4 January 2007 1 Optical data storage medium and use of such medium The invention relates to a
multi-stack optical data storage medium for recording and reading using a focused radiation beam
entering through an entrance face of the medium durin% recording and reading, cohprrsing?Q7a first
substrate with present on a side thereof: 5 - a first recortling stack named Lo, comprising a recordable

type Lo recordfigritalghtaQtopaisinaediditasddsiosmedmadilsh Lo guide 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: - a second recording stack named Li comprising a recordable type Li 10 recording layer, said
second recording stack being present at a position closer to the entrance face than the Lo recording
stack and formed in a second Li 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. 15 The invention also relates to the use of such a medium. An

embodiment of an optical regerdingmedivmas deserkedin the.PRaRIng:paradaRs known from
European Patent Application EP1067535A2. Normally the medium 20 is in the form of a circular disk.

Regarding the RAMEERUSALARREBRdINL 1154 REAIREC T IR SO SHdP8EcES<I format so far
is a write-oncetieriaiufaantpacttistireeaddahlm g donp}isiAdthough the take-over in importance by
Compact Disc Rewritable (QBPﬁBV\QbIgggtge?@ eé)ggglitctedag?gﬁg long time, the actual market size of CD-R
media is still at least an order ofSE magni?ﬂ Irargerot]ﬁan or CO-RW. Furthermore the most important
parameterSfor drives is the-réxitrernrdingetspeathfot Ryroeuisisngt forcRMADB iUk sescardussible shift of
the market to GRStk RASSIRIE) RrgndaRaUSE ST MAHPLRBIEMPS HR-RMU:fHRwEYer, the R- format

has been proven very attractive due to its 100% compatibility. 4 January 2007 2
present between the Ly recording layer and the first substrate ,

- a second substrate with present on a side thereof:
- a second recording stack named L, comprising a recordable type L,
10 recording layer, said second recording stack being present at a position closer 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.

15 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. Normally the medium
20  is in the form of 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 Disc recordable (CD-R).
Although the take-over in importance by Compact Disc 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

25  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
to CD-RW is still possible, e.g. because of Mount Rainier for CD-RW. However, the R-

format has been proven very attractive due to its 100% compatibility.



Next to the Digital Versatile Disc ReWritable (DVD+RW) standard recently a new Digital Versatile Disc
Recordable (DVD+R) standard was developed. The new DVD+R standard gets increasing attention as
an important support for DVD+RW. A possible scenario is that the end customer¢ igirayeédrhe so
familiar with an optical write-once format that they 5 might accept it more easily than a re-writable format.

An issue for both th? R a”%@M&QE@B@&%tV%&HﬂiE@ﬁi&?ﬁ@WH{ﬂ@(ﬁ‘@fﬁfﬁ‘W) 5%%95@'&(19&%@ Q_ecause only
single-stacked media are present. Note that for DVD-Video, dual stacked media have a considerable

market share. PHGHRIGy&CHE A RAPSRECRIIBNAS PRIV Gis ka8 Bron4sifreiiste Tiore B R Has become
clear that a fullyaaampatibliacteadiskaitentivithinathenpefiaatiampsurtion oiviatiow speoifidatictealtioe dual-layer
DVD-ROM, is very ifficult t% achig\{gv% d re{ggiroe at least. g rqla(lO{ibrleang[rg%%gQ ?_1%%{? tthtg ﬁE])Hl%se-change

+

material propeﬁies. itOUTE A Tull (r:ompa ibifity, e%asn&%@és‘ivsfo a duar é)yv/rér e Tharket is

questionable. mightizectptobragreaadilalthayer®vi@Renfediaim which is compatible with the 15 dual-layer
DVD-ROM standard, the efigcfive: reflesiviie &f RRR WeHRRE it ehitrad IpS HPWR! hergyer should be

at least 18% at a radiation beam wavelength of approximately 655 rim. Effective means that the reflection
is measured a&tREIFSHBIT BfaHRCEVY Hgatctntlig etk #FoATHHE nMiR AR WheR Yot $tfeks Lo and L
are present anghfoetasieg evdiohane ddorekleetiyealykthisareantiihatyiieileodstackds such requires a far

higher reflecti v .0..20 mare than 50%, preferably more than 60%, because the L stack absorbs
 Substantial PoNE e AR BT RS e S0 S ment the
normally 10sedisénventitnrothnatdtioroofahd mpdulatiomspdvidisatoradbihd dnig-tieet' Y42 ROMavk, i.e. closest

to the radiatioqgﬁmgg WERIAEIAERERD £ NAOLHra R DU hdl%?ﬁﬁfﬁlék_%g&aﬁgg L...L" are

stacks closer to the radiation beam entrance face. In EP1067535A2 the 25 following definitions are used:
DG 1 is the thitiéHaid epsaigyeaperia Gbevarstitibtrthe fsaicrirebdrsnVEbrBALEB unit which
corresponds tankd@6G2 dadhinthickness of the dye layer in groove of the second information

recording/reproduction unit which corresponds  to Lo Ql[;L the thickness of the ? Ia)ﬁﬁr on land
corresponding to L1, dL2 i;[ lﬂ%gt?{i?: (r)lrkétgsn b 1etlo ) %yer gnnfg% %&Bé@pgﬁa%a 1())6%0. tleledepth of the
grooves dérresjpehtliyg BVIDiR QY ditindathetiegithcof theflprooie s tiodotre spperdindpyerlaodshdefined

f"ffe rehntly.bDZ isHae Neight AiiRr 606810k1aRds A9dAARNESMEAIVERD AR Sre s RHHac giter a dye
ayernas eerlnm. Effective means that the reflection is measured as the portion of effective light coming

back from the medium when both stacks Ly and L, are present and focusing on Ly and L,
respectively. This means that the Ly stack as such requires a far higher reflection level of e.g.

20  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: Ly now is the deepest stack
and L,...L, are stacks closer to the radiation beam entrance face. In EP1067535A2 the

25  following definitions are used: DG1 is the thickness of the dye layer in groove of the first
information recording/reproduction unit which corresponds to L;, dG2 is the thickness of the
dye layer in groove of the second information recording/reproduction unit which corresponds
to Lo. DL1 is the thickness of the dye layer on land corresponding to L;, dL.2 is the thickness
of the dye layer on land corresponding to L. The depth of the grooves corresponding to L; is

30  d1 but the depth of the grooves d2 corresponding to L is defined differently. D2 is the height
difference of lands and grooves measured on the dye surface after a dye layer has been
coated. DG2, d2 and dL.2 are set to approximately 174, 140 and 120 nm. A calculation shows
that this corresponds to a groove depth g in the substrate corresponding to L of about 194

nm. Measurements by applicants have shown that the inverted L stack of the known medium



coated. DG2, d2 and dL2 are set to approximately 174, 140 and 120 rim. A calculation shows that this
corresponds to a groove depth g in the substrate corresponding to Lo of about 194 rim. Measurements
by applicants have shown that the inverted Lo stack of the known medium 4 Januaf2eo72®ith
grooves with a depth of 194 nm has a reflectivity being énly 15% - 50% of the reflectivity of blank areas

(i-e. without gro@yesholiSMeAAS IRk mn%sd;bé@gam@%ﬁkgoﬂ%w@@% geflection level because
in order to obtain a dual-la};‘fr DVD+R medium which is compatible with the dual-layer DVD-ROM

standard, the FSfEEHVAY rUERERF BEAHS: 5 1UE SEPOYRD- thRIHREI T ARK ritHE MW Tt Egeh Ysould be
sufficiently higheflygically & 6L%on depEhdingoin théstransmissionnfliker Dpper k. haydam kigioh a dual-stack
DVD+R production point of .vi n.invert r structure is preferred which means that the
recording iy ST B O B R VR e o e
substrate Wwithfepegdenirtetidaia tack i i bhject ofatee shoedtberruipravindiah @pticdlrate)%torage

medium of the ytypcMeBHaNechiRING BRERIAG RYAITARDWhIChhag @ISty As Qf ik k-0 recording

stack higher than 25%, preferably higher than 50%, at a radiation beam wavelength of 15 approximately
655 rim. This df8EP h4S ber BEHR b A SEYFYRCERRtFTiFE THidrtet b drihspttaidistolage medium

as described infthe DpeRbRdsRtagianh, siddichtis ekfvasterizeddméhaiathedistie borgidesgieove has a

depth GLO < 1v91 rirrr(l).o;ll'hiS nilr(}}/ergtion disclosure proposes the use of shallow grooves in order to achieve
a high reflection vatue, chord}ng to calculations 20 grooves deeper than 200 nm may also achieve a high

reflectionlBut are more difficult to manufacture from the point of view of mastering and injection molding.
The explanation for the reduced reflection above 100 nm may be that grooves covered with metal act as
a waveguide for the radiation beam, thereby lowering the effective reflectivity due to optical effects, e.g.
changes in polarization. At &ptR&esbef in fheatarfa dro Yt Aa galir1b dyas e B HErELIdNSt the
reflection. In ag gmkadicnedtiGheopihppaaigehphevilish hes guidR @raovaas enéull, hadbranaximum width

WLO< 350 rims'tellzc rhggr e(:)rvt gnvggj%!]prr]g%real?l}y\ﬂgg e? Ihsarrp%l%, gt[]?a'rr]a El%o%r‘%etg}g wavelength of
15  approximately 655 nm.

This object has been achieved in accordance with the invention by an optical
storage medium as described in the opening paragraph, which is characterized in that the first
Ly guide groove has a depth G < 100 nm. This invention disclosure proposes the use of
shallow grooves in order to achieve a high reflection value. According to calculations

20  grooves deeper than 200 nm may also achieve a high reflection but are more difficult to
manufacture from the point of view of mastering and injection molding. The explanation for
the reduced reflection above 100 nm may be that grooves covered with metal act as a
waveguide for the radiation beam, thereby lowering the effective reflectivity due to optical
effects, e.g. changes in polarization. At depths > 200 nm these effects may again lead to an
25  increase of the reflection.

In an embodiment Gy < 80 nm and the first L, guide groove has a full half
maximum width W< 350 nm. For grooves which have a width of smaller than 350 nm the
groove depth should be smaller than 80 nm. When grooves are relatively wide, e.g. 500-600
nm, groove depths of close to 100 nm may be feasible with still enough reflection. At smaller

30  groove widths wave guide like effects play a more prominent role and the effective
reflectivity may decrease. The shallow groove depth will result in inversion of the radial-
error signal (push pull) and of the wobble signal. This should be corrected for in the drive.

In another embodiment 25 nm < Gry < 40 nm and the first reflective layer

comprises a metal and has a thickness > 50 nm. A very high reflection value is obtained by



groove depth should be smaller than 80 rim. When grooves are relatively wide, e.g. 500-600 nm, groove
depths of close to 100 nm may be feasible with still enough reflection. At smaller 30 groove widths wave
guide like effects play a more prominent role and the effective reflectivity may dectdasearyBe0shallow
groove depth will result in inversion of the radial- error sfgnal (push pull) and of the wobble signal. This

should be corrggigdl Jon MBI VN dit BRANGLEMRQYINENISS BNiGCiacrMmAagd:the first reflective

layer comprises a metal and has a thickness > 50 nm. A very high reflection value is obtained by 4
January 2007 8N ich YorpaAditP BatEae sy Bedady Iag Srauadlemly Ss@s RIB S AGRONY standard is
achieved. Withowtatidii analuagasurephealeduced groave slepthrbamsiahadve agralatvely low optical

modulation, |.§dﬁ%&tlcal contrast beéw en mark au(iiaggl%rp I% Fl?%rtﬁb%'laan Eé I{gpﬁ% deep groove experiments
u odli

.ZrooVve € Tr1Iments snowed a mo, QO0Ve.
showed a mo ion ofelégﬁo,%o? on land and groove. 5 In & further em ent recordable type Lo

recording fayer comprises andyirdndehio dittisidknesddbdtimen-7 GeindiaadayS0ceimpriseasdsed on the land
portion of the gyife,s9rapve.WReRLsiNgothis hCKaESS [ARgeadsAHRIe MYk d8rBalirnIRdhe dye layer is

achieved. When usin%his stack good modulation is possible combined with the strongly reduced groove

depth. As the EeBYRINYIRIpsHS e dhisiardange dppBRiu e inferapien i fi5 Brsp®xcsign of the
modulation, i.exchigheto Vo @cikgling stsckchiey e dihisohasphwinddisiabiakaeiantagedhdt the push-pull

signal has the prpper sign and no sures in the optical disk  drive are required to invert the push-pull
o, A dielect R S oy ST AT S SRS IR S0 O i P S N he sice where
the first réflectivereysgiopresmotiuldtisnhas. thehddentegerdingyvisnditscheties modhdatidniondle dielectric

layer preferably;0as 2 hicknRss, . ik @aeeRk %E‘B}Gpéggﬁﬁi Thd RoRE AN G GORRAINGHE @ second

reflective layer comprising a metal is present at a side of the Lo recording layer opposite from the side
where the firstd@fRetif/Earrdrifs ped dif PR RIABIE the second reflective layer has a thickness in the
range of 5 rim 20 15 rim. Thaiskeand4piiantyedayakmreferai miaily cosprges & vp@iselected from

e 1900 ST 9, i A TR RSO jelceic oy i gt i sy gher et
15  better modulation. The dielectric layer preferably has a thickness in the range of 5 nm — 120
nm.

In yet another embodiment a second reflective layer comprising a metal is
present at a side of the L, recording layer opposite from the side where the first reflective
layer is present. Preferably the second reflective layer has a thickness in the range of 5 nm -

20 15 nm. The second reflective layer preferably mainly comprises a metal selected from the
group of Ag, Au, Cu, Al. The second reflective layer has the advantage of an even higher
reflection of the L stack. Small variations in stack design may be required to reach good
recording performance.

An additional advantage of the use of shallow grooves in an inverted L, stack

25  isthat a wobble of the guide groove is less visible in the reflection of the radiation beam. A
wobble is used to modulate additional information in the guide groove, e.g. an address or
time signal. When e.g. using a guide groove with a depth G of 160 nm a variation 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.

30

The invention will be elucidated in greater detail with reference to the

accompanying drawings, in which



recording performance. An additional advantage of the use of shallow grooves in an inverted Lo stack 25
is that a wobble of the guide groove is less visible in the reflection of the radiation beam. A wobble is
used to modulate additional information in the guide groove, e.g. an address or titnlasiana300Vhen e.g.
using a guide groove with a depth GLO of 160 rim a vardation of 15 % is visible in the signal with the

same perio_dicity as the W_O?@el éI@vQER@V&lQ&M@%ﬁQ a%%af@(ﬂﬁi%o\f%ﬁéig%&%&%ﬁaﬂy apsent_. 30
The invention will be elucidated in greater detail with reference to the accompanying drawings, in which 4

January 2007 BVEi§d Le ROl theaenddnaty o deitik 2ednlitrdSiardvivoavta SR $0R%A inverted Lo
DVD+R stack.iJ belygibowel sigpthtis idBavinT hiethefteativiiegn the grooved area is only about 15% of the

reflectivity on the blank are, Fig,2 shaws the fellectiity an 2 gk, a153 (inon. and gipeyed area for an
5 inverted Lo DVD+R stack. The groove depth is 35 nm. The reflectivity on the grooved area is

approximatelyi88eredflin® Y titioy.ofh ergedolemdie e &, Figne Beheathertivatiyostibog epeedsseséction of an

embodiment agearding 19 SR80 inyentimeEigi« schepatikaliy.shows a cross-section of an embodiment
according to the 10 invention for an inverted Lo stack, Figs. 5a and 5b show the calculated result of a

modeling study of a stack §¥sigiCATEBHIMY FHTHE HvRItSAI PIgE B4 BRRABRC BRI g Atclifated result of
a modeling studyeafiamother stack design according to the invention, 15 Fig. 7 Reflection and modulation
calculated for a reference disk: single-| VD+R. In Fig. 1 the.results of experiments on.inverted Lo
DVD+R stacks are presenﬂég' ésdg\)% %%%gﬁsiabss?rvg\fea Wi ﬁsés%ﬁboélv(gfaréﬁ%%&%eo %ﬁ%r%rl?n ,%r%fotP %ccording to
the inventidn, wasntimetdr Thenrefledtivitjaon the grooved area is approximately 15% of the reflectivity on

the Figs. 5a and 5b show the calculated result of a modeling study of a stack
design according to the invention,
Figs. 6a and 6b show the calculated result of a modeling study of another stack
design according to the invention,
15 Fig. 7 Reflection and modulation calculated for a reference disk: single-layer

DVD+R.

In Fig.1 the results of experiments on inverted Lo DVD+R stacks are presented
20  when a substrate with a groove depth G of 126 nm, not according to the invention, was
used. The reflectivity on the grooved area is approximately 15% of the reflectivity on the
blank area (mirror). This value is not acceptable.
In Fig.2 the results of experiments on inverted Ly DVD+R stacks are shown. A
DVD+RW substrate with a groove depth of about 35 nm, according to the invention, was
25  used. The reflectivity on the grooved area is approximately 85% of the reflectivity on the
blank area, which is significantly higher than for deeper grooves. The disk 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
30  modulation is possible.
The Ly 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,



blank area (mirror). This value is not acceptable. In Fig.2 the results of experiments on inverted Lo
DVD+R stacks are shown. A DVD+RW substrate with a groove depth of about 35 nm, according to the
invention, was 25 used. The reflectivity on the grooved area is approximately 85% dfitagry@fl8étivity on the
blank area, which is significantly higher than for deeper@rooves. The disk still shows sufficient push-pull

signal, so ackipgxagsaiplepHshnR RXBETEIR SO 0 i Rasmlau e, although the
modulation appears to be reiatlvely low (10 %, 11T carrier to noise ratio CNR - 30 dB) but with the stack
design of Fig. B'3ffd'ey. 6 a high 30 modulation is possible. The Lo substrate 3 la had 35 nm deep

grooves with a FWHM widtih Wigo3af @00i-ninok apedle chivestayge 32 abd0) mon Aghraing 8QHuwmzo dye

recording layer, 35, and a protective Iaver, Typical dyps fhat can e user are (pluhalojcyanine-type,
azo-type, 4 Januarysf 6aid B squarylium-type, pyrromet eneyype orother organic d?’e material having the
desired pfopethiesghai-ptBngniyle statkhopricdhuiait dtoregecmduiginB0fetivecordipigsés shown. A

focused radiatig REGIRL L 81 2 JAREEREANHAQ WAt RWEVLIGROIR ALARAERSS i &NLErs S through an

entrance face 41 of the medium 30 during recor_dinl('gq. The medium comprises a first substrate 31 a with
present on a sf9&MEHEDT A APEdARE SYBfy Eteiiag Rufhact 16, 2R 8mphiSing'a retsrigBR #YFeit orecording
layer 35, i.e. amazeddyea.fkkd |, guiae@roing dayeins afarsoadisotaditsidC Pliige ginovevddathrrnd a first

reflective layer 39 is. present between the Lo recarding layer 35 and the first substrate 3la. A second
ubstate 5 1 BRSBTS s R e h S PR cing o
recordablé azdhdy@fppecond ezording dayk B 3aaMhé Iscounpt iserprdingrdehbkakd 82dsyprdsent at a position

closer to the %&@H‘ﬁ? N é‘@_‘i‘%@%&-%@%ﬁﬁgig}g&tﬁ%% prackfe 3586009 Hnguide groove 37.

A transparent spacer layer 36 is sandwiched between the recording stacks 32, 33 and has a thickness of
approximately Atr#ceriecrsihan eite groutieesishad anddpimasting sssonhl NetdagERA e depth of the
guide groove is defined at therpagpition efdhe BesidElicativelayameresaniebuaamnd4and 36. The

medium may b magutached as fplows. TR RPARS, Th. NP oNANR e et aid gy ol
15 35 nm. Note that the depth of the guide groove is defined at the position of the semi reflective
layer present between 34 and 36. The medium may be manufactured as follows. The spacer
36 either contains the first guide groove, also called pregroove, for L or this first guide
groove for Ly is mastered into the spacer after application of it to L;. Normally the guide
groove constitutes a spiral. Then the first recording stack Ly is deposited on the grooved
20  spacer 36. Finally, the first substrate 31a, containing no grooves, is applied. This lay-out is
called type 1.

In Fig.4 a variant of the medium 30 is shown called type 2. Type 2 is based on
an inverted Ly stack, and is the preferred embodiment. The description of Fig. 3 applies with
the exception that a guide groove 38b now is present in the first substrate 31a. This first

25  substrate 31a with L is attached to the substrate with L; with the transparent spacer layer 36
in between. Specific suitable L stack designs named stack 1, stack 2 and stack 3 are
discussed elsewhere in this document with the description of Fig. 5 and Fig. 6 . The
preferred spacer-layer thickness for both disk types is 40 pm to 70 um. One specific
embodiment would be:

30 L;: 80 nm dye/ 12 nm Ag/ UV curable resin (protective layer) and

Lo: 100 nm (ZnS)80(S102)20 / 130 nm dye/ 100 nm Ag, and a spacer
thickness of 55 um. The effective reflection from L, is 20 %, and the effective reflection
(measured through L;) from L is 21% at a radiation beam wavelength of approximately 655

nm.



groove for Lo is mastered into the spacer after application of it to Li. Normally the guide groove
constitutes a spiral. Then the first recording stack Lo is deposited on the grooved 20 spacer 36. Finally,
the first substrate 31 a, containing no grooves, is applied. This lay-out is called typéanudry RP4 a variant
of the medium 30 is shown called type 2. Type 2 is baséd on an inverted Lo stack, and is the preferred

embodiment. The descriptigOffpig-13 aRAlSE ik h61eYESRILNK PRI IIPRYE ﬁg’g@l now is present
in the first substrate 3la. This first 25 substrate 3 la with Lo is attached to the substrate with Li with the

transparent spEEEPHERY 3B OB dabeahlcdpaddressihedpect b tiatr dadigntharmeg diel, stack 2 and
stack 3 are dipesfsaptlelsaindiere: inttiscdoryarentsaith sheidesasint araftigiual andHn/ 8- The preferred

spacer-layer t 'Wess far both disk types is 40 m.to 70 m. One specific emt;%%' 1twould be: 30 Li: 80
iyl 12 i) DR AR T R e S RO o BLOH A rim el
100 rim Ag, arle arpbader athickndigstatloDigariihdyeffestiveptstibutiordfngrmddiiz20 %, and the effective
reflection (measured throughel i) Hiomd-6iseddmataspdiaioneam wavelenwhoharnigximately 655
rim. 4 January 2007 7 The upper Li stack of a recordable dual-stack DVD disk should have high
transparency ife8&ler to be able to address the lower lying Lo stack. At the same time, Li preferably
should have agefleqtivity of at least 18% in order to meet the dual layer DVD- ROM specification. The
stacks propose re are npt restricted to use in DV -DL and can 5 be applied in any (multi-stack)
organic-dye basga%?gét(%lar? fdgggr%lfhég;e mediam. Fﬁlqﬁlé%gégaand 5b modeling results are presented on a
stack withGhe following!ldebisgt Sgaskror oRBnA0 Gireteepiguide 4robves hl.onbstratedlag, 10 - an
optically closeg,Ag mirror of 100 nm. Other metals, e.g. An, 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 is 2.24 - )
- an azo dye layer, with thickness of 130 nm on land, the refractive index of the dye is 2.24 —

0.02i (A = 655 nm) which corresponds to a typical DVD recordable dye,
- 80 to 120 nm (ZnS)g(Si0;),0, other dielectrics with n ~ 2.1 give identical results.

15 This design combines a high reflectivity and a high modulation of the inverted
Lo recording stack for the case of shallow grooves. The stacks should be recorded on-land (as
opposed to in-groove) in order to obtain the proper sign of the modulation (high-to-low
recording). This has as an additional advantage that the push-pull signal has the proper sign
("on-land"). The parameter L is defined as: L = (dg — d.)/G in which formula dg is the dye

20  thickness in the groove, dy is the dye thickness on land and G is the groove depth. This
parameter is a measure for the leveling out of the dye after depositing on the groove
structure. Normally, dye is deposited by spincoating and typically the leveling is between
about 0.2 and 0.5. L = 0 means that dg = dp and L= 1 means that the top surface of the dye is
completely flat after depositing on the guide groove structure. In Fig 5a the calculated results

25  of the on-land reflection at a radiation beam wavelength of 655 nm as a function of the
onland dye thickness d are shown. In Fig. 5b the calculated results of on land modulation as
a function of the on land dye thickness d; are shown. The horizontal dotted line indicates a
minimum desired level. It can be noted that the desired level is reached at a dye thickness
range of about 70-150 nm.

30 Experimental results obtained with this stack 1 are: A high modulation of 75%
and a high reflection level of 70%. Modulation is generally defined as M = (Ryo-mark-Rmark)/
Rio-mark 1n which formula R« and Ryo.mark are the reflection levels from the read out laser

beam when respectively a written mark and no mark is present. The laser beam power



0.02i (X = 655 nm) which corresponds to a typical DVD recordable dye, - 80 to 120 nm (ZnS)80(Si02)20,
other dielectrics with n - 2.1 give identical results. 15 This design combines a high reflectivity and a high
modulation of the inverted Lo recording stack for the case of shallow grooves. TheJeteks ¥Kduld be
recorded on-land (as opposed to in-groove) in order to dbtain the proper sign of the modulation

(high-to-low regaraliag). s hageas anaddisinpal aovaniagethabihnrusherursignatiaasthe proper sign
("on-land"). The parameter L is deflnecfas: L = (do - dI)/G in which formula do is the dye 20 thickness in

the groove, dL™h reage Rerakssese B Vel dessroPestiennd rasve ueptive rhserbsdrinifisily feskmeasure for

the leveling out of the dye afi®ieposittbohraddhe: geoawearstststuted biosmally wdyretis figpeosiied by
spincoating an&j tg)ipally the leveling is between about 0.2 and 0.5. L =0 means thatdo=dL and L=1

means that the fop Surface of the dye is completely flat after depositing on the guide groove structure. In
Fig 5a thecalcebsled results 25 of the on-land reflection at a radiation beam wavelength of 655 nm as a

function of the_ onlangydyg iBigkness Hbave; showylxif Big: Sb the calculated results of on land modulation
as a function of the on land dye thickness dl are shown. The horizontal dotted line indicates a minimum

desired level. it ¥a9PHE*HEEer it grellgedrieldvendl /f /o9 athteiAsifigkAds S rahgb Br|BGut 70-150

nm. 30 Experimeatal kesylts obtained with this stack 1 are: A high modulation of 75% and a high

reflection level of 70%, Modulation is rally, defined as Mh? " mazk-R. [ R™ k in which
formula Rmazk aglnzg(hdyir%ﬁ ﬁé}%kfﬁégﬁg?e%’ti%énglrg\r}qu ﬁ%‘%ﬁt eer% %%1 out fager Séi%evr\?hg;%%réspectively a
written mitk afdZiovinelrkis s toPHepimskediseam power 4 January 2007 8 required to write in the Lo

layer is only 7 fﬁ"é’t&’\’l@i‘ﬁ'ihi§e[%¥8ﬁ%ﬁl%tii’&evf§;y¥r%fftﬂg, BIRSERCGIOf e\l BlpgkAerayse acglatively large

portion of the power will be absorbed in the'Li stack. In Fig.6a and 6b modeling results are presented on
a stack with th@%ilowing design: 5 Stack 2: - 25 to 40 nm deep guide grooves in substrate 31 a, - an
optically closedg@rafectifetayar3af dORnmmotheltisieldsre gohed, &8 Rhdlomsteusead as well,

dye thickness d. for different leveling values L of the dye.
15 A third stack design is possible which is not shown in a drawing but is
described here:
Stack 3:
- 25 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
20  used as well,
- an azo dye layer 35, thickness 90 nm to 160 nm on land, the refractive index of the dye is
2.24 — 0.02i which corresponds to a typical dye,

- a5 to 50 nm layer of SiO,, other dielectrics may be used as well.

25 In Fig.7, as an example, the result for a conventional single stack DVD+R disk
is shown at a radiation beam wavelength of 655 nm. The refractive index of the dye is taken
as 2.24 — 0.02i (A = 655 nm). According to the calculations, when the dye has a thickness of
around 80 nm in groove, both the on-groove reflection curve 72 and the on-groove
modulation curve 71 are at optimum values. The calculated reflectivity and modulation agree

30  well with experimentally obtained values. To achieve good signal quality from the L, layer, it
was attempted to obtain stack 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.



- an azo dye layer, thickness 100 to 130 nm on land, the refractive index of the dye is 2.24 - 10 0.02i
which corresponds to a typical dye, - a 5 to 15 rim second reflective layer of Ag, other metals, e.g. An, Cu
or Al, may be used as well. The on land reflection RL and on land modulation ML4deaystorEWas a
function of the on land dye thickness dL for different leveling values L of the dye. 15 A third stack design

Is possible whigfy,iSi0f8RewI 1A W8 BY S 19RSEIBREL &gy BlagksRiaraP dpfdam deep guide

grooves in substrate 31 a, - an optically closed Ag reflective layer 39 of 100nm, other metals, e.g. An, Cu
or Al, may be SUREEHES RN Y70 dye layer 35, thickness 90 nm to 160 nm on land, the refractive
index of the dye is 2.24 - OFO2buvthiehcralragpondis gosatylitabdyentioacd 16H0, inykayetierSiO2, other
dielectrics may be used as Wc:% %5 n Fig.7. as an example, the.result for a,conventional single stack
DVD-R diok 1ERHOAT B st e e R R S R R e e b taken
as 2.24 - 3.02iptrreseé baenyroxadondind) fra shelloal@uations, when the dye has a thickness of around 80

rim in groove, both the on-greRYEd BUSGHACHE Ao R G AL ARVERRIYIRNRR CHIYE: (Hafre at

optimum values. The calculated reflectivity and modulation agree 30 well with experimentally obtained
values. To achi@VeBoBy Eitrairqdaty heinstHladdndyet ity ilas defpteie s SR tesigns that
combine high egflectivitytwithiaiigbparaak fasianhd Respe o B dapplindsd sl giuisthatdoc Ristspaghtforward

three-layer stack-design, in-grooye recorded signals have the wrong polatity, (low-to-high recording, not
Shown) 1n moct aShe AR B T AL LA0L O S STeb g A 85 g e
considerdd, orvmutécaopmslitdtdecstatexidgigrie Posdnotho§tdakaissignssf @igr anddsiglstedentioned

above, a dye thickngss-rang6GaaRe 'igﬁgﬁkféggdmg%eem&m@ymgszcm tedisRiaR.agg figh. Note that

the stacks 5 proposed here, are optimized for shallow grooves. o
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.

15 According to the invention a multi-stack optical data storage medium for
recording and reading using a focused radiation beam 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 L,  comprising a recordable type L, recording layer, formed in a first L, guide
groove. A first reflective layer is present between the first Ly recording layer and the first

20  substrate. A second substrate with present on a side thereof a second recording stack named
L, is present at a position closer to the entrance face than the L recording stack and formed
in a second L; guide groove. A transparent spacer layer is sandwiched between the recording
stacks. The first Ly guide groove has a depth Gro < 100 nm. In this way a relatively high
reflection value of the L stack is achieved at a radiation beam wavelength of approximately

25 655 nm.



It should be noted that the above-mentioned embodiments illustrate rather than limit 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 betWdénuparép¥fieses shall
not be construed as limiting the claim. The 10 word "coMprising" does not exclude the presence of
elements or ste@sxgiligr 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. 15 According to the invention a multi-stack optical data storage medium for recording
and reading using a focused radiation beam 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 Lq recording layer, formed in a first Lo guide grqove, A first reflective layer
o prosent petvisen the frats BLESRINGAS L ARc RS ABE 678 e A e RO GHAF LS TR vith prosent
on a side therdofasirdrat oeberdirgtstagkhmangbdn g gesiant of thqosition dloser todhBngntrance face
than the Lo reggﬁqi%iﬁg%lﬁﬂ%{%med in a second L guide groove. A transparent spacer layer is
sandwiched between the recording stacks. The first Lo guide groove has a depth GLo < 100 nm. In this
way a relatively high reflectibftvaitesGttsithorstsk /8 acklethsdest'a radiation beam wavelength of

approximagely 25 655 nm. 4, Januakyrd@ 4takf fakAM3: cdmpyibhptir staskiantiepldalasipimge medium for
recording and reading usin a%‘zcusg radigltion eﬁgl ent ring throu%h?n tengan(:e ace of the medium
during recordin AReTPRAITG: TGP A TS EAES RRSraBb AT B B LAl (HURBF: 5 - a first
recording stackresntédtivogicdra prsistngdre tordalbletbygedt sutsgoreling layer comprising a dye, and
formed in a first Lo guide grqoye, and A first r\gﬂggjéls%dgggg Riesent hetween the Lo recording layer and

the first substrate, - a second substrate with present on a side thereof:
-a second recording stack named L; comprising a recordable type L; recording

10 layer, said second recording stack being present at a position closer to the entrance face than
the Ly 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,

15  characterized in that the first Ly guide groove has a depth G < 100 nm.

2. A multi-stack optical data storage medium according to claim 1, wherein Gro

< 80 nm and the first Ly guide groove has a full half maximum width W< 350 nm.

20 3. A multi-stack optical data storage medium according to any one of claims 1 or
2, wherein 25 nm < Gy <40 nm and the first reflective layer comprises a metal and has a

thickness > 50 nm.

4. A multi-stack optical data storage medium according to any one of claims 1-3,
25  wherein the recordable type L recording layer has a thickness between 70 nm and 150 nm

measured on the land portion of the guide groove.

S. A multi-stack optical data storage medium according to any one of claims 1-

4, wherein a dielectric layer is present at a side of the L, recording layer opposite from the



-a second recording stack named Li comprising a recordable type Li recording 10 layer, said second
recording stack being present at a position closer to the entrance face than the Lo recording stack and
formed in a second Li guide groove, - a transparent spacer layer sandwiched betwdarugie 3e&brding
stacks, said transparent spacer layer having a thickneds substantially larger than the depth of focus of
the focused ragiatigiLeanrd3gharretayzed jrelat the first Lo guide groove has a depth GLO < 100
nm. 2. A multi-stack optical data storage medium according to claim 1, wherein GLO < 80 nm and the
first Lo guide groove has a full half maximum width WLO< 350 rim. 20 3. A multi-stack optical data
storage mediua according Aonany-eaek@pelkaindstd werage Wherein abordih £ tetohs Avhercantldhe first
reflective layer E:e%gglr(i:slgse?hryset%%ﬂgepsafs a thircl:kng%; > 50 .n4. A multi-stack optical data storage
medium accorglng 10 any one of Claims - , DB Wherein the recordable type Lo recording layer has a
thickness between 70 nm and 150 nm measured on the land portion of the guide groove. 5. A multi-stack
optical data stgrage mediuny AGEORIRY IR RIS BEFRIMRkthARarRINANSRCUICIAYS isipresent at a
side of the Lo recording layer opposite from the 4 January 2007 11 side where the first reflective layer is
present. 6. A MFEBARCERLET TSHY Storeige RS HINAT dRe8dimgets i slonhtiels theP dittectric layer
has a thicknesiyerthgssingedh thaside 12Qreime Sirdt Affadtllietaek ioptisahdata storage medium according
to any one of claims 1-4, wherein a second reflective layer comprising a metal is present at a side of the
Lo recording layer opposite from the side where the first reflective layer is present. 10 S. A multi-stack
optical ddta st8rage mediur mobordink dpticklidat? stovheraindibm asoshurefldetive layleardiagha thickness in
the range of 5 yan ;LA 1A P HE-S Rtk RRliGRIRAR SiRpg.mesiym according to claim 7 or 8,
wherein the second reflective layer mainly comprises a metal selected from the group of Ag, An, Cu, 15
Al

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

15 AL

10. A multi-stack optical data storage medium according to any one of claims 1-9,
wherein the effective reflection level of the stacks is at least 0.18 at a radiation beam

wavelength of approximately 655 nm.

20
11. 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 Ly as such
of at least 0.5 and modulation of recorded marks in the L recording layer of at least 0.6 at a
radiation beam wavelength of approximately 655 nm.

25

30



10. A multi-stack optical data storage medium according to any one of claims 1-9, wherein the effective
reflection level of the stacks is at least 0.18 at a radiation beam wavelength of approximately 655 rim. 20
11. Use of an optical data storage medium as claimed in any one of the preceding teiais #8P multi stack
recording with a reflectivity level of the first recording stbck Lo as such of at least 0.5 and modulation of
recorded markgid e kg recording layer of at least 0.6 at a radiation beam wavelength of approximately
655 rim. 25 30 4 January 2007 12 ABSTRACT: A multi-stack optical data storage medium (30) for
recording and reading using a focused radiation beam (40) entering through an entrance face (41) of the
medium (30) is described. It has a first substrate (31 a) with present on a side thereof a first recording
stack (33) named Lo, comprising a recordable type Lo recording layer (35) comprising a dye, 5 formed in
a first Lo guide groove (38a, 38b). A first reflective layer (39) is present between the first Lo recording

layer (35) and the first subs dgLate1 31a Ag,e ond substrate 31b¢13\§|tif1 present on e thereof a second
recording stack (32) name 1S brsegen?p t4 éé%aiﬁg)ra‘%ﬁose aCh ﬁfrgﬁge P’ 4lff")a {4 the Lo

recording stacks{83}) &nuhfat médatiormbsendrd) enguidetyrophe(3n)rads dmspdile nf Spacedilayer (36) is
sandwiched beyeen 16 teGording 19 $1agks 4372 ﬁﬁlﬂﬁ‘&@@i&o@l Quige HLpRYS R83.Athhpas a depth

Gi,0 <100 nm. In this way a _relatively high reflection value of the Lo stack is achieved at a radiation
beam waveleniﬁ%ﬁkdﬁ%ﬁ‘ﬁf@ﬁdr%ewmwﬁ mrchﬁda_]plq_glpe Lo recording layer (35) comprising a dye,

5  formed in a first Ly guide groove (38a, 38b). A first reflective layer (39) is present between
the first Lo recording layer (35) and the first substrate (31a). A second substrate (31b) with
present on a side thereof a second recording stack (32) named L; is present at a position
closer to the entrance face (41) than the L, recording stack (33) and formed in a second L,
guide groove (37). A transparent spacer layer (36) is sandwiched between the recording

10 stacks (32, 33). The first L guide groove (38a, 38b) has a depth Gy < 100 nm. In this way a
relatively high reflection value of the L stack is achieved at a radiation beam wavelength of

approximately 655 nm.

Fig. 4
15



