1 Dual stack optical data storage medium and use of such medium The invention relates to a dual-stack
optical data storage medium for at least read out using a focused radiation beam with a wavelength k
between 400 nm and 410 nm and an Numerical Aperture (NA) between 0.84 and 0.86, entering through
an entrance face of the medium during read out, comptising: 5 -a substrate with present on a side

thereof: -a firsysitack.of layRes (hQ 2RheERRBRiSING AL ioiematiandayer, -a second stack of layers (L1,
23), comprising a second information layer, said second stack of layers (L1, 23) being present at a

position closest to the entrance face and said first stack of layers (LO, 22) more remote from the
entrance face than said second stack 10 of layers (L1, 23), -a radiation beam transparent spacer layer
between said first stack of layers (LO, 22) and said second stack of layers (L1, 23), -a radiation beam
transparent cover layer between the entrance face and said second stack of layers (L1, 23) 15 -a
transmission stack TSO with a thickness dTso and an effective refractive index nTso containing all layers

between said first stack of Ipyers, thil.add e eMUARES piRGPIaR HoRTIRSIANSIACK kat with &

thickness dTS1 and an effective refractive index nTS1 containing all layers between said second stack of
layers (L1, 23) &Pt & ertamcassotdcsoTRermvetinm At eitety te 09 BradcH hdium. An
embodiment ofistishumepliebh reardingayiediienis knanaisotadpapehradizhNewhReplidastost Process
Using Functioqgﬁrr?eigpedcﬁgrslins fgg%ual%%%red Disc with 0.1 mm thick Cover layer", by K. Hayashi, K.
Hisada and E. Ohno, Tec nlc%lr?slgest f8 1%01, Taipei, Taiwan. A minimum spacer layer thickness of
30 m was fisclosed. There-issabstraistanthdrisssfoprobtadnithgroptical storage media suitable for recording

and reproducing, which have @.$'Qra089aRa¢ /053 GIdRRYR LG RP IR iR &,

-a second stack of layers (L1, 23), comprising a second information layer, said
second stack of layers (L1, 23) being present at a position closest to the entrance face and
said first stack of layers (L0, 22) more remote from the entrance face than said second stack

10 oflayers (L1, 23),

-a radiation beam transparent spacer layer between said first stack of layers
(L0, 22) and said second stack of layers (L1, 23),

-a radiation beam transparent cover layer between the entrance face and said
second stack of layers (L1, 23)

15 -a transmission stack TSO with a thickness drsg and an effective refractive
index ntgg containing all layers between said first stack of layers (L0, 22) and the entrance
face,

-a transmission stack TS1 with a thickness drs; and an effective refractive
index nts; containing all layers between said second stack of layers (L1, 23) and the entrance

20  face.

The invention also relates to the use of such medium.

An embodiment of such an optical recording medium is known from a paper
25  “New Replication Process Using Function-assigned Resins for Dual-layered Disc with 0.1
mm thick Cover layer”, by K. Hayashi, K. Hisada and E. Ohno, Technical Digest ISOM
2001, Taipei, Taiwan. A minimum spacer layer thickness of 30 um was disclosed.
There is a constant drive for obtaining optical storage media suitable for

recording and reproducing, which have a storage capacity of 8 Gigabyte (GB) or larger. This



requirement is met by some Digital Video Disk or sometimes also Digital Versatile Disk formats (DVD).
DVD formats can be divided into DVD-ROM that is exclusively for reproduction, DVD-RAM, DVD-RW
and DVD+RW, which are also usable for rewritable data storage, and DVD-R, which is recordable once.
Presently the DVD formats comprise 5 disks with capacities of 4.7 GB, 8.5 GB, 9.4 GB and 17 GB. The

8.5 GB and, in-panicuiar ihGcPul GRéPYRPhvand blsC8 (V). Qrmgia el mprg.complicated
constructions and usuallz[gogyrlse multiple information storagr;n%lﬁxers. e 4.7 GB single layer
5€a mple,

re-writable DVSB#H&? {3 formaieCcabhR dhridshints ek thehissrsIesteNdPEompact disk (CD)
but offers an inspiidiquensdl OIDrRGeVEaAPADIROiNd dBODERW dirigchuip agelisAbl ghr stanagbleapacity format

that recently has been su is Digital. Video. Recording (DVR). T rmats, are currently being
developedt: DV AR8 B Hh M e A R Bl it T AR SRR e refer o
the used radiaticks bethrerpaaveienigty foBrécotding acdreulding’ B his disk overcomes the capacity

problem and, 15 in its simpiggt§areig hag, sIN&.BIOTRIG Ay RN IOURas WilcTy g 8y itk fgr high density
digital video recording and storage having a capacity above 22 GB in the DVR-blue format. The DVR

disk generally tBmaiHisEu bt drokeamligadebsrate eitb Mg S bhee BPHst et i B mafifSrmation
storage layer. ftbedd ViRcdiskHenharBomgEsa0oreeitabRIB IRdiiinnibeanttransdnissive layers. These

layers are transmissive to.the radi?ti%labeam tgat is 20 usec(ﬁso r@@[dbf&toggfgrs \é\gitesfl?tt{).tkr]lg[a disk. For
i 1y

comParab e, for ex.’iim €, canen 0 a?&orrﬁpﬁ%t §< 08
example a transmissive tover a;Per, which'is applied on'the info Ion storage layer. Generally, for

high-density digksigiepsmsityithrhiglao meaordrigapapestare (NA), e.g. higher than 0.60, are used for focusing
such a radiation beam withyg, fglafiyely lows. %/Vm%aﬁ%[;é%@%%%&’:EQL@%&&F@@Q'{QO it becomes

increasingly difficult to apply substrate incident recording with substrate thicknesses in the 0.6-1.2 mm 25
range due to d¥deReeE T8 ARIES ohve frirtidie servaktRsRe AR eR %P FortdiankRY, when using
disks that are egrdedthanchieschiosd Blith5 Dgh (8A) fatysirglontbbiutacasicinthelayer afiatfist recording

stack, s perforned (1o he side obposit ipm, lhe sbstiate, Because the fist recqrding lqver hs to be
protected from ﬁ1e environment at leas %ne rearah Iy inra |af|0rl1nﬁeam ﬁ' nsr)ﬁPsswe cover Iayer, e.g.
thinner thién 0.5 fwsiniglegddrB0 e ugizwhichgh &yadiation eaiissidgeblkddr Bldedbniiie need for the
substrate to b%{@g@iﬁ& recording and storage having a capacity above 22 GB in the DVR-blue format.
The DVR disk generally comprises a disk-shaped substrate exhibiting on one
or both surfaces an information storage layer. The DVR disk further comprises one or more
radiation beam transmissive layers. These layers are transmissive to the radiation beam that is
20  used to read from or write into the disk. For example a transmissive cover layer, which is
applied on the information storage layer. Generally, for high-density disks, lenses with high
numerical aperture (NA), e.g. higher than 0.60, are used for focusing such a radiation beam
with a relatively low wavelength. For systems with NA’s above 0.60 it becomes increasingly
difficult to apply substrate incident recording with substrate thicknesses in the 0.6-1.2 mm
25  range due to decreasing tolerances on e.g. thickness variations and disk tilt. For this reason,
when using disks that are recorded and read out with a high NA, focusing onto a recording
layer of a first recording stack, is performed from the side opposite from the substrate.
Because the first recording layer has to be protected from the environment at least one
relatively thin radiation beam transmissive cover layer, e.g. thinner than 0.5 mm, is used
30  through which the radiation beam is focused. Clearly the need for the substrate to be radiation
beam transmissive no longer exists and other substrate materials, e.g. metals or alloys
thereof, may be used.
A dual-stack optical storage medium has two reflective information layers, that

are read-out from the same side of the medium. In this dual stack medium case, where a



beam transmissive no longer exists and other substrate materials, e.g. metals or alloys thereof, may be
used. A dual-stack optical storage medium has two reflective information layers, that are read-out from
the same side of the medium. In this dual stack medium case, where a 3 second recording stack is

present, a radiation beam transmissive spacer layer is required between the recording stacks. The first

recording stack.pyt b Rkleasi-Rartipliranspasent dothedadiation bherm waysleagihda order to make

reading from the recording layer of the second recording stack possible. The thickness of such spacer
layers typicallyPRSYRTEKEF Rt HreaHACkPhEhatiSiSHoFH R HEhRIMSRAY IEAFEPYT MY EFa iR are present
between the radiafiodibeansouice dackthénrederdingstanisdhat fismostkeoiote: o dtehsubstrate are

normally called cover layers. When prefabricated sheets.are used as transmissive layers extra
tansmizsive ath el T LTE H80 BTG 11O ASE IS bohl bl e et A e T VR disk the
variation or unédennébsreditioniioknésewhitie ¢ddiational@hebinh eremspipsiveiayeitbover the radial

extension of tr}%cﬁéﬁ%d‘@éaﬁ?s%ﬁr@@%@ﬂfﬁ%\é%%n%%@éﬂ'l){ai{‘isoﬁ%%{ 1o pioimza b yaratgR in the optical

path length for the impinﬂing radiation. Especially the optical quality of the radiation beam at the focal
point in the BO'OIBYR2BRIEF VU IR v eRUREE Bricitrd Brrsesm hitisd rstirs G HPsib stiiftially equal
to 405 nm andranhiésisuhgtreibtiallyyeaguart did&l is selativedyrbasitiveteryaraibrshir. the thickness 15 of

the transmissive layers. The (ptaplayer, hickness has,an ootmal.valie I, rder 9 gotain, mipimurn optical
spherical aberration of the focused radiation beam on, e.g., the TirSt information recor ing ‘I)ayer. A
deviation] @.g. beand trandrosai thikopsimval thiciades sdhesaetyoftirodisic bss dodonsideedblievamount of this kind

of aberration. BecaKSeO5HIS SRAlFAN0R LS JMROH AR ﬁEJhﬁa&\lil%@gﬁfﬁPi&J@lﬁﬁn%z e transmissive

layers is equal to or close to its 20 optimal thickness in order to make optimal use of the tolerances of the

system and toREER- RRpssadths Arsicefraeinngf the mebtionbaRiiin g tabp i e8P &fror is

Gaussian distDivReagharausienihenonitabselingobtam hicknesscitigtalaasthatanecquantesost _
manufactured disks which do, not Collinplé/ l\é\?m 6?'&% above s\%-:-mflcafmn is anJ[maI when thcinte%get setting

. and an substantially: e 18 relatl sensifiye to v 1018 1N thic
of the nominal thiékhéSs during manufacture is Substantial yyequa {5 hese optimal thickness of the cover

layer as ihSthe dpbeifivationsofetheddVRheiskal layer thickness has an optimal value in order to obtain

minimum optical spherical aberration of the focused radiation beam on, e.g., the first
information recording layer. A deviation, e.g. +/- 5 um, from this optimal thickness already
introduces a considerable amount of this kind of aberration. Because of this small range it is
important that the average thickness of the transmissive layers is equal to or close to its

20  optimal thickness in order to make optimal use of the tolerances of the system and to have a
high yield in manufacturing the medium. Assuming that a thickness error is Gaussian
distributed around the nominal setting of the thickness, it is clear that the number of
manufactured disks which do not comply with the above specification is minimal when the
target setting of the nominal thickness during manufacture is substantially equal to the

25  optimal thickness of the cover layer as in the specification of the DVR disk.
Two studies of the spacer-layer thickness were published recently for DVD dual-layer discs.
A numerical aperture of 0.6, readout through the substrate of 0.58 mm and light of 405 nm
wavelength were used. An optimum spacer layer thickness of 30 um has been found by Lee
et al. Jpn. J. Appl. Phys. Vol 40 (2001) pp 1643-1644 and 40 um was found by Higuchi and

30  Koyanagi, Jpn. J. Appl. Phys. Vol. 39 (2000) 933 [4].
For a system with 0.1 mm thin cover layer and a high NA of 0.85 and a wavelength of 405
nm additional correction of the spherical aberration (proportional to A/NA*) is required. To
neglect the interference from the neighboring layer a spacer layer of minimally 30 pm has

been considered necessary. This has the disadvantage that the drive design for reading out



Two studies of the spacer-layer thickness were published recently for DVD dual-layer discs. A numerical
aperture of 0.6, readout through the substrate of 0.58 mm and light of 405 nm wavelength were used. An
optimum spacer layer thickness of 30 um has been found by Lee et al. Jpn. J. Appl. Phys. Vol 40 (2001)
pp 1643-1644 and 40 m was found by Higuchi and 30 Koyanagi, Jpn. J. Appl. Phys. Vol. 39 (2000) 933

[4]. For a systempvith QiR dR CRVERIaY L 2H.A LigBiNATR Saandavwayelgngil.gf 405 nm
additional correction of the spherical aberration (proportional to A/NA4) is required. To neglect the

interference frohEHABHIBHAS TEOR §¥pEEar AYERS hASAYEIN SO ShoHE: MsdBITBRSidered necessary.
This has the disadrrntage thathinadrive dekigyidgnaspasling utdbustighislonediuimgt) such case has to be

rather complicated in orderéi;_%gi/gzt{llel neg ssa%}r%nlgneatfpr SQCF(I)%rchaI ab({erratflon. I(l:ozrlrﬁ%:sttlon. Further the

cover layer of such medium may &Come relatively thin and the un&“érf??né“%yé‘?é Zre more susceptible to

damage. BP-Aufornaadn lelist knsessaepinforforativiendexsdibee thedtinass agifitadhsstBeihfomeration layer and
a second informaieR 1%ehatife HYGKIRSS 10 flsh SYRSI RGP §h thedy fhinformation layer and a

laser beam is in a range of 10 m to 700 m. EP-A-1152406 discloses an optical recording medium having

a single information layer aRra1ldAttPRrrmless AnapEFal FiedTHAS BHRRAGENZAGAEEN smaller than +/-
2.3 m. 10 It is anwhierinabibednyeniandtmprowda Rysediicn pithenkiketasideiadaobeadnetiieuopening
paragraph witq;_\ Eejjiable read out of data from the first information layer and form the second information
layer. This object’is achieved in accordance with the invention by an optical data 15 storage medium
which is dRaracterized in that the spacer layer has a thickness selected from the range 20 - 30 m, the

thickness dTS0 in dependence, pRpfeSIRCIKR NI HIRAdSHRINANG tRRSE Fladed BiaaqIn Fig. 1 and

the thickness dTS1 in dependence on the refractive index nTS1 is within the lower shaded area in Fig. 1.
The specificatiBi SRS AYaRERTS¥ibe STHRRS rerpsyhefitie APpobsiBret infjeraaiandy & #hé concerning

recording stackersugl aseng.iglingtidq layers in case of foils, the spacer layer and the semi-transparent
recording stack of L1 in Casﬁlis object is achieved in accordance with the invention by an optical data

15  storage medium which is characterized in that the spacer layer has a thickness selected from
the range 20 — 30 um, the thickness drso in dependence on the refractive index nrgg is within
the upper shaded area in Fig.1 and the thickness drs; in dependence on the refractive index
ntgs; is within the lower shaded area in Fig.1. The specifications of the Transmission Stacks
(TS) include all possible layers on top of the concerning recording stack, such as e.g. gluing

20  layers in case of foils, the spacer layer and the semi-transparent recording stack of L1 in case
of TS0, the Cover Layer and possibly a Protective coating). From EP-A-1047055 it is known
to use a polymer layer such as, for example, a polycarbonate (PC) sheet as light-transmissive
cover or spacer layer and adhere such layer to the information storage layer by means of a
thin, spin-coated layer of a UV curable liquid resin or a pressure sensitive adhesive (PSA).

25 To find the minimal spacer-layer thickness for the blue system with high NA
the dependence of the data quality was studied when read out from the medium as function of
the spacer-layer thickness. It was found that in general, the spacer layer thickness or the
amount of separation of the first information and the second information layer depends on the
size of the photo-detector in the optical pick-up unit (OPU) of the optical medium drive, the

30  magnification from the photo-detector to the medium, the reflectivity ratio of the first and
second information layers and the distance between the two layers, i.e. the thickness of the
spacer layer. A stable OPU design restricts the size of the photo detector and the
magnification of objective lens and collimator lens. Tolerance for aging and alignment errors

require a minimum detector size of 100 um and a magnification of about 10. First the



of TSO, the Cover Layer and possibly a Protective coating). From EP-A-1047055 it is known to use a
polymer layer such as, for example, a polycarbonate (PC) sheet as light-transmissive cover or spacer
layer and adhere such layer to the information storage layer by means of a thin, spin-coated layer of a
UV curable liquid resin or a pressure sensitive adhesive’(PSA). 25 To find the minimal spacer-layer

thickness for t%ﬁ&@@ﬁ%&wfhgg&% 6 HRRGIABHAERE IS BRI WaS Sitdied when read

out from the medium as functlon of the spacer-layer thickness. It was found that i mﬁ% eneral, the spacer

layer thicknesSIERES SPRSHAESH Ssianisn B tenatarorirondsthiing tha decetsa MBFizheh layer
depends on the size ﬁfutheFrg*leyomlemmrdladb,&mpiiﬁahmlsksuayungh(%hoﬂhmﬁ‘ aptipatenedium drive,
the 30 magnlleatloH1 E{mstshe g) etselgtorratotrtycenm r‘B the reflectivity ratio of the first and second
information Iaye}‘]s and the dis ance etiveen the two | y‘%rs i.e. the thickness of the spacer layer. A
stable OPY design restrictdithe sizeodintbet gieoroderevtdevaricbrhef daghificatidhoof whiectiveliens and

collimator lensy, [ Qleranceaiaeading, A aligaeRESH A uLRAYE G eI NUM AR giam ab100 m and a

magnification of about 10. First the 5 influence of the stray-light on the recording performance has been
modeled. The MARCTiifldeht® SeiHeEconrTEEIEEIA Bt SgharmBadkition@sadirg i attkicrease of

the signal to neiseb@iaifiFQ@rdtibn aosegmcéﬂtmﬁmamwm@ﬁsﬂﬁyi tightissifigsiatinnofihe spacer-
layer thickness | smuéated ua}ng r?ll% ra |n%a(t|1:g ﬁrhan embodiment tg% X|mumldeV|at|ons of

dTSO0 and dTS?L rom respec |vely e ér\l/é)rage({/a eeé % ﬁ“glﬁdalﬁra a1 bet een adius of 23 mm and

24 mm ofithe mediumddyendtexgeearng ther@aswrd dnove rathellyhoteualresr @fcthémetmm This has the
advantage thaf,np sibstantial.semectian forsphgrical apekationy *Psf@%ﬂr?ﬁ'l"&bee@ﬁﬁﬁ firgf information

layer of the medium or the second information layer of the medium is scanned by the optical 10 medium

drive. During sS&RimP ke mh&mﬁW‘?ﬁla%opaﬁ?aﬁwmﬁacaaﬁa%mwwﬁn%w R&E7ePhiB8lium rotates.

When the thickhessnvariatiens @bthae ansh TSrdcatn withinisaics WimitsiadoPihesiphricanaberration stays
within acceptaple limits ?hr t?e Wh le area of th {:nedlum Thﬁlonl |n€tapce vyhen correctJon is

required is when the SWI tm from"foct ?ﬁgoon%usfﬁ%%ﬂtgt information (I)ayer?o %’(ﬁﬁ&%g onto the

second idformatiom layer or vice 15 versa.

In another embodiment nrgy and nts; both have a value of 1.6 and the
following conditions are fullfilled: 95 um < drgo < 105 pm and 70 um < drg; < 80 um. Most
plastic materials used as transparent layers have a refractive index of 1.6 or substantially
close hereto. In this case reliable read out is possible when the thicknesses fall within the

20  mentioned ranges.

In a further embodiment the spacer layer thickness is 25 pm or substantially
close to 25 um and the cover layer thickness is 75 pm or substantially close to 75 um. It is
advantageous from a viewpoint of manufacture to use a substantial fixed value of the spacer
and cover layer thickness. For instance, one method of manufacture comprises the application

25  of a pressure sensitive adhesive (PSA) with a predetermined thickness which is UV-cured
after being brought in contact with other layers of the medium. This material is usually
supplied as a sheet of foil with the PSA on one or sides and those sheets are made with a

predetermined thickness.

30
The invention will be elucidated in greater detail with reference to the
accompanying drawings in which
Fig. 1 shows the allowable area of thickness of the transmission stacks TS0

and TS1 as a function of the refractive index.



In another embodiment nTSO and nTS1 both have a value of 1.6 and the following conditions are
fullfilled: 95 m < dTS0O < 105 m and 70 m < dTS1 < 80 m. Most plastic materials used as transparent
layers have a refractive index of 1.6 or substantially close hereto. In this case reliable read out is possible
when the thicknesses fall within the 20 mentioned rangs. In a further embodiment the spacer layer

thickness is 25 m or substantially Glase g INPANHLNES GRVEH I AYAThIRkRESS: fReBiup Substantially
close to 75 m. It is advantageous from a viewpoint of manufacture to use a substantial fixed value of the

spacer and cAGEP IR IHNAIEEY 0 instance, one method of manufacture comprises the application 25

of a pressure sensitive adhegivestlR&4A) vithlatprecatermmndddhjakiesseniiahdst bhVigidtra dfter being

brought in conhqct With1 oltjh?r Iaxﬁrs gf the medilflrp. This material 13 usually supplied as a sheet of foil with
€ = t € cent, out-oi-fo ation

the PSA on one osrtrs%léé and those sheets are made wit Ognp}}%deal%errmined thickness. 30 The invention

will be eluéidated in greateF dethibwith aeferermtecto thdatmecdtsdrghineg treod vgtoitheuttietoFig. 1 shows

the allowable grea Qf thigkness of thesparpmizsigngiRreks TSO and TS 1 as a function of the refractive
index. 6 Fig. 2 schematically shows the layout of a dual-stack recording medium according to the

invention. Fig. 3 shows a simulation of data-to-clock jitter when read out as function of the stray-light from
the adjacent, out-of-focus, information layer. 5 Fig. 4 shows a ray-tracing simulation of the light reflected

onto the photo- detector as function of the cer-layer thick .In Eig. 1 the allowed thickness ranges
0TSO and TS1 are inicalbd b Ol e LD R A d i S SR e nTeo i
within thel @ppérshadedrarandtpaddndveothick rdss e Sadix dependehoetonutiperrdfrdediveindex nTS1 is

within the lowey, ShadeiARaFs EH%%QQ&&&@XS breddfrigi @) Masah Dickaesmsalacted fipmihe range 20 -
30 m. In Fig.2 an embodiment of the ual-stack optical data stora%e medium 20
area 2. The spacer layer 24 (Fig. 2) has a thickness selected from the range 20 — 30 pm.

In Fig.2 an embodiment of the dual-stack optical data storage medium 20
according to the invention is shown. A focused laser beam 29 with a wavelength A of 405 nm
15  and an Numerical Aperture (NA) of 0.85 enters through entrance face 26 of the medium 20
during read out. A substrate 21 made of polycarbonate has present on a side thereof:
a first stack of layers 22 named LO comprising a first information layer, a second stack of
layers 23 named L1, comprising a second information layer. L1 is present at a position
closest to the entrance face 26 and L0 is present more remote from the entrance face 26 than
20  L1. A transparent spacer layer 24 made of a UV cured resin, e.g. SD 694 made by DIC, is
present between L0 and L1. A transparent cover layer 25 is present between the entrance face
26 and L1 and may be made of the same material or a sheet of PC or PMMA with a pressure
sensitive adhesive (PSA). The spacer layer may also be a sheet combined with PSA. The
transmission stack named TS0 has a thickness drsg of 100 um and an effective refractive
25  index ntgp = 1.6 and contains all layers between L0 and the entrance face 26. The L1 stack 23
has a relatively low thickness of a maimally a few hundred nm the influence of which may be
neglected. Naturally L1 does affect the optical transmission but this aspect is not dealt with
here. The transmission stack named TS1 has a thickness drg; of 75 pm and an effective
refractive index nrg; of 1.6 and contains all layers between L1 and the entrance face (26). The
30  spacer layer (24) has a thickness of 25 um. The thickness drso = 100 um at a refractive index
ntso = 1.6 falls within the upper shaded area in Fig.1 and the thickness drs; =75 um at a
refractive index ntso = 1.6 falls within the lower shaded area in Fig.1.
In Fig. 3 the modeled data-to-clock jitter in %, when reading the first

information layer of L0, as function of the stray-light from the out of focus layer, e.g. the



according to the invention is shown. A focused laser beam 29 with a wavelength k of 405 nm 15 and an
Numerical Aperture (NA) of 0.85 enters through entrance face 26 of the medium 20 during read out. A
substrate 21 made of polycarbonate has present on a side thereof: a first stack of layers 22 named LO
comprising a first information layer, a second stack of ldyers 23 named L1, comprising a second

information laygeohd iRERSEH AY & BPEHIGN HIRIEREID NG SRIBBNERIAGE 2GRN Lifdysipresaat more
remote from the entrance face 26 than 20 LI. transgarent ,s#gcer layer 24 made of a UV _cured resin,

e.g. SD 694 mAWEBY DN 1o pre deifitbatehedsy O dnch heAltrahap HRtseavEN ey 8r8 feoptesent
between the entiaihde taeabR6 and L1 and may be made of the same material or a sheet of PC or PMMA
with a pressure sensitive sive (PSA). The spacer. layer.m Isq be a sheet ¢ ined with PSA.
The transmission stack nﬁ?&gT %g%%lg')g%ﬂflc%%s@a&? %8%%%%%%88?@&3 Séﬁ\ggor%f'ractive 25 index
nTso = 1.6 andderitairshaiciayers the tpessn lbBrahdkhes eintremieteitaceb? Braphet(. AstatkupBehas a relatively
low thickness g, miinaliafen Ruasieehimshadplivance OfiwhishymRkbS mealgsigdyNaturally L1

does affect the optical transmission but this aspect is not dealt with here. The transmission stack named

TS 1 has a thiéRHEEs PFS TSk SRR RO deis ot ite 0 h P8 1B baRpeREIALAR all layers

between L1 arfdctbesgntyangeniatemabipacbel 3Rispagag layeti¢Rdshasgadhiakaess ohz33n The thickness
dTSO =100 m a a_geﬁtalc%e index nTso = 1.6 falls within the upper shaded area in Fig. 1 and the
thickness dTS1 =757 ata Tefractive index nTso = 1.6 falls within the lower shaded area in Fig. 1. In Fig.
3 the modieled data-to-clockitteding 96, thenorerdimdinguiles fict optferhdatiotofage moeflivd, ias function of the

stray-light fromy g gu Rﬁﬁ%&%%d%(ﬁﬁg‘% Gl d raeRAG LIRNRALPRANER Of bE 4 reAieRRANIRE by graph

30. The jitter without stray-light was chosen to be 5.8%. At a stray-light level of 15% theé’ittgr has
fight reflected

increased fron? ﬁ@%@ﬁ%!ﬁ@%ﬂ%ﬁ@iﬁ&%@%@% Ehs. medivmdpraibryrainndadisoitas

onto the photol4y eletesated as tongiivmehthe spasatalayehiBickiesscioneprasestes by @raghi40. A 15%
upper limit on the stra}y-g%ht iS 4elﬁres%1t% ati)érdxt'%ggielli[ne 41, Thensstrgl)éﬁlti%ht as function of the spacer-
d

layer thickness Was cafculated tor a O stector Sizé or fﬁ@mrr{rgn ama ﬁ?ﬁf:gaﬁlgﬁlsfgrcetsc?rn of 10. The

minimumlspadetieperl 24u¢Eig | 2) trickmes®ioigoarantab 88 svitemthibsess drso and an effective
refractive index ntgo contains all layers between L0 and an entrance face of the medium. A
transmission stack named TS1 with a thickness drg; and an effective refractive index nrs;
containing all layers between L1 and the entrance face. The spacer layer has a thickness
selected from the range 20 — 30 pm, the thickness drsg in dependence on the refractive index
20  nrgo and the thickness drs; in dependence on the refractive index nrsg are within a specified
area. In this way a reliable read out of both the first and the second information layer of

respectively LO and L1 is achieved.



stray-light is 20 m. 10 According to the invention a dual-stack optical data storage medium is described
for read out using a focused radiation beam with a wavelength of 400 - 410 nm and a Numerical Aperture
(NA) of 0.84 - 0.86. The medium has a substrate and a first stack of layers named LO comprising a first
information layer and a second stack of layers named L, comprising a second information layer. A
radiation beam-framggarent spacer layer is present 15 between LO and LI. A transmission stack named
TSO with a thickness dTso and an effective refractive index nTSO contains all layers between LO and an
entrance face of the medium. A transmission stack named TS1 with a thickness dTS1 and an effective
refractive index nTS1 containing all layers between L1 and the entrance face. The spacer layer has a
thickness selected from the range 20 - 30 m, the thickness dTso in dependence on the refractive index
20 nTSO and the thickness dTS1 in dependence on the refractive index nTSO are within a specified area.

In this way a r(?llable read out of bot the.flrﬂiand the secg]d |%%§Lr?atlogsg%%§f respectively LO and L1

is achieved. 8 CLAIMS: 1.[%\ddlﬁlcif-t§fac(f?t6%aﬂc [HPA 8RO TSGE n%r@ QU8 out using a

focused radiatibmb@hnd(ﬁgmhﬂhm(%\m’lé@h%begﬂe?emmmm(am 4ﬂsD4r1ﬁ1rmmhdranNgmerical _
Aperture (NA) Qelugen R&%&&%Qﬁéﬁmﬁ%@ﬁ'6%4@5%?6?&%%%&0 _%@9&%4‘?&5}{5@'}%@‘ (20) during

read out, comprising: 5 -a substrate (21) with present on a side -a first stack of layers (LO, 22)
comprising a fifst REGHHON Jaijag readkeopRIMAYRSS layers (L1, 23), comprising a second information

layer, saids second stack otdaygsgdle 12 23) RejespresentAt aprsition closest to the entrance face (26)
and said first stack of layers r({LO, 22]{21§ore re ot(?ggom the entraFce .fatge 9?5926 than said 10 second stack
of layers (L1, 23), -a radiatidn BESHY )IWSF?;@& ?%‘388?1%%/% 1{%451 ERRLER ‘8458 first stack of layers

(LO, 22) and said second stasicaidayekisoflliy @8] 1a 23 iatioprisegrn ohdrafisparent bygvesiayer (25)
between the eRLang gtztag%f f%@rsaﬁq ,S?Sifib%ﬁlcgoﬂgs%@%aogA?i%%ﬁscﬂrs]e'sgt%)the entrance face (26)
and said first stack of layers (L0, 22) more remote from the entrance face (26) than said
10 second stack of layers (L1, 23),
-a radiation beam (29) transparent spacer layer (24) between said first stack of
layers (L0, 22) and said second stack of layers (L1, 23),
-a radiation beam (29) transparent cover layer (25) between the entrance face
(26) and said second stack of layers (L1, 23),
15 -a transmission stack (T'S0) with a thickness drso and an effective refractive
index ntsp containing all layers between said first stack of layers (L0, 22) and the entrance
face (26),
-a transmission stack (TS1) with a thickness drs; and an effective refractive
index nts; containing all layers between said second stack of layers (L1, 23) and the entrance
20  face (26),
characterized in that
the spacer layer (24) has a thickness selected from the range 20 — 30 pm, the thickness drsg in
dependence on the refractive index nrsp is within the upper shaded area in Fig.1 and the
thickness drs; in dependence on the refractive index nrgg is within the lower shaded area in

25  Fig.l.

2. An optical data storage medium (20) according to claim 1, wherein the
maximum deviations of drsg and drs; from respectively the average values of drso and drs;

between a radius of 23mm and 24 mm of the medium (20) do not exceed + 2 pm measured



15 -a transmission stack (TS0) with a thickness dTso and an effective refractive index nTSO containing
all layers between said first stack of layers (LO, 22) and the entrance face (26), -a transmission stack (TS
1) with a thickness dTS1 and an effective refractive index nTS1 containing all layers between said
second stack of layers (L1, 23) and the entrance 20 face (26), characterized in that the spacer layer (24)
has a thicknesg,selgeterbiromhe danggigi 3§ m. the thickness dTso in dependence on the refractive
index nTSO is within the upper shaded area in Fig. 1 and the thickness dTS1 in dependence on the
refractive index nTSO is within the lower shaded area in 25 Fig.1. 2. An optical data storage medium (20)
according to ctaim 1, wherein tpeicihaximrglemations 1) disadng td TRikhifosn 7espeetivelsthe average
values of dTso and dTS1 between a radius of 23 and 24 of the i 20) do,not exceed f 2
o meastred U st T ie Chas o e R TS R ey S et o0)
according To clHimuman@ 7WhergidmTs80 and nTS1 both have a value of 1.6 and the following conditions
are fullfilled: 95 m < dTso < 5 105 pm and 70 m < dTS1 < 80 m. 4. An optical data storage medium (20)
according to any one of claims 1 - 3, wherein the spacer layer (24) thickness is 25 m or substantially
close to 25 m &nd the covefNAYEFDEYHTIERHEEIE S (R0 AL iRARY QBSE 128N, F0 5. Use of an
optical data stevegeimeelipataslaipeptiicringoine DfitherRudsadingyJrisaso 25 um and the cover

layer (25) thickness is 75 pm or substantially close to 75 um.
10
5. Use of an optical data storage medium as claimed in any one of the preceding

claims.





