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1 Multi-stack optical data storage medium and use of such medium The
invention relates to a multi-stack optical data storage medium for recording
using a focused radiation beam having a wavelength k and entering through
an entrance face of the medium during récording, comprising: a first

suhalaIa WiihRrasant @ Re Sidgiherralsoor dullisheararding stack named Lo,

comprising a recordable type Lo recording layer comprising an organic dye,
and formed in a first Lo guide groove, the Lo recording layer having a
thickness dlog in the groove and a thickness dLOL adjacent the groove, and
a first reflective layer present between the Lo recording layer and the first
substrate, a second substrate with present on a side thereof: 10 - a second
recording stack named Li comprising a recordable type Li recording layer

comprising aprgaRiGAYRIIRE bl 4 GRAFUNINRYBENAMRY B IBICKRERSLIC In
the groove and a thickness dLIL adézcent the groove, said second recording

geidipgivingra fsveet RdpgsniBrrm dexinpAa EHPack At enfrtpeteopgh an

raandingstackhangd danmedingacseaiing tdmpitg:groove, 15 - a transparent
spacer layer san wig%ed be: yeen th[e recordipgrgg?pks, said transparent
a

. h :
spacer Iayer?wivm%}1 ]haltg%les 'SU nstoann?l%'l?f arger than the depth of focus of

the focused zdditticnoidemstaliheained hticvalssig ates tolthl g b siwohdmg
RSS2 AN ESRRRMMANG RS 25HARTIEAL iecOrding eI ar deserihgtidnayer

the opening paragraph is known from European Patent Application
BTG BRSSP 08T BEINYAGR] 8 Essaftehe ot USRI 18 2 WA HF

diskciRegayelipg:tba prarket tae Dpticatdeeogisignd tBciearstmairtiie most
important 25 and successful format so far is . ite-gnce format, Compact
Disk Recordgﬁlsec?%l%fraﬁtﬁgﬁgﬁef rétfékaegg\?gﬁ?ﬁefﬁportance by Compact
Disk ReWritahiec(@DrRiM)ihg stdzdernnpretictedmsinog atomoglabhetyivel actoalding

m%#s&@@%@g G5 AME Q?e Igstl 3Ll ARh 2 ARl @ﬂﬁ&iﬁ%@%@gﬁﬁ 103fove

for CD- urthermore the most important parameter for drives is the
AR AR sdEs Foir the BTR0NS; 196t F6T R COFUB Pk DFBE SISRE Y of
ﬁlﬁifmr&ﬁﬁﬁ to the entrance face than the L recording stack and formed in a second L,

guide groove,

- a transparent spacer layer sandwiched between the recording stacks, said
transparent spacer layer having a thickness substantially larger than the depth of focus of the
focused radiation beam.

The invention also relates to the use of such a medium.

An embodiment of an optical recording medium as described in the opening
paragraph is known from European Patent Application EP1067535A2. The most common
embodiment of the medium is a circular disk.

Regarding the market for optical recording, it is clear that the most important
and successful format so far is a write-once format, Compact Disk Recordable (CD-R).
Although the take-over in importance by Compact Disk ReWritable (CD-RW) has been
predicted since a long time, the actual market size of CD-R media is still at least an order of
magnitude larger than for CD-RW. Furthermore the most important parameter for drives is

the maximum write speed for R-media, not for RW. Of course, a possible shift of the market
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to CD-RW is still possible, e.g. because of Mount Rainier standardization for
CD-RW. However, the R-format has been proven very attractive due to its
100% compatibility with read only compact disk (CD). Recently the Digital
Versatile Disk (DVD) has gained marketshare as a 5 medium with a much

EHQfE—rKWtﬁ %ﬂg&“s‘iﬁﬁpé !We@&%ﬁkt@%@nﬁiﬁﬁﬁ?ﬁbﬁnﬁyﬁfﬁmﬁtﬂﬁ @vaikable
in aread onl OM) and a rewritable (RW) version. Next to the DVD =~ |
Ravigveashs %3%@ DEERISYA Y A NGl Ry | W% rrEpibdlity with
RYDR stanshardiwagdgveloped. The new DVD+R standard gets increasing
attention as important. su t for,DMD+ ossible scenario is that
o end oL e B T AR el
foeamtivathth ey ehibigheicdsipsionsreapaibythantha (@ wWhitabidfohsdormat is

IRSHEUR PG, ARENAVNHPEMANS tH IO BRI g fAP ALY BRE B BIRSVritable

recording time because only single-stacked media are present. Note that for
&)@wﬁéb,ﬁ%ﬁ%%@%Vﬁ%smdalg?ﬁ,(ﬁhaﬂ-averﬁrﬂ%%aDa‘fﬂgﬂa%ytﬁ%édawas developed.
ToBsicle PRHRAtkaI8N gees iAceiasindayehtiod .ad WA lhsiRetanDNMPHoR \AIBKIS R W.
Rrobanly. feasibie, However, fhas became glear hat 13,3 Ul compatble. i

isk, 1.e. within the reflection and modulation specification of the dual- layer
D¢DEROM thist Viery wiffid altckpait iniexcecanly thejuiresvatildds fermagjor

breakthroughfor. iR BRATHRRANR WRARROUSIR YRIALING PRAS St HAFore

materials, which are used as recording layers in e.g. DVD+RW media.

VRS EOME AIRA RS AR SN e s rked S d R g Rars saY Y PR AL EPIN [t 1deo,

Wisdket is RIUPBHRRARIE!. 120cHhRmtesteaahiaitea dudidaydldvikeRsmardiNMual-
hich is compatible with dual-layer DVD-E tandard, the effective

R BT BN P 1y SR b (0 SHDI BB el

4 80y Effoptivel édknsethaithiethe flebtivonsindensiiret aisspeei figatitior {ohe dual-

fifeCME oG, Ragt e J%W&HH%%ﬂ@paP%§2§i§rbﬁe§M$h%§ﬁr

present and focusing on Lo and Li respectively. This implies that the Lo s

g sIRIFTEG AT 2 9rphP HiGReTaENe Pliaif 1ehaIss et o re sl s 096 d as
prefenablhyeers hamea3erReeadse thbutsiagk @pgoitisiaysuksiantisl of a dual-

orti the incogming and outgoing, ljght. It should be noted that in this
o B e Rl orion of Lo ol L i which
notation Lo ik thdetviosbisih stdel: aperdiiéBsRtmtidenadiktibims vesprebitr antethe

(6L 35 BB G kP (RO IS RERE R, IPES R [?I'_%og% f:gl & and the

stacks closer to the radiation beam entrance face. In 30 EP1067535A2 the
tensiindeaertitvadané lexd d Suchiedive spranaithet thedeftscpmismgattipdenthe
isothentbickness Of thecdyeniay ek frgronenelithe firshadardriermatian., are

present and focusing on Ly and L, respectively. This implies that the Ly stack as such requires
a far higher reflection level of e.g. more than 50%, preferably more than 60%, because the L,
stack absorbs a substantial portion of the incoming and outgoing light. It should be noted that
in this document the normally used convention of notation of Ly and L, in which notation L
is the “closest” stack, i.e. closest to the radiation beam entrance face, has been changed: L,
now is the deepest stack and L,...L, are stacks closer to the radiation beam entrance face. In
EP1067535A2 the following definitions are used: dG1 (corresponding to di g in this
document) is the thickness of the dye layer in groove of the first or top information
recording/reproduction unit which corresponds to L;, dG2 (corresponding to di g in this
document) is the thickness of the dye layer in groove of the second information

recording/reproduction unit which corresponds to Ly. dL1 (corresponding to dy ;. in this
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recording/reproduction unit which corresponds to L1, dG2 (corresponding to
dLOG in this document) is the thickness of the dye layer in groove of the
second information recording/reproduction unit which corresponds to Lo. dLlI
(corresponding to dLIL in this 3 document) is the thickness of the dye layer

Abc|ARch GQE@SRARENRG (6 th 63 RARAIG. LA thig dqe hdh
the thlck{?wess of the dye Iayg%n% corresg}or?csiﬁlgrza Q%o 'IShe d%pth g& &

frdevet bodesyBrathg tBeithicknesnot threddie rebpiHagssisagsing to Lo. The
deptespandingie tansslefinacdiffekaditiyudBdsdhe hﬂgag@ﬁmﬁe@mng

r sure d on th rface aft er has been
o R s
damefnwﬁhom@waychbtwpedes &2 dlomdaeltepth sgtito threxibwtidyel 74,
G ERPPRinG @&%&Bﬁ&?kﬁ&%ﬁﬁ&ﬂhk"@&%&%&%ﬁa@f&%' s NS

shown that the inverted Lo stack of the known medium with grooves with a
et 5roPgAsRATHAS ' refbRiRH By Mg 1s9er S dvsaphiventefativigrar that
Hank ateas.(sacwithoukgoeavesyido Wh}sgmemnaw&@tmosalble lies a

the eS|red6 g reflection level becaus in.o der to .obtai adual layer
B e b S R e R Db it 802

hICh is compa -layer
Standaras thet iethaotivtyibic dditghchtarefoed S8t ontiodhendetel trereksofitherder to

e kﬁdém‘%&e?Wﬁ%ﬁfﬁ'ﬂ%ﬁﬂ%ﬁ@%ﬂ%&h‘ﬁ%'%ﬁ@ﬂ!ﬂu@?ﬁ?&%ﬁm

transmission of the upper L layer). From a dual-stack DVD+R production
et %@wﬁf&ﬁtmv& RE%I 1L%l‘i§9@?l§%k§ﬁsireq@ frs ﬂ?é?fé‘i‘?r%lﬁ‘\ﬁ/m%iﬂ‘ff‘é&ﬁé%t

theuidcerding:iayer BittheybR Slacki® prespntiabaside widhgisiefiestive pyer L,
the an th roov structure. In 067535A2 it.

sid strate with
O R T S T Sy el 5 B AR o T sotinds
sulfstadtisliitegaalsthad LR, I‘Ecmthlegﬂm dGledhotidkbe feasger :thasudﬂ_d_f the

YRELEeS 195%?0?9&%%1@%%’18@5?@@&9&%@% IR RRIECHRILNG HPIRRYSESI, it

provide an optical data storage medium of the type mentioned in the opening

Bategraph twme}flﬁégSawéﬂée%Mewl & 42 pacatidahé subiaetialyGAEve

af reeargechinarks IRKbe d®easeibohay IL0f R les; REDkANGISathk WhiBhnigL2.
compatible with the dual-layer DVD-ROM specification. 25 This object has
been achieved in accordance with the invention by an optical storage
medium, which is characterized in that the depth of the first Lo guide groove

s smaller (hqn. Gt Gy @R iRtk ko PiSYPSAN AN AL QLIATORINAR of re

dLIG. Shallow grooves are proposed in order to achieve a hlfgh reflection
e gl@fttﬁ%eﬁalﬁlgcgpeAWw which has a reflection level of the L stack and a

modulation level of recorded marks in the recording layer of the L recording stack which is
compatible with the dual-layer DVD-ROM specification.

This object has been achieved in accordance with the invention by an optical
storage medium, which is characterized in that the depth of the first Ly guide groove is
smaller than 0.15A and that dy . is substantially equal to or larger than dy ;. Shallow grooves
are proposed in order to achieve a high reflection value of the L, stack. According to
calculations grooves deeper than 0.3A may also achieve a high reflection but are more
difficult to manufacture from the point of view of mastering and injection moulding. The
explanation for the reduced reflection above 0.15A may be that grooves covered with metal
act as a waveguide for the radiation beam, thereby lowering the effective reflectivity due to
optical effects. At depths > 0.3A these effects may again lead to an increase of the reflection.

Since the Ly stack is recorded on land, i.e. in between the L, guide groove generally formed
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calculations grooves deeper than 0.3X may also achieve a high reflection but
are more 30 difficult to manufacture from the point of view of mastering and
injection moulding. The explanation for the reduced reflection above 0. 15k
may be that grooves covered with metal éct as a waveguide for the radiation

beampithereby-lpweiingthe gffgclivedsiiactivitysdusianapical &ifectae Mickness

depths > 0.3X these effects may again lead to an increase of the reflection.
irfed el bretatdeart @&8‘&%@%??%% Al B B T 2GRt hsaiskness
gﬁia@uiaﬂy fooriketéd hascarspisak dbiseeabicathihatifribickidamtb:OMislattion is
ﬁ%"i‘s a tantially. o ?' fo the thickness, LG, This | Ef(ec use Applicants

ave e IﬂSIg?] at a minimum amount O?nye {hIC ness Is require in
drdépd@hﬁxwmhamé regordetreflsiciondverisgffisiedinaotie katioal Mavdigsiohths

fefnad We%@@@%%frﬂlea}@l% ol 'Eﬁfé%té%&féé@é%%ﬁggr&ﬂfé Sufficient

recorded marks 5 divided by the value of maximum reflection. Durin

FRRHHAHRY: EARBbtBaPPRIBEHEEL OFiRRES BLESHERRG Raipdex e bthy @%(ﬁwzéﬁgves the

areichangaddiie teandpcrease v stﬁrmaﬁayuwgeswﬂglgm cmRclufatipmesan

onl obtai d |f e chan e|n ct fthe Andyg) times the
e e e O B B S TR s

gmhdthaﬂ@enieddtanom@ﬁsahaeasm@%d dxrequiredhbynthEaDydst ROMN recording

wepwceatmﬂfbg%@%d 1'f'dlq recoingJaves lob ISREARIEAL, havaindizated

that a modulation of at least 60% in recording layer Lo can on%be reached if
Heording dieastle 4 GHF1S GFrArYes 1k d?.l@%ﬁ%a‘ﬂ?ﬂlfﬁéueré% figfosg afen diog
& ghad Jy®sisntleppsifed tasing;spin,cratingsiashsiqua and; themfer@shen of L,

G is made substan iall | to,dLIG, dLOL will b r than dLIG
e B o e r e Bt B R By e
adjsteanitlgrogua soofrilacgey iiem dh@tllisefﬁsljbs@anmw@tqﬂpahnd asidfiganthan

s G Ies LIS RO MAROFAIRAL Ofe@&ﬁlﬁgsfd%?'ﬁ%mé@gd‘é%ﬂ%"n'&'&’%ﬁtﬂf Hen

marks in the Lo recordlng layer is achieved combined with a high maximum

PRt Bt Rilrstiorevflav: Fewa\frﬁl%m@@gma%ﬁleéaﬁ%lga%@ﬁﬁm@@m

W@M@%@n@mll@m@rﬁﬂiﬁm formats. In an embodiment dLOG is
substantlallyleqf) alt dlr l&e than 2dLIL. \When O usnmgéan Lo |de

groove depth o Slsdlw Eéntglfr‘o vgudep‘))t a{tt% When

rsftectioho\@ide glbthe teptitatktisuadifievel: Thalde gta@i@é@;&bca@@dhmiyl arh
g@ﬁe@ﬁ&?§ﬁq 8t JtﬂleOtha) a%ﬂ‘?&felp ﬂp:t@ S{Q&( RIPRSERIYBA famle(as opposed to

modulation ( hégh -to-low recordlng) his_has as an additional advanta[gg that

{RETONRL FUATEEH dROGFEIBVECPARRIAG SiHAM B dHE e Jeehsin'o v drepifigg). This
TheapatamBieny irdefinedias e pudhopullifGénpbichieumnglsigdalisdhte proper

sign ("on-land"). The parameter L is defined as: L = (dg — d.)/G in which formula dg is the
recording layer thickness in the groove, d is the recording layer thickness on land and G is
the groove depth. This parameter is a measure for the leveling out of the recording layer after
depositing on the groove structure. Normally, when having relatively deep guide grooves of
100 nm or more and the recording layer is deposited by spincoating, typically the leveling is
between about 0.2 and 0.5. L = 0 means that dg = d; and L= 1 means that the top surface of
the dye is completely flat after depositing on the guide groove structure. But when using
relatively shallow Ly guide groove a leveling factor of L= 1 or close hereto may be assumed.
In this case, when drog is substantially equal to or larger than 2dy 1, relatively good recording

results are achieved.



10

15

20

25

30

25 recording layer thickness in the groove, dL is the recording layer thickness
on land and G is the groove depth. This parameter is a measure for the
leveling out of the recording layer after depositing on the groove structure.
Normally, when having relatively deep gufde grooves of 100 nm or more and

the recording laygt.is-ARROMREL SRINCRAING, HRICRIY WRISYEHRIR coating

between about 0.2 and 0.5. L = 0 means that do = dL and L= 1 means that
fRedenedtinaths drapfthe yeserdmiaputeiagroovss wahbaaAduskenceeridiae
OHeo \ea s tucidi e B bings erhuslmgi\rz&iaatgvenhy ﬁhaﬂewdo@dgtgde}gmkﬁ the L,
IeveI factor, of L 1 or close hereto umed In this case
R B eI o SR Al R SE Tl when
tb,@ dits ‘aﬂera@hrewéd:hshwaap n@fen@&semmdmbdt d Igb@fisdféwgénmhn gchlE

WharUsing2RINOaliRE {Ur derQsiling.the dye of the Li recording layer, the

grooves will have a thicker recording_layer than the adjacent lands. This is
advantageou fr ¥RBAERSTI M DIEHEGIGY &F T bf RecERtihg Tt Bichuse in
esgadicedyecbapestitecaiding e Kac@edwlmaeﬁs&ﬁeqmﬂal pihem Sriherdyehe

g\lzurrln a? in eccla%hatbe teqantq%’ atlon ;hné (?1 CO %e?rj%:r% Iiamm d WB rllness in the
I’OOVQS present on e surface O e SU Strate. iIment a

che@cftfléllmyerlﬁﬁ)ayrbe present at a side of the Lo recording Iayer opposite
from the sideyiere s frshbirfiGeHyS Jaxat '&ﬂé@é@é‘ﬁﬁp&%ﬁﬁﬂ% metal is

advantage of even a better modulation. The dielectric layer preferably has a
MERAEYS Hdnat the kartferoims Hye:r RyTin Tam et sidovisretbBtirdictve
sgepnhrefiactiveftaysl Cmpsingaoneial igeliiasentiaiass et tigd-6f 5 nm -
cordipg laye te from the Wher the first reflective |a
R R B PR R e T e e s o
Srowp oflSgnu Imb@e&ckndq@ﬂ@awedm@lamef@satbbﬁdmm@mmﬁses lagher

MRRLRiSe l@lcﬁ?edLg%ﬁh Srrkatl YRR R AP VR BOGGTr tha B REGROE t@ﬁé@gﬂ'\g‘éod

layer has the advantage of an even higher reflection of the Lo stack. Small
VrEdiBa8SHE@R e sign may be required to reach good recording

performan ceAAIa@ﬁdm@lrmivadmgatag@lesm usel ol Shadkawig eoMesriedan stack
anerted ta%khlst t a wobble of th % %grof?v? is Ie ;ws I(ta in the A
ec lon o]??[ & ra%l%'\”hon heam. AP0 Wabble'is sed td Modliste a‘d’&. ional
m@lbhhaslogﬁdﬁtdzheogu]de. ghdoveylergoamaddnegs: (gntdmgr_@ugna@t.g\l\ﬂnend@egs or
HRIDG; GBI G 0QV R BARPIRL G0 280,062, TR Af Rictbon of 15 %

is visible in the signal with the same periodicity as the wobble. At a groove depth G of 35

nm this variation is substantially absent.

The invention will be elucidated in greater detail with reference to the
accompanying drawings, in which

Figure 1 shows the reflectivity on a blank area (mirror) and grooved area for
an inverted Lo DVD+R stack. The groove depth is 126 nm The reflectivity on the grooved
area is only about 15% of the reflectivity on the blank area,

Figure 2 shows the reflectivity on a blank area (mirror) and grooved area for
an inverted Lo DVD+R stack. The groove depth is 35 nm. The reflectivity on the grooved

area is approximately 85% of the reflectivity on the blank area,
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is visible in the signal with the same periodicity as the wobble. At a groove
depth GLO of 35 nm this variation is substantially absent. 25 The invention
will be elucidated in greater detail with reference to the accompanying
drawings, in which Figure 1 shows the reflectivity on a blank area (minor) and

grooved areg:foir 2N IneEigdaHY RYRER RIaCechHe STROURHIGRIRABA LG 1] to

The reflectivity on the grooved 30 area is only about 15% of the reflectivity
gis tReepiionR e Bsied 3-aH8tis the reflectivity on a blank area (minor) and
grooved are&FfgiiraninvdriedoviNéR4R kiac keshine pionveiepitudy 3Bantack
Eglse Befleg'%%i%r%r}ﬁh? gégg(\)/ed area is approximately 85% of the reflectivity

e ban ea, 5 |guren3 schematically shows a cross-section of an
embodiment Hgomuifagnd Sthehinvéistiote witedaeswiv efte chode krgckudSigl rosther

andRshoydhainglcRes Lagdlf of a modeling study of a stack design

according to the invention, 5 Figures 5a and 5b show the calculated result of
a modeling stigfof RBasEPrAERaULivReRoHIY tBrtherirsantioik Fiete
GRefbecber and modulation calculated for a reference disk: single- layer
DVD+R. 10 In Fig. 1 the results of experiments on inverted Lo DVD+R stacks
are presented when a substrate with a groove depth GLO of 126 rim, not
according to the invention, was used. The reflectivity on the grooved area is

approximately, 1574 afthe [llsEIv ARG NIk A £3 TIHADs IS ¥aliedhted

not acceptable. 15 In Fig.2 the results of experiments on inverted Lo DVD+R
3theike RS tEHeWHh A 2P0 TSR St St AP WitRCh G FOEIBEIR SR B SRty Bigs
(i¥ed apcorelivgrtating ivendieorduas itiapstotherailactyity @e Wiegroeyvesl the
g{aenifigr %p@{f»gr altﬁlg/ \% %)ics)fn toktlgcrc%ﬂ?a%tligity on the blank area, which is
significantly ng er thar tor deeper é)roov'es. The disks still shows sufficient
push-pull sigheFiga thackinysisfpogsiblienalso tihertxplesiméntRstiakstmatsitasn. A

l%%/vﬁﬁ%ig k%ﬁg&@«fésm@g%m@ Qb BOdUatoN ARBRAS 10 ME TRIAINEGY was
l?sed.( The ?e’ﬂectivity on the grooved area is approximately 85% of the reflectivity on the

blank area, which is significantly higher than for deeper grooves. The disks still shows
sufficient push-pull signal, so tracking is possible. Also the experiments show that it is
possible to write data, although the modulation appears to be relatively low (10 %, 11T
carrier to noise ratio CNR ~ 30 dB) but with the stack design of Fig. 5 and Fig. 6 a high
modulation is possible.
The L, substrate 31a had 35 nm deep grooves with a FWHM width Wy of 300 nm, a
reflective layer 39 of 100 nm Ag, and 80 nm azo dye recording layer 35, and a protective
layer. Typical dyes that can be used are (phthalo)cyanine-type, azo-type, squarylium-type,
pyrromethene-type or other organic dye material having the desired properties.

In Fig. 3 a multi-stack optical data storage medium 30 for recording is shown.
A focused radiation beam, i.e. a 655 nm laser-light beam 40, enters through an entrance face
41 of the medium 30 during recording. The medium comprises a first substrate 31a with
present on a side thereof a first recording stack 33 named Ly, comprising a recordable type Ly
recording layer 35, i.e. an azo dye. The L, recording layer is formed in a first Ly guide groove
38 present in the first substrate 31a, and a first reflective layer 39 is present between the Lo
recording layer 35 and the first substrate 31a. A second substrate 31b is present with on a side

thereof a second recording stack 32 named L; comprising a recordable azo dye type L;
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carrier to noise ratio CNR - 30 dB) but with the stack design of Fig. 5 and Fig.
6 a high modulation is possible. The Lo substrate 31a had 35 nm deep

grooves with a FWHM width WLO of 300 rim, a reflective layer 39 of 100 nm
Ag, and 80 nm azo dye recording layer 35, and a protective 25 layer. Typical

fesdihalARR Pe Hred &k PhRBIAlY NS RS EZR RS SARAYINE 1/ BR,

pyrromethene-type or other organic dye material having the desired

pPpRstitace hardhosls Attioa RS ptcaniemstbing sepadiungupergioove 37. A
eeepditg ipshRonner Asfecusadithdiciiondeaan re@raigbaaors kases-ighhheam
0,.enters.through an.entrance.fa of the medi O dyring r rdin
R AL WA LR Gl 3SR e VAR e
firsredfstrdiest levdittlingsstiek 8Bt drm eebstcnteontb lisinglethre tordpbimtypectio

[RRAEBNG 1RKPLASWHiEh A1PZQ AYSonlilg kA LGOIV ISHAURES 1R RSk,

Lo guide groove 38 present in the first substrate 31a, and a first reflective

RSO & eSBAT DEnERStE B rBEBIIng Isgdings xRt thSRrstis i dabifelo
stholt. dstesaachst biatiateadd briskrese disvitke 0Bl s wigtee theneafoarsaaandth the

recording s k§2n 1ed Li comprising a re ordagjlée azo gye, type L .
e e R U R T R
gloger/fortheOeantrmeder faskothaathedubdrexording stack 33 and formed in a

secgndLig ﬂ'&q,edg{gg\é% B e BSRAENUSPALESIBNCH 3B R3BVNiched

between the recording stacks 32, 33 and has a thickness of approximately
40 m. The firkt EBGUERPYFSE0E 38048 a depth of 35 nm. The 5 first substrate
Bi: a00itin @S aitsicimd tathe-substiatelwith Lisyiththetransparegt spacer
layer 36 in be[:twee hich ma ha% as bonding layer. A semi-transparent

W .
reflective layef ﬁlilfpec%rr%oryﬁa eg. Clor Ag, is present adjacent the Li

redoreshncetdlysk8%s 8pélifiosilitabiétio estdbictimsigms haman stk 1 diugtive

§éﬁg&%@(ﬁ£§gg@ﬁ%ﬁ§g\gl}ﬁ;ﬁ in this dacyment with the description of Fig.
5 and Fig.6. The preferred s acer-i)ayer thickness for both disk types is 40 10

APt rerht ek ditroEibe aiHeRAK NP sk shapidhava highfransparengy in
Braceyebd I bABILY Bunahle 1esin (prelactivaetayene tkkhguidgrgraems depila

160.nm Lo; 100 pm (2nSI80(S102)20/ dLOL =120 nm, gl 06 5 150 nm dyel
O Am %\g, ] gumtie groove 'dep 3D'RA 15 A PSpacer thickndss of@é
frheTtreleffective ddftectiembtonstiicisdabont 100y Deffeblivend eflebtiepplied in any
(memsHsed) EHRNLD 1o &filsiababhe Hedium,

In Figs.4a and 4b modeling results are presented of a stack with the following
design:
Stack 1:
- 30 to 40 nm deep guide grooves in substrate 31a,
- an optically closed Ag first reflective layer 39 of 100 nm. Other metals, e.g.
Au, Cu or Al, may be used as well,
- an azo dye layer, with thickness of 130 nm on land, the refractive index of the
dye at a radiation beam wavelength of 655 nm is 2.24 — 0.02i which corresponds to a typical
DVD-R dye,
- 80 to 120 nm (ZnS)go(Si102)20, other dielectrics with n ~ 2.1 give identical
results.

This design combines a high reflectivity and a high modulation of the inverted

Ly recording stack for the case of shallow grooves. The stacks should be recorded on-land (as
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The upper Li stack of a recordable dual-stack DVD disk should have high
transparency in order to be able to address the lower lying Lo stack. At the
same time, Li preferably should have a reflectivity of at least 18% in order to
meet the dual layer DVD-ROM specificatidn. 20 The stacks proposed here

BpBJIR e SGISA L9iHS YRR TR pAiH (CathRe ARRISHINBRYhigh-to-low

(multi-stack) organic-dye based optical recording medium. In Figs.4a and 4b
MRoIgingg rus RS prediing s aegerivithemashsneilvigrabbaidhe Ronsk sen
29n-Bdo A aaefileapngififa gheryesidtisuhistatarBda, an optically closed Ag

first reflective layer, 33,01 100 0m- Qiher metals, ae-g- AaesH LAY BB ke on
used as well, an azo yealayer, wﬁﬂlnlc(f(ness o* Onim on Iand,dtlhe
tefradtivéigkdess of the shiyenat a radiation beam wavelength of 655 nm is 2.24

- 0.02i Whi(.:hIﬁqj‘frgfsl@QHg%ﬁgu@aW@l%@!ﬂéng}{BﬁB &XQUI%QO@%%QMion of the on
@858%%502)20, other dielectrics with n- 2.1 %‘\/e identical results. This
ighc

IfBirssamigh Pene EhGHY 8 E ARSIFMBAINURIFOF IR RVEHE TS
recartinghYaaktéariiheitase v ShalDw giomes. d/behsiacks shgulsk Bieout 100-130
B%(lzorded on-land (as 8 opposed to in-groove) in order to obtain the proper
sign of the modulation (high-to-low recording). This has as an additional
advantage thasntrenposhjeellisigptained svitletisopeksigre: (*omgdhmbgulinen of 75%

QEJ‘Q‘H@H RiRarsmeter éf@lﬁ)o‘?%ﬁélﬁ%%ﬁfi@egredé}dﬁ Aaibe Laleulatgd resplis
of the on-land reflection as a function of the on 5 land dye thickness dL. are

Ehyliish fermpla b etbRoutatett FARIEIBTIOR IaVdsHEBLIR A GRUA I ASFARGH of
iR Restgued\ayp ARitkiae ss bl aadnshaunnis bre oz Ria| dotiechlieningicalesion.

g.m'nim%m desired level. It,[ can.be n@gﬁg 1ihat the d1

he laser beam power requirgd 5: a one. rr% e%ﬁ!c'l? 'gef%Chr%glg' tn
ye thickness'range of'about YHO-T50°rith- o IL:Sxpe¥|men al'reSults dhtdinéd

with tHithstereketicard: the higktariobkeation ofl 538y dargeaphigbn reffibe thom tevelldfe
SdoMadlation g generally defined as (Rmark-Rno-mark)/ Rmax in which

formula Rmark and Rno-mark are the reflection levels from the read out laser
beam In Fig.5 modeling results are presented of a stack with the following design:

Stack 2:

- 30 to 40 nm deep guide grooves in substrate 31a,

- an optically closed Ag reflective layer 39 of 100nm, other metals, e.g. Au, Cu
or Al, may be used as well,

- an azo dye layer, thickness 100 to 130 nm on land, the refractive index of the
dye at a radiation beam wavelength of 655 nm is 2.24 — 0.021 which corresponds to a typical
DVD-R dye,

- a 5 to 15 nm second reflective layer of Ag, other metals, e.g. Au or Cu, may be
used as well.

Experimental results obtained with this stack 2 are: A high modulation of 75%
and a high reflection level of 64% . The laser beam power required to write in the L layer is
only 7 mW, which is favorable in view of the presence of the L; stack because a relatively
large portion of the power will be absorbed in the L; stack.

A third stack design is possible which is not shown in a drawing but is
described here:

Stack 3:

- 30 to 40 nm deep guide grooves in substrate 1a,
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when respectively a written mark and no mark is present and Rm. is the
maximum reflection. The laser beam power required to write in the Lo layer
is only 7 mW, which is favorable in 15 view of the presence of the L1 stack
because a relatively large portion of the pdwer will be absorbed in the L1

stack. In Fig-%’&9@%&99&1@%"!?%ﬁ&'iﬁ»%%&%f@f& s ViR falowing.y, cu

design: Stack 2: 30 to 40 rim deep guide grooves in substrate 31a, 20 - an

8b YeRsisadRg ¥eflective layer 39 of 100nm, other metals, e.g. Au, Cu or
Al, may be usedzasiylyarsazaidyeiayenihickmessnl@liad] 8@ mhrotlandiex
the, refractjve index of the dye at g radiation beam w ength,of 655 rim. i
e b R S B A o L DS g R o
saveridPNefidtdye, layer of Ag, other metals, e.g. Au or Cu, may be used as

well. Experimesyakashlis,ebtriges] Wil Qi iark a8/ 6. GBiah madulation of

75% and a hi%h reflection level of 64% . The laser beam power required to
write in the LONGJRYAREEARS HinlRirdweh 465180at e irs el 67wh e haragyre
obiitparki statk hecauisad telagively 30 large portion of the power will be

absorbed in Li stack. A third stack design is possible which is not wn ..
i B S R P 0 0 DR R el i SR OB i
in shostrate kefioctare optisalfyticlioyedsAdkrefledtRde 18y BBintaoBnendether

tfgﬁit@ahsdf‘eﬁ -A(%E‘orgiﬂgl% Ak QR¥AGHSeeaRUaHiRNRZBrRR IR B dye, both

Ickness 90 nm to 160 nm on land, the refractive index of the dye at a

FRGIRRBIR DELRTIGEHOR IR HYE R BSEInAR 18209 MerBfiGURVE O @E Y RIS IR &Y
SalypicahDdiiR R @dyeefebtiath Anambayeltioh 222 vathevigielgetiiasniny &Rained

il e P R B o el
designs that combine high reflectivity with a high modulation (both > 60 %). It turns out that
for a straightforward three-layer stack-design, in-groove recorded signals have the wrong
polarity (low-to-high recording, not shown) in most cases. Thus for the case of shallow
grooves, on-land recording may be considered, or more complicated stack designs.

Both stack designs of Fig. 4 and Fig.5 according to the invention have a
recorded mark modulation value and an effective L stack reflection value that is relatively
high, i.e. meeting the dual-layer DVD specification. Note that the stacks proposed here are
optimized for relatively shallow grooves, i.e. approximately 35 nm but that other groove
depths are possible, e.g. < 80 nm. The optimal groove depths scales with the radiation beam
wavelength A.

It should be noted that the above-mentioned embodiment illustrates rather than
limits the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be construed as limiting the claim. The
word "comprising" does not exclude the presence of elements or steps other than those listed
in a claim. The word "a" or "an" preceding an element does not exclude the presence of a
plurality of such elements. The mere fact that certain measures are recited in mutually

different dependent claims does not indicate that a combination of these measures cannot be

used to advantage.
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In Fig.6, as an example, the result for a conventional single stack DVD+R
disk 10 is shown. The refractive index of the dye is taken as 2.24 - 0.02i (this
corresponds to a typical dye). According to the calculations, around a
thickness of 80 to 90 nm of dye, both thd ®n-groove reflection curve 72 and

the on-groovg madHglomEHVaddnars AtiRIR YRR NAES: g GRlauIATest

reflectivity and modulation agree well with experimentally obtained values.
5 Adine Ueiob P igrhIagiping 1ram hRans agsrisrstad aneerristine thropshirn
stack T desipns thaticarmhieetigh. refeciivit: witvabightinpesutatan @athercof
6Q.%). It turns out that for a straightforward three-layer stack-design
e Y RS TE T PRGN and formed
ot Shownpiidengspeadds. Miteeofdingbyradesof Shickhoss dyrodvés, gndenend a
(RERALRY, A BERORSIBRIAL, a&aaqrgtqgmgm@ﬁ@geﬁﬁs&mn%@'ﬁostack

|

designs of Fig. 4 and Fig.5 according to the invention have a 20 recorded

RN P HNRAREH PaIfies ShasHre e Stornt SUSesake At de e rgcof a
setativeltohighy diecknmeatng thenthiaklayat MabspgpificatiaardioteathatThe L,
stacks proposed here are gptimized for relatively shallow grogves, i.e.

B R B e T a AL e B T SR s gpove
e SEhend peiordingr oevk ideptivistal @esivion thes ratishioeniyemn fasathele hgthok.
fedtaho vt peaqtad hat the aboyerngnteo ?ﬁ%@‘ﬁ%@b‘?ﬁk# lStes, raihRr

than limits the invention, and that those skilled in the art will be able to o
NI LIRS B BeaithahaRiitbluttebisr ah e ineiseope which it
ibecappended BRIMNsadr las claimsicanyvdeieienasdsignsmlacedhetvaenmarks
pareningses;hall ot e consiyuec gs imiing the claim. The word

comprising™ does not exclude the pregence of élements or steps other than
those listed 30 in a claim. The word "a" or "an" preceding an element does

not exclude the presence of a plurality of such elements. The mere fact that
certain measures are recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be used to advantage.
10 According to the invention a multi-stack optical data storage medium for
recording using a focused radiation beam having a wavelength k and

entering through an entrance face of the medium is described. It has a first
substrate with present on a side thereof a first recording stack named Lo,
comprising a recordable type Lo recording layer, and formed 5 in a first Lo
guide groove. The Lo recording layer has a thickness dLOG in the groove

and a
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thickness dLOL adjacent the groove, and a first reflective layer present

between the Lo recording layer and the first substrate. A second substrate

has present on a side thereof a second recording stack named L comprising

a recordable type L recording layer. The LI recording layer has a thickness

A &rdhe groove and a thickness dLIL adjacent the groove. 10 The second

recording stack is present at a position closer to the entrance face than the

Lo recording stack and is formed in a second L guide groove. The depth of

the first Lo guide groove is smaller than 0. 15, and dLOL is substantially

equal to or larger than dLIG, by which it is achieved that the Lo stack has a

reflection level and a modulation level of recorded marks compatible with the
ual layer DVD-RQM specification. 11 CLAIMS: ulti-stack optical data

Lorage med b0 1or FRUSTMM a6 binks QLR Gasi iy ootecd

ralvanigrebesav €46 nyihikgand asptargtig thnd g leamgehtoagicenfateaftt fafettyd ) of the

mgcgiﬂmﬁpagwér}g&qggr ’i%&qgﬂ%yising: a first substrate (31 a) with

present on a side thereof? 5 - a first recording stack (33) named Lo,

comprising a¥rEESRYAIAtE/ P &' ik RSP Ty ¢ eprising an organic

olyt;Z 8lt<nd fOY?%g&@Jﬁtﬁﬁégﬁﬁi@%E%ﬁ_@ E@’,&)onigmgig aqg@@dimgﬁawmving

a thickness In the groove and a, thickness acent fhe groov

B RSB GET B ES8) P 5o thAG S ot Lol e By )

dred_thecdidhg ldysiratei(3h dickfessshcondtbe pstosten(d bohisktieprésentiopeat the

Bl et R PRIRIAVEAIIING SACk (TRNAIR L comaraing a tespifiatle
pe Li recording layer (34) comprising an organic dye, the LI recording layer

HEViRPE#dRA®lss dLIG in the groove and a thickness dLIL adjacent the

groove, said &6RNeuIRGardpOStREK f32EnbEINOsRIEERASAL a position closer
to the entrance face than éhe Lo keé%%dinfg stack (41%,and 15 formed in a

Second Li guid&GRSJIEorgE stac AR Sh SNBSS 5 R RdSdd
betwdep tyerrEdoraingrstiagks (32an33)ysaid iranspatieptspadeviayeriidb)ess
avi thickne, jally | t . of f f
st euinaln a bR AL T e
heaw R 58 heh Rt 0lotgiang ehareredice2bnistae bstsptiaieatissl (td bind

lR_rgrbtaNEleld-L, guide groove (37),

- a transparent spacer layer (36) sandwiched between the recording stacks (32,
33), said transparent spacer layer (36) having a thickness substantially larger than the depth
of focus of the focused radiation beam (40),

characterized in that the depth of the first L, guide groove is smaller than 0.15A and that dyo.

is substantially equal to or larger than dy c.
2. A multi-stack optical data storage medium (30) according to claim 1, wherein

droG is substantially equal to or larger than 2dy ;.

3. A multi-stack optical data storage medium (30) according to claim 2, wherein

dpig is larger than dp 1.
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2. A multi-stack optical data storage medium (30) according to claim 1,
wherein dLOG is substantially equal to or larger than 2dLIL. 25 3. A
multi-stack optical data storage medium 330) according to claim 2, wherein
dLIG is larger than dLIL. 12 4. A multi-stdck optical data storage medium

(30) according {Q, flaim B opReT 8l dHEEHIEG IBYENIS.PEERENS A Aafids, Afibein

Lo recording layer (35) oppaosite from the side where the first reflective layer
(e85 Re iRl it ISPECSAP it isida ok Bplic AP Catangtipag Emear o) R ottiing
tohetaithe4irvhetednvieydigntigptayer.has a thickness in the range of 5 nm -
120 nm. 6. A multi-stack optical data storage medium (30) according to claim
3, wherein a second reflective layer comprising a metal is present at a side
&f the Lo recdrdinljiisipel $88jaliGrioppusiericinithe Sidecwdmetthdafinst, wherein
Eﬁé‘ﬁfél'é’&rl@}t’%feﬁﬁg &B@ﬁ@&tinﬁh@\rﬁ}%@'@@ﬁ%mmlﬂma storage medium
(30) according to claim 6, wherein the second reflective layer has a
thickness in the range of 5 nm -15 nm. 15 S. A multi-stack optical data
storage medinmB0ytagcopdiapdaaciaimed aednnmi3eneic tadgirseoans refleckistein
layer mai omprises a metal selected from the grqu , Au and Cu. 9
R g B T S e e e ey
preceithidpn e kiny fiorerthelfiistacRadvorbivey (fthiaprefiendtivity level of the
first recording stack Lo as such of more than 50% and modulation of

recorded marks in the Lo recording layer of more than 60%. _ _
7. A multi-stack optical data storage medium (30) according to claim 6, wherein

the second reflective layer has a thickness in the range of 5 nm -15 nm.

8. A multi-stack optical data storage medium (30) according to claim 6 or 7,
wherein the second reflective layer mainly comprises a metal selected from the group of Ag,

Au and Cu.

9. Use of an optical data storage medium as claimed in any one of the preceding
claims for multi stack recording with a reflectivity level of the first recording stack L as such
of more than 50% and modulation of recorded marks in the L, recording layer of more than
60%.



