, €3eCCDX46BTWNr t. ~f\ WO 03/ 060895 PCT/|B03/00090 1 OPTI CAL DATA STORAGE

MEDI UM FOR WRI TE ONCE RECORDING The invention relates to a dual -stack ; i,r:};?.\_
opti cal watm/sises age medium for wite once recordi ng usi rRCEIB0MSed L
radi ati on beam having a wavel ength (eril) and entering through an enfrance

face of the medium during recording, conprising: - at trate
with present on a side thereof - a first recording stacmmmwmm'mmmmﬁr
COMPY | ShiighibAlh bHiAR SinluiPor Prit PG REiRaRbRAKET having a compygx refractive

i ndex n~ = Lo and having a thickness dLO said first recording
stack LO having an optical reflection value RLO and an nsmi ssi on
value T~, - a second recording stack nanmed L1 conpri si m‘m&m\&@"w ﬁ ce type
" L1 10 15 20 recording | ayer having a conpl ex refractiv nLl -

i . kL1 and having a thickness dL1, said second recording st&0d1 having an
optical reflection value RL1, all paraneters defined at the wavel ength A,
" said first recorTheimventimkrelntssrie) adnalsstak aptical c}a&s&toﬂagmmﬂbmefortvaitbhe

entrance face than the secqgnd.recqrdi st ack, rent .s er |ayer
sandwi eREdeREtiRgdRingRforuses reflishpndieapaving 4 wa‘qumélbé 3 prterng tFOVE o

havi ng t?{in cKBRSD m&ﬁﬂﬁlhﬁ]ﬂhgré&hgﬁ cfo istpde dept h of focus of the
focuse ation eam An enbodi ment ©f an op i cal recording medium as
descri bed in the- airleas'tmgp plstage apth resekhoma side therddpanese Pat ent

t JP-11066 t.ly the Di t al.
QgP Iegarr:a?Eet sha’f‘gsg A;ecen %arﬂ"?ﬂe[r% °%‘I“ | ¢he ﬁl‘ﬁﬁanﬁea&Rgz‘Pg?cgﬁcéngapa0| ty
than t exqgvn?g @é&ﬁf)l@i reﬂaﬂh@e ftﬁ& R{‘&i i gaViak b ald Ravifg @tHicla@sdik ysald ¥ |

recordable (R)” and rewitab version. For recordable and rewritable
DVD, t teepuling stack L@he‘segmn gptmi e@m:’p‘eeelum&.ofa@drmtowlcxb\mnﬂmswemlueor
recordi.bl e and DVD+RW DVD-RW DVD-RAM for rewitable. An issue for both
the recHbdable and rewitable DVD formats is the linited capacity and

t heref ore recor di agedondRedoedifg SiaclondnieSL\@neprsifck etiteyBitieayss By present with
a maxi mum capacity of 4.7 GB. Note that for DVD-Video, which is a ROM di sk,
dudf | meerdinglyer having scomulex et vavadexfiLicomy - 1 lﬂnmebh%'e@e@mlmess

PCT/ 1 BQ3/ ]ﬁ'@j a

consi dglr I3 aﬁgg%grﬁﬁ?@ﬁﬁhé ¥tac]§%hﬁ&11{ig£:ﬁq§;&% %eglgﬁ-gn quﬁ Lﬁ ;ha e DVD S
Wi th 8dé&faibdeamaciivelargeh i ghly desired. A dual -layer, i. e. dual st ack,
rewitaable DVD disk is pr obabl y feasi.hl e. However S hecone cl ear
that asgidfistragording stack b E’BH}E&?SPIE;I%*WP%‘R‘OH ploger twtl%qqqrapq;peﬂapgf % on and
nodul atlan §ec%9cﬁﬁ$fs€a€19t' on of the dual-layer DVD-ROM is very difficult to
achi eve ang requires dat |least a mmjor breakthrough for the properties of

t hé5ai nor phous/ ck y$1taa$ﬂarene spztcasleyerrmn@)\mchut betwatrsthemocthnastackﬁs sdldas

recordin Ia ers |nre D i cal vabl effe |ve

refl ectf® afe%ﬁage aﬁe}é ?FC?W%WW@I? Y tB?'P 5%8% ogg e y % educe
read- bquﬁsg(pfgg@hbﬁlbbbﬁly on exi sting DVD pl ayers. Wthout a full
conpatibility, the success of a dual 10 layer rewitable DVD in the market
is questionable. In order to obtain a dual -stack recordabl e DvD nedi um
which is conpatible with the dual -1 ayer (=dual -stack) DvVD- ROM standard, the
effective reflectivity of both the upper ho layer and the | ower L1 |ayer

shogl d be at Ieasslnézﬁ%dﬂneﬁoftahepmanrmmlﬁgfreaimwes Optiical intled dpemingon | evel
in order to neet the specification | 18. Effective optical 15

r ef | ec PREETAPRAM SN frophiapanese B@PP%PHISCE‘H%%# &5653 the portion of
effective |ight g&%&gf‘ﬂ@%gﬁ%ﬁﬂﬁﬂﬁg!ﬁ T | gdﬁzule BAtehspk@aks Lo and L1

are present and focusi'ng on m nimum refl ection
Rm n :rﬁbdit&nivatlﬁa machhigherdita stbragh eagavidy ﬂ‘taarthIaCBL Pi'eksw&tlbethls format mct i ce al so

a sonewhat .l ower fect ref I e R>0 S acceptable to
* achi evé“’? ’@Lﬁm& F?FOF %@@Qtapﬂgr abllimverﬂﬂil Yhat such a
r EfZFec%éGr&éblé’ﬁndzﬁv&Qﬂéﬁ\fﬁ thétb afHﬁ%?é%Ent seeéra%m;ﬁﬁﬁg lrtrials: DVBYR| t abl e

dual - stack DVD based on e.g hase ch ar{%e t echnol ogy. The condi ti ons, which

‘ nust bd)VDﬂbf@demrdabie ami)DchDﬂRWeDI\@bBl nDVELBAM foraawritele. Agrissvieder on

val ues o e St or e i f1cat y far not
o uF oot foRSeoi RS oo b R S el A InER B, |

r espectredRdidptintebecdise’ iy SifgleQtackebmediptardpressnt withanaaifninosapdcityes of the
stacks and how to achi eve these. |t should be noted that in thl{%v docunent

Lo is def GRedNothenfor DVI3¢deo, wiightis 2 ROM digl, duaklayerangdiewith$i 16Bon beam

entrance face, and L1 is the deepest stack, as seen fromthe radi ati on beam
CONFIRMATION COPY

C\)

-




entrance face. 30 It is an object of the invention to provide a dual stack
optical data storage nediumof the type nentioned in the opening paragraph
whi ch hawoaf3fosetos ve refl ection val ues which provide at | esst/igogashoput
conpatibility with existing DVD-ROM pl ayers. In an optim zed form
conpatibility nmay be achieved with the existing DVD- ROM st andar d. WO

031 06089aciBCIfirBOStDaDERs TYR-% bireasdty liaye achisderablointarkat skaropt i cal . dat a

stora nedi um accor.din o the i tio i is characteri,zed,in that

0. 45 Cofamerdrsosiiab s Fartehe BB e be iR Riet 1680y "The
appl i cal-14138, ifeondl siadR! relvii@be DYIMHSR IbBab Yol dWeosk, ft1asbéddthe

requi rement that the effective reflection |evels fromboth recordi ng stacks

* Lo andclear thata rewriabipefullyleampatile divlss ke. prititie thetrefleatiopsnd mogdulation65 and 0. 50

o Poct R oPR AL s MR DR BofbrL ol eonihf BpP @Sl A 21 aci
r ecor dabjoe bidikhrRphUot the popeRide oRthdAAQPhek/dystaltias fhate-chayR matefifls\r i t e

once technol ogy, having a relatively |ow optical absorption can in
pr i nci Whish grevsed sprecedingfayersdn mwmﬂblsllbw@aedgm&ypmb@%mahlg@fﬂe@m table
DVD duale 3 cltydTe e Wibudyot (b 18D Esekflok SRRELDG ! ALAT.ERdpdr € ati vel y

ow absorption is e.g. a dye |ayer. e present 1 nvention can be applied to

bot h tdugngavibilRy andxiskby BVIDpimes. Withouhg fifl bddnepaitiblity, Wee sickésswse ddD+R t o
indicate a recordable DVD in ?,ener al.. The typical single stack DVD+R nedi um

had a legemrewritaple D VE} inghomanest 15 qusationsbleon of 60% these val ues are within

the single stack i cati.an: | St 2 f ower
reflectivity of Igb%g%r%o gﬁdslt(:é g%“?%é’ I%J%Wﬁeﬁggﬁzgc%‘g e?st ack
R- medi with itle dualkdayerGduabsteck) HADAOM dtéhaiard, thie éRRttiediedlectivity aibotintiicer i al
intrinsically has a high transm ssi at. the wavel ength A. 1n combination
with aunpéfwafya fnelcthe qrﬁy@%xer éhcmlége Plepstd Broy 1.6 the BEMIBBINERGCBYEd.  Thus,
recor dj i j M i Qrphi i | ayer.
R L R b

sqglfar yreiflactidnpeansdhat shdneflectiopamnmasiyed anthe poetionh\effiectivterezhd estningback

i The. mi ni ffecti flecti f both I, is.12% typical

St ack. B BREeE NRS Feeaih PRt BiFsRl and fousiabongerid f800 F gur e

1 showgspdifiveld. @%ﬁﬁhﬂk@eﬂe@oﬂ,@gk 0D\3¢ B réR e ¥nt & the DVID-Rah4r8. POSsi bl e
0

when assum ng reasonabl e nunbers for transm Ssion and absorption of
r ecor dipyeve, i pragiise alsodcwesiewhat lowee effeddive aeflactipnes-g. Rkl 2} $vacseptalls tat ack

4595 andr e oS RrhuBe DS R NoBE Be il s R O ok (1 "
shapul drR-0.2D i)t presdntenot ackdevabin aG¥aitdbldduat-sthbk DVIVbhdedlons. . phasef act i n

nore detail. |In the DVD enbodinent ~ is approximately 655 nm Fig. 4a shows
the cathenpateshnelegy.ectivity for a recording layer-oniy stack as a function

of the Lo recordj 1 i d.ue + he
recording | ayer ﬁﬂ%ﬁnﬁ%’tﬁméﬁ?&?%ﬂé gﬁ?ﬁ?}%lsgi SEB{ELO%%%E%{C%QH’S%F Qlltp(tzllbgnt ly
hi gh t amitsamsedssion vadueslof tisecdticky adordehte medtlseclt 4 spetifichtiar &t bydardetter m nes
the requir i araneters and | ayer thickness,_ Preferabl LO ?2.5
and o e TR HOsBs e ieesicteg bl eaierusmion h respos i eptealiL o

STy 8ni'eﬂ@ct|id:ﬂ, GbsHRptRIPAR thhSmfsSiof WaftleS BF ﬂﬁ’&?ﬁ}(& & dsﬁdvf’ﬁ)t dchidv fidse. At LO

t
recording |layer-only stack as a function o real part of the refractive
WO 03/ §iwaBbbe maFd tha03y hcoumentigds definedfas i clasest? diaoly ileaglesgst tothe dashed

hori zont.al. | Lne indi cates a reflection leyel R=18% Jt follo from

i gur oA oh SR e e, syl 5 e ABestRlick, A gperkfondhe radiaion toa

recor defifhnkc@yee. s refractive i ndex nLO should be sufficiently large (or
small): nLO > 2.5 or nLO5 1.0 5 The latter is however less likely to be
“met in practice. The optinmal Lo recording |ayer thickness dLOis at the
fi§0st or second maximumin reflectivity, the preferred | ayer thickness is
then: NBNnLO < dLO <_ 3N8 (Ist rnax) 5N8nLO S dLO 5 7N8nLo (2d max) 10 The
" advant ages of t hitds &wolsjeat@f tikdiaveitionrte provideadial sfaslp aptival data sdrages

si npli ci tiy. IP anot her enmbodinent a first netal reflective |Layer, having a
t hi cknBdiugmpt tge i@eﬁmntwgle%we@@ Apening erasraph ahigh hag cfsetve stiecionvaiey | ayer

and th . LS ok O < dLO
~SNBn L%hidli:l?rﬁgﬁlé gﬂé%%g%?e(glt lrcgl?‘@%tll V@yﬁ%?ﬁsﬁ%@?ﬁﬁ%@é‘?ﬁlﬂgﬁsg@ﬁn ve layer is
pl acedopinizee forheoniatibility naydesphiceed withehd éxisting@VBIROM $temdardie | ayer 15
serves as a sem -transparent layer to increase the reflectivity. A maxi num
t hi ckness and suitable nmaterial nust be specified to keep the transm ssion
of the first nmetal reflective layer sufficiently high. For the netal |ayer
e.g. Ag, Au, Cu, A, or alloys thereof, or doped with other elenents, can
be used. In order to obtain a sufficiently transparent stack (T~ Z 45 %,

Y o Y b1 .




20 dM S 25 nm The optimum dye-| ayer thickness is determ ned by both the
maxi ma in transm ssion and reflection. The presence of the thin netal |ayer
i nt roduc®® P6eRqi t i onal phase shift 0 1/8 to 1/4 in the pxt/nBemo®d R and
T, for this stack design the maxima in3R and T are located 25 at: Max(R) ~A
[2n~ (p - 0), Max(T) ~ N2nLO (p + 1/2 - O. Only the thickness range around
the first reflecthisabieaiisachicyes with thetsiptical dletasterags metimmiacscorting toghe

i i L arae ) hj Th i f dLaq, j
ber noum B AL | AR I BlOES Sor, T 10 )00 00 B, (gt el S'EhA ®
limt feed kd < 03.0RHel appHedy hadbub@ital Iheselyequib@héms nay W3 deRhcet! fndieer i od =

. BN8nLO because for increasing 30 thickness the ref ?,ectl vity drops strongly.
Thus, Tequirppertdagtdae effectivaaslection leels Siom both scasedingstockslemdd i Brel~ <
5N&n~. o) 0 e ribed

 aes) gn z L ARIEIR e S) L P AR M ol LT EE

desi gnkpan@l2 ivwhicheasd gvenihighen efftaiveireftdction valuecRag be ashiesddadlglases osi ngl e

i dium_In_another enbodinent a first transparent auxiliary

d t ack
{252: lllé}% mﬁwa cerdpbls QY1) anqdie (e &1 BVER) based prypaserorging leyar svitess dl |

S~/ 2nl {opisd Wﬁl%ga e I . [ Vs e

trans pgvpéénﬁcgrpt)‘gc@ggkgg’% r. ylteg%allgfx&é% o?ﬁ %agtabéoﬁg!ﬁ(gfbgdrnelﬁtp@é@?q (?&g"g?weayer 1,
e. g. athdirefleetioniprotilerh of therphasechange rewritdhla VD duhlestAdkrmédinmt Alwritefdneet i ve

I alyer t he tnregzlnsrri s,s}i1 on nea{ t he optinumreflectivi t% is increased; the role
of 14 heTegPuinglaysrwith 3 mgjativelsslopphserption iseg. a dwe layari Tha Piesantitvertititaieen t he
"recorgg ] Hypmt #d t 118 VIWIQ of

pol yca_?%(ﬁ)i%él!teg?@g%tg ﬂﬁgr eby odmgﬁﬁ?ﬁgoﬁ%fq '%@ﬁ%@llgﬁg&:’ g/i%;vgmt'ﬁ%%t rans(ri;(l) ssi on.
C ear | indioatetarecordalde DR i germral. conbi nati ons are possi bl e. However, the

pave hion T, ot 1 niaeSBictsindle SEER DRI nidiim bt freliccivity ot | ayer at
the sapRdilafi®h of 60% bt Bl 4rd Within theXind1B8tabk wnai{t)m?aéiﬁﬁftfdnecti ve layer

e.g. Ag, Au, Cu, Al or alloys thereof, or doped with other e eménts, can be
uskd. Ri¥media baneanuchalowigr feflsitévityl of abputrid¥ar Bret starting lppint for pref erred

t hi ckn f the netal | ayer for. this.stack, t i.S: 25. n shown
in Fi gg%,b%%a &qql—g{acg&ﬁnfgﬁigws I%Vé?uthn%rgll%ﬁ\’/&?ﬁg ﬂ?anfgwfr&alar ﬁ‘é@l‘fii ve 20
| ayer irageiebintriteicalls Bas 4 high Hansrkissioh hEIAS Wa¥8leARKAN th SREFRAERSWith &
reflectivity, while the position of the R and T-extrema stays (nearly) the

same. skl sElectivmiayecs highreflectiyity cembeachinyed. Thusgeecerdingispossjble mathfa r st

maxi muggyd ' j i ' : ~~ [ 2n~ r where 0 ~
T e Rl Ab SEadBfon HKE By iy, KGResNB bt By bt apinels. o

r 2for dazegtypasquarylinmktyps or biher bigasic dyaalatdrat hawng tidebiréBpropertiedlLO <-

5A/8n~ It is pre,gfrred t hat__dl | Sa%nl,l. |t afpear,s tohat the relative
increase in T that® RHHmym ffectverefisctionofhothlaygnsis 12%y typiaal steskedesiggpends on
the 1 1; et J i t i P

t hi ckngﬂstg%éq%eiiltlgﬁ%{\egﬁ%re tc?geﬂr) I??ggasgggﬁg%fg or d|i %oﬁ%éff%rﬁﬁag{baﬁa} uence the
r el at i steck RYPeRsmedifindlis ir\prisdiplempossiblEwden dssuting rensdnabler mmgerofor r ef r act i ve

i ndiceg nl .of th O l-layer is.nll > 1.8 FrgmFEig.1l1 jt capn b erived
what & RERHORAL EPorRipR YEleonBi e fyre sPas. Aytehedtiotoflorgss BAY LBONTRE: case
by2s f si6k0i pdssitile iff O Gahsheibath 6f the AEpR#ERrdifE Hadk 1Y id BAREL 4598 and Y6,

03/ 060895 PCT/ 1 B03/ 00090 6 netal -reflective layer stack can be gained. It

f ol | owdhednfsinsie gflegtionogtiedower reecadingistack &n shadd thenyberin therrafigedt% ve i ndex
shoul d . - * -1,025)/(0.0267*dM + 0.005) Here, the
first %’?’all:lwgf]]%elgﬁlg&/%esﬁglg3?6'[?%%%%%%&dM is given in nanoneters (note 5

that the fornul anithe BVIpRbodieat \ & approxitigtely?6iBm  Fipl 4a dowk tk - 3) . The
X-factor can_ be cal cul at ed b%_ di vidi ng the reg&ikred transm ssi on of the

" stack ¢alcwatedreflngtiviy foga re grilayer-only stack jae a fancsiop\if thedut re¢oriimg dayer
djt FoRiobys L ves: , %, F e,
| P ke Rk B aniol ot B8 rhotiuin ke 8 bR blndans ] 5 3R $he bar e
r ecor d0.3Ya bffieientii highrtematnissiofcan be uchi¢vay pthe SéAekivita iengfote dopdratindsahd ect i ve

| f 15 nm thi ck ,_the 10 refractive jndex of the additional
et PR a8y e B Ak ks BahbagF of ne
stack RBg k&9 ?ﬂ(/&ﬁ?bﬁs)\/@nﬂo hey { Emligs ?ﬁ%ﬁ? %mrg ALRETe M{égqnd,%ﬁﬁlf erence

Layer, wth period a/2nll . Therefore ayer thickness need not be
| ar ger reflectivityred aderrieentding|layer-only Stavk-as BSundtiontve the rehbyart of the reftaetived t o
increase T (and decrease R) it's optinmal thickness |ies at the position of
the first maximumin T which is |ocated at (1/2 - 0)*a,/2nll, with ~ 1/8.




The preferred (optimal) thickness of the I-layer then beconmes: dIl,opt -
3~/16nl1 20 For larger dlIl the transm ssion decreases and the refl ection
i ncreaseWopAinRIsI f nll is sufficiently Large, it is posspdi/mozoodeeep the
| 1-1ayer's tluckness bel ow t he opti num4val ue gi ven above. The useful
tluckngess range of the |-layer then becones: dll S N4nll 25 The advantage
of t hi 9198% SLyyef the recprding layen) the daghed hasizontal ineyiadicaiege reflectiondevelRiss

possi b | . ond transparent auxiliary |layer |2,
Rt ng. 37 oA 866 MR TR BrBPRoRel o pARERRL BB BT 1514 e mafing: o <
do <_3Mgar's refiactiveindet nigisheuld be eufficientlg It (@sagp Lo recording | ayer and
dLOis in the range of a/BnLO < dl,o < 3a/8nl"o or 5a/8nLO <dLO S7A/ BnLO.

Preferably the sBughd#St PankparbBt auxiliary layer is present at a side 30

of 4 he {.Le-anc [ r di | ayer nmost renote fromthe entrance face and
nu §Sni Tl§§ !La&tg?%.qmifetk’grrlﬁ%tcl%gf{}q%eﬁjégtéﬁe%aﬁg'c?'r ansparent auxiliary layer is
pr esenThabptémal Kereedrding@aydr ithickRBE & ( i®at BE BFsH bNgechAY Rlaxfth @R §S i’eﬂegti{'irg&g .
entranﬁ_g face and n~ ~I,0/0.636. No netal reflective layer is presernt. This

stack the prefsagd ayer thickpessiethsne of a dielectric nirror. Since the second
auxiliary WO 0 60395 I [00090 7 | 2-1ayer, i.e. the dielectric
NS G gl mane

mrror, is transparent, nts for recording- and I-1ayer

thiclrness and op\Bagls &QRSHIH, 5 (I Ohdagyy fromthe reflectivity constraint.
The reflectivity is maxirgrized V\ﬁ(en theyvi nterference layer is T/4n~ (or 3

a/ Yh~) Theradvantages oftbisdyetdckylesign arkrd ligh tshsparenyy and Babiuplidity2na max). 5 The
preferred range of the in%er.ferﬁn e laef@r%tflhi'(:k ess_is; 0<du< 3N8nlz The
preferred thi cknﬁ’s@lo?: T GRbpdimen %%665;@1 Jeilectiye aVS’B#EEngééhJ&K@SE_dM1§A/8n~
(1 St25m) isPHBEnEbePweddIhe writbloBR-£) ﬁﬁsﬁ@é}er%ﬂd%@#%?%&&'l e%y pe of

stack can_be discerned: (a) recording layer on to ran b)
| 2- 1 ay#&id ¢ i3 inghe tange 6 MBnmg=<fayss V81Gaskor 4hiF ktackypt ictative lyehindfosi metaly i S

gi ven .= - ~) 7 l, + Q n~)2))2..15 To et . the

refl ec{%?ﬁ\?lg%‘f/e lsg%rcl P §QE§$85%’ e?# {h&dge ié‘f/tl;hets%“)ef'z'eqe&-%trmgta} @F%@ﬁ%@ri ndex can

belsal sevestasch demilp@nsparentiayeh €0 ihcredse t@ﬁ&legﬁﬁgﬂ%ﬂmmﬁztﬁﬁaﬂl@}ﬁfeﬁ’éﬂd{ i st gi ven
o nee e reflectivity

by R :L&é% (n~/nl,0)2 )/ (Ll + (n~/nLOz)]2, 2

speci f fHaplegnatsalmust bgspecifird tp keemthsiransmission of thedfinsimetal reflactive leydrcul at ed
to be: D j eytransparent auxiliary, layers (wth
al ter n%ﬁ%lgﬁ%?iﬁh%‘%ﬁge %63? ga%ggﬁr];?%i Ac"li’n@ls ?Ha?roagfr?as herepf qrﬁi@ppiwt@ct ive

pr oper étheselehetits ccan batlied: &N ofier toGHtAM AGuRdidly tRRSpR&itIBRR (Y8 15935 of the
refractive indices of the |1Z-1ayers. However, the stack becones nore

conpl i B peeferrad fhickngss ofdhemetaglayorist he desi gn described above is its
r tive sinplicjty. ile still sufficient reflection and high transm ssion
a(raiéﬁachi eved. Th&éMlssfggg%l proposed for Lo are not restricted to use in

dual - sThebptiresinalyeDasfer Gackiess id Geérrnihed ibg%loﬁrtﬁ& kiR th %ﬂsﬁi?ﬁ& (>2)

media as well. 30 For the LI stack of the dual-stack optical data storage
medi urkCREEM™i ng to the invention a second metal reflective |ayer is

From theent r ancond aisiney B Lk TRt KRS intod SRR dionll Blas SRR A Fect  ve
| ayer 1&so &/4 inithkemmatfiR GRETNfor thislstacled@ignithy nidkirha 1SR iafd tthee IRpee of 0 <
Stk H PIES00 22 ABai(Bma). Mi D3> 0etmot b 1 B3/ 00090 6 Vhen dMZ 19 1 over
than 25 nmthe rehhahd idkn¥ss BN g SEREHE Wst r@bctidh SndxBNGR ik buibhRCk of a
because of the decreasing transmission for larger dye thickness. The lower limit (LL) for dyo
is defined by the maximum in T: LL = Max(R) — 1/2 period = M8ny,. The upper limit for d is
defined by 2nd Max(T) — 1/8 period = Max(R) + 3/8 period = 5NM8n; because for increasing
30 thickness the reflectivity drops strongly. Thus, the preferred dye layer thickness range

becomes:

N /8npg < dpp < SNM8nyy,.



recordabl e dual -stack DVD nmedi um shoul d have high reflectivity at the

radi ati on beam wavel ength in order to be able to read back recorded data

t hr ough WOe0306e898 Lo st ack. To neet the DVD- ROM dual - | ay erCKiB08/00090

dual -staclc) specifications the effectbve reflectivity of LI 5 should be in
the range of 18%to 30% If the Lo stack has a transm ssion at the |aser
wavel engt h of TLih}e‘l‘ aatagesofdhe describecdqsign are thegood reflestive araperties andoul d be

ange Eogvy BRU PEck Gl AatHuthedy B B AR GTR0R I8 Bonrabo, or

nor e. Sihgle recarding afacleasdivbal | s within the reflectivity-range specified for

si ngl e-stack DVDtR di,scs.. Thus in_principle a sjngle-stack DVD+R stack 10

desi gn can be u et Fbeqiment;a first ransparsnt ayxilianydayes db hevinggne 2 (see

Fi g 1RkhctiNeSindex &1i>9.8 S0 AR Rt ecend] : dye is in

~direct contact .v}v%tlﬂ e.g. the agt escik\}/lgﬁf(%lrggvr%gngﬂsgc%%}éﬁtlrbfﬁ?&ﬂ?%?igﬂadhesi ve
can posstabrefleptiventayérandys transparknt spgcerdaypoBy adting anfirdt hranhspaest atctiling

t her ef ferred that a third t t auxil | ] 13, havi
ot r achrdt ek iffeskiitorefatig fayer, ARG E brewl RO EIReToRE 413 Sl 3,
i S pregsiziniatirasanthe bptitdi Wlcb@rifie %&&ﬁ@@d;%e FHIE6f RIS 18 B 151 de Of

the wite-once type LI recording l'ayer closest t e entrance-race or that
a t hi repunieraot thecgptisel mismatcybetwednahe figpcerdiny lekerelsthinttdBtal’ hstadkeandahge of 0 <

d <~ i resent adj .acent, the ite-onge LI recardjng |ayer at a
side cﬁuggtgastg’rg[’% '%hc% OZSRP Pyﬁﬁri’gh?tﬁ’ca@gélﬁ?fgme% ﬁleﬁeﬁﬂ"&l@ &g thg™ < gy |
SSA/ 16idnknadsiolN16nL1 <d. LI < a/nLlI. By introducing the third transparent

auxiliary layer or third nmetal reflective |ayer the 20 problem of chem cal
i nfl uence of t heClspdvarith dyeerlayess masy eewbingtions arapessitle Howevestheomlst. Two

LI st : I Wh| rotect. the recar.di pg.! r from
ol o ERNABR aBhEn R ERAIEE 1AL sl Bl v CFhich B bifelieh TRaniY &) end ot

r est r i sufeel edtabsmrptiomimiha kecdidifk 1a9bit dteid sahSCine] Fud this diagk @Wé, forthePrsepp! i ed
in _any (sjngle-stack and nulti-stack) organic-recordiilg Tayer, e.g. dye,

baded Bpipl rellectivdaydiersy At divurn, £ber alleys thereod, eredoprd mith| asharieleméntssean e g.

Ag, 25 4G : i.th. ot her. el enents, can be
used. Sﬁﬁtﬁgnat i%ﬁ%%@%&ﬁﬁ%@ﬂj {a%%:l}?p gg?%ﬁﬁﬁgg%&rsfgﬁre?ﬁn%_ss ‘1‘?@6 For the
t hi n nmetal layeryfer thes gfackMype i, Cu, Al or alloys thereof, or doped with other

el ements, can be used. In an advantageous enbodi nent of the dual -stack
optical data st dMGE2 8@ um 30 a fourth transparent auxiliary |ayer 14,

having a refractj NMaTe b eel i i i hesr ange of 0O
< dla <~ N16n|12%/§|15 pr )erlglrllﬁ’ tgée]ﬁlv\%g%hp%ﬁ \";’\iél?tlgl-6 glﬁ@zthgk‘]?sftélge(géldfagi%é%lvgyer and
t B9 sdeymdndeetahcreasts thetstack's trapemnissidi sd devpedsts ity Rspisnivhilexid i ary | ayer
al | ows a.tsl Iog,kﬁlﬁfli# th(“]ner record&ngglal %er t hi ckness, while the reflection
and moPSTH - 04 £ PECRA FiRYs Y)riBe game) The opgimym resowiing yer

PCT/ | BRRLRORMWadiomyiata - T80 ot ack
optical data storage %%@g@%ﬁ@ggﬁg@?gﬁgﬂ%ﬁ%@g@&‘p@@gﬂl}g\ havi ng
a ref r'3emwi(Ve HnvbgrerA 5 14t Havs siphaae shiftdkinedised b thenmetak Thapgefenéd 0 < di s
<_Nqgnl i nt, adji .scent _the third nmetal reflective |ayer at a side of
t he tfﬁ%odh%‘étqge%?l@?]f%eé% fq;ngitﬂ%lfg%qog?ést to the entrance face. Tlus fifth
trgnsparent 5 auxighj ot ;| <@¥98&n,NCr eases the chem cal barner between the

recording |ayer and the spacerlayer adhesive that is benef cial for
lifetime of the I squelgimdttet doksV4nn. dteappbars dluht et retptive snondmee i thataai one

of the_t n uxi.l.iary | ayers conprjses a trapsparent heatsipk

mat er 1 SRS B8 s tind) i B PenR PR b eteers reRptva i ok Rt ocer al |y
di el eqhétalrefieitivel 1ayer teukidas, wileRBOproperfes 6PIHEYEdrink Yayef BE nbERALARRD 10
materials have a relatively high heat conductivity while tﬁey are

t r ans P EARtIVeAn¢rease of @aAS@éﬁmm Fig kly thesusefuh cange o€ reftactiveiindicey npéf thecor ded
ngks Ii-lla% Aigrns of mark definition, e.g. fitter, shape, nodulation In the
dual sta Ff( optical data storage nedium a guide groove for LI may be

" provided in the dyangparent spacer layer, called type 1, or in the
substrate, called type 2. The 15 guide groove is also called pregroove or

servo groove. A Iyomdigdd diowr bederived what the mimimal thfthctive index efithetli-at e
| } tion. wl | uci dated i.a. t
et g 1o S APAGRas 0P RS X BRI o€ rErdiih PR e 1

shows the maxi num attai nable effective reflection of both the upper
recording stack Lo and the | ower recording stack LI as a function of the
transm ssion of upper recording stack Lo; Figure Ib shows the effective
total reflection fromthe LI stack as a function of 25 the intrinsic
reflection of LI; exanples for three different Transm ssion values of Lo
are shown; Figure 2 shows a schematic |ayout of an enbodi nent of the

. e e b - - - .




30 optical data storage nedium (recording layer-only Lo stack design);
Figure 4a shows the calculated reflectivity as a function of the recording
| ayer thWeki3®ee898~ for three val ues of the recording | ayercr/mfos@edobve i ndex
nLo. Figure 4b shows the maximally attdi nable reflectivity of a single

recording ., ayer. in an optical dat t or age medi um WO 03/ 060895

PCT/ | B&#ﬁ(fﬁ TFUYS laey staek gan n -ztcfﬁ’i%% that ?%%a{-g@w in trensmaissionthed; nent
of theldRrstefaktied inlBesIRRid 68 data storage nmedium Figure 6a shows a graph
of the transm ssion of the stack of Fig. 5 as a function of the recording

| ayer thickness fp2 @t 8d364lues 10R5Y/ (00268+d\act 0)005) ndex of the recording

| ayer. The dashe& line indicates the lower limts allowed for T; Figure 6b
shows t he ref | ectlct thsrtishwstal zeflestivg layerdhiskngss dant isgivers intranometersr(doteg

I j o i Cpl f h nbodi t
of T he Tk ee8ARula 53 S fordnBiDN T et AN Sl . 1 B Ea9 B chows
schenmatilculated bytdiiflingrth¢ reguiredirankinnesisn of the bRck Qe gl 86 %)y thbganpliisa data
st orage q%u ﬁ’:& gf'_? 81_3 Sho«i\ﬁ Ehe ximumreflectivity of a recording
| ayer/ 86 e i Gy Y dRcosdng laygHER-Bictalreflendive dienstack (.8 38%). Fr of the
auxi | i @xampleyih tandrissibh ferdRk U?% fRdtorl 38 gﬁ?fl?;}@@*i}eﬁ%f iR b | ;r%é;’/‘o%fn\ée | ndex

nLO 15 Figure 8b shows the maxfnumreflectivi an auxi

| ayer / layeuthin-mgtalagRective dayler stackahdvimg4 netal edflective lagér ¢fltsi nee thicldeys, Me Of t he
auxh I i ary l.aver, | r five v es o recording layer's refractive index
nLG F? hv%ng%aiﬁaﬁ agg%gngﬁl-gayeﬁgcﬂhggy ableastive?- enbodi nent of the Lo
stack of the optTE&teflafich SdkABGIERM ' i i arison
bet ween the transm ssion of a recordi nﬂ%%gcﬁlﬁrﬁ%ssrégg?ﬁ?@pﬁécc?@éegpl ayer
st ack @hthedowerdying intgrieropee layar, withgresiod ANrine Therefork, e [ 1-ywi thickhyss! ayer
stack J of the recording |ayer thickness; Figure 10b shows the
sane fg§ereo;tﬁ§ga#é%ﬁh%m§3eaw ion of the recording |ayer thickness for the
stacks of Fig.10d, <24 gure 11 shows the maxi mum factor (X) by which the

transm ssion of a recording layer/thin-netal reflective layer stack can be
i nbY eased when alfdhal-luyeris ditbndedyo inceaee Taand devecdse R é'sopitiadal thédiness i ve

I ; :El .Sh h ic.l f nmbodi f the LI k
of ¢ ne SR AEpSiAEOI TG A Tt i RNkt S afele W4T 1 AP avm B ng

| ayer/ 1f8el atively thick nmetal 30 reflective layer. Figure 13 shows the
intringsic reflection of the LI stack design of Fig 12 as a function of the
r ecor dilRgPreyeed (optimph) Srigkriers of the I4ayef thentee@nessal ues of the refractive

i ndex nLi of thedrecggﬂi/% | ayer. The dashed |line indicates the 50%
reflection |evel , ™%hi ch’'iS"a practical lower linit for the LI intrinsic
refdectivity.  B®I180608RArEHsRAHRAN add tid @AERich4nsrBMNE agis GEMBL i C

| ayout of anoth enbodi,ment,_of the L1 stack of the optical data storage
nedi unf% bse%l?‘g%‘?n {WG&E%JPOSF fo/kepp tsdbilaxpr's Hiekmess belawitheontinawm velvenet al

| ayer) oivEh gbve. 15 shows the intrinsic reflection of the LI stack design of
Fi g. 1%1 as a function of the recording thickness; Figure 16a shows a type 1
opt i callheluseful shicknage rangdiofithe [FHayerthenlfbombaws a type 2 optical data storage

Ll dn < M4np

25 The advantage of this design is its flexibility, i.e. a large range of R and T is possible.

In another embodiment a second transparent auxiliary layer 12, having a
refractive index np and having a thickness d;; in the range of 0 <dp <3N8np, is present at a
side of the write-once Ly recording layer and dy is in the range of M8nyy <d;y <3N8ny, or
5N8nyo <drp <7N8nyo. Preferably the second transparent auxiliary layer is present at a side
30 of the write-once Lo recording layer most remote from the entrance face and ny <n4/1.572.
Alternatively the second transparent auxiliary layer is present at a side of the write-once Ly
recording layer closest to the entrance face and nj,; =ny/0.636. No metal reflective layer is

present. This stack is based on the principle of a dielectric mirror. Since the second auxiliary



10 In Fig. 1 a the maxi num attai nable reflection of the |ower recording
stack LI as a function of the transm ssion T of upper recording stack Lo is
shown. TW® 13/06e895f or absorption A=0 are the theoretical |pai/iBo3@odoypi cal
absorption for e.g. a dye layer would Be 10% The effective reflection of
18% pg{qfstack as required by the DVD standard is indicated by the

hor i zortlayergheBedicleriic misrarys &rapspaesit. theraqeremensdorgeeqiiing- and blayer get ed
val ue LhendDoREAEhk E‘Jm ' o P .the effective total

refl ec%l%%l %gr om Pﬁeﬁfﬁﬁ siﬁgsc a%@%ﬁﬁﬂgﬁu@ﬁcﬁlg@?#ri nsic reflection of
L~ is drawn. Exafipd efleétontytibhmeginizéd ehemthetintarforehssiager v a/4gJod3WEnthe L, o
stack are s . In Fig 2 adual-st optd cal data storage nedium | O for
recor&%aﬁ’gﬁﬁgdﬁe lfﬁerf)g%%g](j mag&r 3 & H&#ng a wavel ength 655 nmis
shewn. TH refedm@raflRd M Sk sck MvebeicidRsERt rance face 8 of the medi um 10
_during rég?‘or di ng?@he rre%i um 18 c&?fprg{l?%esssgg'substrate 7 wth present on a
side thereof a f0«xsl 28l ng stack 5 naned Lo, conprising a wite-once
type recQrding, ] ayer 6 having a conplex refractive index n~ = n~ - i.kLO
and h;’&i“?ﬂegnquit k@%raélgﬁ).forﬁh%gﬁlﬁé’?“ﬁ'ecor ding stack Lo has an opti cal
reflection valu Oand t}6 5 transm ssion value T~. A second
recordi ng stacke)g@rnﬂﬁid&()f?&éﬁgp p’l?%ln a wite-once type LI recording | ayer
3 having a conpl £x8n;gkideki7WSnl \@XmBg) ~ = nLt - i.kLt and having a

thi ckness dLI is present. The second recording stack LI has an optical

r 0 ecFwe gasgsiofj ghixiype of sthek egmthecdiscepredanet ers are all neasured at the |aser

beam e fir ecording stack 5 is present at a position
cl ose\rﬁygéc?ﬂgﬁglna?’gl];%tgpfoﬁ%iage{‘F‘fﬁin t he second recording stack 3. 30 A
transp(bpmuayep@l@wpdfwdiﬁgu@eﬁandw ched between the recording stacks 2 and

5. The_transparent spacer lTayer 4 has a thickness substantially |arger than
the deg23§(8E focus of the focused radiation beam 9. To neet the DVD- ROM

dual | i i ON., o fecti efdection leyeb fromthe upper
recor d%egépsf?g%& r%%&a%%f{r%gg&é%ﬁbfﬁt gﬁ?LX)?LO'Ean Y‘ﬁé @’F‘?/B’g)t ﬁ\/e reflection | evel
fridm Td\fRe6t3he 6ERRGvit specifichBoB60RBIIR% Hae [P ger'y REastiiadiadst @albel 1, bei ng
equal to RL1 *(Ti,o0)2, should both fall in the range 18%to 30% 0.18 SRt, 0
< 0. S(Fa&ﬁﬁat?ﬂ%b%l?b *(TLO) 2 50.30. In practice, effective reflection

level s > 12% ar e, suff yckent for read-out conpatibility on existing DVD

pl ayers. Practi caﬁ“r?fng’es of TLO and RLI for which the latter condition can
be acl@smedb). are: 0.45 < 'TLO <_0.75 and 0.40 <_ RLI <_0.80 and kl,o < 0.3
and kL] < 0,3. Thus, with the proper conbination of RL,O Ti,o and RLI a

DVD+R ‘Hhgptimayra reflestiyityisivan bR acl] evee/nms méd et (ol Ik t he DVD- ROM dual
| ayper [ i : eCido / ' e DVD+R DL
e RO e MARTRPakcladiol S R 20ivRiny BBy e e RaaRUTENRCE 1o 1,

speci faaicudatbdthi eent woul d be: Medium of type 2 (see Fig 16b), with Lo
enbodi nent stack 5 %@%dye/ 10 10 nm Ag/ 55 nm ZnS- Si 02) and LI

embodi ment st ackMzZ . Ag/ 130 nm dye/ 100 nm Ag), having transparent

. ! : o : : e
oF T oot aPhg HiRAS fapprept BBy 15} (o] ey Bl 8 6 S fickness
r ecor dirognd Nyn) the iéflectivelympedice ofthestick cambs inagrondd wing lees &xdspte vabeossr di ng
I h di ith_high t l SSi itable f
vate! SOahctetor g, SLAEs ML LR LTSI Selon SULIS0 S Ol e
wri t e-pReRivaRiabé 8t theRekign asehbabaiee R ANIFVP R 3@%1%%%&@1&&“ ent Lo

e
stack designs, in which an organic dye Is incor esi gns have a
hi gh tre8leeparanddijgh iransotission are achietside adds essing | ower-1yi ng stacks) and

finite reflecti vy ecessary.for read-out)., The para el rahges, are

tuned such as toh}%séé&ﬁ REP Bee&éfof ﬁ& 1S §es%b‘1)ledttﬂélsﬁ &@?amr%gfg Plﬁ%f?g%H ack |~
in a r@ﬁofed@&lﬁlsinlgﬂb-sﬁbla@ﬁdiﬁ\d[@i-ﬁ'tiaa@gz?%e‘at@as&we‘lﬁ % TLO >- 50 % The | ower
limt for Tt,o may be |lower, e 45% if LI is very highly reflective. To

~uerstand the tlf‘ﬂl’ék?lblsﬁafr@féb%g‘{bﬁltﬁﬁﬁﬁk@ﬁﬁﬁﬁiﬂﬂaﬁ@r@&ﬁm&i@m acgomlingstorh¢ ow, it
i s hel; . Y (T I M a T3 [ . ransim ssi f the stacks
are pe@?%ﬁéxlo%&l %%%Qﬁglgﬂ%{:@ge & 1eé]{esélﬁrgpi{l%ﬁ?g?ﬁlgé’ﬁtgr?ng%g’%? Ansni ssi on of
t he strecidinpdaydrymasoienmote Gotduihe eptrirve fhddl In Amtiter BnBbdinicnb SRaeeimethl t he
recordi ﬂg‘é{l ayer, ~e.g, _%es k <n). In Fig. 3 an enbodinent of the Lo stack
of thd® }V-%@%Fé&l%%fhl estla=2] BnA98 DREETebIY GLois i8 tantrpen Pt Rving=a
recordy i 5 k i:S 1l n NBni , 0 < dL, o0
~~/ Bnﬁ%og%ﬁ 'gmhgllf%r%%k ?1 é;len nL@o@?ﬁ%ﬁc’g@l %%12 gtﬁltgtl\(/e tﬁg&%erg%qlng' as 30
described with Fig.2. The recording layer 6 is a 59 nmthick azo-dye having
arefractive index fiLO = 2.68 - i.0.23. The reflection RLO = 0.18 and the
transm ssion T~ = 0.58. The wavelength Ais 655nm In Fig. 4a the
calculated reflectivity as a function of the recording |ayer 6 thickness

T P~ o - 1



that a reflection level of nore than 0.18 can be achi eved when the
recording layer 6 has a r ef Tactive index nLO |larger than 2.5. The optinm
in refl e™MO®&060898 | ocated at thiclrness of (% + p)*N2nd, p@t/AB03/0060
integer. In Fig. 4b the maximally attagnable reflectivity of a single
recording layer in 5 an optical data storage nmedium (recording |ayer is
enbedd¥hen dvpisi lgwar them 35 anbihe keftestivity may bagpmze tooflowcThe/lowienflestack ofla 6) i s

h 1h hed | | indi cat t =18% In. Fig, 5 nbodi t
of 1 ndetuiE AR eIV Blme B SRabig fer Ehieh ity e iasures T o shown
havi nogwavel&pel Bl difer t8 b able thh&dRiabk fecbidedidatiBhAugh $id &bt Y5 stadl efo 11,
havi ng a thickness dM 525 nm is present between the wite-once Lo

r ecor dne) thaD¥D-BOM duablayerdi.e.rivabgtacid specifications Heyaffectiveareflectivityiaf Inn t he

range @f O = ~ o e ol,s ,have .t he meanin s described with
Frg 5 oplsHR il POyt s I MEE S KB B o Bt o)
2084) handleagtioof B | this yansithdl €e intridSicteBectibn-ofiL,, Gh&fd bé hetheaxelearrath* A of
the focused laser beam 9 is 655ntn. The follow ng results may be obtained

when t1do80es” ‘hebrientypirel drangaissign of L in the range 5080 o A0%dhisimpligsthak =5. 34)

RLO = {0. = -z} = a1 K= . 20y Tla = 0.52 -10

nm Cu ]?’né%ﬂig}v%:%&}?%ﬁ_%é 6{%@% ﬁ’}s gralin%& hjégﬁ/l t%h?i%[%%tg‘e 516%8}131?:’('53@58 gr aph

of t hespecified forsinglersiablODMD+R dised. abkis if priticiple 8 sifglestddk DVIDHR @ackof t he

recor dj ng Iay%r 6%1; ckness dLa for three values of the refractive index n~

BESeH OR gsedasdhe basteck Hameven e the qase ofiypaP (sesthig dibby disenfhis 11 is
10 nm;AGy; o I.ndj . 500 . igd. t he
cal cullgg)élgg-?g e?}?(l?d(i)l(rilﬁlEiqZgyoeE ,Oré?é.f[f llzzﬁt cg%slg%dlg%g%iﬁg%{%%hﬁ%%}gﬁ L%’}elg{v%gm?@gor di ng
| ayer spatdrilaencBus edhesiviesas hossibly Hiven ihaslyedesdting innsot abidivai Heetintee. | oner
limts 25 allo for R Th [ma in R and m ni inTare |located at
t hi ckness (p - mﬁglsatﬁ?ffﬁﬁ? PW%@T@%atiastL%ﬁ trapsnaERat agHary layer I3.dayimge /4. The
m ni Mrefrl i Phdvihel: t: [ e P; s diaaent, | 2nd.
In Fi g.e 7%35213@67%@%(\/\0 edrrvt%})gdai1 %ﬁeﬁ?éégo ltﬁ ﬂ%@ffgﬁg?sgﬂa og?vngshlesﬁgéggﬁt gsdt%% topti cal
dalSa dhemaige-onestiyperLaresonhingvayerss aside of thewntedonaeansphyr enordmgdaydrary | ayer

12 with 30 reference punergl, 12, havi a refractive index n~ and having a
i okrileeh e fass Bt B § fur BN BB ST bl ko Ao e
wr i t e-rafigeoft 0 < BEOLS fifh, 1s3r@denfadidténithe YritSohdt LRch afdr aNBEWE ~d. LO

~NBnL, 0 or 5N8nLO ~dLO < _"INBnLO. In Fig. 7a the second tTansparent
auxi | i<4espsttafeq entranpe fase ead At inin the sange of 0 tdie SN 16@upocBV1GLr edor & ng

| . f . t f 8 d_ni 1.572. .Th d
e ans andrBY R Ge e B G A8 B o MBSt s °°°"
di2®l eqiroblem af\chemitatiihflubné dPahakpgaberdayeftd eetrbdt2dingd8yer DrdountbratfedaTd od

t hi ckness d~z =114 nm The recording |ayer 6 is an azo-dye (JJAP 37 {1998)
2084) 139K gyResaEs propesefdicrswhich project the vegording layerdram g-gathetadhesivssef dLO =

67 nm I 1351 .The follow ng
Fef 1 ooy o THE e robote bR R gt ARt e fAR Wy gl Boudy o' | -

Fi g. 8aecdrdingemédia amd exfl lecepiplied in afy (singleestacttiang nndtiatach)ixdghniasrycdrdingr st ack
is shqwn as a ftuictio f the refractive index nl of the auxiliary |ayer I
f or fﬂ@ E_’rv%tg}fg?_’ﬁ Seé HBE‘FagEWEﬁH%meQW For F@f@é‘éﬂ% reflpgliye €5 ¢-8 4Bown. The
daghedad | g Al aflgyheleDE of ﬁ?/@éﬂ%ftﬁoﬁl@f elBnedtS, dahBeted € Maxi mum .
reflectivity of an” auxiliary Tayer/recording layer stack I Oas a function
of the refracti Jechpmatix layoutoff thik staglsdedigmis\giveayie Fig. 1#or five val ues of the

recording layer's refractive index ni,o i ho The dashed |i.ne i ndicates
e 1806 val aaCr droridi fRFEelT Iy BLEE Ab o 5, AT BT Sovs Hes R o omse i
dual - sjtherelamdnts; @hn Batigedst or age nedi um 10 is shown as in Fig. 5 wherein

additionally a first transparent auxiliary layer 13 11), having a
refractive i ndexopadyantazegusiembedimgntofithe dualstask opticabilataztarage medipmesent

b i f i L 1

1 ey Lobanlefelartad el T Yol SR Y B0 SR T BREE 07T DL
wi t h HAngh@ranghef 0 sakpyr &BNY6haeprefent Bettve8D thewtitelstce 47 Gecdyding hi/APandl/ (1998)

2084) havi ng a reifr ct. v? in% X nLO = 2.44 - i.0Q.06. The wavel ength A of

the fdhpSegnd et TB@%VQ 3y Iy trangpgrand awxibanydayer eHowsg shightlint ai ned

when tfiginks red i i . Lhiary | ayer
13 res pectgii' lf/eg‘?rf %lg?er-t%ﬁmﬁﬁg’/&gﬁ }éntf:}%%f]g %&%@?@?d‘gﬁﬁm{s@ﬁﬁ?f%@ﬁ%o( Si Oz) zo
(n=2. ¥SmainRigood. 0. 28, TLO = 0.53 -10 nm Cu (n=0.23, k=3.7) and 20 nm
(ZnS)8o(Si Oz)zo: RLO=0.19, Ti,o = 0.62. In Fig.lCa a conparison between
the transm ssion of a recording layer/thin nmetal reflective |ayer stack
(nLO = 2.4, kt,o = 0.1, 10 nmAg) and a recording layer/thin-nmetal 25
reflective |ayer/auxiliary-layer stack (nLO = 2.4, kLO = 0.1, 10 nm Ag, nl
2.1, dIl =50 nm as a function of the recording |ayer thickness dLO s

o — o PN .Y 2




value for T. lii Fig.1Ob the reflection as a function of the recording
| ayer thickness dLO for the stacks of Fig.lOa is shown. The dashed |ine

i ndi cat eWQ 030608% val ue for R 30 In Fig.l | the maxi num pegiasusnoedh LY
which the transnmission of a recorduig bayer/thin-netal reflective |ayer
stack can be increased when adding an auxiliary I-layer adj scent the netal

reflective | ayeringst andtherqdvaniagsous iambcr:cbl‘nleak:c!ﬁtheduatidal;»ckGmi)tﬂ:zﬂ«‘:laia-sltcar;zgr for

appr o R B8 FEbbar g AR SRS orneBre i g s ievite s 0| wo
03/ 06 0BEEn ¥ TYs iBORY RABOOT 4. & dydt <Wﬂﬁ1k 5118 pRAMANEAGER R 1RdIRRRVeBedtiR '1?5%%” ent

heat sink in the Lo recording stack instead of or in addition to tHh

auxi | i #raysidegfdhg dyrd nwtalsreﬂacgtmeéayprtcbsmmthveatrmmdaan Aty sl tm:mspment due to

oo BRI HyBHingrth S PRyl kB Sic Bier E e 5 e B RS vy,

i . e. dagéredhesive thayiebendficidl for @efme of thelrbdtRdinBatacRf | ection and transmi ssion
val ues. Typical dielectric materials used are ZnS-Si02 or Si Oz, etc. These

di el ectric mat erlf B18¥ bgadeaniegsounwhen aideastions of thy transparens kuxiliaryfayatstk.  An

t
wh tn T St o Badlbplddffiod Qi FRRPodan A6 o alo B p R Al 1T HENGpHL S
w K (Amﬂfremeleddmmelacﬁc\mmals gtrdisiea pﬁdﬁfeagd(ﬁlﬁh&l/\?tyomhb e@hu@lgast an{( S cl ose
t | Ca electrics therefore optical stac
bad ) aSEriak hare s trlafvebbiiah gkt gondcgvity whila trypre SacwRreBe Abigh hetn b g. 12 a
h t dat
ifo?a“ga“d“e B M oAy S QT O v Rbrdel Syt SRS FrieR e fRgE N Do wi ¢
Fi g. 2.jittersshape) dnoded atdonr ef | ective I ayer 15 is present at a side of the

wite-once type L1 recordi nost renote fromthe entrance face 8.
The second %Palmhq&?gﬁaﬁlg%%ﬁiﬁatigm%W@W@I&WQS"W Blab(r]ﬁeand dLl
i's in ABeideditfe %ﬁa&ﬁbﬁac&ﬁ&@&lled%ﬂ o id ﬁl@@ a?é‘%a é?r’l{l}]l ayer 16

(13), 'having a refractive 1 ndeXx n~ an avi ng néss e range
01l d|811®grnﬁve isalsorcaledipreguijoac enservigroave. uﬂegmdegrdqvpefoﬂo mey,be ding layer 3

at a s .t nce, .t ording layer 3 closest to the
entra rgx‘? t@es% ﬁ%ccf?sswttﬂiﬁqﬂ’tlfﬁap éﬁereflectl on of the LI stack. The
effectl ve reflectl on as defined in annex D of the DVD read-only-di sk book

should be in the range 18% <_RLlIeff 5 30% TLO is the intrinsic
transm ssion of the Lo stack, i.e. for the lower lying Lt stack having

intrinsic reer r ef true ual - st ack
medi um wi | | %{#ﬂ%ﬁmﬁ?ﬁ Fidaieip & eé@&taﬁé”ﬁﬂérezerf%?f i thick
a2 dy&célﬁpinymgdrawda§n@,wllam (2001) 45.) having a refracti ve i ndex nLO =
2.44 - i.0.06. e wavelength ~ of the focused | aser beam9 is 655nm The

fourth transpar di8UgEJRiShONF 91°|na%mu@@tﬁa§1abb effectiy e flgetion of b@ﬂ) th&NQPQI‘ne
secondepRtiRl staek TGGhd e @¥chchﬁlﬂg25@acﬁlrﬂ Ad arfﬁiix 1ol P @ohsRl si nI Oof u{‘fwg c’is<

achieved. 30 Figure 13 s ows t 11 N30 C ectlon of
desi grrecxirdiﬁggtatklas a function of the recordi ng Iayer t hi ckness (kLI =0.1)

for three val ues, élge refractive index recordi ng | aye The
dashed line i nd tShgwsgt?%ffsﬁwctpraiFFﬂ% Wlt & k1 stackyagg fmct %P val ue
fqrs t e ddtringié fdﬂé&ﬂlé‘n 6fL]; %ﬁé; Mb§%rthreé’ﬁ?fﬁ?€n@?9‘ ﬁmqﬁ{\lﬁg%g/ @?o 16 In

Fig.14 a schematic |ayout of an enbodi ment 1 st e optical
dat a sshewage nedi um 10 i s shown. The synbol s have the nmeani ng as descri bed

with Fig.2. At reflectJ Vi n thiclrness dM3 in
the range of 0 ?%Q‘%&Sﬁ, 2 s ]§nbart]§ ?éfana c&ﬁmﬁptcﬁ'ﬁﬁ °@Ld’3?\ce LI

r ecor chtdigge MyditmBaccbaligSio theidvefti® nEladme thaefd fackld @i 1R; is in the range
of 0 < dLi ~Al 16nL1 or 7A/16nL1 <dLi SA/nLi. The second netal reflective

" layer 15 has a tﬁiméééewamsc@mwd@ympf ansembrdiinantrafiibe o stadk efthé on of t he

rgz(a)zto Calcfﬂ E\(ﬁéxfagﬁfﬂeﬁﬁmﬁﬁje% ?%ngﬁﬁl neglﬁieg‘g% n?éf? Ef 3%)‘906 ‘[I')\~/Do is the

“intrinsic tr ans Rigiee da shows the chmumﬁ(rkﬂedtmt? as b @inctibg of Brecdritingdager St ack

_)..4

havi n gﬂ ‘% efletlo & 10. the effective reflection in a true
dual - Fritkp tegrrerprdingpgyer releantive MfleKayer 3 is a 150 nm t hi ck
aZO dye (JJAP 3% &%%) h&%fhe) g4 -

.0.06. The vvavelléengt h SA of tﬁlei?fﬁ sedauﬁ%fééel%ﬁtg!etgﬁ]t}g recor(ﬁ:ﬁ% third

rret al lpydriieen pptécal dgtastorage medidmpm Ag. A refl ection RLl 0 8 is achieved. In
anot her enbodi nent (not drar~nz) a fourth transparent auxiliary |ayer 14,
15 having a refractive index nl4 and having a thiclrness dl4 in the range
of 0 < dl4 53a/l16nl4, may be present between the wite-once Lt recording

| ayer and the second netal reflective layer 15. In the latter case the
recordl ng Iayer 3 |s a 58 |nn t hi ck azo- dye (JJAP 37 (1998) 2084 ) haV| ng a

~ N Y b1 o




In Fig. 1 Sthe intrinsic reflection of the LI stack design of Fig. 14 as a
function of the recording thickness (kLI =0.1) for three val ues of the
refracti WO 930$8895nL.1 of the recording |ayer is shown. Thepdasmosdone

i ndicates the 50% reflection | evel, whil6h is a practical lower limt for
the LI intrinsicteflectivit 25 In 1l6a a so-called pe 1 nediumis

: Fi t

described. An opfi&ig F@%sr%Igﬁ‘i‘@n@fl‘é@b’oﬂ%@}@h@bﬁmbmné@f%eiboahaslpef ent at
t he Iawopg@gpda@@ggﬁgehﬁdﬁwl ied to a transparent, pre grooved substrate 7.
A transparent spacer | ayer 4 is attached to the Lo stack. The spacer |ayer
4 either contai n¥igurets goves griph diithe tlanonisgiow of theserk OBFid. Graslal fuRétn

mast er i nto t.he,spager, | ayer 4 after licgation to Lo. Second recording
" stack ﬁftbfeg E%fgélgg ilﬁéﬂﬁ’éﬂmf’?%gé SR/ ugspcg'ggq re%@ctpwggiempf the giegording fayenunt er
subst r The dashied liad Ridicses tholdwe limi@RweAt6Aat; ed type 2 nediumis descri bed.
. An optical recording stack (Lo), optically sem -transparent at the | aser
wavel ength, is aPpiguretb shows the rafleptioreof thesersamg staokeak Bnbsérn afithe 7. A second
optica i ack LI, reflective at the |aser wavel ength, is applied
to a s{éeé:éﬁggégg%gtpach?%’ pre-grooved (G substrate 1. This substrate 1 with
Lt is VO 03 6Pk %/shBFEl BRGHARORI0 o #5318 dnfdifediftHhd Bf fack o L1 MO
with a transparent spacer |layer 4 in between. Preferred spacer-layer
t hi cknteontigal dgta storggemedigss is 40 ~. mto 70 ~,m The stacks proposed in

t hje document areg: iCl t se in DVD+R- nd c be applied in
an§/§( mul ti - stac k?lgg%ymﬁ%%yaescgg%%tgc P&ﬁ?‘ft@zﬁn?tgécﬁ”%‘}@“ﬁ%td&&?ﬁ EUI*‘ﬁ ?‘EPf

t hi ckntheopéoal dapt sterage pedistgnt ranges specified, however, are such as to
meet the requi reFEnts for an Lo- and Ll-stack of a DVD+R-DL nmedium |t
shoul d be noted Yigute &ardowsthemaxizwsn milegtivity ofea tesordingslayertaunilines kger | y
take p i . t plage ihn t ea bet n grooves,
al so réét?éelﬁde%ﬂlﬁlgﬁoggc; @ﬁg éﬁﬁigﬁ% %ﬂ?’%%@fg@% guﬁﬁagyéﬁeai??ﬁa%v&@? S\r,ﬁ\’g y serves
as a srecowling hyki ngfraetivesndéx iyof he actual radiati on beam recordi ng spot

bﬁiﬂsng 10 present .on-I@n . 1t should be noted that the above-nentioned
enbodi ment s i | | vSEpeEY shawsdhe maximum reflectivity ofapeavciliany layauirechrting hose
ski | | eybstidkeusalfandbionlof B ARag ' AL BivaR) ForG g ThpdL RS

wi t hout ydeparti ng from_ot he scggté‘;eg?gﬁfgg)g;t)pen lelgﬁfaa{gﬁ%brl%ﬁ’etv ﬁ“eﬁgg{ﬁﬁs, any
r ef er e¥geerdingyiayers refractiviedndweamopar ent heses shall not be construed as
limting the cla,m 15 word "conprising” does not exclude the presence
of el enents or szlgbrse-la;squ&s atsrqhﬂn@t%lg oytjof srrembadien of theLusback ofa” or
"an" pheopttddartahgimediugees not exclude the presence of a plurality of
such elenents. The nere fact that certain neasures are recited in nmutually
di4% er ent depend@gureciOaishewsia esmparisonrbgiweendhe atsmssiomaf meetording! t hese

measur vantage. 2Q Accordin the invention a

dual - sl'?g%r&ﬁopé | tgg%ﬂggtf\% llés1 eorfsgagcg aﬁ@%i%‘ﬁ&%ﬁ%ﬂ%@%ﬁiﬁg 1eReH¥8i ng using a

f ocus eldyerdatixiltarptaybestaokeat efunogord 6ff thel e oriinERyérdRc@néace of the nediumis
descri bed. The ngdi um conprises at |east one substrate with present on a
side thereof a filg¥® ltogég&‘,f?H‘@%ékrﬁ?ﬂﬁ@wn@s,afémﬁﬂﬁ@‘lthgrmomﬁlighymce type
Lo recpidithBg fb@ﬂﬁ@rsta&st&ﬁg.lﬁﬁ’.sorp“ on k~ and a second recording stack nanmed
Lt conprising a wite-oncé type LI 25 recording |ayer with an absorption
ki25. The first rEgaedirshows dekmiximuasfzetor OK) bg whichahé eahdniissivabpg RLO and
an optical .transgﬁssi og]ervglﬁue ¥~ and the second recording stack has_an

opt i ¢V eIy EhnTastalrcBefivetayer slack pan beieiersrd whenadding awasdliary kt a
posi ti1@$md%%tth@mgﬁgr@%ﬁe@pﬁmi ace than the second recordi ng stack. \Wen

the folTowing conditions are fulfilled: 0.45 ~f~ 50.75 and 0.40 ~Li <_0.80

and kLO < 0.3 arkigwel2 shoyvs3a schematic byactofianienbodineent wé diellm stk 38 tiechi eved

whi ch i Q- dar d...DVD ROM pl ayer,. Several stack designs are
dosor (AR S s BHES gl ShEBE ShEpat bl oot Tousto st PR
PGU/ | BeflédiD@fyet. A dual -stack optical data storage nedium (10) for

write-once recording using a focused radiation beam (9) having a wavel ength
A and entering tigwada skeve Hierinttimsicirafectios of the Iirstackeitsigmof Fip) 12las'd ng

recor dd : | Sk ne. strate (1 Wi Lh present on a
(e (nBetort TR feBbidthe Tay@liadcRASK (RS0 RS hBE Sahits of s Heliaf ik nu
wr i t e-afitberaoyyiing layereThe dashed liny ididales thes0% gefectioNMveK wiREH RGIAri&ichndex

a thickness dLO said first recordi ng stack

ni,o = n-0 : J.k~ 0,and havin
Lo ha\}PWBfg’ﬁ“téjﬁﬂﬁEQl “%P?lgé?deﬁgvk'ﬂél ue Rt,0 and an optical transnission

val ue TI, o,




- a second recording stack (5) named LI conprising a wite-once type LI 10

recording layer (6) having a conplex refractive index nLI = nL~ - i.kLlI and
havi ng aYMh)%#0688Ss dL|I, said second recording stack LI hapcnags@mosyot i cal
reflection value RLI, all paraneters défined at the wavelength ~, said

first recording stack bei ng present at a position_closer to the entrance

face than the s&B®HE lAshowsn pehematie flayoutof angther smbpdiment ofhadestarligbr (4)

o GLSHAELE SOl R RER AR PRI e ool AR P O

of t hendtaiclags)l radr at| on beam (9), char act err zed in that 0.45 <fLO 50.75
and 0.40 ~LI < 0,80 and kLO <,0.3 and_kLI < 3. 20 2. A dual-stack opti cal
data storage nedigheds shpws %dminﬁsﬁlr‘éﬁl“rﬁ@n omerleﬁﬁackdreegasﬁl*wﬂﬁat 8ly 655
n 3. thfcphedat a storage nediumas clainmed in claim1l or 2,
) mrrgr erfuﬁ?tg)rﬁadtrrtrlzél\%reﬁdg{gonce ?_Sg recording layer the followi ng conditions are
fulfilled n 1,0 Figiredal sltiv@® 4d typ2% opticdlhiatar siorgge nfedjudBnL O <_dL, o ~T/ BnLO or
SN8NnLO <di o 57 LO. g dual - stack opjical data storage medi um as cl ai med
inclaim1 or 2Figwelap WWQFZr@P&‘iﬂ e My er | having a thi ckness
dM- S25 nm is present between the wite-once Lo recording |layer and the
transparent spacer layer and dLOis in the range of AA8nryo ~dLO S WD
03/ 060895 PCT/1B03/00090 19 SNBnLO. S. A dual -stack optical data storage

ium as clai n cI |m4 wher ei a rst t ar ent uxrlra | ayer
30 e g n o 158 Mt Sndbd rebiln o SO TR Fionf staek | gt
<_N2nry ﬁmbﬁoﬁﬁﬁ@ﬁtmd@ﬁtstaem off hﬁpérlré&ﬁdlﬁg%ahk 16id @féwnvrthé A& foand t he
transparent spacer | ayer. 6. dual -stack optical data storage nedi um as

cl ai nadsorption A=fhase thmb@@t:twabhmntﬂa a tygiel hbsongion fone guadyslagerkwagd beal dat a

i 190k e ity el s Blratt 86 i R B PR RRG RTRRRACS o

in t heyBeESiAntdl daskba 13; MNRAIS inveénfioR RGBSR, ﬁ;ttal?ensds(ﬁ I%Eteﬁ%lu‘é’rfblt @eonce Lo
recording layer and di,o i'sin the range of NBni, o0 O ~NBnLO or SN8nt, o
sd3, o d embodigets. A dual - st ack opti cal data stor age medi um as cl aamed

in cI aim7, wherei ond ar.ent au | a 12 resent
at a side of thén\kﬁgtlg)e%?‘l e%&“*&‘&%&?ﬁ?‘ﬁ'&nrfa% st satg%eféﬂ‘% : %pt he
ent r anaginkRaefléctibndfd, irdrawil Skdmpiés forThred ddﬂﬂ@bnﬁia&h@llms@ibhl v@tﬁies d@dfahét or age
mediumas clainmed in claim7, wherein the 20 second transparent auxiliary
| ayer Lostackijage shosdunt at a side of the wite-once Lo recordr ng | ayer (6)

cl osest to the opti cal
dat a storage rregﬂ%nggé%g ﬁﬁ&kg&r ﬁgladrra§£|%%%8$§et%he&89£@egr ng Ig‘lglr(i1 ,pwher ein
a 26ec docused labr beain @bavinga Iuatyelrength%)ss m$n j3rsBhoWA! Tiod lager beald Sadntdrithraich

write-once typ E‘cordrng | aye 3) nost _renote fromthe entrance face
(8). P& enﬂaa%étgcetiaé edmuearlodféﬁasgtcer%e Thsdpeginms Oqomprises 2 shbstratem 10,

wher ei ce@5 nm
50°1 57 Wrieth A8 thordoFh FRE retFuh A EEL bTanel 15, BnighlgEaTictiio B0
wher eitppalkq tecordinigiaydré haarmgea mmﬁlexredﬁtaetwd\idmbt firoESn oA iduabndshaving opt i cal

dat d t d,t t
ot 1 RS g Ths B 3scordig Biagk T Rastbiicour i Yol Bt 20 B30T "
t hisckemSmissioR \Qﬁieoﬁgfmﬁec%ﬂd?@&dlﬁ@@k@@@%@nﬁﬂil Js%mbﬂ@iné aReeednse Hipd SNNIi 3,

is present adjacent the wite-once type L1 recordi ng‘e ayer (3) at a side of
t he wlittecing ltlxqrjé hayingaceontilergrefragtave md@smse o —ti mmth%'mgea face (8).

aner oifieRbesSiOFE gPREbE he S@bR KeBiAREwBREL s B lecin See Rl e 1
t he raﬂt’l@a)mifcalcbafalﬂéf&sﬁre?aﬂ moasiifed atShPlab&HEhmai avildl gﬂﬂTﬂE ﬂ&h@edbi‘dthg once LI
recording layer (3) closest to the entrance face dL1 is in the

" range SA°K 1& pmspntat Apogition clgsertg thesentrance fice 84hgn the sqoyndAecatrarlg stegle k.

bl C g&d‘i ]ﬁ‘g 1 erein a
‘ fourt%??ggr{ﬁﬁezﬁgét%ggh r ar a‘aé‘?d %tﬁhglrédogalﬁ%rs@glf:stjrl%%d]?r%x nl 4 and
havi ngtralspm'emtlsp g lajled 4 has 4 ﬂ&clnmsmbsthntﬁhlly ldlmr thah thd defpth df focss gfitheent
betvvee 8 ite-once. Ll recording layer (3) and the second netal
refle F’\‘Fg F%@Pﬂ(‘?@w%s A dual -stack optical data stor age medi um as

clainmed in clai nTolﬁleetVtﬁ@W@M@uﬁﬂ%ﬁér@p&élﬁeéﬂﬁr ﬁi&teﬂ%b't?ﬁ/é feBEMionA¥edl | 4,
having a refractive index nl4 and hi ckness dla in the range of 0

< dr a f83uthewpgr rdcordingsiack Ldab@mgequalheﬁm,ranéthmf&ctve redleotiefi leyell fegar  ((3)
and the second netal reflective |layer (15). 17. A dual -stack optical data
storage nediumas clained in claim14 or 15, 20 wherein a fifth transparent
auxiliary layer 15, having a refractive index nl5 and having a thickness d~
in the range of 0 < dlI5 c~7,/16nl5, is present adjacent the third netal
reflectrve Iayer (17) at a srde of the thud netal reflectrve Iayer closest

T o, o, . .
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The reflection and transmission of the stacks are periodic in M2n.
25 (i) The extrema in reflection and transmission of the stacks nearly coincide due to
the intrinsic high transparency of the recording layer, e.g. dyes (k <n).

In Fig. 3 an embodiment of the L, stack of the dual-stack optical data storage
medium 10 is shown having a recording layer 6 wherein nyo =2.5 and dy is in the range of
N8nro =dro <3N8nyp or SV8nyy <d;y <7N8ny,. The symbols have the meaning as

30  described with Fig.2. The recording layer 6 is a 59 nm thick azo-dye having a refractive
index firp = 2.68 —1.0.23. The reflection Ry o = 0.18 and the transmission Ty = 0.58. The
wavelength Ais 655nm.

In Fig. 4a the calculated reflectivity as a function of the recording layer 6

thickness dro for three values of the recording layer’s refractive index ny is drawn. Notice
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having a refractive index n =1.6) is shown. The dashed line indicates the value R=18%.

In Fig. 5 an embodiment of the L stack of the dual-stack optical data storage
medium 10 is shown having a recording layer 6 wherein a first metal reflective layer 11,
having a thickness dy; <25 nm, is present between the write-once L recording layer 6 and
10 the transparent spacer layer 4 and dy is in the range of M8ny <d;, <5 N8nypy. The symbols
have the meaning as described with Fig.2. The recording layer 6 is a 100 nm thick azo-dye
(JJAP 37 (1998) 2084) having a refractive index fi;o = 2.44 — i.0.06. The wavelength \ of the
focused laser beam 9 is 655nm.
The following results may be obtained when the first metal reflective layer 11
15 is:
-8 nm Ag (n=0.16, k=5.34) Ryo=0.21, Tro=0.53
-10 nm Au (n=0.28, k=3.9) Ryo=0.27, Tro=0.52
-10 nm Cu (n=0.23, k=3.7) Ryp=0.25, Tro=0.55
In Fig. 6a a calculated graph of the transmission Trg of the stack of Fig.5asa
20  function of the recording layer 6 thickness d;, for three values of the refractive index n;g of
the recording layer 6 is shown. The first metal reflective layer 11 is 10 nm Ag. The dashed
line indicates the 50% value for T.
In Fig. 6b the calculated reflection Ry, of this same stack as function of the
recording layer 6 thickness di is shown. The dashed red line indicates the lower limits
25  allowed for R. The maxima in R and minima in T are located at thickness (p— A)*NM2nd,
where p is an integer and A ~ 1/8 to 1/4. The minima in R and maxima in T are located at
thickness (p + % — A)*A/2nd.
In Fig. 7a and 7b two embodiments of the Lg stack of the dual-stack optical
data storage medium are shown wherein a second transparent auxiliary layer I2 with
30 reference numeral 12, having a refractive index ny, and having a thickness dy, in the range of
0 <dp <3N8np, is present adjacent the write-once L, recording layer 6 and dyy is in the
range of M8nyy <dro <3N8nyp or SV8nry <diy <7N8nyo. In Fig, 7a the second transparent
auxiliary layer 12 is present at a side of the write-once Lo recording layer 6 most remote from

the entrance face 8 and np; <n;¢/1.572. The second transparent auxiliary layer I2 is a
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4 shown as a function of the refractive index n; of the auxiliary layer I for five values of the
recording layer’s refractive index nyg is shown. The dashed line indicates the 18% value for
R.

In Fig 8b the maximum reflectivity of an auxiliary layer/recording layer stack

10 asa function of the refractive index n; of the auxiliary layer I for five values of the recording
layer’s refractive index nyq is shown. The dashed line indicates the 18% value for R.

In Fig. 9 an embodiment of the L stack of the dual-stack optical data storage
medium 10 is shown as in Fig. 5 wherein additionally a first transparent auxiliary layer 13 (
I1), having a refractive index ny; =1.8 and having a thickness d <M2nyy, is present between

15 the first metal reflective layer 11 and the transparent spacer layer 4. Preferably d;; <M4ny;.
The symbols have the meaning as described with Fig.2. The recording layer 6 is a 95 nm
thick azo-dye (JJAP 37 (1998) 2084) having a refractive index firg = 2.44 —1.0.06. The
wavelength A of the focused laser beam 9 is 655nm.

The following results may be obtained when the first metal reflective layer 11

20  and the first auxiliary layer 13 respectively are:

-10 nm Ag (n=0.16, k=5.34) and 55 nm (ZnS)go(Si02)20 (n=2. 15) Rro=0.28, Trp=0.53
-10 nm Cu (n=0.23, k=3.7) and 20 nm (ZnS)s(Si02)20: Rig=0.19, Ty = 0.62.

In Fig.10a a comparison between the transmission of a recording layer/thin-
metal reflective layer stack (npo = 2.4, kig=0.1, 10 nm Ag) and a recording layer/thin-metal

25  reflective layer/auxiliary-layer stack (nio = 2.4, kio = 0.1, 10 nm Ag, n;= 2.1, dy= 50 nm) as
a function of the recording layer thickness d, is shown. The dashed line indicates the 50%
value for T.

In Fig.10b the reflection as a function of the recording layer thickness d; for
the stacks of Fig.10a is shown. The dashed line indicates the 18% value for R.

30 In Fig.11 the maximum factor (X) by which the transmission of a recording
layer/thin-metal reflective layer stack can be increased when adding an auxiliary I-layer
adjacent the metal reflective layer as a function of the refractive index of the I-layer for three
values of metal layer thickness. The dashed lines indicate linear approximations of the
functions X(ny) in the range 1.8 <n; < 3.0.
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instance ITO, HIN , or AION which have a heat conductivity > 1 W/mK (ITO has about 3.6
W/mK). These materials have optical constants close to typical dielectrics (n ~ 2, k < 0.05),
10 therefore optical stack designs similar to those of e.g. Fig. 7 and Fig. 9 can be used.
In Fig.12 a schematic layout of an embodiment of the L, stack of the optical
data storage medium 10 is shown. The symbols have the meaning as described with Fig.2. A
second metal reflective layer 15 is present at a side of the write-once type L, recording layer
3 most remote from the entrance face 8. The second metal reflective layer 15 has a thickness
15  dy =25 nm and
dp; is in the range of 0 < dr; <3V4n™. A third transparent auxiliary layer 16 (I3), having a
refractive index nj3 and having a thickness dps in the range 0 < dj3 <Nny, is present adjacent
the write-once type L; recording layer 3 at a side of the write-once type L; recording layer 3
closest to the entrance face 8.
20 Ry, is the intrinsic reflection of the L; stack. The effective reflection as
defined in annex D of the DVD read-only-disk book should be in the range 18% < Ry jesr <
30%
Ty is the intrinsic transmission of the L stack, i.e. for the lower lying L; stack
having intrinsic reflection Ry; the effective reflection in a true dual-stack medium will be
25  Tu™*Ruy
The recording layer 3 is a 130 nm thick azo-dye (mat sc. and eng. B79 (2001)
45.) having a refractive index firo = 2.44 —i.0.06. The wavelength \ of the focused laser beam
9 is 655nm. The fourth transparent auxiliary layer 16 is 50 nm SiO; (n = 1.44) and the second
metal reflective layer is 100 nm Ag. A reflection Ry; =0.73 is achieved.
30 Figure 13 shows the intrinsic reflection of the L, stack design of Fig 12 as a
function of the recording layer thickness (kr; =0.1) for three values of the refractive index ny
of the recording layer. The dashed line indicates the 50% reflection level, which is a practical

value for the L, intrinsic reflectivity.
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' present at a side of the write-once L; recording layer 3 closest to the entrance face 8 and dy,

5 isinthe range of 0 <dp; <5NM16ny; or 7V16ny; <dr; <Nnpi.

The second metal reflective layer 15 has a thickness dyy =25 nm. Ry, is the

intrinsic reflection of the L, stack. The effective reflection as defined in annex D of the DVD
read-only-disk book should be in the range 18% < Ryjer < 30%. Ty is the intrinsic
transmission of the Ly stack, i.e. for the lower lying L; stack having intrinsic reflection Ry;

10 the effective reflection in a true dual-stack medium will be To**Ry ;"

The recording layer 3 is a 150 nm thick azo-dye (JJAP 37 (1998) 2084.)
having a refractive index fi 5 = 2.44 —1.0.06. The wavelength \ of the focused laser beam 9 is
655nm. The third metal reflective layer 17 is 15 nm Ag. A reflection Ry; =0.8 is achieved.

In another embodiment (not drawn) a fourth transparent auxiliary layer 14,

15  having a refractive index ny and having a thickness dy in the range of 0 <dy <3N16ny,
may be present between the write-once L; recording layer and the second metal reflective
layer 15. In the latter case the recording layer 3 is a 55 nm thick azo-dye (JJAP 37 (1998)
2084.) having a refractive index firp = 2.44 — 1.0.06. The wavelength A of the focused laser
beam 9 is 655nm. The third metal reflective layer 17 is 10 nm Au. The fourth transparent

20  auxiliary layer is 60 nm SiO,. A reflection Ry; =0.63 is achieved.

In Fig. 15 the intrinsic reflection of the L stack design of Fig. 14 as a function
of the recording thickness (k;,=0.1) for three values of the refractive index nr; of the
recording layer is shown. The dashed line indicates the 50% reflection level, which is a
practical lower limit for the L; intrinsic reflectivity.

25 In Fig 16a a so-called type 1 medium is described. An optical recording stack
(Io), optically semi-transparent at the laser wavelength, is applied to a transparent, pre-
grooved substrate 7. A transparent spacer layer 4 is attached to the Ly stack. The spacer layer
4 either contains pregrooves (G) for L, or pregrooves (G) for L; are mastered into the spacer
layer 4 after application to L. Second recording stack L; is deposited on the grooved spacer

30 layer 4. Finally, a counter substrate 1 is applied.

In Fig. 16b a so-called type 2 medium is described. An optical recording stack
(Lo), optically semi-transparent at the laser wavelength, is applied to a transparent, pre-
grooved substrate 7. A second optical recording stack L, reflective at the laser wavelength, is

applied to a second transparent pre-grooved (G) substrate 1. This substrate 1 with L; is
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in the area between grooves, also referred to as on-land. In this case the guide groove G
merely serves as a servo tracking means with the actual radiation beam recording spot being

10 present on-land.

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 between parentheses shall not be construed as limiting the claim. The

15 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.

20 According to the invention a dual-stack optical data storage medium for write-
once recording using a focused radiation beam entering through an entrance face of the
medium is described. The medium comprises at least one substrate with present on a side
thereof a first recording stack named Lo, comprising a write-once type Ly recording layer with
an absorption ky o and a second recording stack named L; comprising a write-once type L;

25  recording layer with an absorption ki;. The first recording stack L has an optical reflection
value Ry and an optical transmission value Ty, and the second recording stack has an optical
reflection value Ry ;. The first recording stack is present at a position closer to the entrance
face than the second recording stack. When the following conditions are fulfilled: 0.45 <Ty,
=<0.75 and 0.40 <R;; =<0.80 and ky < 0.3 and ky; < 0.3 a dual stack write-once medium is

30  achieved which can be played in a standard DVD-ROM player. Several stack designs are
described fulfilling the above conditions.
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a focused radiation beam (9) having a wavelength N and entering through an entrance face ®
of the medium (10) during recording, comprising:
- at least one substrate (1, 7) with present on a side thereof:

5 - a first recording stack (2) named L, comprising a write-once type L,
recording layer (3) having a complex refractive index figo = ngp —ikyo and having a thickness
dro, said first recording stack L, having an optical reflection value Ry and an optical
transmission value T,

- a second recording stack (5) named L; comprising a write-once type L,

10 recording layer (6) having a complex refractive index iy =np) -1k and having a thickness
dy1, said second recording stack L, having an optical reflection value Ry, all parameters
defined at the wavelength \,
said first recording stack being present at a position closer to the entrance face than the
second recording stack,

15 - a fransparent spacer layer (4) sandwiched between the recording stacks (2, 5),
said transparent spacer layer (4) having a thickness substantially larger than the depth of
focus of the focused radiation beam (9),
characterized in that 0.45 <Ty, <0.75 and 0.40 <R;;, =0.80 and ky9 < 0.3 and k;; < 0.3.

20 2. A dual-stack optical data storage medium as claimed in claim 1, wherein Ais

approximately 655 nm.

3. A dual-stack optical data storage medium as claimed in claim 1 or 2, wherein
for the write-once Ly recording layer the following conditions are fuifilled n;y =2.5 and dyp is
25  inthe range of M8nyy <d;, <3N8nyg or SNM8nyy <dro <7N8ny,.

4. A dual-stack optical data storage medium as claimed in clajm 1 or 2, wherein a
first metal reflective layer, having a thickness drva <25 nm, is present between the write-once

Lo recording layer and the transparent spacer layer and dio is in the range of M8nyy <djy <
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5 du =N2nyp, is present between the first metal reflective layer and the transparent spacer layer.

6. A dual-stack optical data storage medium as claimed in claim 5, wherein dj; <
N4n11.
10 7. A dual-stack optical data storage medium as claimed in claim 1 or 2, wherein a

second transparent auxiliary layer 12, having a refractive index ny, and having a thickness dj,
in the range of 0 < dp <3M8ny,, is present at a side of the write-once L recording layer and
d1p is in the range of M8nyy <dp, <3N8nrp or 5NM8nyy <dry <7N8ny,.

15 8. A dual-stack optical data storage medium as claimed in claim 7, wherein the
second transparent auxiliary layer (12) is present at a side of the write-once L, recording

layer (6) most remote from the entrance face (8) and np =n;¢/1.572.

9, A dual-stack optical data storage medium as claimed in claim 7, wherein the
20  second transparent auxiliary layer (12) is present at a side of the write-once Lo recording

layer (6) closest to the entrance face and ny, =1y ¢/0.636.

10. A dual-stack optical data storage medium as claimed in any one of the
preceding claims, wherein a second metal reflective layer (15) is present at a side of the

25 write-once type L recording layer (3) most remote from the entrance face ®).

11. A dual-stack optical data storage medium as claimed in claim 10, wherein the

second metal reflective layer (15) has a thickness dvi 225 nm.

30 12 A dual-stack optical data storage medium as claimed in claim 11, wherein drg
is in the range of 0 < dy, <3N4ny,.

13. A dual-stack optical data storage medium as claimed in claim 12, wherein a

third transparent auxiliary layer I3 (13), having a refractive index np; and having a thickness
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recording layer (3) and the second metal reflective layer (15).

16. A dual-stack optical data storage medium as claimed in claim 13, wherein a
15 fourth transparent auxiliary layer I4, having a refractive index ny, and having a thickness dy
in the range of 0 <dy <3N16ny, is present between the write-once L; recording layer (3)

and the second metal reflective layer (15).

17. A dual-stack optical data storage medium as claimed in claim 14 or 15,

20  wherein a fifth transparent auxiliary layer I5, having a refractive index nys and having a
thickness djs in the range of 0 < dys <3N16nys, is present adjacent the third metal reflective
layer (17) at a side of the third metal reflective layer closest to the entrance face ®).

18. A dual-stack optical data storage medium as claimed in any one claims 5, 6, 7,
25  8,9,13,15, 16 or 17, wherein at least one of the transparent auxiliary layers comprises a
transparent heatsink material selected from the group of materials ITO, HfN and AION.

19. A dual-stack optical data storage medium as claimed in claim 1 or 2, wherein a
guide groove (G) for L, is provided in the transparent spacer layer (4).

30
20. A dual stack optical data storage medium as claimed in claim 1 or 2, wherein a
guide groove (G) for L, is provided in the substrate (1).



