRSRHR/D-ROM  specification the effective reflection
level of the stacks is at leasiOob3iall ddadistiopcheadiunvavelsniite ofiapprodiniaabkddsDmadir an
optical data storage medium campatible with the dual stack BD 10 specification the. effective reflection
ovel of thOSE R QLS SO A5 0108 P BT A B PFING b B389, 5. ayer
BD-RW, ahavedigiianbgsproviavetengis ainapproximately 405 nm. For a double sided optical data

storage medium compatible with the dqual stack DV(E-ROM on ci)ne sigf ﬁna tl'\e dual stack BD
specification on the oth Lidi FREE %’ﬁxﬁé"i%%ﬁ?i% PRFOLHAH! 43& 157 HA Firat A ond stack is at
least10.18 gicaifadiadiothbediectivavelogtn dhapprakiraiety Ghgdsnrand e teffecsiveraptical reflection

level of th thir«i3 (% urt sé cki dteast 0.04 at a d&;{&&ﬂ beam.wavelength of roxirpately 405
. 20 ThET IO VB0 S e T, SPELTE U a rtes f Te AL OM DY crawings,
in which Figptosiiouisig $ehamatic layout of an embodiment of a dual-stack optical data storage
medium according to the, ivention, Fig. 2 Shoys & SElieiRic avus of anainer amedimsnt ol e
dual-stack optical
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



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-stagiSeptitabetaostorage
medium according to the invention. 30 In Fig. 1 a dualéstack optical data storage medium 30 for
recording and reading by means of foclﬁsed radiation beﬁm 29 is shown. The radiation beam 29

enters the H&tlAT 3 !HO0GR U97SE AR BSERCIRAHERS 16 2k e HBRIThAL Y least a first
substrate G pigioaas2R00 aGdaonithgeratdeiast enasidmehthe drgtisehsieatensaqdirst Tayer stack 2,

comprising.a fi{st informatjon layer 3, a second layer St@i%kfs’ comprisingﬁa second inffrm tion layer 6.
The first %%tr QYSER1BYE i BLAEat & BARTHIOL RIS #98 Hrst radi RS AR SR (P08 han the

second layie stackblafelirshttanspaiantspasakiayphcidpasent fetaaar thechraidajrer @yeiack 2 and

the second layer stack 5. The first information layer 3 is a write once layer, and the second
iformmaton e 105 S Eyroh R WL HERR G i et i T O Ot
Substrate thadeasna sefienptRartge efsguiee iy & pattait itnitsodifaaell thew Sddietubedirst layer
stack 2 and is made of polycarbonate (n = 1.58) and has a thickness of 10 580 m. The servo
pregroove 5 E8EUfdP Juiding the focused radiation beam 29 during recording and/or read out. First
layer stack 2 is a write dhasishiackcoanprising pripsbondaingaiidndaysic paadeioiie aydnisatdiie or azo

dye (n = 2.2; k =.0.01) having a thickness of 90 nm. The dye may b osited b Incoating or
evaporatioH AT HANEHATHhaH B o T PR G 6 1 o) e (IRRRESRt i i
preseot besdeemiithd sefivstprigrsoat andsydefos gundithetlsp aaarstalyekhand dapo3itedtyge.g.
sputtering. The first transparent space Iager4'i§ ade of an UV-curable resin or a.pressure-sensitive
adhesive TPSKITR 0985 TR A rTARTLR A6 B h eSS g ePRHRES Uiprises, in this
order, a firgifdietetiticligyes made of ZOBiHi21(8Mr 20) dpe(2-13)2h&vin@ &l Jhiskingsstbfckabssnm and

deposte  SPASTAR RISVISDLccong st e o s s choge 26 Sopsple sy
dielectric layfsatadRpironA/G@2=(8Q28;20F Y Ralbhghattiindieeshickriess is present between the

15  first information layer 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%




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 Ib, made of polycarbonate (n =
1.58) and having a thickness of 580 m, is present adjacent the second 25 layer&sapkembEhe®bstrate
Ib has a servo pregroove or guide groove pattern in its/surface at the side of the second layer stack 5.
The listed optical parir?ne,ters n and k are for k = 655 nm which is the radiation beam wavelength. The

calculated rEREEHE AR AL SO EraY Birdptayer stAdkid kY Rbfiedliore(RI) = 20.29%

Transmissitie eFibetiod e &itecivpogflegtandianufirstlayesiackR tFe R VIZROM snechng layer
stack 5: Reflection %OF}’ =49.1 % 8 September 2006 7 Effective reflection from second layer stack 5:
= Ti x Ti x R172 28 298%fie 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 recording and
reading by means of a focused radiation beam 29 is shown. The radiation beam 29 enters the

medi 30 through a first radiation beam entrance face 21. The medium has a transparent cover

layer Ic. On a first substraledenia praseitR disstinyRarsiaskg?, wediprsioga issbiofogmadiosmiaygr 10 3,
a second layer stack 5, comprjsing a second information layer 6.. The first layer stack 2 is present at a
vt AR RN R R e e
transparerg(spacegayfirs isdpese behatareemdbeades? lajte sirdkuhdind theaspaasid layer kigek 5. The
first inform tio(gﬂlay r3iga Writi once layer, and the secol'lb%j information Iﬁ}/er.S IS a rewrjtable layer.

t

The embodfimeRAWIiIchIT B EidaUS L5 IS 1B FEAC CovariRYSInE & IEhEHA BRI AP Elirable
resiniand Bas sctbiekingss ahdlOB, pompridipaysbeapplitetnmtispi seatnglantsulbsersack Qs curing.

gl';; ('aarﬁe(rrﬁ’riea‘s%ﬁt’zﬁsg%c%ﬁi&%n S St B RIS, LS Ao s R Ae &3 pipgnie
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 discussed in more
15  detail.

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.



0.02) having a thickness of 50 nm. The pigment may be deposited by spincoating or 20 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 antl Sigivredortheobrst
information layer 3 and the cover layer 1 c. These laye¥s are deposited by e.g. sputtering. The spacer

layer 4 is made of an UV curable resin and has a thickness of 20 m, A servg pregroove pattern is
e e, 5

present in RIS RS EEE M AT K 255 U A R B el s B 9B )er. The second
layer stackyaaaengtiserhdnrdhis@sdendriiisiniieiestie:layer made of ZnS/Si02 (80 : 20) (n = 2.2)

having a thickness of 50 nm and deposited by sputtering, a rewritable recording layer made of a
phase-cha%%@—@%?ﬁ%ﬁg%zlloy (crystalline: n = 1.5; k = 3.5) having a thickness of 13 nm and

deposited Ryfiuidarirg,) a Eeond dielectric layer made of ZnS/Si02 (80 : 20) (n = 2.2) having a
thickness }?ﬁf 17 nm and fé) d_eggosited by sputtering, a reflective layer made of Ag (n = 0.08; k = 2.1)
having tHiERRENSSI8P420)nnPARY deposited by sputtering. The first substrate 1 a is made of
polycarbontedive rdfe8jiandhadiasthigknessiob 1 EOR pmiang is provided with a servo pregroove or

guide groove p tiern at tr%]e iide of the second layer stack 5. 8 September 2006 8 The listed optical
parametergfﬁ%ﬁ L = 405 nm which is the radiation beam wavelength. The reflection and

transmissiBrfiyeidrrg aver®rack 2: Reflection (RI) =15% 5 Transmission (Ti) = 65% Effective
reflection from first layer stack 2: = Rl = 15% Second laver stack 5: R tion (R2) = 29% Effective
reflection ffo ﬁcglé’%ﬁﬁ%?/%l? %‘?Oélq'fa)yﬁri %Ealf??f glfalﬁﬁsﬁék%hgcig/%reﬂection of both layers is in
full cotnplighee: fiithi tha ol tayeb BDIRVYs Bianddtdohgitands wilddfte $imglierl3 e BIHR&VsIded dual
stack optical dat _SL rage medi p 30 is shown 15 compatible with the type D DVD-ROM standard.
Referencesﬁaﬁlr(ﬁaéagal %IZ’ ﬁg’n 5, 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

—+

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.



the second layer stack 5. Substrate Ib 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 & $ejsttinerrd@dion layer
8, and a fourth layer stack 10, comprising a fourth infoPmation 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 transparef{ﬂﬂgﬁeam%%f% @Hf%%%‘?ﬂvi?e‘%ﬁf@éﬁ‘?ﬁ‘&%l?éﬁé%ﬂ&%&ﬂdﬁé%olﬁ@fourth layer
stack 10. Thetayass BEnchsiaaks B2, ptestn? i thd Qcuptiddiayeridemiicalitd respesdivelp g layers and
stacks la, 2, 3, 4, 5, 6. Hence a ?u | sided dual stack me%iu is provided with identical design on both
sides bondBA GG SRETAIRIRERI D RRRR e Be 3@@&%{& D RRAeRACT28Y500 m.
Dependingeihdheaytichkiass ahtie/stiratrtesia ansddsardsticiapaaandsiersps and Bhdoe thickness of
the cqupling layer 12 may be adjusted in order to have the total thickness of the medium 30 not 30
exceed thé %‘Hﬁm thickness as specified in the DVD disk standard, i.e. 1500 m. The thickness
range of thEhsaindde heyfReebisaals a-Aimsitedisnakdeor tooprevenireccurrence of excessive optical
aberration ' Jsed for reading and writing in the information layers. 8
Septembet2866-9-Hie pregroove (0 oove) of the second layer stack 5 and the fourth layer
stack 10 nRflalspheRiresantirithe 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 and 9 may constitute an
UV-curabIé) %W%f‘lﬁpe@i%ré-éégjs/i?tive adhesive (PSA) without 5 pregroove. The calculated reflection
and transniiffsinivéaeReectahbfrum dist dritbirthisestaakk2 and thiret layeosack 7: Reflection (RI) =
20.2% Trapsmi ] f%(_:tion from first or third layer stack 2 or 7. = Rl =
20.2% Setbht fayerstact o = ck10: Reflection (R2) = 49.1 % Effective reflection
from secotdedooitiRI2yenstaek 5 or 10: = Ti x Ti X Rl = 20.2% The effective reflection of both layers

is in full COB%%'C%RI%%(% g(]:t}gg r(}/ng)éeRc((:))n 8}%31@f£1dfayer stack 5or 10: =T1xT1 xR1 =20.2%

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



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 a8tfapspalben2cover
layer Ic. On a first substrate la is present a first layer stéck 2, comprising a 20 first information layer 3,
a second Iaé/ r stack 5, comprising a second information Jayer 6. The first layer sta@g 2 is present at a

position cI85HtS & FiFaE FERSRIBANS S BYERrd Aeeand 1ayeas sk JSCBmIRE e siHSIOBIeK frst

transpareniisparesdaycraddshsasfsisaen (e fig) (layer siaakidanehibenseconsolayenstack 5. The
first inform tion,l% r 3 is a write once L%éjer and the secoggdnfo mation layer 5i§ ar Writa]ile layer.
The embodfRRHEG RN LS AEEbieirRREIN gL 8806 Off BPASE f83RsY i ¥able

resin and hasgadhiskness) of; k00 pB) RRthmayhieagpplad ByispinderbogiRAG g upsteuantaUV curing.

First layer stack 2 js a write once stack comprising a first info ion.layer. 3 made of an organic
pigment (1S 9%, QUSSR TIS thERNALD o 50 ) e %‘%&%M@%&%@m at
spincoatingepoSit:&wBnpiatieingl ranrspRatartidielectii: layars @-e@oKio2 Ml FHabink & Bidknsey drawn,
both havin ickness of 20 nm, are present hetween the first information layer 3 and the spacer
ayer 4 anG o BABHTL T AOE)Er S h BRI A & TtLe ey SrTae eposted
by e.g. sputEsing.dTHae spackndayef dbisuntase it pusalledrasin anshhwapragibieknesanfc20 m. A
servo pregroove pattern is present in the first transparent_spacer layer eptember 2006 10 at the
il o theR G BT SiciB B8 DM TaG SEkck & BN oG, S PE Rk cietectric
layerimadeeobdih SG (8 aR@h(rarc 2 bavioppadinckorsthotivd rudiaich bleposiiaddoy suudttering, a
rewritable recor in%la(%/gar ma(tzle o&a phase-chan eés.elfnSbTe al(l%{q (gré taltli e.n = .5; k =3.5)
having a tHiLRASSS OF T FNF SRk fe SOLRIE Y 8S0HE Ry (v divitstid LY Rtad8 WY zns/sio2
(80 : 20) (rend2inbaringeadhicknassrainti/amwni@nchcd épasiteanday foprttiding, saackflEktdseipyengnade of
Ag (n =0.08; k :h2. havin f;\thiclgpesls of 120 nm and deé)osi.tefd byﬁgutt%rinrg. he first sybstrate 1
ais made %F%%rfyclélr GRAST ey 836aencc‘[ie ﬁarsoén thIErNEES GIBRBOUEC 50 Tith And i85tolidédwith a
servo pregsocygsrguidle rgwatublpatyernsatdhieisideyof shels&daninklpyacstack poditieneadito30
‘;”r:ttrha?r:éc‘f%lg%gs%%%r?a Lsasengradiation beam 3 ANCE AR 28 QPRCS I RTLIRE, sl jagiation beam
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%.



21 and a third layer stack 7, comprising a third information layer 8 selected from the group consisting
of a read only layer and a write once layer, and a fourth layer stack 10, comprising a fourth
information layer 11 selected from the group consisting of a read only layer, a v#r§epnde:id@vand a
rewritable layer, said third layer stack 7 being presentldt a position closer to 15 the second radiation
beam entrance face 22 thahnRth fourth Ia(g@rr stack 10, and a secon% transparent s

acer layer 9
between the third layer StaRRUERIEFSAANGHRP AR e EMORLDF A L ke -m?maﬁ@wrrayer 8

is differentifrgies fineifRatafienfomehihviersratianitaper ak Ivift beabrasdbsiFatedbyspeasante The
second radiation beam entrance face 22 is in a second.protective coverlayer Id. The respective
reference ﬁ@#@a@w Yol departin B 96 ERe QST ERasY ﬁkﬂ{aﬁo}%ﬁ?s "Be$Wiption of

reference raforesialssign? pBicdd betnantl parashdesciingtnabbye othridate]imang ihasthandee
together by known means. Substrate la and Ib may be combined as to form one single SLibStI’ te in
which eass L SOBRTAEHAOS: bR LS SHEE eI P BT HAS SAeBrERPSL TR B of the
single subgiratgaiiherlisted@pticalpararpeiessingaditckearénfaloksndDoxomdektielpisshir ¢ adiation beam

25 wavelength. The reflection and transmissjon are: First layer stack 2 and third layers,stack 7:
Feafloetion AT S SHE S L oS e E RO BGOSR GhOrE THEL VB CARAIS o 7. = R1 =

15% 30 Séictehladsicathck SAnd fogsthdaieliciackdii Rellsataon B2hss2Meakitecivanaflection
from second layer stack 5 or 10: = TI x TI x Rl = 12% The effective reflection of all stacks is in full
compliancgs\ﬁﬁiﬁotﬁ ngg"fgilayer BD-RW standard: 12% < R < 24%. 8 September 2006 11 It should
be nated that the aboveAnkialionel gpibadimestdtisiiatesuiathardtardiimiisdheaitivg byoneand that

those skilled in.the art will he able to desi { bodiments without ting from th
Stope of s SBAHHb ARG TN QPR A M EHERES SN SCRA RN Al ihoses shall

rentheses shall
not be considiseidabdduniténg ihecdiaden Thenbdiarch*samiptisindirdioad statte xalihcen titd qae seace of
elements or({ste %]ce)tﬁer th nthosef{}ssqu maclglm.The word "a" or."an rg(iedlngaan ele({nent does

not exclud¥$Re preseFlS(t: Su tarate a ayer stack, comprising a first information layer,a secon:

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.



plurality of such elements. The mere fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of these measures cannot be used to
advantage. 10 A dual stack optical data storage medium for recording and readirg:pimiea2906f a
focused radiation beam is described. The beam enters2the medium through a first radiation beam
entrance face, The medium has at least a first substrate with on at least one side of the first substrate
a first Iayepgt%@é%omprising a first information layer, a second 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 fype of the firs! & nfaration, e SlRiRRLIAMJPRLRE L iR Serongigfpimation

layer. Compatibility of the medium with read only standards is achieved while the advantages of

writability &hd fepasetbiigidien-hamaansang dublacsiay thersmns fiptiadnsgbsarealsmerscribed
having a third ang iﬂb‘&iﬁr{ﬂ{%ﬁgﬁ&he%s%%&%F&*&Sét?&@f@viﬁ%?oﬁ LAIMS ode SAUA @lagkspPtical data

storage medium for recording and reading by means of a focused radiation beam entering the
medium tfﬁ‘é‘?ﬁgﬁtﬁifirst radiation beam entrance face, said medium having at least a first substrate

with o at least one side, ¢f;the, it SO BriSin Ll IRl 1 AYer SRR rising a first information

layer, a second layer stack, comprising a second information layer, said first layer stack being present
at a position closer to thestesthtisgioniaskesATBPtIEAEE fecant a4 eHBaEeR dRTagar StEtkaYeirst

transparenisRAEHh AR BR WSS ERGfirsidayab sirak-anddne aeeend Llave! iadhathagcacterized in

that the first information layer is one selected from the group of types consisting of a read only layer
and a writé<sABe |ay&rs@apks that the second information layer is one selected from the group of types

consisting of a read only, lgyet¥WHterRREScer 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



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 Seedititeagd@laimed in
claim 1, wherein the second information layer is a rewsitable layer. 20 3. A dual stack optical data
storage medium as claimed jn any one of claims 1 or 2, wherein the medium further comprises a
second ralfistiSHBEBYFENAShce face opposite from the first radiation beam entrance face and 25 - a
third layer stack, comprisigéndhisshiplasnasinodapsesblenias mihe|guumernsistingroharead only
layer and a write once layer, a fourth layer stack, comprising a fourth information layer selected from
the group E¥FIsiEty ﬂ?@%%%mpqg?ike%ﬁﬁt@‘%ﬁe@w}&ﬂﬁd&m e S tayer
stack beingpreseimbahaipasiien closer to the second radiation beam entrance face than 8 September
2006 13 the fourth layer stack, a second transparent spacer layer between the third layer stack and
the foarth layer stack, and that the type of the third information layer is different from the type of the
fourth information layer./A dual\sthodl Spaick] daticalodata siatage 4 ediums din claime] whelaimtBe wherein
the second radiation bearﬁ}ientrance face is.in th fi‘ﬁst SL]Jgistrate. 5. A dual stack optical data storage

[

medium aSEISHhEAIATAR RGN GHEFASK TASS Bas M SHhaRY -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 informatjon layer is a rewritable layer. 15 7. A dual stack optical data storage
medtium as claimed in ath SR E FARIEN 9515 3 GBS ARSH theE R UL ERBHONTESE ¥t stacke
is at I®ast feténdtradiadiatibenbearman@\iatengtin afsappidyirorialy S&5 antaydr 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

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 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.



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 réfiagiiombereboéthe
third and fourth stack is at least 0.18 at a radiation bea#n wavelength of approximately 655 nm.
ABSTRACT: A dual stack optical data storage medium (30) for recording and reading by means of a
focused radfanoR-BEdm (29) is described. The beam enters the medium (30) through a first radiation
beam entrance face (21). The medium has at least a first substrate (1a) 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) and a 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
closer to the first radiation beam entrance face (21) than the second layer stack (5). The first

information layer (3) is ot Seleried iRl R AOHRCHYBER (ST RINIRLA B PRAIRYas,nd & write

once layer, and the second information layer (6) is one selected from the group of types consisting of a

read only 1asar af rhitswadaadipdioahgan &mitasiestairad. e Basasmiges fikstieidiiatidh layer (3) is
different frm, e YRR OfheReconsRiarmatonlayen (Phansk hefiislsadialien hramuRpygnce face is

in a first protective cover layer separate from the first substrate. Compatibility of the medium with read

only standekélsWétaeniat/eashane wide abithentagesbitroirid Bty fusiderisidnkit{2areomantaiaad. Double
sided yersigusiafihgmadiaars, Al ARPEIREAAAVIRY BcthisH BN SN BN e SaRK L Tayddicfi0- 3

and a 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 closer to the first radiation beam
entrance face (21) than the second layer stack (5). The first information layer (3) is one
selected from the group of types consisting of a read only layer and a write once layer, and
10  the second information layer (6) 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 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 protective cover layer separate from the first substrate.
Compatibility of the medium with read only standards is achieved while the advantages of
15  writability and erasability are maintained. Double sided versions of the medium are also

described having a third and fourth layer stack (7, 10).

Fig.3





