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WD 2004/ 021336 PCT/ |1 B2003/ 003760 1 Multi-stack
optical data storage nedi um and use of such nedi um The
WO pooaf02i3eh rel ates to a nulti-stack optical dap@r/1B2003/003760

storage nediumfor recording using a focused

radi ati on beam having a wavel ength X and entering
Multitstack wghical iatasrienagemediiacandoise phsicheaddimmdur i ng

recording, conprising: a first substrate with present

on a side thereof 5 - a first recording stack named

Lo, conprising a recordable type Lo recording |ayer,

and fornmed in a first Lo guide groove, the Lo

recordi ng |layer having-a thickness dLOGin the groove

and a thickness dLOL adj acent the groove, and a first

reflective | ayer present between the LO recording

| ayer dhdinvestibn reditestolshultstackaptiesaiath solagé natimmnor h

resent gn a reof 10 - a second recor
mwﬁfl%ew“ﬁ ar%fawﬁ @2‘&% SPRGTENE éa’b?wa‘ga%gt yﬁef‘rmw%mugh an
entrarlc8 PG me@X B! durif}GelobdihECnthiithd: ayer having a
thi ckness dL1G in the groove and a thickness dLIL

- adj eceﬂtﬁrstmbgrmwahpmﬁd ogacidethergobr di ng st ack being

present r to the entr e face .
Phan  néttgSBERl R brdEEl shrraRrai i hORiE ES {6 reopraing
layer,@Hll @6mHAAA \eFirstEl f FAMSEISR) theINAEETdin g}lﬁier paviepiagiieithess drog in

bet ween the recordi ng stacks, said 15 transparent

the greprecand 4 tjeknessariagiasentiihe ivexe 25d @ftraﬁwﬂmtwy lnyer gespent
betwe%ﬁm ﬁ&}%a&%ﬂ@l Ay o8 S‘ﬁrg)t]‘s f)?t hie,| OCUSEd radiation

|on a so re es to the use of such a
- medi uma s2ébnrsubstixoeivite ptesaft oan siettherbf:r ecor di ng

dlun1as descri bed in the enlng ara aph. is own .
" from E4FBE4ICwE lé‘ﬁﬁtaﬁlbﬁﬁ“}‘ i GRS ;@E kﬂb@‘eordmg
layer, GRTTP Peco?cﬁﬁ% tyeERMyiRY o hil&nBRY, HnitRe Ero%'vé aid Rfnidists d;

Regardi ng the market™ for optical recording, It is
adjeceit &=y grobhed, seid seepsitre¢ondiog stackt being dresers e s phsition olopmitto the

oS SRS BB PR SR
- Conpach tinsierdie ¥padep il & sahdvitM¥d btvebiedn red&ﬁﬁcgﬁtta@l@ said

since a long tine, the actual market size of

transpgedt spacet leyen having 4 Wigkness sutstangially fargerdban the depthaf fusus of the

focusgc{@ﬁlafugflb RW Furthernore the nost inportant
aneter for drives is the maximumwite speed for

R— msdl dhe iotenfion alsb\teldDks 10 ol v, of @ugios ieilven.shi ft  of
the market to CD-RWis still possible, e.g. because
of Mount Raini er standardi zation for CO-RW WO

2004/ 021336 PCT/ 1 B2003/ 003760

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

to CD-RW is still possible, e.g. because of Mount Rainier standardization for CD-RW.
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2 However, the R-format has been proven very
attractive due to its 100% conpatibility with read
wonioy/ozeapact disk (CD). Recently the Digital Rer/BE003/0@3760
Di sk (DVD) has gai ned marketshare as a nediumw th a
much hi gher data storage capacity than the CD.
However, elseRfoymattiak bedroproadn vesy Sitravtavd dusl te ifsrl 08%r warpatihiliyy with

witable (RW version. Next to the DVD
reado@ggqxpp%qg%é&( D+RW standard a new recordable (R),

. e. WdobR1PMe g IidRa8il ADER{OVIH had eXiakORREetshiRtas a

new DVD+R. “standard gets increasing attention as an
mediumrwithy a mah highepdata stotage m@smhan/th@@s iPrgsenthys dla fqrmat is

avallabgi)llnit acrgég \RPB't (561\2[51 a%r? r\xﬁjg%/lﬁ? ﬁf% N rs%o% &\]%gi 0 ét@% D\V]j ﬁf%table

(DVDHQW? sBAghddys Aharecardable\R), i ablvatef (SHCHBIDVD]HR s%mdaﬁcSWSS cﬂemloped.
both the R and RWfornats is the |inited capac:l% gla+
The nephRVEHE: gandase geiginrgeasinga B Asengmperant syPRATE 195 RW.

A possgﬁ%%%nglﬁ Il(sotﬁlgts‘tﬁﬁ tePd Db Rhve! é@éx @r Wlt}‘i"éh%Btléa'? write-

ayer nedia a rea
once ferans 't}ﬂett&lylrmghwdcept isinereeeasily tham b e strydﬂ@ format

dual - st ack, V di_sk .i obabl y si bl e. Howeyer

it haddbEsk p’gla% R%X%W%tﬁlségﬁﬁgﬁeg CaAGItY l%ncy filetefore
recordime@im&bddales 441§ sﬁlgfeLsQ&kb@ﬂle&'ﬁ%é'ﬁQ%rﬂtN&B that for DVD-Video,

S|§e0| fication of dual 15 layer DVD-ROM is very

whichds £ ROMildiskt duad &hyieemediantcadychave @§0m1d¢rela1§ imaakehghye- A dual-

v ESESE DRSS BRRBBIL R bR g e

a ﬁllly%ﬁl W88 dik, i.6. Qﬁfﬁhﬂ iOrefl@dtidh Snd m@lumtlo@vﬁboﬂwainied ofithe dual-
out a full ngatlblllty t he success of ?P

layer IP‘éPeROM/EPrWMdrl\ffICH toreghieye and reqgyirss ridaanhp@ajqrpr %%EPugh for
t V.

e P ARl v R R R BRI AR e g oo

recordiﬂgelaﬁrﬁ ace. gv]BVDaﬂlWGnedwa Wittafut b dalhcdarhpatibplptyy the |su¢ca§serf a dual-
e. |lowe houl d be at | east: 18%

layer IEVP@&W\}%‘[}]%&%GTHH&P&PH@ ®flection is neasured as the
porti op cﬁﬁeﬁgfo%&ﬁﬁ ¥ auémgﬁztf DRANHR SR Wi s ChRpasls wWith the
when both stacks Lo and are present and focusing

dual-layer DND—ﬂROMI stamiapie tei e\f@wve refleativiitypifibeth tha gpparfle layst and the

re S far e
Iowerz‘f, ebs OHE tl,}g%%l g%‘@ E célfvg Inéegpgﬁlr%% trhg% rgec‘t\"b% %ﬂ%&\ﬂ%d as the
portioR 8 8ffective light tonding Hhac o isombaiugm wheisbah kiasks Doandila nire
of the incomng and outgoing light. It should be not
presertt ad focuping lond-ode hnsespeativelyn Shivamplies ihatthe & slafk poRc F equires
a far h1§1 g¥éef%t@u8£ %elvgk(@ﬂ:d 'nfllore I{)&g‘gg t/& ?g&%gfy'rrg egft?z';no%(ﬁ%,tﬂ'é@ause the Ly

stack gisbrizncmbitantin] pbafnlddre iatanige dnd butgomgvhghi; It steuld be noted that
deepest stack and L

in s g ReR RS BB BrHSFA RO RSt TOBiof Gg S Engingyjict Hotation Lo
is the gﬁbéeew seKded. 'cﬁBsEét%l ﬁle%cﬁamﬁ&an%ﬁlraﬁ@@faesmg Béérmlaﬁged Lo

la inthis docurment) is the thickness of dye
now it thy eleepast g:a@mml Iof .. Lhae Slaclstcleger taofhe rm@trqndzqampntrance face. In

EP1067535A2 the following definitions are used: dG1 (corresponding to dyg 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 diog in this
document) is the thickness of the dye layer in groove of the second information
recording/reproduction unit which corresponds to L. dL1 (corresponding to di;y in this

document) is the thickness of the dye layer on land corresponding to Li, dL.2 (corresponding
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recordi ng/ reproduction unit which corresponds to L1,
d& (corresponding to dLoo in this docunent) is the
wao hiogkesdc of the dye |layer in groove of the SPCDIBR003/003760
information recording/reproguction unit which
corresponds to Lo. dLI (corresponding to dLIL in this
to dpo AR Cisr@GdUmans) ik hi& ﬂtﬂukndxss of thealfye fdyer dy éanidapeesmpmdingrie Lo. The

R Y T
to Lo 1{@%}% %?ﬁ'%re ptl}l; h® A¥Ee haWR diftRed RV 161 288 BRI ESchsared on the

t’h of the grooves correzﬁﬁndln to Ll is
dye sucthcemfter piye dagpt hasheen lseated: oy s120md db2rase p%ﬁ@ pp@oxm@tely 174,

def diff d2
0SBl b Ml o
substr& E&Eesﬁoﬁ&ﬁg \AEE6f :i'b@ﬁt brRetn odeisetbma @by siiplivmsts i shown that
set to approxi mate 174, 5 140 and 12(? ghm
the ineated bb sferlonf SRR Fmd“t“h rathesres polidsdars? af Qéﬁ‘d%ﬁ} gasa
reﬂectwg& ben% %r/g%tl 58, Sifast, @Je ?ef?e% 1{/1%S Qf’lﬂgl%lf' &eﬁ@ leowﬁﬁo@c%%%s)

suremnments cants have S
This nidags thayie is mbols@okztta a:éach) thetdeelrédﬁﬁ/?/fd rmnqmlewet hecgusson egder to

obteingisl g DOR-The A e BhER 1 Sy ol ik i dhabp PPl Kom
standa‘f‘ﬁ llikﬁl"éhh Qﬁxﬁg)’ﬁsa) light hB4r foBRMIO S Ble data trackl dfﬁ@&ﬁ)k@k B [aQer

sired 60% reflection | evel because in
should)bmm‘ﬁd:lently)hnght(‘aﬂprcah\y aodle, Ida}y@ﬂmg\me e ission o€ theugper L

layer)y lgrngleac‘iliﬁ?al\h%{aﬁ cﬁbl&*—ﬁlp&@m@lgg it P%r?%%c}g%'ertsg&me 18

prefeﬁéd%ﬁcl@ fehRethhome "redeﬁilhgihé%r of&h@ﬂ& dacﬂ@s pudsbhtcit @asideyof the

reﬂectwe lay@ qj]pflggﬁall l e;dgg%/?i})e ﬁs,%%ga: n %&o&??g@é@ﬁ%@ﬁﬁ o6[}535A2 it
is proﬁ se% g ChLPAGPN ﬁ%st%ﬂtlﬁfgff%ﬂqgﬁ GRVREEH dkQ it ﬂﬂ)@fantlally gqual to

ureis neans that t recordi ng
dL2. hathermek dG‘lasHouldSEealafger thapdbs,embereds AGshdmldbe katger than dL.2.
reflective |layer other than the side of the substrate
Wi th groove structure. In EP1067535A2 it 1is proposed
to that dd is substantially equal to d& and that dLl
is substantially equal to dL2. Furthernore dd should
be | ar ids an hijeciifithe inventisado gravidsanplicakdatastgage megivm of the

an _obj ect [
type riiona infhe abefins RgesithMishdfs pRUTAHbE I Lofthot, Heitthd o
moduldfi8n RRRNbI 1 cHAER eaAR In By eborbiag 1ayer of thedlol recfbrﬂmgetacb fwhich is
the Lo stack and a_ nodul ati on | evel of recorded narks
compptible wathrthe dyalilpypr IDNRR QY spefd 1‘E%lopecor di ng st ack whi ch

is CO t
2 PRl 0 s sk Bl VB By ooy ptin

storag’lﬁﬁéﬂiﬁiﬁnwhlc‘hi i$ bhetrlix&erlzred emnthiavthe ldgpthrof dt fistlo glﬁﬁe groove is
stora

T N R -
are pﬁgg&éa 12 Bfliek t@ﬁch?évga Hi ?h RubstaRahd) dithEepyahcld Acebrding to

rger than dLI G grooves are proposed in
calcubatices goovmtﬂemrethaa %Bgmay efsp eehipvha highyeflestiop hat arg more

d1fﬁcuft % mam'lai%cture frm% tﬁe 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 > 0.3\ these effects may again lead to an increase of the reflection.
Since the Lo stack is recorded on land, i.e. in between the Lo guide groove generally formed

as a spiral, it is required that the thickness dror is at least substantially equal to the thickness
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cal cul ati ons grooves deeper than 0.3X may al so achi eve
a high reflection but are nore difficult to
woreowozissar e from the point of view of masteriPQr/Ed03/003760
i njection nmoul ding. The 30 #xpl anation for the reduced
reflection above 0.15X may be that grooves covered .
dric. Thid isibecmtsa bpplivantsdsvahaddbe tsighé thapp mipiEnyR gMeEi dye dhigkness

is requngg Slirl gléfér &%@%@e&kﬁ%@gﬁg{ i cb\ﬁgx %%ﬁiﬁf %gegllce }ﬁg aﬁbﬁ? Mi&ulation is

ects nmay
defined %9 ﬁierﬂlff&%ﬁcé & tAB vhlnes cfasfbectibn loff &mfeetfnided tnd recordﬁd maeks
Lo stack is recorded on | and, i

divided [bg tlg;uvaiee of weviauge redleetiqny ngpg@a:orddigg,athg Bptll%?ﬁ prolpta rtlleg o the

u iy ed t 5
recordl XS %If'i émé&gigf gllte%h %ﬁ%ﬁ oﬁ}e&%ﬂé éls(,:?év%é ggt%dr ce)%g_u?l"% 6Su icient

modulaftédl 6&&%9@ Bk @B&Ytﬁﬂ 1f ‘ehe d]hzin@e imtdfsctive nden gé‘éleaiyp (Mg tignes the
ave had the insi nnun

ks Gk 1 Aourst i A R BPGB A v PR PEEGRYE.

modulaﬁ@# Gh Q@é’s@ G4 £d & ?Péd BYPey DAL ROMMpEsiihticn) id dbtained in

as ft é d| erence of the val ues of refleoctlon
recordnﬁg layéltf lec expretnantchave drstichéad] thral kmodilatioeaf #yeash@0% ap freording

f t
et P55 A A s s e
record1ﬁ'§f.e§151L Rlg, a8, is AaeRel whitgs dpin &!Shtlmg(’técﬁmxmeland therefore when droc
mper at ur e. ‘Sufficient nodul atio nl
is mada)smbailan’@@ﬂ}{ dquehie dhandier Wil PeFmalsri then dheecis ?fr?ela‘aéﬁ of Lo
will haéi%idlYalll){)gzeléﬁefc F{él ilay%ﬂhz?}hﬂgﬁéja? tgﬂ%v@é’ 8f L.  WheQQY is X

G is chosen such

sub Statﬁlrﬂ,ﬁy R%{ﬁl ® dﬂla]?gdr &[an(dh G&ttnsleéﬁgst is 6613(1) ewtadéqumzieajs%@cmmte
eci lcatlon i s obtained i,n recordi a

modulmn 1@‘5@&)@? f s fethe Lo rrePdiiseidyeHa ae eYﬁS‘ocl?F%’E‘?g 4 ﬁ{gh

max1m!1$18%ﬁ8? O1LVE1 r’ﬁ‘é‘eﬁ[slg}eﬁﬂ gfhO\ dBUE Fadiddi FdTaR ik )duﬁ@@mh@lay: 685ihm

I's at t equal to or larger than dLIG
(DVD)Wssadallyr fonéutureefoonas.ng | ayer, e.g. a dye, is deposited

h
s 23&%%%5@93%29&39 £ %g?ﬁﬁa@@e“ o OBy A hoWmen
using ai{?ol %\ﬁd 8% ipth BEGRUSES bl ehd Tangtsdogrobee deyith b reﬂmlyalngh
ower recording | ayer_ than the adjacent ves of 4t
reflection. valtiserdf thit 1o stack is g@}@@{egn"{lpea“ §;acé~;q1l§ gcolr(ged&n-ﬁ%ﬁﬁ? [Opposed to
| G thi
in- gro%vL?? i %r!'dgrn k3in %{de Lﬁ%gé | e\ﬁ;ﬁ%ﬁﬂé?&l zﬁoﬂ ﬁgr@‘gbdlloﬁl recordmg) This

has as b€ 6@digbmng aH%tﬁzigel tEatalﬁﬂ”pLehqnillcmmﬂn gredva/\iracﬂnrg shgrgihhas the proper
maxi num refl ection | ev

t h
sign ("padint’) dhepemste Isﬁggggqﬂq (ia&tr ‘gvﬁgx f%}n%la dg is the

h ti$thelrd oml nhre ilBiGies b dand and G is
recordﬁ{%%’&t %ﬁ%%fﬁégfg ?grmgrl aerr cer tngan 2dLI L. SV\F‘len

the gradsie migptanThxs pgtanthgergs mmeesuu@iqr ﬁh‘b]feV@lmﬁRUt of theggecargiag jayer after

ui de groove de t|v
aepoigs s 6f S SR NPT RA e Bl Brooves o
100 nﬂl%‘f’ e Qnd)fhe r8fdih @ $ayeiie @%ﬁ@slﬂe@ biy @p@b@ﬂk@) tylprcaﬁy dmrlemhng is
tain the proper sign of the nodul ation

betweereaimmd DidgAnd OThils= Oteansithabéo adiapd &ial mﬁWéhg‘é]@‘“etoP ﬁ’a\&aee of
the dyg g%?)é etepyuhat aftet gle%ogﬂﬁé) Y& tld A5Kd 890vd SARkurBASuttIRN using

relatively shallow Lg guide groove a leveling factor of L=1 or close hereto may be assumed.

In this case, when dyog is substantially equal to or larger than 2dy,y, relatively good recording
results are achieved.
In another embodiment the recordable type Ly and L recording layers

comprise an organic dye. In a preferred embodiment dy 1 is larger than dr;.. When using spin
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sign ("on-land"). The paraneter L is defined as: L =
(do - dL)/Gin which fornmula dGis the recording
wO 2008021366 ckness in the groove, dL is the recordi/IBR003/003760
| ayer thickness on |land and5G is 25 the groove depth.
This parameter is a nmeasure for the |eveling out of
coatingtfhedepesitingithaydyesafdhe larreesrdingdays; the gEPayRs PHEbgekpsker
.structure £ . ' i iR o
recordifg [f‘é’ Vetgla% fhe ntlr%%(%lrs V\fn@? ééq an g { ﬁéedﬂrS g%ﬂot}ig !r??é’ %%g%wgﬁ '
the 1., Te€R@RigtIe¢br bicAIgt icaganiadye baspd eabtding the rbeprding pyodess 1s
~ between about 0.2 and 0.5, L.= O%%gans th?fgdds = gl‘dwithin
optimakiybiert the Byprakige, Hay e Berdsf, {6rPAES BF TPHE ] §OTEe
.eonpl f b il on the guide groove
the gu 183 %ﬁ%ﬁg&e&t?ﬁ sl\ﬁeshﬁ%cgiqﬁgﬂg%&b?gi&gt ively shallow Lo
gui de hyawembodinleat/ediclegtricdeyeymayfbelpregenbat adidsef theket o

ot 2SR e b B P OO 55 s s

advanté%:e' FHely ¥ h Y@@ esodubtieh dTIdiclebigie! lier pteferablyilay adhickmess in the
anhot her enbodi nent the recordable type Lo and L1

range afdaon di13§ nnayers conprise an organic dye. In a
preferred enhodi hent. G| g s .
lsi ng BSFHTB D soRN T and FiEBE RET Pl i
presenf 81a sHRASTRhE Ligkcbiigngdiger@ppbdite ftom tecsidawhereltlzyfnsf refleetive
_grooves W Il have a thicker _recordi ﬂ?c | a%éertt han H}ﬁ _
layer ismpiesse refogabds the sriogd reflesdiys ygyRas s DB Pe R Hed B ng™
15 mn.g’@%asl‘ék&{d dl%hectwégla}heg ptd G519 REnk AR rRECAHSRI bdledsdRBinGhe

ased recor e recording process is _optinal
group vN&p, Alendife. Vi senand rieflesthiediyer has datadyantage of gacken higher

e SR RSPRS00 PP ot
recordﬁ.,gt{gﬁgoﬂﬁgﬁcea dielectric layer may be present at a side
of” the L

O recording layer oppgsite fromthe side
wher e Ahedditional adwnfage vf the ysaperhallowpgragussin arHjvertpd Lo stack

. t he . advant age of eve i QUF. The:
s GBS P oL RLe 500 3 LA iBatgn b &
wobblé &nged & mdaitaft2QditiondlGnfonmytidn mrthe peide gnivyd; mpran address or

time signe Wicne. & sBS BuiSeIEROT e RS0 Ciogpot Bl arBRioal 15 %
is visi‘%'e(f'r?thmg%ﬁl %vﬁﬁ thd dafife g%ﬁfaai%ﬁy hyfhe EbbE!, AtS gbReaRpth Gy of 35
referabfy

e second reflective |ayer has a thickness
nm thiks Watidtéorr iasgsstantiaBy absent. 15 nm  The second refl ective

| ayer preferably mainly conprises a netal selected
fromthe group of Ag, Au and Cu. The second
reflective | ayer has the advantage of an even higher
15 reflection of the LO stack. Small variations in

st ack Besingantirmywiblberebupidateding geaterdetaihyeh refprenes (@ithg
er f.or mance. An dgi ti onal advantage of the use of
acco“&’ﬁﬂ}'lp%ﬁa&%%%&w ¥ an inverted LO stack
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,

Figure 3 schematically shows a cross-section of an embodiment according to

the invention with an inverted L, stack,
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is that a wobble of the guide groove is |less visible

in the reflection of the radiation beam A wobble is
w@g@d/o23aodul ate additional information in theChB2de/003760

groove, e.g. an address or X0 tine signal. Wen e.g.

i i ith a depth f 160
Var | alBeAs a8 Gy the Sy BHEERieteifeTa gkt ATRF ppg steck

: Netd BiifldnYioRS the wobble. At a groove depth GLO
demgn%?&%%lﬁgnm t ﬁi S vlgri ation is substantially absent.

25
The i Wigures dmand Tt shpw the gelpelated gesuli of eapddeng siudy of another

wi.th reference to the acconpanying drawi ngs, in which
stack desigy,p Oﬁgﬁ&lﬁw%‘é@nl%’i ectivity on a blank area

(M 11 gy BR dlco@dtEshdanedulitivn catoulitad for beefetefc OBk Ringle-

stack. The groove depth is 126 nm The reflectivity on
layer D\We+Br ooved area is only about 15% of the

reflectivity on the blank area, 30 Figure 2 shows the

reflectivity on a blank area (mrror) and grooved area

for an inverted LO DVD+R stack. The groove depth is

35 nm_ The reflectivity on the grogv i.S
appr oﬁp_r%g-éﬁ@erg SSY © %"’é’”’i“g’ﬁ %%gﬁvﬁg?‘gﬂ%ﬁ Eﬁ:ﬁg{ %F%kﬁ igre presented
when £5fb8tratb gﬂﬂf £er30PENPIREL F6t 126 HAWE adtotding fo the tivedtionfwas
an en%o I ment according to the invention with an,
used. ThewefleaivityOnshagioovedareo G4porrsaachdn h pbio 3¢ilrsdyey on ghe
Fi gures 4a.and.4b show t al cul ated result of a
blank ?FB%E‘PV’E%)' Vllbeflsgol‘s%cggﬁt}gblg'esi gn according to the
| nventinqig 2 thOreb@ss cFaxperindlis shaweitbeLg BVO#Rastacks are shown. A
result of a nodeling study of another 0631 ack desi

n
DVD+RW srbstragestwith & aroong éenth ghabous 3fngl, pecosdipgfq %‘Etlﬁl%ﬁ%ﬂaﬁd” as
d U i . 0 i g i W
o TR DMLy T oy ety shathy o
blank hrey,evliel i QyiNEmRy $i ghek taarfer dreperegroets. i@ dislerstidl shows

substr at th a groove depth Oof 126 n t o
suffici GG APHE 54 A6 TSGR o TS0 (e b epghis sBOV that it s

bl vt id4lal YitRihch R B6QNNESh At kSbORMRSIyTBWA(1Y %4,5%T
pOSSIb(EJe?JOt‘ﬁg&r e#al’ecti\f/;i ty on the ag]{pank area (m rngr . This
carrieMalnoiseiratinGNRae 3@ pBabiteyith thestagk desige of Bigu$ erd Bie. 6 ahigh

1ex erimen on inverted LO DVD+R stacks are shown. A
modu BRPSHBSt rates with a groove depth of about 35 nm

The LR&RE5t R0 2 had BHami dvee gidovss wivas FVBHNS eddth Wig of 300 nm, a

reflectivity on the grooved area is approxipate 85%.
reflectpve layrs 39| 100wy Agyang SO azgyfiygiecord g, layiy ?gﬁaf}dlsﬂv protective

layer. ?Iyg{%éf dsyfe? l‘ﬁﬁa!t éﬁ%ﬂ\;\%&%ﬁ atd \PRiHaR)cARRRAY PG 2OURR; sqUiAfylium-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 Lo, comprising a recordable type Lo
recording layer 35, i.e. an azo dye. The L recording layer is formed in a first Lo 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;
recording layer 34. The second L, recording stack 32 is present at a position closer to the

entrance face than the Lo recording stack 33 and formed in a second L; guide groove 37. A
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sufficient push-pull signal, so tracking is possible.

Al so the experinents showthat it is possible to
wowiose213a¢ a, al t hough the nodul ati on appears tRCTDEB2003/003760

relatively low (10 % 11T carrier to noise ratio CNR

uanspalseé%pgé% leyBrsrandiFe b pasgr Brieing i ans apd s
thlcknessa(?? nﬁﬁgygﬁ%}%#} gﬁqe Rhd Q\L% WetdhodeIHMs Widdhih cW—S@rﬂlfl The

a er .39 ot 100 urn Ag, and
first suBBﬂrﬂé 81 @lwﬁhﬂﬁdmtdam@i ﬂoahe sulBGatearith by with t@dransgarent spacer
yes t used are

layer 3@93 prﬁtayegy (\’?\S}]é(a] HaY ?‘3} ﬁégg{\ﬂlﬁga F@/ﬁlé A g&g at,;@ﬂ)aﬁgﬂttre%ective layer 42,
comprﬁﬁr[gr éjg%lli;glndﬁ% r1 rs%i{t ggfaeﬁft Iy Eﬁ"éb@rdﬁigqaﬁBﬂr S}i\%mﬂi’tasmﬂa‘gle Lo

25 In Fig. 3 a nulti-stack
stack @ptgns: ahmedhstackst mchsg@clqmnelﬁmcweﬂ glsewbers iniiigdocmenbigth the

descnmg)g;rﬂtﬁ% w%g[‘l‘rlg% ﬂl? o}gfe r1[116dI sggc‘ter— Rf@? ﬁ}tég%lgssl fﬁgﬁ&# d1ﬂch6/pes is 40

pm to ﬁ@%hﬂ@r%% eifib Bﬁbécﬁﬁ@hﬂwwldb'éhe medi um conpri ses a
first substrate 3la with present on a. s&pde t hereof, a

Li: dofciT 80 m’nedmLCﬁ 30gms e/ id 23mn ATy pusable Best (PLotRgiE layen),
recor ing layer 35, i.e. an azo
%ﬁ gjsglgg‘éér_%pﬁ%? %Iglf is formed in a first LO
Lo: 100%@(%&)@(8192)5@/ &G pr EXemt, dips EhESOFnim dye/d @B dge 3l a,
and a first reflegtive I er 39 is present between the
LO rebopdfifgorssy e300 the first substrate 31 a. A

and as cang c‘kﬂ&%tot%‘ogt Al Bhd SFRIES Rfffectidd Ro@IL, ds Sl 19% , effective
ereot a second recording stack 32 naned LI

reﬂectmmn@neasumg tlaougtbxr)d'lam Bo ESZ&bOGS/]é)% ype LI recording

h i« .
The umééi '5 p gﬁecgte -staﬁéﬁ ?légléoga?(rlé%{é 1'%1%5 ﬁ‘ﬁfs?ﬁxréhc in
order fEELAHIE R RItAS t‘he:ié"w il J‘@eﬂ:kl At thesamotichel, I, grefetebly should
groove 37. A WD 2004/ 21336 PCT/ | B2003/ gﬁ&ég ;
have & reflneiperyeafiat kpsidd inrder tganges thevalayss Qb ppecifisation.
The stgglﬁs?pgrgioc?fsgfl %1%§C%€n§%esfﬁg’te¢ ﬂguﬁq DVDIRISK BB Sare applied in any

I'rst o gui de groove 38 as a

(multidepdkd) o@éan&ﬁdyu’baséﬂt@tlcﬁl nesd>rdmgtmtd1mtne 3l awith Lois
attached fo the ubstr te WI

esth AN :
spacer In Figyép ank bﬂ“’ Ree'eRt ?:Hreﬁ%ﬂ}edat? ek @?%Sﬂahowmg
des glJlayelr A sem -transparent reflective |ayer 42, 5
conprising e.g. Cu or Ag, is present adjacent the LI
Stackrlecordi ng | ayer 34. Specific suitable Lo stack

desi gng . naned s and s I scussed
- el se\/\,hgpe Hﬁ {egp §3I§u1%%%vegﬁtﬁlbgtﬁﬁé §%ﬁgscrl ption of
. Fig. 5 aﬁ%gtlé:elllg fosed g MsEicaedda 15pace of @y am. Ot ketds e.g.

for both disk types is 40 pmto 70 m One specific
Au, C@rm@ﬁtmmbemﬂaﬁwfé, LI: dLIG = 80 urn, dL1L = 30 nm

o dyel 1%11%”?) &/gﬁmkﬁf gﬁf [Bdlﬂﬁ%h%ﬂdi Hﬁ: reAY&Ive index of the
10 L1 gqui Ve depth 16 :

dye af thﬂlﬁi@h$e@tﬂ)v?@eknglﬂ1(df 655 hRlis ﬂrﬁ4 dama w:hlmb oomfmpgyés to a typical

DVD:-ngcc)lyg 'mAg,

- 80 to 120 nm (ZnS)s0(SiO2)20, other dielectrics with n ~ 2.1 give identical
results.

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
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LO gui de groove depth 30 nm and a spacer thickness of

50 m The effective reflection fromLI is about 19%
we@bdogo2izse reflection (nmeasured through LI) fPOMB2®3I/@®3760

about 19% 15 The upper LI sEack of a recordable

dual - stack DVD di sk shoul d have, hi gh transp rentgule
recordingdehis bastse anBrditipeal adusniags thatdhe BYRErPUIN g QE‘%PGI sign

" " . d have a
("on- lér%tcgzlf%“?i‘131 éﬁﬁtl&ﬂ&%atr%ggétﬁ 1 /o%lne o&gl rr to neet the dual
I ay er IR\ RﬂMe&phmlatedmsultsmf théTdreland acflestipn epa Sewtipe pEihe on
re_ not restrl cted to use in DVD+R-DL and can be

land dg?,gnqu@ass, AF8AOWHny| t i-- st ack) or gani c- dye based
0 pt | cajhy g Qf’?)rtﬁé B cuTBdl YEBu1td Br &Plaﬁ& %dﬁf&tl@ﬂ ds ékﬁmctlon of the on

nodel I nNg esu ts are presente of a stack with
land dfetHidwessgl;, adesiogm. The hokizantal Yottedlinoindicaicd @@mngnméesned

ovel. SR e R S5 5  PR: Eh eRealg g oo 13
nm. AU, Cu or Al, may be used as well, an azo dye |ayer,
i gl R GRSk o o 7%

and a %%E_ %ﬁ%‘ubﬁ' legtalchf 61 é ﬂ%&&l{@ln@? g%?%ﬁlgﬁ%gﬁ ak ERmarkt LR marl%l/ Rinax

in whidh G(brﬁﬁﬂat RS, atddtRy o R ar2 tHe wilediondevels frah th@ﬂ:ad @stlaser. beam
Thi s desi gn conbi nes a hi reflectiyity.apd

when FRSERREAE Ve R, 390 SorBa it et hd AL Ry gection.

The lagéﬁ%aﬂ;po%%?kéqﬁWe@ 'Ed)@ﬁ‘f:‘esm e, B &Gk §nl§fh7otﬁiwd Wigch aclavétasle in

opposed to in-groove) in order to obtain
view dﬂthe Prespes Oﬁthgrh ofack hecavselardatively latgeqertion plie pover will be
b 2004/ Oi’éoq PCT/ 1 B2003/ 003760 8 recording). This has
absorbgd 14 fhe %onal advantage that the push-pul | signal

has t hf PlkBRAGdeting Results eft-gradedtel of ABRck efiihrthe felfowihg design:
paranmeter L is described earlier. In Fig 4a the
Stack@al cul ated results of the on-land reflection as a

functi t dL are shown. 5
In Fi 996'}&)1 é‘]‘g gg‘?%‘ﬂhgg%gqgilguspts 0 §1Zdh | and

- modul atu optically alokethAt ireftectifze tdyer 3thof 108nh, diber trivtadk ges du, Cu
dL are shown._The horizontal dotted |line indicates a

or ALangy bavsedeseld level . It can be noted that the

ngl { e%% %fo\lf o 1hyer BRENED 13D t61Y$0 AR RKARE $hd RAGE W index of the
abou

dye at a radiation beam wavelength of 655 nm is 2.24 — 0.02i 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 Lo 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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mm Experinmental results obtained with this stack 1
are: A high nodul ation of 75% 10 and a high

wo edokez3son | evel of 61 % Modul ation is generBdT/1B2003/003760
defined as (Rmark-Rno-mark)/9 Rmax in which formula

Rmar k d Rno- k h fl [ I
R an Bl ok S Sl Me LSS SRl Vel L heu, .

or Al ﬁlnggg éﬁ%'%vélg present and Rmax is the maxi mum
' Téf Pecti on. he | aser beam power required to wite in

- t Pe rI_]canl aay dye layeo3d, phizkmegy 9vhingh 1€ nfraeroland the refractiyeigdex
the pres f the LI k.b . [
of the fyg 418 TabREToAGH Ve gnar 630 i £20 5 YA aiBubinShihds o2

typica]!—]bVﬂRQi&e, In Fig.5 nodeling results are presented of a
stack with the follow ng design: Stack 2: 30 to_ 40

A gn:

- Inn deeeamgﬁﬂlﬁalmg%@zs pthediglestscemay be vsed dpvelkal | y

cl ose reflective ]. . .

e.g. A ’e%éﬁ/anti%e %frtﬁlﬁlti}@%gﬂ;a}d%ges% elé%%gm\kse ﬁ%péeéasgﬁ(; gizagufacture
comp&'&?to'tﬁ?’_gﬁconc_tﬁtg@lkm&?@. ﬁOO :jo 130 nmon land, the

refractive index of the e at a radj.ati :

navel dngYB O B emRIG ozel 0T pouBen iR ATED: TERIRBLR disk
is showf, Phel ¥RhGRE 1ncB\>€%ff|axéjc§% is ?afllcén 192 32 _T90A G brresponds to a

reflective llayer of Adg, other netals, e.g. Au or ,
typicaliye) kccoRding Beihe aslcwlatibus, Eoped b thecknekss p£¥1iotY) whodilye doth

the omgrgpye Hresn oty Bt taf ossipovi et BbaR Byl 738 af¥binth
Valueslr. g’ﬁg bél&ﬁaﬁeg réfldctifity nd Igiedﬁletié@ageée Wwéll wothl expdrimiitaithblsthined

avorable in view of the presence of the Li stack
valueh Fo ackievegaod) sigrial guafity framghe bolayeoif wis atisapirslieobgip ptack

e RSO 15 o P G S50 ot s
for a SHashtfoRRdd Retelayst aadk-Sesigirt-groéGe renvrdied pignals dhﬁve.the wrong

polari TP BPBErOIHB6. B ShaV B st Faper Bus Al P g dallow
ok oA A o oo e e

urn t oBafhGtavkndesighaoiigt 4 end Bigactodmg tadkinvention have a
recorded mark modulation value and an effective Ly 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 \.

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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of the dye at a radiation beam wavel ength of 655 nmis
2.24 - 0.02i which corresponds to a 5 typical DVD-R
waly®4/021336 t 0 50 nm | ayer of Si 02, other diel eceCT/mBR00820p3760

be used as well. The advantd@e of this third stack
desi gn cture
co rrp a rpé‘&ofdftbnﬁ T?e § é‘?:vﬁﬂ 1' %‘ﬂ%ar ﬂﬁfq—' R R mediym for

, fob kR d kAfatd ﬁe@fn I?avﬁ%' W@Welléﬂgﬂ{ \ahdahterisg tedugh an
record %ﬂmlggio 10 i s g'own The refractive i ndex of the

entranclyfacé of thakedius idearibedoltdas a firsh pebsiiateredippieaantop agide thereof

o frt of PG g GOPRE p A Ete e fLo BRGuaR BT R formed

ina ﬁxrststa 644 §00G!IMHR Lzze@ming ﬂ'@eﬁl‘msglrthmkﬁemﬁw iatthogroove ael a
71 are at optimum values. The calcul ated reflectjvit y

thlclmmdhmdmcamﬁ tbﬁ gEagreende frstpetlertiag faver Rissen bEyY esBag
0 I t a
record et and B AL REGHPOR s oHl: s?a”@s*%aéﬁﬁ&%l%maleﬂ:ﬁdmﬂe°f
second fb@brdﬁfg@ﬁaldk&ahle@&ﬂ@fﬂp%ﬂagw rbgordabﬂmty@e iy g@ontUg% i.dhe Ly
(both > 60 %. It turn out t
recordsltgrlayegrw 6F%1P}fs% el | ﬁ?ovgtaﬁ@ R ﬂasféffeéﬁduit Rdigrest the groove.
The sdcBh®fe g&%ﬁg QM 1§ Fla@é!lﬁ ak BBoMMiONEoscR ¥ BHel dnirahdelfied Brak ﬂ@fLo
recordi ng, omn I n_nost cases. Thus for the cas
recordidg ssavdkl aAndvis fogmd\ues second Laguide amovei Hep dapih elethe first Lo gulde
consi y
sroovE RRRTA G AL HP Ry kit ShEES 57 Btk ian By by which i
is achicQ¥Einhi 186 1} 8tek ﬁaQ&Dreﬂ%@tﬁtfrdledel rad k& rrmlﬁhwtmhllml vhiteaerdadcharks
an effective Lo stack reflection value that is
compatdllewith gheyduahjaypr DVDEROM spscHipatite dual - | ayer DVD
specification. Note that the stacks proposed here are
optim zed for relatively shall ow grooves, i.e. »
approxi mately 35 nm but that other groove depths are
possible, e.g. < 80 run. The optinmal groove depths
scales with the radiati on beam wavel ength A 25 It
shoul d be noted that the above-nentioned enbodi nent
illustrates rather than |limts the invention, and
that those skilled in the art will be able to design
many alternative enbodiments w thout departing from
the scope of the appended clains. In the clains, any
reference signs placed between parentheses shall not
be construed as limting the claim The word
"conprising” does not exclude the presence of elenents
or steps other than those listed 30 in a claim The
word "a" or "an" preceding an el enent does not excl ude
the presence of a plurality of such elenments. The
mere fact that certain neasures are recited in
mutual ly different dependent clains does not indicate
that a conbinati on of these neasures cannot be used
to advantage. WO 2004/ 021336 PCT/|B2003/ 003760
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10 According to the invention a nulti-stack optica
data storage nediumfor recording using a focused
w0 awitm2i3ec beam havi ng a wavel engt h X and ent ePCTB2003/003760
through an entrance face ofllthe nediumis descri bed.
|t has a first substrate with present on a side
ereof a first recording stack named Lo, conprising
a recordable type Lo recording layer, and forned 5 in
a first Lo guide groove. The Lo recording |ayer has a
t hi ckness dLOG in the groove and a thickness dLOL
adj acent the groove, and a first reflective |ayer
present between the Lo recording |layer and the first
substrate. A second substrate has present_on a side
1.t her eoh naltistaskoptical detadtaiagesnedivm faregonding esinsg 3 Kicagpd

‘..a ecordabl e t L1 yecordi :
PS8 AR bt RO AE A Bm IO Fikd s ot e megiom
duringetdttiglsnestp@idd: adj acent the groove. 10 The second

recording stack is present at, a ition closer to the

0Si

- ent r are st gebstrateawith presqugon p gidg rﬁ‘gé stack and is
. forned, | i ' ' 1ehtypd 1§ e6ordi

1 oc R RoRRRATHaliin 1%, Bhfifiing TRRGRBRITYRS Lj88rding
layer, afid fouined am4 fiedt Ty gegleairodve, the L arcgeding hayer kiving a thjckness diog in

which it . js achieved that the Lo.stack has a
the srpepe1aBd eibsihesg o SHECS ACRIPAN BRE VR BTy Elrgprtgrent
betweBRHES , rEQRBRL B8 add 1B firfiQuskuate, | ayer DVD- ROM

speci fication. "WD 2004/ 021336 PCT/IB2003/003760 11
- CLAI Mssecond gubstrateiwigt presenbpn # side thfgeaf: st or age nedi um

f di i Cor , _
o o IR AR s R B Bt

CL

efing an-entrance
layer, {REL Fecbrding 18herihading @aBickiiedgd: 1§ i ghdovg: and afthickhess drip
~ substrate with present_on a side thereof: 5. - a first
adjacqné BrapeNy. 83id s%cond Aredrding StadnRanEPrTseA at apesitiomelesef infhe
. ) Crot L. .
entans S8 F00{ 1h0 9 1ol B | IO 0 SeOM Bl BOOS, o
- in thetgnspavent spedenlaydri sekdvasiseddicOreathatentdindstacks, said
groove, and first reflective,.l r_present t ween
transrig! geres dra e ke auetig iefy Bed iR s pR ob R lor e
focus&3gfatigh 8eht h present on a side thereof: 10 - a
second recordi ng stack named L1 conprising a

characteizedda thas thodepth of the St &b gide Eropap is paller thapdelby\dnd ghat dror
. | ayer. havi a.thickness dL1G in the groove and a
wSm¥ﬁ¥%ﬂﬁﬁ%@a§%fflmggﬁggﬁéIGthe groove, said second

recordi ng stack being present at a position closer to

the entrance face than the LO recordi ng st a%k a{ld .
2. formedA Iﬁugl-gté%@R}mElldaéwtgr@g@mgg\yg} according to claim 1, wherein diog

is substantially equal to or larger than 2d .

3. A multi-stack optical data storage medium according to claim 1, wherein the

recordable type Lo and L; recording layers comprise an organic dye.

4. A multi-stack optical data storage medium according to claim 3, wherein dig

is larger than dp ;1.
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a transparent spacer |ayer sandw ched between the
recordi ng stacks, said 15 transparent spacer | ayer

whaooisign3as t hi ckness substantially |arger than pdEIBEE (03760
of focus of the focused radi4ati on beam characterized

in that the e.f] OCTVIRe TR i .
> smal | e?‘ ™ dﬁ&%@%élnégtht%%?éé &%‘ I'S Cgﬁgg%ﬁ%ﬁ%’l AF;;/V herein a
dieleceitualertiopsedtak geide hthe I¢lrbdordifig Payeoppdsite fietmethk side where the
opti.cal data storage nedi um according to claim1,
fﬁﬂr@ﬁ@?@ﬁhﬁﬁl@ﬁ?“ﬁ%tsubstantiaIIy equal to or larger than
2dLIL. 3. Anmulti-stack optical data storage nedi um
according to claim1, wherein the recordable type LO
6. and L1Armcbirstackpitizglateats somge nsdiuanacsoyking © adgim 5, 3ierein the

.. A-multi-stack optical data.stora medi um according to
dielecfriciaygrdios giekners ol Peramee Ofgﬂ’ﬁb? R Gl L WO
2004/ 021336 PCT/1B2003/003760 12 5. A nmulti-stack

optical data storage nmedi umaccording to claim4 .
7. wher ei A multistetieenticeldatasienags megiasegrording t dgiged, gyherein a

he, Lo recording.|.aye ' § t t d

sl e G5 R L BRI e
opposibe fifom Sleatde whdre ¢l firdiakAedive lageispreientn according to

claim5, wherein the dielectric |ayer has a thickness

in the range of 5 nm- 120 nm 7. A nulti-stack

opti cal | i ' j ;
5. Sher ot f STHELACHARE AREATEFEILM Mol dn LAY, ylicrein he
secont] seffectise htyenhasa thioteessfin theearlgs afdaum di Swym! ayer 10

opposite fromthe side where the first reflective

| ayer is present. 8. A nmulti-stack optical data
9. storage fRf-wResRRAdADsthRgs htin accohBAIICIARET or 8, wherein

second reflective |ayer has a thickness in the range
the seopndsrefigetivis aysnmaiglygompringsiathetgl selsetasitors dpe grapmof Ag, Au and
Cu storage nedium according to claim7 or 8, wherein the

" second reflective layer mainly conprises a netal

selected fromthe group of Ag, Au and Cu. 10. Use of

an optical data staqrage nedi um as c#gigfd i n any @Fe g
10. of t he Usrof & pRtical defa slogagsangdiym 35 Fleimed inany0ag of the pgeceding
i ek e B M6 S £ G Byg sBLRE s such
of more ttande8s amt kedilatidrhel re@rdeionands nythedyeecondingdryer ofraore than

60%
60%. "




