WO 03/ 107338 PCT/1B03/02570 1 Dual stack optical data storage nedi um and
use of such medium The invention relates to a dual -stack optical data
storage nwoioasves at | east read out using a focused radipatmiiBos/@2emwm Wit h a
wavel ength X between 400 mm and 410 nm and an Nunerical Aperture (NA

bet ween 0. 84 and 0.86, entering through dn entrance face of the medium
during r LSk trat i sent on a side thereof
-a fi rst%aé\% }ng‘é%%s gargg&nﬁ_%lrﬁglg%ﬁosfﬁﬁéﬁgﬁflﬁl@t information |ayer, -a
second stack of Iayers nanmed L1, conprising a second information |ayer, L1
bei ng present at a position cl osest to the entrance face and LO nore renote
fromthe entrance face than L1, 10 -a radi ati on beam transparent spacer

| ayer between LO and L1, -a radiation beamtransparent cover |ayer between
the entrance face and L1 -a transm ssion stack naned TSO with a thickness
dTso and an effective refractive index nTSO containing all |ayers between
LO and the entrance_face, -a transm35| on stack aamed TS 1 t hi ckness

dTsl and an ef f ect i\ Invientipagelates foadyalgiagk artigal @ﬁtsgir?ﬁeﬁ&e‘ﬁn]l’i‘lrh)%?té
bet ween L, A5 il efgaﬁs%aqsd1§t§&leoeafﬁ%th wa%]]eﬂ hé)\b%@wée%hﬁioqﬁna@damse of

such nmedium An e rment of such an optical Tecording nediumis known
froma papdman I\BﬁnérNahABephmMW) betvwRen O Sdsntddi §6gy eﬂnnng tlyougisai gpmdcRase 06
for Dual - a er.ed é]sc Wl(]tl1 1 mmthick Cover layer"”, by K Hayashi, K

H sada arife BedEmnduringead PBG FOPPUSRE | SOM 2001, Tai pel , Taiwan. A minimum
spacers | ayer thi ckngg&@atmltmmt@hggh&qg&eoﬁhere is a constant drive for
obtai ning optical storage nedia suitable for recording and reproducing,

whi ch have a st or age fiegipteckof laytrs@iatied Ay campiiye o first amfgematiopHpyer, 25

requirenent is nmet b Vi de sk ofr. sorretl S i tal
Versatile Disk for nﬁ%gcofiggﬁaf%ﬁ%e ﬁg‘ HUpISIRg © FeFo ﬂl?f? %\?ﬂl t hat
i's excl usivedig ﬁ&%ent%?@%@ﬁﬁ% t1okest fMke %Mnc@‘f@e%il@%&\i@é‘t%e fidth el ar e

al so usable for rewita data storage, and DVD-R, which is recordable
once. Pr exsémanée/fagrdham¥d, f or mat s conpri se

10 -a radiation beam transparent spacer layer between LO and L1,

-a radiation beam transparent cover layer between the entrance face and L1
-a transmission stack named TS0 with a thickness dso and an effective
refractive index nygo containing all layers between L0 and the entrance face,
-a transmission stack named TS1 with a thickness drs; and an effective
15 refractive index nys; containing all layers between L1 and the entrance face.

The invention also relates to the use of such medium.

An embodiment of such an optical recording medium is known from a paper
20 “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 ym 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
25  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
disks with capacities of 4.7 GB, 8.5 GB, 9.4 GB and 17 GB.



di sks with capacities of 4.7 GB, 8.5 GB, 9.4 GB and 17 GB. W 03/107338
PCT/ 1 B03/ 02570 2 The 8.5 G and, in particular, the 9.4 G (DVD-9) and 17
GB (DVD- 8P o3fior3smt s exhi bit nore conplicated constructi oR€TARB/2STAl | Yy
conprise multiple information storage |layers. The 4.7 GB single |ayer
re-witable DVD format is easy to handl e < conparable, for exanple, to a

conventi onal conpa i ). but.offers | LCI e S

capacity for vi deoﬁiagéf(léﬁ(ﬁ’ﬂcg’dﬂrpﬁg?é‘&’ tiie ﬂ?’gﬁé @S’S'S)eakﬂg‘? éﬁ@%@'ﬁ&lt t hat
recent | y fhiamtdS@bisMesesingslich®d Pbfdthtions\indeRuiR8EUnthirte MRk infbvRatidd mat s
are currently being devel oped: DVR-red and DVR- "blue, the latter also

cal l ed BIS’@I&@)I%@I% he B GBvemgl@lab/eUrea\mtabledéVDefpmatns)eastyéo bewdle r adl ation

beam wavel enat rec and rea rcones apacity
or bl e ShEPEEer i ek gl eVl Gelbact B o7 by R LEA S uirCeaf o

whi chsi Ssﬁ#ﬁg@@ﬁb&ﬁy&brhﬂd@@r&@ﬂﬁmg pédeg] tal video recording and storage
having a capacity above 22 GB in the DVR-blue format. The DVR di sk

general |y conpri sed highisioragsicapasity Somaat ithat eccenthy bashosh seggesisd ioPigisl h
surfaces g IIQ%C%{‘ % e(ﬂq\/ { 94,895 5k currBGil Sypoéﬁéhéx}% c&»‘éﬁl HOR-LAMEDARS. one

or nore ra amtransm ssive laye ers are transm ssive

to the raliieathedatdpaimcatied BhﬁrayIﬁchéEZl) Mefeaad ahd bme@éfevwd the ukdd adiatien di sk.
For exar‘r%l e a transm ssive cover which is applied on the i nfornat i on

storage [Psy8avelspgthApy (ecoydge amdgﬁafﬁ@& slihis,dig Qkacomesiie saRgcity b an
| I h
A radlati %ﬁ‘?%% © it has 5ilele oS o}t 20hnbl et Sulb 6 o Hiatl QAURY 10, SUC

above 0. @gital videe csvesding andegisiage hyving afcﬁpacuwabmm ajbp}fylrslhbﬂVMeI ﬁonnaie nt
recording with substrate thicknesses in.the 0 20 rapge. due to
decreasing toler anii’g‘a[?)ﬁR %ge{l‘ﬁfﬁ Xﬁ%@gﬂﬁfigﬁdﬁlﬁ %’H‘Eedaﬁgsﬁ?@lg &%Itfng A% hi s
reason, oWBEMH MFhOS aﬁ'lﬁfiﬁm'éthﬁ{ st@tra%e [a%P"Iﬁ@@\ﬁ@qlsk?&@h&% Efn%é’é Gheltr HbrdA,

focu5|ng onto a recording |ayer of first recording sta i's perforned
fromthe rsdlatmrdmausurarsnﬁssum layees. s"IIh@sQ lagitre are tBosaissEvetth ¢he jadmtion beam thah i

I h t t ect f t t at | t I
ty 15 na s B ebER L A L8 Bt P of SF 3 taBtymisERE fag Tpiek Bt Sy
used 25 %Bﬁ@é&&h%hﬁfbmhﬁ%ﬂ@&h@é 1a98r. BRASTLILP f&ﬂﬁgﬁﬂénm@cﬁﬁfsl ¥nédISviles for

the substrate to be radiation "beamtransnissive no | onger exists and ot her
substr at elumrleathaabxgureéN@) ergthagher ghand). 6Q;>age 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

20  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

25  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

30  second recording stack is present, a radiation beam transmissive spacer layer is required
between the recording stacks. The first recording stack must be at least partially transparent
to the radiation beam wavelength in order to make reading from the recording layer of the
second recording stack possible. The thickness of such spacer layers typically is thicker than

30pm. The radiation beam transmissive layer or layers which are present between the



thereof, may be used. A dual -stack optical storage nedi um has two
reflective information |ayers, that are read-out fromthe sane side of the
medi um Iwotobiig73éial st ack nmedi um case, where a 30 secondPCEaBoMiI2RY st ack
is present, a radiation beamtransm ssive spacer layer is required between
t he recording stacks. The first recordi ng3 stack nust be at l|east partially
transparent. ..t o the radi ati.on_ bean vel h i rde e .reading from
the recof” ﬁélﬁ%onlo%% SOt Eﬁlél tﬁ% S %V\%%%rtgirﬁ% msots{;rg%og%fsrgrﬁﬁpg?\hnfﬁgtetaﬁ? ckness
of such spaagily tawaicsvéniRyeaalWited grefabticdied sidafre Bédas Thgsmisivaldyers dagam
transm ssive layer or |ayers which are present between the WD 03/107338
PCT/ | BO3/trrpsmisive adbesive [pyss predpquitsdrin erdentp bond qoxenleyenép eichotharhat i s

most remt e from t e BV AUCHRNAriallH RleVeriRld G BYAinel A HhSradliiEh
prefabricated sheets ‘are used as transm ssive layers extra transm ssive
adhesisve Yeayarmsaissiviedayers evtr ithe radidbextemidinoftihe digk has @yter @ntrollehedryot her .

In the DVR di sk, the variation _or unevenness of _the _thi czqness, of. t.he

radi at i orfarsulbeivArdern dpingaizg ghe vajiatian B ABe opiicel paldilenstiziar dRSIGNgNEt he di sk
has to be., g ' | Lay Qn in
tho opti daaasd EspERaKph opIghaioner it 126n banRhP RGL RO ihi BD &

opti cal du¥RHilye ofrsibhewhiet ivat¢s ondiatambedm whth f weallengti nitbstantislhyeeddbl wr405

DVR- bl ue versjon,_ which uses a radjation beamw th a wavel.engt .
sUbst ant 7 A BN oSaaBaT sl Qi it RS A SPIR Yl PER i o Bickaess
rel atjigvel y ReRSishlidsvd By48ITHRtbAD &%réﬂhic'kﬁests o KI:P GﬁtﬁlnéliQraﬁﬁe iheddr k3 B6EInSSi ve

| ayers. The total layer”thickness has an optinal value in order to obtain
m ni num opininan oppicalrspbeticad Blearratioh of thsffocused faskiaimadermdimaeigathd st on,

e.g., the first. infor i on,recor.di ng layer. deyi ati.on, ..e..q. +/.- m
From ¢ hi SogprRien MRy ET APERgh. i P o s bR i ess Al o
this ki ndn@hdalee h tahdi@ablBam@dufmesfFhis kil dSo fHbBirhtidne BEEausé of this iniIPfahadit ig hat
t he average thickness of the transmissive |layers is equal to or close to

its 15 opmipesantthatche evsagethivkdess of thertrueminsiviedayersis equdl te Beclosd oritinces of

t he tem.and t.o have a. high.yield in facturin h [ um ng
hat 1 R LSRR fraocaiin ofting) Ttots B dieshiE R tRE e BB 1
of the thijgk pR&Bin rimifsctGlifthe toitaiurh NessttAehatof thidkRBdsf ol iy @dusdiagks whi ch
do not conply with the above specification is m.niml when the target

setting ofistrinated graundithe pemioabsctting of theythigkagssa it plear thatdhe sumheiefl iy equal
to the

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
20  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 pm was found by Higuchi and
25  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
30  such a medium in such case has to be rather complicated in order to cover the necessary
range for spherical aberration correction. Further the cover layer of such medium may

become relatively thin and the underlying layers are more susceptible to damage.



20 optimal thickness of the cover layer as in the specification of the DVR
di sk. Two studies of the spacer-|ayer thickness were published recently for
DVD dual -wayanowsscs. A nunerical aperture of 0.6, readowrCTiRe2gh t he

substrate of 0.58 nmand |ight of 405 Mh A wavel ength were used. An optinum
spacer | ayer thickness of 30 um has been 4 ound by Lee et al. Jpn. J. Appl.

Phys. Vol 40 (2001), - . . i ' 2
Koyanagi, Jpn. J. tlglan%g@g&ﬁ@gf%gg&??%%g%gﬁaﬁ'ﬁngigg%%&%@vﬁﬁﬁ 0.1
mm t hi n ahyepeni@yiragiash ithiagbliddfe rhd CuBs dardfrem why fitseingbtmation 48 ®r amd n
additional correction _ of the spherical aberration (proportional to 2JNA) is
r equi r ed forpp thefegandnforpstionlayer. er ence from t he nei ghboring | ayer a spacer

| ayer of mininmally . 3 ' . . ' St

di sadvant age t hat tT%gs éc;}ar]%zsaey g%%%@bﬁgﬁgﬁgﬁﬁ Oﬁ?trjlc azldr@c%i?lud%% n such
case Kas staragremeditumewhich igpdhaceteetted in thaidkhe spaweckhyerhas laghickosss saegted fraunge

for spherjcal abherration cqrrection.., Further the_cover )layer of such medium
may  becdHETER 40 MDA hF FSRES res Riifert PEROT HpePiEachive Thasx e is BUBH bl e
to damagene WA 3haHed 3% iRFE.1 %Q@{tﬁ%ﬁz&eséglgg in) &ep%ﬁcrl]é?ﬁb h thfefibbivd iﬁ&é;(ﬂt I on

to provide a nmedium of the kind as descri in" the opening paragraph with
a rel i ablmsrieadthouthe déwekashaddd avea iInHEgfli The spenfiicphiensiddithd Bxppsmessidn Stasksn t he

d i ' I Thi ' ' hi d i d ith.th
ivent | on By PG RH ot R s Sl e SRR o £y i
that 1phe 1§R3€BY cak@YLfoilBaRe Spdchi B¥aaDT (BeiRalMsIreMNredd?@inEARER 0201 in SfEePM
the thickness dTso in dependence on the refractive index nTso is within

t he upperofditdthe GovenLiayerpng possitdyd Protectivei cort® sFems EP1Ar 1aéHSAdbiskaown t he
refractive index. nTSl is within the. |lower shade in F.gq..l. The

Speci 11 cdb ana o Evet Siebiabdof sl A RRRPEf BT Sl i trariSiay or
on top ofcolyBEorGphdee ldyen nd SdlRfekudl 1Bl fkthe ffbimAnSt@agdlayiérty éanksaygrs i n
case of foils, the spacer |layer and the sem -transparent recordi ng stack of
LI in cadhin, spinFeaed {ayer chy BV quaghle ligwd rpwa of ppipsgirppessiiveiadoesinedSAg) .
FromygP- A- 1047055 i, 4 dﬁ@?ﬂﬂh@l‘%ﬁ%@ﬁl P RiHES tlo?%%rblﬁé‘s@gteﬁ?witﬂ%%h%g”pl <,
a polycarbonate (PC)” Sheet as Tighi-trdnsm ssive cover oOr spacer 1ayer and.

adher e ‘s uhb dépyi@ence of theddni eilipvaostudicd igs réadysit foy thie anlinh ag furklibmof

spin-coated | ayer of a UV curable |iquid resin _or a pressure sensitive
adhesi ve thespecer-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

20  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
spécer layer. A stéble 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 ym and a magnification of about 10. First the

25  influence of the stray-light on the recording performance has been modeled. The main
influence comes from reduction of the signal modulation resulting in a decrease of the signal
to noise ratio (Fig. 3). In a second step, the amount of stray-light as function of the spacer-
layer thickness is simulated using ray tracing (Fig. 4).

In an embodiment the maximum deviations of dygg and drs; from respectively

30 the average values of drgp and drg; between a radius of 23 mm and 24 mm of the medium do
not exceed + 2 um measured over the whole area of the medium. This has the advantage that
no substantial correction for spherical aberration is required when the first information layer
of the medium or the second information layer of the medium is scanned by the optical

medium drive. During scanning the OPU will move radially inward our radially outward



15" To find the m nimal spacer-|ayer thickness for the blue systemwth

hi gh NA the dependence of the data quality was studied when read out from
t he nedi woag/16sseti on of the spacer-layer thickness. |t Pa@agBép2a™ that in
general , the spacer |ayer thickness or the anount of separation of the
first information and the second i nformat?on | ayer depends on the size of
the photo-gdetector..in th Lcal pigck- i i.cal..medi um
ar ve, t nERBOEERERT Ko Phet e Rt Pt Bicha b0 o TR Ersdliitiac

refl ecti viithits 4186 tHe spheridag abdriatibn 8fagls withimadeptitle tifftsionsr (hayeiote &vslof the

di stance between the two | ayers, i.e, the thickness of the spacer layer. A
st abl e OPDediamy dhe prlytinstance whea cersetionsis ropirgs &t Whepsthe QY swiehes from

magni fi cag|.ol ' ' i 2 i:

and al | grireiin€onG Mfist o fiin Mk E0lLERL Bhto (R oo 1oAY ARG 14l 361100
magni f3 catdren of about 10. First the 25 influence of the stray-light on the

recordi ng performance has been_nodel ed. The naj i nfl uen cones from
reduction of the silgrfartspembedimsnt I?Téﬂs%dtmﬁlgbqt#ﬁﬂé"ecl%‘&?l%%lggfé@n si gnal

to noise fah Initi | QuAnSE e <t (EuATRETD A Sh Y0 [BNMRS
function %?B{tvﬂg({oggglé’?%aea@ler %ﬁ?gmss%&s sqsenlﬁl at ed tﬂ@i{ngtrsﬁlay tlrtaci ng

(Fi g. 4).plhsticanateridio dsedeasttranbgarerd tayerrhave nirafiraativs imfexafd o amuibsi@stiallfyr om
respectivel 30 the, avera al ues of dTSO and dfTs| .between.a radius of 23
i Bind 240 s I8 B AR AEPIe O oug Bt Tl Tep e i es BBV Ao o
area Qf thentRdi¥hgedNi s has the advantage that no substantial correction
for spherical aberration is required when the first information |ayer of

t he medi um or the sacofdhérgnoyadamemihe spaeer layeriinekmaselisidh i os suhstastially t he
tical di ive, i i t he,.OPU wi || di al i d
I e R R R A T

Wien the jdiiaflaB&sS e b 3dvioint OF mbafFaefige bscalsabitritial fixsd@alue bf fiespacdt SO
t he spherical aberration stays within acceptable |limts over the whole area

of the nﬁnﬂ qsp;vﬁr W@ftbi@lcyessd%qrémglw magthed ef menufpeiurecgomnrises 1h§fam1mtiphe
PU o ) T . : )
onto The SERRRTHORTNE pifbPRBSAL il ptad AR Tl RReos DARR BV RERA 10

nTso and #f&heR@blowlay & ontadt wethafthek 16yean6t thb enedfueh. I ToNM mgtetiaNdiubuadlys ar e

fullfilled: 95 m <d. TSO <_105 gh m.and 70 m SAdTSI < 80 m Most )
supplied as a sheet of foil with the PSA on one or sides and tliose sheets are made with a

predetermined thickness.

20
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 TSO
and TS1 as a function of the refractive index.
25 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.
Fig. 4 shows a ray-tracing simulation of the light reflected onto the photo-
30  detector as function of the spacer-layer thickness.

In Fig.1 the allowed thickness ranges of TS0 and TS1 are indicated. The

thickness drsp in dependence on the refractive index nrgg is within the upper shaded area 1



plastic materials used as transparent |ayers have a refractive index of 1.6
or substantially close hereto. In this case reliable read out is possible
when t he wbioskomssses fall within the 10 nentioned ranges. PCa/IROF2510her
enbodi ment the spacer |ayer thickness is 25 mor substantially close to 25
m and the cover |ayer thickness is 75 m substantially close to 75 m It
Is adva a yi ' f f 0 _Use:.a: | fixed
val ue of ﬁgﬁeg%gccléelésgr&é{ﬂdﬁc oﬁ%(r&ll[ﬂéaeyoglrth I'C Cﬁg‘%is{{d%}l&%FSI ?Sfl‘g t@lﬁ?@?ﬁ)})}ﬁegglhﬁeﬁod of
manuf act wirea Z. ailprspaces 1dyee24 (ki D) ks arthidkness sedegpedefiom itiee maps R0 30 padhesi ve
(PSA) wth a predeterm ned thickness which is UV cured after heing brought
in contact with ot HBFig-4¢8embgdimenbotihg diplstack aptigalideiy %@rag%magwa} 1”9@

suppl i ed . T PERY tah 9 X RSE4GNEGL S
oo made Gy AR B e Bl ic Mt DR 155 B0 20 S e IhaT REE

el uci dat enidian Nymesiocat Adertiariel(NW) fi0.86 feateeniheough entrencedacpaiitiie npdomadd ngs

in which Fig. 1 sho the al | owabl e area of thickness of the. trapsm ssion
S acks  TEAERREE A SUeR HOE RO Lo N RE P PTFe Reics Wareprg. 2
schemat i GafilsysisdkyRajdt€22 axaed L@Eoﬁpﬁﬁﬁ% a HrAGKHBERE e F8sloHTstaBE6LT di NG
to the invention. Fig. 3 shows a sifulation of data-to-ciock jitter when

read out lager§ @hoamehLbf compresingt a sepond igifornfatiomlaykes Ladi aoesent,at epositibn f ocus,

i nf ti | . Fig. cay-t ' ' ti f the li
ot | ect e o Hhenbiate faod 6 ¢ En ikesdR RgRieRiilY GPi B8 oSamed tage gfdhan
t hi ckipessy.1. |A[‘tr5{s?ar13ni Hace lg%%d hdle QAP cliRAFEEN, A g. B b RNGhadeBy BIE, is

i ndi cated. The thickness i n dependence on the refractive 1ndex nTso
i S Wit hi rpreseat bghpeen 5O and i1 ad éeanspawpt 0ayer dR835 BQTLseBOBEtYREY the epiranas faere

hi ck | d h f ive ind i's Within th
| ower | shaafert 1 S 5R7 REBRGE of e e BRNGAT by SheDFc BIEMVA A EbRSGE ., o
from t he deaditife Zthesivé QPSA). The kpaterlager 10HP IO BEAlshedt cohibindd aitheLKTHept i cal

data storage medi um 20 ) ) )
transmission stack named TS0 has a thickness dyso of 100 um and an effective refractive

15  index nygo = 1.6 and contains all layers between LO and the entrance face 26. The L1 stack 23
- héé ‘a relatlvely low thlckness ofa fﬁaimally a few hundred nm the influence of which méy be
neglected. Naturally L1 does affect the optical transmission but this aspect is not dealt with
here. The transmissio‘n stack named TS1 has a thickness drs; of 75 pym and an effective
reﬂactive index nrs; of 1.6 and contains all layers between L1 and the entrance face (26). The
20  spacer layer (24) has a thickness of 25 um. The thickness drso = 100 pum at a refractive index
nrso = 1.6 falls within the upper shaded area in Fig.1 and the thickness d1s; =75 pym at a
r refractive iﬁdéx IlTso= 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 LO, as function of the stray-light from the out of focus layer, e.g. the
25  second information layer of L1, is represented by graph 30. The jitter without stray-light was
chosen to be 5.8%. At a stray-light level of 15% the jitter has increased from 5.8% to 6.5%
which is tolerabie.
In Fig. 4 the ray-tracing simulation of the light reflected onto the photo-
detector as function of the spacer-layer thickness is represented by graph 40. A 15% upper
30  limit on the stray-light is represented by dotted line 41. The stray-light as function of the
spacer- layer thickness was calculated for a OPU detector size of 100 pym and a magnification
factor of 10. The minimum spacer layer 24 (Fig. 2) thickness to guarantee less than 15%
stray-light is 20 pm.



according to the invention is showm. A focused | aser beam 29 with a

wavel ength X of 405 nm 5 and an Nunerical Aperture (NA) of 0.85 enters

t hrough ewoOrianem3sg ace 26 of the medi um 20 during read out PCAIBUIRSTIAt € 21
made of pol ycarbonate has present on a side thereof a first stack of |ayers
22 named LO conpri si ng a first informati 071 Iayer a second stack of |ayers
23 pamed L Corr Bt RO h G0 BB PR BUE dal B RN 2L 2

position cl osest ance nore rem)t

from t he Rpdrdtrade Ife@@ autaﬁlﬁgfhamca&dhhdla%ﬂ m@nswhamavsmgmroflmgemaﬁmmme of
a W cured resin, e.g. SD 694 nade by DIC present between LO and LI. A
t r anspar enuEeseal AIP&%W @@t)loef HPEs88p- B]éﬁtmé@lﬁmfh?é asbyirte a1 et stgek efng LI

and may
pressur qu%ensﬁ?ﬁlléég SI v% : E*%Al;lf% e sp %garﬁhﬁ%‘éd:ﬁr?g{?ka% %yﬁaglegr{élét
conbi Bsed ovidphisiigA seddiil inforanton yend sidiation Maamdraﬁ@@rémaSp&et hyekis pese TSO

of 100 mand an effective refractive 15 i Tso nd cont aj ns. al

| ayers beteheest Lismdhal tﬁﬁga%ﬁﬁrelﬁ%%%taﬁ%weﬁ?ﬁ@(rw @ﬁhlg & zssan g etective

relativel ¥g£&Weﬁﬁk}e%kr{}§05&)n%n§alfﬁ|%}r&§'bE "Xp?%ﬂ%&%c@ PadeF thdbdgRL Q. Of
ne a oes a

whi ch may ected. Natur y L1 ect the optical transm ssion
but this mBmmslotn$ta¢kmamedl’ﬂSl\mtma thickmess dipeantdr aneffectiwd wirastiwckderamsd TS 1

h t hi ck d f 75 ffect fract TSI of
16 and conranns oL Hverhrbv el RRLRR eHirig oo The S e ¥ das | DRsE S he 20
spacep | axrbieidfom tmaﬁgé it; c lso %1'3 110 th?emgs qun B SlBRTOnARS Rofabffe Hddk a

refractive index nTso = 1. I's within the upper shaded area in Fig.1
and the thicindgbs tlddlmesxdﬁsmrdeacn@ncer@ithacrcfrwcéwmmm MBI Vibirasnesifigdt hi n

nCos Canancs s Bey datiplaad pisaihellt fs rtad e i@ AHARINERSE | e

stray-|i glépebfitdly Loanaull i9hcHiofds | ayer, e.g. the 25 second information
| ayer of LI, is represented by graph 30. The jitter w thout stray-light was

chosen to be 5.8% At a stray-light |evel of 15%the jitter has increased
from5.8%to 6.5% which is tolerable. In Fig. 4 the ray-tracing sinulation
of the light reflected onto the photo- detector as function of the

spacer - | ayer thi ckness is represented by graph 40. A 15%upper 30 limit on
the stray-light is represented by dotted |ine 41. The stray-light as
function of the spacer- |ayer thickness was cal culated for a OPU detector
size of 100 mand a magnification factor of 10. The m ni mrum spacer | ayer
24 (Fig. 2) thickness to guarantee |ess than 15%



stray-light is 20 m WD 03/107338 PCT/1B03/ 02570 7 According to the
invention a dual -stack optical data storage nediumis described for read
out usi ngwe oBoessed radi ati on beamwi th a wavel ength of 4@QTABIRSTIM and a
Nunmerical Aperture (NA) of 0.84 - 0.86. The nedium has a substrate and a
first stack of layers named LO conpri si rﬁg a first information | ayer and a
second stcal(c) é | ayers naned LI, 5 conprising a second information |ayer. A
radi ati on"beamtransparent spacer |layer is present between LO and L1. A
transm ssion stack named TSO with a thickness dTSO and an effective

refractive index nTSO contains all |ayers between LO and an entrance face
of the medium A transm ssion stack named TS1 with a thickness dTsl and an
effective refractive index nTSi containing all |layers between L1 and the

entrance face. The spacer |ayer has a thickness 10 selected fromthe range
20 - 30 m the thickness dTSO in dependence on the refractive index nTSO
and the thickness dT&ralistack optierd dpstanss medipayfonatlpast road pas usims ofegused
within a > f4 [ ' t irst
and t he dSgiel bt R Evelbab B odReRy0fin 30 16 R Rl dRRl AbBRE' U0

03/ 107 33§NAG betvira/008254{d 0.86, chtefinlyBhrodgh én ehifines fage bf thietmehlmdiatiag séadr age
medi um for at | east read out using a focused radiation beamwth a
wavel engt®tXOBPIREEn 400 nm and 410 nm and an Nunerical Aperture (NA)

bet wegn 0. 84 and 0--§§ubsf‘rﬁfee\>[}ft1{‘§re5«l}ﬁBH%Qic?th&@&f:ance face of the nedium
: -a

during read out, conprising: substrate wth present on a side
thereof: -a first sadicdt stabk bfilagers naaed d.OLdOngpeBingiasfinsiginforfuatist 1ayef,or mat i on

| ayer, -a second stack of |aye nanmed ., conpri.sing a second jnformation
layer, L1 being prasenndstc Oéfﬁwrtsmaﬂleﬁds%%%%n% B PR ORI SEind LO

more r e”t]ilebéiﬁé’gﬁg%éhﬁ at QPS%E&?&&&P% thé gﬁ‘t{alf!ce fobQ and@ 10 3BéRbke BRATthe

transparent spa aye etween LO an ,
entrance face than L1,

10 -a radiation beam transparent spacer layer between L0 and L1,
-a radiation beam transparent cover layer between the entrance face and L1
-a transmission stack named TSO with a thickness drtgo and an effective
refractive index nrso containing all layers between L0 and the entrance face,
-a transmission stack named TS1 with a thickness drs; and an effective
15  refractive index nys; containing all layers between 1.1 and the entrance face,
characterized in that
the spacer layer has a thickness selected from the range 20 — 30 um, the thickness drsp in
dependence on the refractive index nrg is within the upper shaded area in Fig.1 and the
thickness drs; in dependence on the refractive index nrsg is within the lower shaded area in
20 Fig.l.

2. An optical data storage medium according to claim 1, wherein the maximum
deviations of dysp and drs; from respectively the average values of drgo and ds; between a
radius of 23mm and 24 mm of the medium do not exceed + 2 pm measured over the whole

25  area of the medium.

3. An optical data storage medium according to claim 1 or 2, wherein nrso and

nrs; both have a value of 1.6 and the following conditions are fullfilled: 95 pm <dpso <105



-a radi ati on beamtransparent cover |ayer between the entrance face and LI
-a transm ssion stack naned TSOwith a thickness dTsO and an effective

refracti weoiondem3snTSO contai ning all |ayers between LO an@CThBo3stoiance
face, -a transm ssion stack named TS 1 with a thickness dTSI and an
effective 15 refractive index nTSI contafning all |ayers between LI and

the entr har ized in that the spacer |ayer has a thickness
sel ect ed%%ﬁé?ﬁgmr %&é %@tl-ﬁﬁso m the thickness dTso in dependence on the

refractive index nTSOis within the upper shaded area in Fig. 1 and the
t hi ckness dTS1 in dependence on the refractive index nTSO,i,s within the

| ower shatled area 4P opitrafiigfa storage mediygp aposfling 4 anysens fFdaims di-An™ACESR di ng
to claim ' ' | @bk T-

respect  var PR RLRL hREnA 75 of e ofthe P AAMA Tt B ¢ 3
and 24 mmthiskn¢dsas Hepgmumsdostadiallpelosetb 72pm neasured over the whole 25 area
of the medium 3. An optical data storage nmediumaccording to claim1l or 2,
wherein nTSO and nTS1 both have a value of 1.6 and the foll ow ng

condi ti ons ar e f ul I(iid d5glopAeu! Bats forléimaibAPsWRIRRA 1OZABEFEFThS BRBLARS O
9 pmand 70 m <dTSI <_80 4. An optical data storage ‘medi um accordihg to
any one oflaivisdpnmlidble d3ta redreowifirom btk tlephustmfdmyation fidyer kmbte seend5 m or
substanti.akl | ose to 25 mand the cover layer 5 thickness is 75 mor
substanti’ﬁqr‘%laﬁ?lbiaé(eli‘o 75 m 5. Use of an optical data storage medi um as
clainmed in any one of the preceding clains for reliable data read out from
both the first information | ayer and the second information |ayer.



