WO 02/ 059890 PCT/I1BOL/ 02687 1 Optical information nmedium and a nethod of
manuf acturing the nedi um The invention relates to an optical information
medi um f oworee®mesde ng by nmeans of a focused radi ati on beamcraBomepesy

radi ati on wavel ength X and a nunerical aperture NA said nedium having a
substrate, a stack of l|ayers provided thereon, the stack conprising at

| east a first recording stack and k radi ati on beam transm ssi ve | ayers,
each radi ati on beam 5 transn ssive |ayer having a refractive index n; and
an average thickness d; .tmand 1 <i:5 k and k>2. The invention further
relates to a nmethod of manufacturing such an optical information medium
10 An enbodi megjyied] ifehatoh ARHGRAnd LEOHEE Bﬁmﬁﬁﬁﬁaémm? tiea¥Rumr om Eur opean
pat ent application EP-A-1047055. In particular the application of a |ight
transm ssive adhesive layer in order to bond cover |ayers or other |ayers
to each other, to the surface of a substrate and/or to one or nore

informati on storage, |l ayers is,described. .15 There is.. on ive for
obt ai ning opti cal @?%Plﬁa%tl%rglagesiﬁm 8%11106@1 *ng?rm %@g%%ﬁl%%%rn%&oﬁ‘gfpn gbr uci ng,
whi ch hamear® ftadfoagRd¢adiaidd deadf ha¥idg Pabiatien (abilefgth Nahg e numbiicsl aperture

requirenent i s nmet by sone Di%tal Vi deg Di sc or, _sonetines also Digital
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al so usa rew | data storage, I's recordabl e
once. 5 Pr eamniisstve lageWdDirfocr refitistivedngexi 15 end ai svvagd thivkoessacimiand 1of i4K GB,
8.5 @B, 9.4 Cﬁand 17 GB. The 8.5 G and, in particular, the 9.4 B and 17
GB for ¥ exHibit nore conplicated constructions and usually conprise

mul tipl e informati¢fe §RAAACHIBYSERLes 168 nbtifod SEnSlutStt&idANRh ah Bpiikdl t abl €

DVD format is easy to handl e conparable, for exanple, to a 25 conventi onal
CD ( conpadernthitivo)mdsimmof f ers an i nsuffici ent storage capacity for video
recordi ng purposes. A high storage capacity format that recently has been
suggested is Digital Video Recordable disc (DVR). Two formats are
curremtly being devel oped: DVR-red and DVR-blue, where red and blue refer

to the used radi ati on beam wavel ength for recording and WO 02/ 059890
PCT/ | BOL/ 02687 2 An embodiment of suchan optical recording medium is known from European

patent application EP-A-1047055. In particular the application of a light transmissive
adhesive layer in order to bond cover layers or other layers to each other, to the surface of a
substrate and/or to one or more information storage layers is described.
15 There is a constant drive for obtaining optical storage media suitable for
recording and reproducing, which have a storage capacity of 8 Gigabyte (GB) or larger.
This requirement is met by some Digital Video Disc or sometimes also Digital Versatile Disc
formats (DVD). DVD formats can be divided into DVD-ROM that is exclusively for
reproduction, DVD-RAM, DVD-RW and DVD+RW, which are also usable for rewritable
20  data storage, and DVD-R, which is recordable once. Presently the DVD formats comprise
discs with capacities of 4.7 GB, 8.5 GB, 9.4 GB and 17 GB.
The 8.5 GB and, in particular, the 9.4 GB and 17 GB formats exhibit more
complicated constructions and usually comprise multiple information storage layers. The 4.7
GB single layer re-writable DVD format is easy to handle comparable, for example, to a
25 conventional CD (compact disc) but offers an insufficient storage capacity for video
recording purposes.
A high storage capacity format that recently has been suggested is Digital
Video Recordable disc (DVR). Two formats are currently being developed: DVR-red and

DVR-blue, where red and blue refer to the used radiation beam wavelength for recording and



readi ng. This disc overcones the capacity problemand, in its sinplest

form has a single storage |layer format which is suitable for high density
di gi tal woee/osamseor di ng and storage having a capacity upPCe/1B®/@B7 n t he
DVR- bl ue format. The DVR di sc general l yné:orrpri ses a disc-shaped substrate
exhibiting on one 5 or both surfaces arinformation storage |ayer. The DVR
di sc furtlifhe GHPALS §verfotfethe Hﬁfa@i’ry proBicat A i RSPl AP IS RAsVSsihgly €r S.

These layers are transmssive to the radiation beamthat is wused to read
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f r omst heBades the firdt edsordihg 2yerhato e pisctedfiemrthél blitonhehEaedst as M ssi ve
| ayer or | ayers which are present between the radiation beam source and

the recdeliiiglydhinapdietion byan Hanpmissiverioner layeh ¢-Bethimssthan 0o mpeis wed nal | y
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radi ation. Especially the optical quality of the'radi ation beam at the

f ocal pdransmissivetspa@vieyebisurequiraddietvgenwhe rshondigsstacks athiessteran dndeinthért h a

wavel e ngrtepor 1l%1bgss &2 g Imqlls{ e aetqgaaslt pe;[rgal yot?anrslpangent to the radiation beam wavelength in

order to making writing in and reading from the recording layer of the first recording stack
possible. The thickness of such spacer layers typically is from the order of tens of
25 micrometers. The radiation beam transmissive layer or layers which are present between the
radiation beam source and the recording stack that is most remote from the substrate are
normally called cover layers. When prefabricated sheets are used as transmissive layers extra
transmissive adhesive layers are required in order to bond cover layers to each other.
In the DVR disc the variation or unevenness of the thickness of the radiation
30 beam transmissive layers over the radial extension of the disc has to be controlled very
carefully in order to minimize the variation in the optical path length for the impinging
radiation. Especially the optical quality of the radiation beam at the focal point in the DVR-
blue version, which uses a radiation beam with a wavelength substantially equal to 405 nm

and an NA substantially equal to 0.85, is relatively sensitive to variations in the thickness of



and an NA substantially equal to 0.85, is relatively sensitive to
variations in the thickness of WO 02/059890 PCT/|B01/ 02687 3 the

transm sswoa2ios9ser s. The total |ayer thickness has an opt iPealiBwil2687 i n
order to obtain mninumoptical spherical aberration of the focused

radi ati on beamon, e.g., the first information recording |layer. A slight

devi at i Ofhe t@n&missite lage@NThd fo@m%bt thickpbdsiak ah bbtiabedue @l dréady obtalr oduces a
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manuf acture 1I's substantia equa opti mal thickness of the cover
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graph. A. probl em now arises en considering julti transparent |ayer
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bui | 20 uptdknesy of thddngle Revdrdayeats o funedamvf tha Reactive wRlck dlyedice,ifor fhecones even
nmore difficult to manufacture the_ disc which varies wthin the apbove

speci f i egropasrgehickrased =380 s Pincedhis &s 4 ¢ne RaraelAr HpFdon. A fabt to set
the nom pglyik{h GKOE S38SarShiPSreditddth b % ftehpl. A pl¥®lem now arises when

considering multi transparent layer discs. As described earlier multi-layer discs are used to

allow for e.g. dual-layer readout. Furthermore, from EP-A-1047055 it is known to use a

25  polymer layer such as, for example, a polycarbonate (PC) sheet as light-transmissive cover
layer and adhere such layer to the information storage layer by means of a thin, spin-coated
layer of a UV curable liquid resin or a pressure sensitive adhesive (PSA). Because the disc
now is built up of more than one radiation beam transmissive layer it becomes even more
difficult to manufacture the disc which varies within the above specified range. Hence for

30  such a disc it is even more important to set the nominal thicknesses substantially equal to the
optimal nominal thicknesses of the multiple cover layer of the disc. Because this is now a
multi-variable function it can not be presented in a few simple graphs. A way to solve this
problem is using ray-trace methods. The problem is now that every manufacturer of optical

discs, who applies transparent layers with deviating refractive indices, must calculate the



optimal nom nal thicknesses of the nultiple cover |ayer of the disc.
Because this is nowa nmnulti-variable function it can not be presented in a
few si nplwografsse A way to solve this problemis using pagAsBeizesTet hods.
The problemis now that every manufacturgr of optical discs, who applies
transparent layers with deviating refractive indices, nust cal culate the WO
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transparent layer k is det er m ned by the formula k-1 d k-1 d nk)
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t he recording Iayer of the, first recording stack. It has been found that
the opt i #uPPHGH Apraaatiogmedigny adi ati on beam transmi ssive |ayer k can very
accurately be determned with this sinple fornula in dependency of the 25
ot her k-1 radiation beamtransm ssive |ayers. The word ot her already
inpll%®s that layer k is not necessarily deposited last. It may well be

that | K i | nt.er nedi at e radiation b t g
| ayer whi ch i & dopBEr PBHORRELE A oA SBTERI TR S A byt ©

transparent layer k is determined by the formula

d, = D(nk)[l —2 D‘(j;li)] +0.01D(n,) and ]:21 Dzln ) <1,
and D(n) representing the thickness versus refractive index function of a single layer
20 radiation beam transmissive layer causing minimal spherical wavefront aberration in the
focal point of the focused radiation beam, said focal point being at the recording layer of the
first recording stack.
It has been found that the optimal thickness of the radiation beam transmissive
layer k can very accurately be determined with this simple formula in dependency of the
25  other k-1 radiation beam transmissive layers. The word other already implies that layer k is
not necessarily deposited last. It may well be that layer k is an intermediate radiation beam
transmissive layer, e.g. a layer which is deposited in liquid form and solidified afterwards, in
between the k-1 other radiation beam transmissive layers. Such a liquid layer has the
advantage that its thickness may be varied and optimized by varying e.g. the rotation speed of
30 the substrate during spincoating of such a layer. With a layer k of this optimal thickness zero
or substantially zero spherical aberration is obtained at the focal point of the radiation beam.
The function D(n) only needs to be determined only once for a single layer radiation beam

transmissive layer, not according to the invention, at the used radiation beam wavelength and



bet ween the k-1 other radiation beamtransm ssive |layers. Such a liquid
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2
- 1.70-145 =0.0063 which is far less than 1%.
1.70+1.45

Most organic transmissive layers fall within the specified range.
In a specific embodiment D(1.60) = 100 pm. The thickness function D(n)

25  representing the optimal thickness of a hypothetical single cover layer, not according to the
invention, has a value of 100 pm at a refractive index of 1.60. It has been agreed for the
DVR-blue format that the condition of D(n) mentioned in the previous sentence is fulfilled.
The single cover layer thickness should be adjusted to a different value when the refractive
index of the single cover layer has a value different from 1.60. The level of adjustment

30 depends on the optical specification, e.g. NA, of the lens that is used for focusing a radiation
beam onto the recording layer.

In another embodiment D(n) is represented by consecutive connection, with

substantially linear line parts, of coordinates (n, D(n)) with the values



25 representing the optimal thickness of a hypothetical single cover |ayer,
not according to the invention, has a value of 100 pmat a refractive
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represen : i L.on, with substantially linear |ine
parts, ﬁ@é%%ﬁ’%%@??%ﬁ“ﬁ%ﬁ@?gv%ﬁ the values 20 (1.45, 303.8), (1.50,
301.0), (1.55, 299n%Anpthet embpdiB@at Din) i{kpGSent8dby tYnsaqdive Com@CtigRIvil) . Thi s

defines the function D(n), as.specified {n the DVD format, when

opt i ni zeﬂle@PtlgﬁY ]N}?af)ﬁ_ge é"i‘fffs PB?F{)OF‘ﬁf“'I‘t?S &’q'&)g’il) 8% ?Ugi&?s a radi ati on beam

vavep@ngtiuB03.80$1 30t 3@.4)Y (1es812b9.by (£66, J001D), (1.65, 301.1) and (1.70, 303.0). This
defines the function D(n), as specified in the HD-DVD format, when optimized for an NA of
substantially equal to 0.70 at a radiation beam wavelength of substantially equal to 405 nm.
This thickness function D(n) should be used in the formula for di in case of a HD-DVD disc
according to the invention. The function is shown in Fig.5.

25 In yet another embodiment the thickness di of transparent layer k is

determined by the formula

d, = D(n, )[1 —g D‘(”;J +0.001D(r,) pm.

i=1

The allowable bandwidth range of dy is reduced by a factor of ten. An optical information
medium with a di according to this formula generally fulfils the optimal condition of the

30 formula even more closely and is therefore superior to the medium according to claim 1 with
respect to its absence of spherical aberration of a focused radiation beam at its focal point at

the first recording layer.



This thickness function D(n) should be used in the fornmnula for dk in case
of a HD-DVD disc according to the invention. The function is shown in
Fig.5. 25womgsas9@not her enbodi nent the thickness dk of tremapewrest7 | ayer k
is determned by the fornula dk = D(nk)71- k-1 d. 0.001D0(nk) m L i=1
D(ni ) The all owabl e bandwi dth range of dk is reduced by a factor of ten.
An optical i nfor matHeaacordshjeuisvchitvad tichaccaeitibd of trantifacfiring afopiical
generally fulfils the optinmal condition of the 30 fornula even more closely
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| ayers, €ach transm ssive aving a refractive index n; and 5 average
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beam transm ssi ve Adgtrt ATy ShatioRfR Srbiitde ipk ety SartiRa | ng.
or | am natbrdthg sBRMIok k@B adfabeht the Fiyst aadloAfur@Br RESMing RHSH] Bifcky BudiRater s may

be present in the recording stack or stacks adjacent the first and/or
furtHer lexrssevein ordgidpdmprivedhe mgpidingproperties efysgidresending lpyers ageé psyadly

| morove e Eserdl B Y GRS 1 €8 AnafBhaekeRRdl Roch SYERS mAN YRkl

have a thi ckness 0 he order © ens of nanonet ers. IS 1S muc

t han t hethbiisdidbwiédin ddiai 3 os4 fbrl aoypidali valhe! (in)=3 00 (und Thereforettipibdckinessaifue
D(n) 100,gm_Therefore_ the thickness of thosg@l ayers_my safely ge i gnor ed

and doesthAs layaemay saisly brsienored apd dogsgiotnieed tgdedwed Hgth?éomqi%awﬁ ©on. In

case th is i Y t: 0] R t A S
cese tneubpiil ok hoRTR S U DD e PR
t hanla f-&h0tlgns, fof Di@rro bt gms which stiles eonsidptabhnlatgec dsd adkertensanf auxi l i ary

radi ati on beamtrapsm ssive Jayer.is thigcker than few tens .of, nanoneters
L P e e B e inal GF e ap Aok Tt Rn Pet B SRS S e ¢ o
th € i nv eﬂhidk@f‘thaﬁ? a B 1k of h@n&nétgx@ tahﬁ'haj? B@fcﬁhﬁé’d‘tot ih&ﬂ%ﬂ?&a%it Wethe F@tuda for

Sui tabl e recordi ng stacks conprise phase change alloys as recording | ayers

as 20 désascorbing torthegvsatiemes egifdhaled ot raditisa eansmissive 42649 both fil ed
by Applicants. TheSSuei‘table recording stacks comprise phase change alloys as recording layers as
20  described in US patent 5,876,822 and US patent 6,127,049 both filed by Applicants. These

recording layers are of the erasable type. However, other types of recording layers, e.g. write

once dyes, write once dye in polymers, erasable magneto optical layers or fluorescent layers,

may also be used and are therefore not excluded.

25
The optical information medium according to the invention will be elucidated
in greater detail by means of three exemplary embodiments and with reference to the
accompanying drawings, in which
30 Figs. 1, 2 and 3 each show a schematic cross-sectional view of an optical

information medium in accordance with the invention. The dimensions are not drawn to
scale;

Fig. 4 shows the thickness function D(n) optimized for DVR-blue at a
wavelength of 405 nm and an NA of 0.85;



recording |layers are of the erasable type. However, other types of
recording layers, e.g. wite once dyes, wite once dye in polyners,
er asabl e wagnessIopti cal | ayers or fluorescent |ayers, neRgTAB&ION2LE used
and are therefore not excluded. 25 The optical information medi um according
to the invention will be elucidated in greater detail by means of three
exenpl ary enbodi Mg shivtvswhé thickatey fanantl(n) bptimired deDYDND ddmawi ngs, in
whi ch 30 Fi 1, 2 and 3 each show a schematic cross-sectional view of an
opti cal WW??%%‘?’?% i andit NA @fcBdPdance with the invention. The
di rensions are not drawmn to scale; Fig. 4 shows the thickness function
D(n) optim zed for DVR-blue at a wavel ength of 405 nm and an NA of 0. 85;
WO 02/ 059890 PCT/ 1 BOL/ 02687 8 Fig. 5 shows the thickness function D(n)
opt for HD- DVD). at ? wavel engt h of 405 nm and an NA of 0.70. 5

imently Fig. 1 a first exenplary enbodi nent, according
to the DVR-bI ue format, of the optical information nmedium 20 for erasable
recording is shown. A radi ati on beam 10, which has a radi ati on wavel engt h
2 of 405 nm and a Indipl adubt exgmplary emrmdlment) a@@rdms td thefI9¥ Bstdde fomet, phie

d bst t
b ovi deate qBi ) FEoHHof iy S0P BBl ielortBR S pRET & R P BRI 1,
| PI' M | aywhich $hé 8 eddititidon wavelch mm nnh Bnd\Wheferical bpertlire N2CH70.85,ligyer s made
of (ZnS)80(S|02 20, Pis a chaneallo wi th the corrp05|t|on
Ge 14€b2 gnesmdania the medigmaQ. Eﬂhe dadiun 2 ng%a SItbrs afe dranddritaqksd 9f layese

t hi Ck”esﬁr%\%él%@ 6%’? Son! FHELHL c6 ﬁnéep fr“ﬁrEtiﬁgc{rﬂlhggtaﬁ gﬁtﬁaﬁﬁl\/{lﬁgeﬂ‘m 27 hm

26 nm 15 rn"respec J acent substrate
1. The sitackure, if this teler, mwhwhllmdieMtrrcady@i madle bEENSY4 8105 Piive phagers 4,

5. First trans SSJ | ayer 4 e of curable resin .. Daicure
EX- 860 pthsEs EEOBRORIPR @&ﬁg’z@ﬁ@ e 9/% a Iaﬁ@P WSO 2YSTOf AEHPYR. | ndex
nl=1.52 9@91@&@\6@1{6&‘&% o?%&l%%%@éﬁﬂd%@or&fﬁ?sﬁﬁ@?ﬁ& 1134110700, DRAT

transm sSive layer 5 is nmade’ of polycarbonate (PC) and has a refractive
i ndebd n2and 00600 refhectivaly. Eh@Ahmeltlhladjlam theds@bsifate hellwestaokd? furthes i ssi ve

| ayer 5 satisfies t e n dz = 1.60 152
wnt o o Sotaprees Bl ialupdtun Shpubnye MAE b HercsoibidayAtisattt el hex
functi ona UV @ifibl®test, & 'gHWaQu}@EXI%O provided by Dainippon Ink and Chemicals, and has
a refractive index n; = 1.52 and an average thickness d; =4 um. The second radiation beam
transmissive layer 5 is made of polycarbonate (PC) and has a refractive index np = 1.60. The

20  average thickness d, of the second transmissive layer 5 satisfies the equation:

4
D(1.52

d, = D(1 .60)[1 — )} +0.01D(1.60) um, in which <1

D(1.52)

and D(n) represents the thickness versus refractive index function in pm, of a single layer
radiation beam transmissive layer causing minimal spherical wavefront aberration in the
focal point of the focused radiation beam, said focal point being at the recording layer of the
25  first recording stack 3. This function D(n) for the DVR-blue disc is represented by
consecutive connection, with substantially linear line parts, of coordinates (n, D(n)) with the
values (1.45, 98.5), (1.50, 98.6), (1.55, 99.2), (1.60, 100), (1.65, 101.1) and (1.70, 102.4). The
function D(n) for DVR-blue is shown in Fig.4. D(1.60) = 100 pm and D(1.52) = 98.84 um,
which value is determined by linear interpolation. This yields for d, the value 95.95 pm. The
30 first radiation beam transmissive layer may be applied by dosing a circular bead of the UV
curable resin on the substrate 1 that has an already deposited recording stack 3. The substrate
1 is mounted on a chuck of a spincoater. On top of the circular bead the second transmissive

layer 5 consisting of a precut sheet of PC with a thickness of 95.95 pm is applied.



radi ati on beam transm ssive | ayer causing m ni mal spherical wavefront
aberration in the focal point of the focused radiati on beam said focal
poi nt beiwg@ oabsasbe recordi ng | ayer of the 25 first recordiPag/1Be1z22ks73. Thi s
function D(n) for the DVR-blue disc is rgpresented by consecutive
connection, wth substantially linear line parts, of coordinates (n, D(n))
\(M th t heSubsacglumﬂg(ﬂge sibstrdl8 1 %9 sp)uhhi ﬁ@ota?éh $peed ()ﬂaSH(Izﬁ;; 56 12))11 by s;vlhﬁih thd UW) ,
1.65, 101.1) an 1.70, 102.4 The unct n ue i.s shown
Risifiga {Gies an e d

in Fig. 4curgyl irem is-partighy drivemauigide dgo jo congrugal faices y&rdt i forme
det er m nggyg g%asrheétnjt &lPAk @écbfmn%;ftaém mér%um tﬂgrésﬂﬁa Y&l 4ps95- 95 gm
The 30 f| rst Iatl on beam transm ssive |ayer be applied by dosing a

circul ar sttbetadtmﬁy whiforiovhickngss B e vargmigrihorotation speldszd)ﬁ‘the subktratedt thh duckogss
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of 5 5y HoBEFesi I 455 Y STRSL A T iV SESHY e e RpBIf oy ey
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applied. WO 02/059890 PCT. b1/ 02687 9 Subsequent I% the substrate 1 is
spun at @llrmgt\mﬂllHN lsgie,emuxtfoealb@unlrsd@@permlﬁa}lwheﬁ tshest Gvmaytpquise e resin

o For mofnbinjh SRSt RLBEATrERon S B8 bl OE TplP B SRl feBebs OBHR 1

the resigovenlsger # 99@5 pan bé&itp Sietint of thy thickdessesof thedkVieamibleBysivaranidnige t he
rotation speed of the substrate 1 the fhickness 5 of the resin |ayer 4 may

be ad) usEGd eqtéréaﬁltr@dmfacq‘te%?%lwrsthw EapERisHye BYPOS PN AbUEabl e LV
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Substrate Th S the 0 t hi.ckness of t e dou s 99.95
om bei ngadfae Slpmses cib IR A SBEt Staboneib efRlEre v Hinotnili o pe
sheet 5. ,A8rdhd RAHY m&ﬂ&&a@%&aﬂleeietﬁ(meoﬂﬁepoﬁﬁ@éﬂapwlﬂgl 8Y£hnd §istRé
necessarily the deposited PC sheet and may al so beé t'he curabl e | ayer
4. 11 t htmnacmgdeserite@aboreet 5 having a thickness of 96 gm or any other
commercially avail abl e thickness, nay be chosen and the thickness of the
WV curabl e | ayer 4 may subsequently be calculated with the formula

accor di ngxémplhReehbbdenéni@). However the nethod of depositing or applying

|l ayer 4 and 5 Is the 15 sane as descri bed above. Exenplary enbodi ment 2.
In Fig.2 a second exenplary enbodi nent, according to the DVR-blue fornmat,

20 of the optical nf: ' ' I A
20,01+ e opti o2l hGgLIRELAM JRANR Shk Gl asaley e R SR honenn
Nume2d cabf thp eptical nfdiAnationAndbymi2® fof enamhaiecasrﬂmgtm ghavad iAurd2€on béem d@di um

20 has a trate,1l and a stack of layers
ﬁlcg as a radiation wavelengﬁm A of2 405 nm a%(f a numerical aperture NA of 0.85, is

focused into the medium 20. The medium 20 has a substrate 1 and a stack 2 of layers

provided thereon. The stack 2 comprises a first recording stack 3, which is identical to the
stack 3 described in exemplary embodiment 1, and two radiation beam transmissive layers 6,
25 7. First transmissive layer 6 is made of a Pressure Sensitive Adhesive (PSA) layer that is
commercially available by e.g. 3M. The PSA layer 6 may comprise a transparent backing
and/or carrier layer such as, for example, optionally surface treated, amorphous polymer
layers such as polyethylene terephtalate (PET), PC or polymethylmethacrylate (PMMA)
layers carrying on each side an adhesive layer, but preferably it is a transfer film comprising
30  no backing and/or carrier layer. The PSA usually has protective foils on the adhesive layers,
which must be removed prior to application. In the example the PSA layer 6 is PMMA based
and has a refractive index n; =1.5015 and an average thickness d; = 30 pm. The second
radiation beam transmissive layer 7 is a sheet of precut PC and has a refractive index n, =

1.60 at the used radiation beam wavelength. The average thickness d; of the second



provi ded thereon. The stack 2 conprises a first recording stack 3, which is
identical to the stack 3 described in exenplary enbodinent 1, and two

radi at i orwbeansesp@nsm ssive |ayers 6, 25 7. First transm ®€IuBol/@yEr 6 i s
made of a Pressure Sensitive Adhesive (PI%A) | ayer that is comercially
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| ayer, but prefer agbv@é-@am * iollém(lc >4 W C%Odepsﬁﬁkﬁ g and/ or
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20  commercially available thickness, may be chosen and the thickness of the PSA layer 6 may

subsequently be calculated with the formula according to the invention. However the method

and order of depositing or applying layer 6 and 7 is the same as described above.

25  Exemplary embodiment 3.

In Fig.3 a third exemplary embodiment, according to the DVR-blue format but
with an additional second recording stack, of the optical information medium 20 for erasable
recording is shown. A radiation beam 10, which has a radiation wavelength A of 405 nm and a

30 numerical aperture NA of 0.85, is focused into the medium 20. The medium 20 has a
substrate 1 and a stack 2 of layers provided thereon. The stack 2 comprises a first recording

stack 3, a second recording stack 3’ and three radiation beam transmissive layers 11, 12, 13.



may al so be PSA layer 6. In this case a PC sheet 7 having a thickness of 70
gm or any other 20 commercially avail able thickness, may be chosen and the
t hi cknesswofo20r89PSA | ayer 6 may subsequently be cal cul atrea/Bitizeghe
formula according to the invention. Howeper the method and order of
depositing or applying layer 6 and 7 is e sanme as descri bed above. 25
Exenpl argp@ﬁ&g%%f’dﬁﬁ dack PwithGn IPAVshuétdres ORI 2% Wit BRdipRf lembddiaemding to
t he DVR- bl ue fornmat gbut wi th an additional second recordi ng stack, of the
optical torfyuisestindhiseebti:um 20 for erasable recording is shown. A radiation

beam 10, which has a,radjation e 2 i 30 nuneri cal
aperture NA of O. 85?dFEG*‘r{?clﬁ%eéd’\f?%@s@%@mﬁhﬁﬁ%kﬂﬁsﬁfﬁ?rg&ﬁi um 20 has a
substrate 1 and a s} agbrdin@layédfehscdtigotind GESbiRY, @dth a fhikns§saadR52mg,0npr i ses
a first recording stack 3, a second recordiwgtg stack 3" and three radiation

beam 1 ransni ssi ve taglislestriclayermf (4uS)so#iCaks witbggbickeess ofbr poR687 11 The
first recording sta i i A ary
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conmpound GeSh2Te4 with a thickness of 25 nm 5 - a dielectric |ayer of
(ZnS) 80( Smbpdimenii prt with ap addedsxtrp dielastrig fayer Iér?oapalﬁ%mrﬁ% erdgt | ayer

adj acent the substr | t 2 ; NHicknds8®f 36 aa)d recording
stack 3" with an IP?IIE‘A%IG\J%‘[%CP? gtoglr(%lffgb?%&gr% %geaWth exenplary enbodi nent 1
but #¥th an added extecardinglagetofithe tenypound-GeSbolmmithesthickmessofd mnder: - a

dielectric layer of (,.ZnS)80(Si O2)20, Wt t hi ckness of nm 10 - a
recording | ayer Of-gﬁ@?eggﬁgl%&q{%é%ﬁb%pmthgﬁﬁﬁﬁgﬁﬁggiggfn,e nm - a
dielectric layer of,(4nphepf SiveRla3er With B tRckibscMESEMOf 15 nm - a
transparent silver layer with a thickness of 15 run, - a further dielectric

layer 1+ of AIN withfarthendiglastricslaysr [18DARWwithpithickness 8hs34 88% ve |ayer is a
UL S AR AN, s 45 o o1

ayer ri‘se’ a ttansparent backing
and/ o5 casmhREciAlBySlailehle,byasg. IO TIXRSWIager Dby bahpysesanrdrspereht leaking,
anor phous (@g{yrre,r | ayers such as gol yet hﬁl en teretggt al atg 'i\sr%%l%fﬂ PC or
pol ynet hgndfar praeerlpyar sughaasor expmpley aptionally pyripcs frealgdpraprgao @si ve
| ayer, b r L $ed f i hsJ I nd/ or
carri er PhoBrSEERERhyIenRph LARSIRITY PLI PORRIAS AL Aag A P
adhesi ve l&30rs caynyirg, onvdatic bideras dliesivedaysy,duit preiferably dt iappitansfgr fibm comprising

exanpl e tng %ac?k?r’?\g Lr?dygrrca%r%erllgyer. The PSA layer 11 usually has protective foils on the adhesive

20 layers, which must be removed prior to application. In the example the PSA layer 11 is
PMMA based and has a refractive index n; =1.5015 and an average thickness d; =26 pm.
The second transmissive layer 12 is made of a UV curable resin, e.g. Daicure EX-860
provided by Dainippon Ink and Chemicals, and has a refractive index np = 1.52 at the used
radiation beam wavelength, and an average thickness d, =4 pm. The third radiation beam

25  transmissive layer 13 is a sheet of precut PC and has a refractive index n3 = 1.60 at the used
radiation beam wavelength. The average thickness d3 of the third transmissive layer 13

satisfies the equation:

26 4
D(1.5015) D(1.52)

26 4
+ <1
D(1.5015) D(1.52)

d, = D(l.60)[l— —JJ_rO.OlD(l.60) pm,

in which

30  and D(n) represents the thickness versus refractive index function in pm, of a single layer
radiation beam transmissive layer causing minimal spherical wavefront aberration in the

focal point of the focused radiation beam, said focal point being at the recording layer of the



PMVA based and has a refractive index nl=1.5015 and an average thickness
dl= 26 pm The second transm ssive layer 12 is made of a UV curable resin,
e.g. Dai cwp@28398860 provi ded by Dai ni ppon I nk and Chem ca&C3/IBamntesras a
refractive index n2 = 1.52 at the used hadiation beam wavel ength, and an
average thickness d2 = 4 m The third radi ati on beam 25 transm ssive | ayer

13 is a SRercoMingtaks. TRis fAACioATI(nd férehé PVR-bRe lddexrdpfesentéd 89 at the used
radi ati on beam wavel ength. The averagi_e t hi ckness d3 of the third
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1. 60 - 5 . ' i + 1,5 d
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si ngl e |fayetion Dadifat DYR-bleain shoansaFis4. Vihuk B(€.60)C-a060 g, M(Di5088) =sphé e al
wavef ro nin the _focal, gqq[i nt, of the focused radi ation beam

el 3 ocand 190 9 TS0 e Whish vee i Brtpghinet) B Dger (ReDoietion; avweobs 1o G
PCT/ 1 BOLQ %ﬁggt vahe d9.9 ﬁm.r'fg‘ggggé 3% $hitElEsSof (hE brindhiiech 'lﬂw%ﬁélgﬁcgf thbe

DVR- bl ue di sC is represent consecut1ve connecti on, tantially
| i near |auxdligrpitmhssmisfive aperd imtteescording S{ank B and 8h is H258 yal beisg tht.sdm, ofdBe 5) ,

e unBickbessts o6 e BSAMD 1P resia Tk 14 Ak sheet 11 Ssind o dotea 156 1)
D( 1. 50154hén %diﬁg BuboraRiidX ihioodk re_co?&n%gaya% ofik Sdborakatdrdifig d@tiesmsned by

| i near interpol ation. Thi Styl el ds for he target value 69.58 m Thus
tt

t he 0ot aperfasingdthe Socal painfeofithexfosiised radiatien/egam 1Ghhagl te beinmayettie thedewal of ar y

transm sgive |l avers |n.the.recordi,ng~stack,3 and 3' ,,15.99..5 m bej.ng t he
sumor e FconfE Il Bt el SRR A" g A TS g b7 o S AP oo
13. It sthwad t’bsingetfihtioh dtamvibeiiow eati fogusesthréighthé UNsinhgertinemd @cor di ng
| ayer of the second recordiqr;)g stack 3" is 10 performed, the focal point of

t he focushest Bipensidsirblrcameund ofgpherigalipbengicagvillpermesenkgtdhe ical paiat of

recor di e ' ) I 5.0 SR j . a
Gashed 1TaisYRheah 102 AH ARG B Elifpctta fof b e PHLASHEBREE AErohbBrtEul B
t hr difigh whieh ihcusestha radiation bb2mal®l PC sheet 13 a consi derabl e ambunt of
spherical aberration wi.ll be present at the, focal. point of radiation beam
10" Thi's has to bACORPBIR B8 HERARY f ARAEhIvETArieh St for REPTHBE R ¢ o
unit, lg WHIPORING 988 2 hidend@dt ALhORCRBAIIG am@ﬂiﬁ&riggﬁﬂri&é& RB&ihpweRtL | on
an optical Tnformation nediumfor recordihg, such as e.g. DVR-blue, and a
met hod fand meardingenty the gnediveh isspenfodinadrby sepnoefi adfoduseReadiation Heaonhaving a

radiation wavelength A and a numerical aperture NA. Said medium has a substrate, a stack of

20  layers provided thereon. The stack comprises at least a first recording stack and k radiation
beam transmissive layers. Each transmissive layer having a refractive index n; and an average
thickness d; pm and 1 < i <k and k> 2. The thickness di of layer k is determined by a simple
formula which depends on the parameters n; fori=1...k and d; fori=1...k-1. Sucha
medium has substantially zero spherical aberration at the focal point, being at the recording

25  layer of the first recording stack, of said radiation beam.



and recording onto the nediumis perfornmed by neans of a focused radiation
beam having a radiation wavelength ? and a nunerical aperture NA Said
medi um hawoa2esessi rat e, a stack of 20 | ayers provi ded thewrednBoilizes7st ack
conprises at least a first recording stagk and k radi ation beam

transm ssive | ayers. Each transm ssive |'dyer having a refractive index n;
and an aveAags: thickness d; pmand 1:5 i:5 k and k > 2. The thickness dk
of layer k is determned by a sinple formla which depends on the
paranmeters n; for i = 1...k and d; for i = 1...k-1. Such a nedium has
substantially zero spherical aberration at the focal point, being at the
recording 25 layer of the first recording stack, of said radiation beam
WO 02/ 059890 PCT/IBOL/ 02687 13 CLAIMS: 1. An optical information nmedi um
(20) for recording by means of a focused radiation beam (10) having a

ot o g ubvty ot oA ot Bt TR sncim PR b EAeSoidtne s ot 00k L o

(2) conigiatibRBesth (1 aﬁvmg afrhdisfion ®6AE16hT) 3hd 8 kufmdricaA RPerture M4 ahidon beam
transm ssive | ayers (4, 56, 7, 11, 12, 13) each radiation beam

transm swpdign @9)eha\(m1g a subsaateﬂ), astack £2) @éayeirwpmﬁeétherm tb@tSitaﬁls (Zhdex n;
and an o1 q’%?n I1 ﬁpg PiTst gec iﬁl@é‘gflé{a@g anc? k%acﬁ&?onkbe {ﬁ? S H %gﬂ 5, In

that theA era ness m ssSi ve ayer
equats ong, 7|§-11., b, KB)lea&h radidtiontieam tEpsHissive lhyer @, B, 6, HK) 12013) haWhg gh v, ;_,
D(n) ;=1 ). and D(n) represents the t hi ckness versus refractive index

functi onreffﬁdﬂﬁe 18?13%1115?‘%@11 éVqrégfe icknessydy ymeanddys dedhind A dai ssi ve | ayer
causi ng éH | B zed fﬁgﬁ{a’c fﬁ? a&’i@ﬁ ssacﬂ%rf'h%én(ﬁ@ il g&fk sa ﬁﬁ@g th@%lllﬁﬁtloﬂf the
eam (1 sal

f ocused Iation oca poi nt eln e recording | ayer
of the flrst recordl -1( 3y An optical infor tyon nedlun1(20) as
claimed in Caim 14, i; EZ%@GfiEtQﬁlDﬁaﬂuﬁhélwbﬁh ikddex n; of
each of the radiation bea rig ive layers (4, 5,76, , 11, 12, 13)
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10  radiation beam transmissive layer causing minimal sphencal wavefront aberration in the

focal point of the focused radiation beam (10), said focal point being at the recording layer of

the first recording stack (3).

2. An optical information medium (20) as claimed in Claim 1,
15  characterized in that the refractive index n; of each of the radiation beam transmissive layers
4,5,6,7,11, 12, 13) satisfies
1.45< n; < 1.70.

3. An optical information medium (20) as claimed in Claim 1 or 2,
20  characterized in that
D(1.60) = 100 pm.

4. An optical information medium (20) as claimed in Claim 3,
characterized in that
25 D(n) is repreéénted by consecutive connection, with substantially linear line
parts, of coordinates (n, D(n)) with the values
(1.45, 98.5), (1.50, 98.6), (1.55, 99.2), (1.60, 100), (1.65, 101.1) and (1.70, 102.4).



4. An optical information nedium (20) as claimed in Caim3, characterized
inthat 25 D(n) is represented by consecutive connection, wth

subst ant iwblog/obdspear |ine parts, of coordinates (n, D(n)PCHMBO/@hE val ues
(1.45, 98.5), (1.50, 98.6), (1.55, 99.2)14 (1.60, 100), (1.65, 101.1) and
(1.70, 102.4). WO 02/059890 PCT/I1BOL1/ 02687 14 5. An optical information
medi um (20) as cl aAﬂBﬂticbah irtbahatioh needidnm 2@harckaimed iv€@dimn dri2at D( 1. 60) =
300 9m ﬁ‘ |caI i nformati on medium (20) as clained in Caimb5,

char act €t aﬁaééer}zﬁ et D(n) is represented by consecutive connection, with
substantially [i neggl.éés) dqﬁﬁts of coordinates (n, D(n)) with the val ues
(1.45, 303.8), (1.50, 301. (1.55, 299.9), (1.60, 300), (1.65, 301.1) and
(1.70, 303.0). 10 7 An optlcal i nformation nmedium (20) as clained in any

of dai er t hat = D(nk).1- k-1 1 d. 0.OO0LD( nk)
9m |5?1n%(n ) 15 ngamﬂﬁlo qﬁg&(gésa,w%?}e%g{?lggp pnfor mation medi um
(20) forcﬁa%@grggea%ﬂ@y means of a focused radiation beam (10) having a

radi ati on wavel ength ? and a nunerical aperture NA conprising -providing
a substrate (1) “Dépdstepresented by sense¢utivespnnesiien switthatbstntiallhknest ok ( 2)
conpri si tack (3) and k radi ati on beam
transm %O%Zéféat?’p&l ﬁ&%%@%ﬁ%&ﬁgﬁ 13), each radiation beam

transmi s(Sl45¢30&)8§;r(1}SBV301§D)a(1E56f £62.9), (Eéo,mm;, (0652301 B\w@dq0g0303cRness d19m
and 1 < i <k and k > 2, characterized in that -depositing the k ' layer is
carriled out with an average thickness dk which is 25 determ ned by the
T:)(()F"rml) a gk = D(nk) Al-opfical iffoftddtoR el (26) aRifRed in &y Ftaims - X N.) 1.1

characterized in that

d, = D(n, )[1 -kzlj D‘(Z’;)} +0.001D(n, ) pm.

15 8. A method of manufacturing an optical information medium (20) for recording
by means of a focused radiation beam (10) having a radiation wavelength A and a numerical
aperture NA, comprising

-providing a substrate (1),
-depositing a stack (2) of layers thereon, the stack (2) comprising at least one

20  recording stack (3) and k radiation beam transmissive layers (4, 5, 6, 7, 11, 12, 13), each
radiation beam transmissive layer having a refractive index n; and average thickness d; um
and1 < i<kandk>2,
characterized in that

-depositing the k™ layer is carried out with an average thickness dy which is

25  determined by the formula

k-1 k~1
d, = D(nk)[l Z ]+0.01D(nk) um, in which Y. <1 and

i= ( 1) o D(n;)
D(n) represents the thickness versus refractive index function in pm, of a single layer
radiation beam transmissive layer causing minimal spherical wavefront aberration in the
focal point of the focused radiation beam (10), said focal point being at the recording layer of

30 the first recording stack (3).



D(n) represents the thickness versus refractive index function in 9m of a
single layer radiation beamtransm ssive |ayer causing m nimal spherical
wavef rontwalensspd on in the focal point of the focused radiraBoinetyeam
(10), said focal point being at the recqgi ng layer of 30 the first
recording stack (3). WO 02/059890 PCT/I1BOL/ 02687 15 9. A nethod of

manuf actgiri ng an ofmietiadd dfithafufatirting dBspticah iffdhatien @bkdiup@0) & cl&ingidrin 8,
characterized in that the refractive index n, of each of the radiation beam
transni sGl@m8 ayers (4, 5, 6, 7, 11, 12, 13) satisfies 5 1.45:5 n; <

1.70. 10 f : ' , ' j ' ‘ as
ci ai med (it lzRR ot HRRHIREL dBE nPYF DA bFRL A BRSO 0
met hod ofd, fE6) Ut ALt 12 il By satisfiept i cal i nformati on nmedium (20) as clainmed in

Cl ai m 10, charact e{jiged in %}at 15 D(n) is represented by consecutive
connection with sub%®antisal: linear line parts of coordinates (n, D(n))
with the values (1.45, 98.5), (1.50, 98.6), (1.55, 99.2), (1.60, 100),
(1.65, 101.1) and (1.70, 102.4). 12. A method of manufacturing an optical

i nf ormat 1Gn nedi uni\mdhodef mamifaebitingean goicd iaformgtion mediugh@Ohes daimeddni n
that D(1 go% = 300 gm 13. A nethod of manufacturing an optical information
medi um (2P 8L b aimed in 25 Alaim 12, characterized in that D(n) is

repr esengigehckiri-c@mnsaett i ve connection with substantially linear line parts
of coordi nates (n, D(ng) with the values (1.45, 98.5), (1.50, 98.6), (1.55,
99. 2%0 (1.60, 100)D(1.40)651001g1. 1) and (1.70, 102.4).

11. A method of manufacturing an optical information medium (20) as claimed in
Claim 10,
characterized in that

15 D(n) is represented by consecutive connection with substantially linear line
parts of coordinates (n, D(n)) with the values |
(1.45, 98.5), (1.50, 98.6), (1.55, 99.2), (1.60, 100), (1.65, 101.1) and (1.70, 102.4).

12. A method of manufacturing an optical information medium (20) as claimed in
20 Claim 8 or 9,
characterized in that
D(1.60) =300 pm.

13. A method of manufacturing an optical information medium (20) as claimed in
25 Claim 12,
characterized in that
. D(n) is represented by consecutive connection with substantially linear line
parts of coordinates (n, D(n)) with the values
(1.45, 98.5), (1.50, 98.6), (1.55, 99.2), (1.60, 100), (1.65, 101.1) and (1.70, 102.4).



