WO 03/107339 PCT/1B03/02572 1 Optical data storage nedium and use of such
medi um The invention relates to an optical data storage nediumfor at |east
read out wolBngr3a9 f ocused radi ati on beamw th a wavel engt RCX/1BBA02472
Nunmerical Aperture (NA), entering through an entrance face of the nedi um
during read out, conprising at least: -a substrate with present on a side
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| ayer, I on~beam transparent cove ayer adjacent the entrance
face, -a transm ssion stack named TSOwith a thickness dTso and cont ai ni ng
all layers between LO and the entrance face. The invention also relates to
the use of such nmedium 10 An enbodi nent of such an optical recording
mediumis known froma paper "New Replication Process Using

Functi on-assi gned Resins for Dual-layered Disc with 0.1 mmthick Cover

| ayer", by K Hayashi, K Hisada and E. Chno, Technical D gest |SOM 15
2001, Taipei, Tai . .There is a constant. drive for qbtalni i
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Digital Video Disk or sonetinmes also Digital Versatile Disk formats (DVD).

DVD f or mehoughan betratice ifehedbfithe medvim- dutive treast outscosxising af d3a5t: f or 20

reproducti on, DVD- RA \ and_ DVD+ ich are al so usable for
rewitable data st'%%%tﬁg,a%‘ﬁ b\?ff”gon\ﬂ%gceﬁ |§&?ecor dabl e once. Presently

the DYD formats conphirs@tackof keSeminathed ADaohipriemgof firdt ibfdohatiGn laye, 9.4 GB
and 17 GB. The 8.5 GB and, in particular, the 9.4 G (DVD-9) and 17 GB

(DVD-18) formats egkadigtionhsem Eawpirerigoser ey adiagentithhentiange (#seal | v
conprise nultiple in £ L -y 4. ﬁ”ﬂ% £ | ayer
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convent i dapdrs BeMeas L.0GNE khe éanbafacaf fers an insufficient storage capacity
for video recording purposes. A hjgh storage_capacity format that recently
has been suggestedgnselm’@t’toélalso\mﬂ t%@’@dﬁsﬁPﬁﬁmglﬂﬁQ}‘XmT\m formats are

currefyly being devel oped: DVR-red and DVR

An embodiment of such an optical recording medium is known from a paper
“New Replication Process Using Function-assigned Resins for Dual-layered Disc with 0.1
mm thick Cover layer”, by K. Hayashi, K. Hisada and E. Ohno, Technical Digest ISOM
15 2001, Taipei, Taiwan.
There is a constant drive for obtaining optical storage media suitable for
V fécofdiﬁg and reproducing,*whiéh have a storage capacity of 3 Gigabyte (GB) or larger. This
requirement is met by some Digital Video Disk or sometimes also Digital Versatile Disk
formats (DVD). DVD formats can be divided into DVD-ROM that is exclusively for
20  reproduction, DVD-RAM, DVD-RW and DVD+RW, which are also usable for rewritable
data storage, and DVD-R, which is recordable once. Presently the DVD formats comprise
disks 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 (DVD-9) and 17 GB (DVD-18)
formats exhibit more complicated constructions and usually comprise multiple information
25  storage layers. The 4.7 GB single layer re-writable DVD format is easy to handle
comparable, for example, to a conventional compact disk (CD) but offers an insufficient
storage capacity for video recording purposes.
A high storage capacity format that recently has been suggested is Digital
Video Recording (DVR). Two formats are currently being developed: DVR-red and DVR-
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The further recording stack nust be at least partially .transparent to the. ..
radi at i orlayreafedestetanding stack,ds genfornedrfake thesidt onpositofromithe $ubstate.
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each storage layer individually and no signal interference o
through which the radiation beam is focused. Clearly the need for the substrate to be radiation
20  beam transmissive no longer exists and other substrate materials, e.g. metals or alloys
thereof, may be used.
A dual-stack optical data storage medium has two reflective information
layers, that are read-out from the same side of the medium. In this dual stack medium case,
where a second recording stack is present, a radiation beam transmissive spacer layer is
25  required between the recording stacks. The further recording stack must be at least partially
transparent to the radiation beam wavelength in order to make reading from the first
information layer of the first recording stack possible. The thickness of the spacer layers is
chosen such that the information layers are optically decoupled from each other. In this case,
the laser beam can be focused on each storage layer individually and no signal interference
30  with other storage layers occurs. 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.



30 with other storage |layers occurs. The radiati on beamtransm ssive | ayer
or layers which are present between the radi ation beam source and the
recor di ngwetoaadrsshat i s nost renote from the substrate areTnBeyastzy call ed
cover |layers. Wen prefabricated sheets gre used as transm ssive | ayers
extra transm ssive adhesive layers are reéquired in order to bond cover

|ayers Lo each Of Nfle BRIk Meodialioe of ikYefiend 6f thd dhiBicldiE oE M ritiston Ne
variati on or unevenness o & tht CKness o &> Padratron > beam

t ransm sgéanetrhiydssveoli@érs oher thaeidadl egichdos oOthediskiiae talbs kodimdled vetye
controlled very carefully. in order. to mnimze the varj atﬁji on in, the
optical paeRllyangrds toomimimize thevaatieg 1 theapbeglasth lEgﬁg(,fPra PYMPREIEHt | cal
quality . Lafid . [ [ : ue
ver si on, 9%%%@& %ﬂ%glggy?%d@??io(ﬂfagm%gt&ﬂiaéﬁ%\ge ggtg}{eﬁsgﬁgg?lggtpﬁhgﬁ%mequal
to 405 VR-ahd varsiddiwdidistsant iradidtiondgaml witloa &a88ength sulsstaitialie bquad 6403 i ve

to variations i he thickness. o he transm ssive |ayers. T ot.al |ayer
{1 ckneq m7d 210A SEhsRIAURERE 190 80 dBro R DORRAYE 18 TR iR e des
spheri calyr aRefhahis8fe Pc{yel;sh?hé RAHI8R: iRdiRE PR aﬁf?fﬁr%ﬁrﬁdﬁe th ordéhg obtdist

information recording l'ayer. A deviation, e.g. + fromthis optinal
t hi cknes sigimueadytickDspheticadberaticn afdhs fodusaibhdiatonbemaon . atbe rsinount  of

this kind of aberrati.on. Dependi on he s em.t.he s r. | ayer

Lhi cknes SIERABE TS 1R oM DA Bell mAh THBOUTS SRBhT bSY AR o
di sk gan i@lciRchaV@nsideABRY andavBEoep U i GNe bAth#y 18ndl s EaldatiBR dSepRiditg bAY
plastic foils or by spin-coating resin |ayers. O her manufacturing

pr ocess eshecwstenl the sireerluyeiihishiness Thiebein the nange dipine alfevp paciesbert 108gkmst i n

t hi ckness, vari ations of .t spacer /.coveg. | S, Thi Sq. | true
or “the. vy s 5 patts FardRoeH R P s e YRl BednEpRRER R
the spi nfoifdlﬁtﬂy%?irpédaﬁﬁg SedirBlayerd POIheL thanvfactdrin g pticksskéeandstsy be gaplovedn of
the information layers with respect to the entrance surface aof the_disk
and t he dihstedpehmoinsicndprpcesses Fegnlp inthickaess|vaiaians of e spassy/coveyryars aug iy
w thiia a_di var i at: . . rj : I; QRS 1N
the 3yt ee%%er%{é%lﬁﬁlgg‘ér s &%@?@g,ni%ﬁ%ﬁg%%ﬂ#%.J‘yl?‘?%hg@%?‘f HifmanEr ke, the
i nf or mat icostinggytecess is2pphied Aedresviethicdapthypositiaf of cherinfdrmaton hyesfwitthe

system For successful read-ouf and writi né; sheﬂéep focgsln shoul d be

possi bl e TeReE e Hhegintranes suskee Abthe ik ang dhedistaneanstypathe yHamRAtORdayer} he

addi tion f G : ' t : R
Vari at | ondh SRIGfarRanfySHlAL h AR, CRHARHx s M RRRG CNENd BERations B | s
are suf f ithd systelyresuttihg irapabrfsggnil qualiby, delapein jumping between the information layers,

20  and can eventually lead to malfunction of the system. For successful read-out and writing
sharp focusing shoqlfl be pqssib1¢ on each of the information layers in the disk. Therefore,
the additiéﬂaﬂ sphencalaberratlons caused by the spacer/cover layér variations should be
corrected for by the optical drive. If the variations are sufficiently small and fall within the
focusing range of the actuator, they can be corrected by the actuator itself. If the variations

25  are larger than the wbrking rangé of the actuator, dynamic spherical aberration correction has
to be employed or other servo methods have to be introduced into the system.

As said above, mass manufactured single-stack and multi-stack optical data
storage media possess thickness variations of the spacer/cover layers. Due to these variations
depth positions of the information layers deviate from the predefined values. If such

30 deviations are too large for the focusing system to cope with, deterioration of the servo and
data signals takes place leading to poor system performance. A solution to compensate for
the large depth position deviations in the disk could be dynamic spherical aberration (SA)
correction unit in the optical pick up unit (OPU) in the optical drive. The disadvantage of this

method is the necessity to continuously generate a SA error signal.



focusi ng range of the actuator, they can be corrected by the actuator
itself. If the variations 25 are larger than the working range of the
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error shoul d not exceed A. Calcul ations show that the wavefront error
aberration leads to a wavefront error. For correct focusing of the radiation beam the

20  wavefront rms error should not exceed 0.033 A Calculations show that the wavefront error
strongly depends on the NA of the radiation beam, the thickness d and refractive index n of
the transmission stack \through which the focused radiation beam travels, and \ since the error

is expressed in units of \. The general formula for A40 is:

n* -1)

440 =~—=d(N4)*
8n

25 Normally, in an optical disk system the aberration at a predetermined thickness d is cancelled
by the objective that has been designed to introduce the same amount of spherical aberration
with opposite sign. So in practice problems only arise when the thickness d deviates from its
predetermined value by an amount of Ad and d in the formula should be read accordingly.
The maximum allowable Ad may be translated to DEVdrso.

30 In an embodiment DEVdrso = +3 pm. Especially in the case of media using a
short radiation beam wavelength \ of e.g. smaller than 500 nm and a high NA of e.g. larger
than 0.75, this value should be kept within said limits.



strongly depends on the NA of the radiation beam the thickness d and
refractive index n of the transm ssion stack through which the focused
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fe'rably DEVdrg = +2 um. Keeping in mind possible medium deformations
caused by the manufacturing and working conditions (temperature, humidity, etc.) the depth
position variations of the storage layers should rather be smaller than +/-2 um.

20 In a special embodiment only one further stack of layers named L1 is present,
comprising a further information layer, DEVdrg; =2 pm, Nis in the range 400 nm - 410 nm
and NA is in the range 0.84 — 0.86. These values apply for the Blu-ray Disc (BD) that was
discussed earlier in which case reliable read out is possible without dynamic SA correction.
The BD comprises two transmission stacks TSO and TS1 with effective refractive indices

25  ngso and ng; and thicknesses drsp and drsi. In the BD nrgo and nys; both have a value of 1.6
or close hereto and the following conditions are fullfilled: 95 pm <d1so <105 um and 70 um

=<drs; <80 um. Most plastic materials used as transparent layers have a refractive index of
1.6 or substantially close hereto. The layer between LO and L1 is called spacer layer and the
layer between L1 and the entrance face is called cover layer.

30 In a further embodiment the spacer layer thickness is 20 pm or substantially
close to 20 um and the cover layer thickness is 80 pm or substantially close to 80 ym. It is
advantageous from a viewpoint of manufacture to use a substantial fixed value of the spacer
and cover layer thickness. For instance, one method of manufacture comprises the application

of a sheet including a pressure sensitive adhesive (PSA), which is UV-cured after being
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during read out. A substrate 11 made of polycarbonate has present on a side thereof:

a first stack of layers 12 named LO comprising a first information layer, a

20  second stack of layers 13 named L1, comprising a second information layer. L1 is present at
a position closest to the entrance face 16 and LO is present more remote from the entrance
face 16 than L1. A transparent spacer layer 14 made of a UV cured resin, e.g. SD 694 made
by DIC, is present between L0 and L1. A transparent cover layer 15 is present between the
entrance face 16 and L1 and may be made of the same material or a sheet of PC or PMMA

25  with a pressure sensitive adhesive (PSA). The spacer layer may also be a sheet combined
with PSA. The transmission stack named TS0 has a thickness drso of 100 pm and an effective
refractive index ntgo = 1.6 and contains all layers between L0 and the entrance face 16. The
L1 stack 13 has a relatively low thickness of a maximally a few hundred nm the influence of
which may be neglected. Naturally L1 does affect the optical transmission but this aspect is

30  not dealt with here. The transmission stack named TS1 has a thickness dts; of 80 ym and an
effective refractive index nrs; of 1.6 and contains all layers between L1 and the entrance face
16. The stack TS1 corresponds to the cover layer 15. The spacer layer 14 has a thickness of
20 pm. The maximum deviation of drgo does not exceed a predetermined value DEVdrso of

+2 pm, measured over the information area of the medium 10. The maximum deviation of



15 In Fig. 1 an enbodi nent of the dual -stack optical data storage nedium 10
according to the invention is shown. A focused | aser beam 19 with a

wavel engtwoX30673895 urn and an Numerical Aperture (NA) ofPCOAB®/@AT12Er S

t hrough entrance face 16 of the nmedi um 107 during read out. A substrate 11
made of pol ycarbonate has present on a si de thereof a first stack of l|ayers

12 named LO,cO A f
ayere 1 ArrgRRR: pREAE hriddi i RS Oy, 881 pnf el RSO i Fdfcllen
a positi ofiteledeh 100 Thikethe Wavafics eh@ca4mﬁoas'mbtle®cwd (0Fsems.nor e renot e

fromthe entrance face 16 t han LI Atr arent s er, l.ayer .14 made of a
W cured resin, e. & Fep2galeulatigns Oftf?eﬁ[ate ‘? cPPes®s (?@%9%3# d L. A

LT anspar gib gysmlk:%ﬁ%r1&;%r'a§e£}e&eﬁﬁeatTﬂ9@%ea§§mrnbﬁle W%ﬁmom& and LI

and may be nade e samne erial or 25 with a
pr essgr e caknkitibn Y REVies iwlen (RBAng obleths ﬁmﬂmr mmmatmdyyald d.1pwhighdheet

of 200" meHNeRAoBT iR LG PUanTCFa e (e 1Rt 1A cureponds G fe caidtRats | - °
| ayers b%wow\xjhh ?(Ekfiil g%nﬁptth% @i?&?nifoﬁﬁﬁlohﬁlayéﬁb? LOLwhichas kindefedt6sefto the

rel ativel a maximally a few hundred nm the influence of
whi ch nawubﬂramagll efthe dhedNam Uf §Figyl ) LAs chmere sefrh Gom thiscliHwe.iie arder FaesRiti on

but this as is 30 h h S med TS
1'has & O BRRELETR P Daloe Ot et eate bl LR I Mab s BeTS o

1.6 3pd CRPiFIRRIA!If thenedrfalieh 1SeNshohldai ekéb%d%tﬂrﬂﬂc@pi@clﬁ mihé possitsle st ack
TS 1 corresponds to the cover layer 15. The spacer éﬁlr 14 has a thickness

of 20 mdefmmatram ofithe dredivan pawedby Hpgpanydosurig angd 2£oBABgBs: &%y ned
val ue DEVATS ver informati on area of the nedium 10.
The maxi g8 %’{’P“Bi?ag’fer ‘B%ﬂ?g%ﬁbi}&%w 1B03/ 02572 7 dTSI does not
exceed a pr edet er mipgtbuldbdifotEdNMET Bk aBév&mBMoﬂEﬁ&ﬁiHoﬁdnm éliustrates witldrehar ea
of the medi um 10. Thus the wavefront error does not exceed g 033 X rns.

In Fig. Jinsts elinsentioe avfl thai dhosg vleidled it the ﬁ?tdvﬂl&&@?l@oro ipsigR Wy iBYASANYE t he
L el b et e
i nf or mat i eferdry elgndblackd barhieetparsnthedes sitadhat lbo sensttued kb Eimating tha clmmalflee 16
Ot &t e WPHILPORARHPERET:oo Gyidehe DeSeniROC TSI SepEGET QEbis IR -
e LSyl O U My of St ol sl a1
dashed [i psleraﬂﬂy oftsaeh dievieatsi Themiere fabtighat certain measures are recited in mutually
20  different dependent claims does not indicate that a combination of these measures cannot be
used to advantage.
| Aécording to the invention a dual-stack optical data storage medium is
described for read out using a focused radiation beam with a wavelength A and a Numerical
Aperture NA. The medium has a substrate and a first stack of layers named L0 comprising a
25  first information layer and optionally at least one further stack of layers named Ln,
comprising a further information layer. A radiation beam transparent spacer layer is present
between each of LO and Ln. A transmission stack named TS0 with a thickness dygo contains
all layers between L0 and an entrance face of the medium. A transmission stack named TSn
with a thickness drs, contains all layers between Ln and the entrance face. The maximum
30  deviation of drsp and when applicable drs, does not exceed a predetermined value DEVdrso
or DEVdyg,, measured over the information area of the medium and this value is set in

dependency of A and NA. In this way a reliable read out of the information layer(s) without

the need for dynamic spherical aberration correction is achieved.



10 depth position of the information |ayer should not exceed 3 m Keeping
in mnd possible deformations of the nmedium caused by the manufacturing
and wor kiwg osaomdBe i ons, the deviations should rather be ®caliBeyo2stran 2 m

It should be noted that the above-nentioned enbodi nent illustrates rather
than |limts the invention, and that those skilled in the art will be able
to desi gy .alternative 15 enbodi nents w thout departing fromthe scope

of the appended clains. In the clains, any reference signs placed between
par ent heses shall not be construed as |imting the claim The word
"conprising" does not exclude the presence of elenments or steps other than
those listed in aclaim The word "a" or "an" preceding an el enent does
not exclude the presence of a plurality of such elenments. The nere fact
that certain neasures are recited in nutually 20 different dependent clains

does not indicate that a conbination of the asyres cannot b ed to
advant agé: Accor di Mg erbicekaty siorage Wf}mén @&?Egﬁgi}ff’?}ﬁﬁ@ﬁl anfg‘élfsggﬁdséﬁ)&e
medi Um i $e &80 4 REceiEih NaaE a MtimétRhBpéufre ENAT Enfeditisahioalh B 8ifrabict Fack
wavel ength X and a Nunerical Aperture . The mediumhas a substrate and a
first st afkheahediaypetusingaemsicout,@oraprisingsit kegsta 25 first information | ayer and
optionally at |east one further stack of, | ayers naned Ln, conprising a
further information® FURTERE " g&???f’%ﬁs’(ﬁlgéﬁ%??lensparent spacer |ayer is

presegt between eaghr@kiabloPRYersRambd L RBHPYiSIHE ATirst iaftmaasehydSO Wi th a
t hi ckness dTso contains all |layers between LO and an entrance face of the

medi um A transmi ssé tdiatioadieamsrangpargy covigrilayes adjapent thesentigmee ent ai ns al |

| ayers between Ln apd_the ent f X4 30 i afl f dTSO
and when appl i cabl e %?égflmé%%%gtﬁgfgae@(%ﬁf;sao %;ﬂgra e eiqggrggn]dﬁﬁﬂ @3’%@%% So or
DEVATSN, 1aRasbét®derP@and IR entthadeaéd, on area of the mediumand this value is

set in dependency of X and NA. In this way a reliable read out of the
i nf or mat ihArargyised ®)thgli t hout the need for dynanmic spherical aberration

icrepigiend (o hout ¢ _
opti Gl dat a st or agk® B Penadoléh i SRR n av il Miaeept b oL o

beam wi t hy predastaligstbirba & e tnealidv deés o lexdpé ntpuedetdiied vahteddEWdrst.hr ough' an ..

entrance face _of the . nediumduring. read. out, rising.at |east: -
substrat énWSPWd[S’W %‘é@ﬁﬂ%ﬂn@l‘%ﬁ e ¢har E’tﬁ"gmm and BE TS0 18 sel 1n aepen ency Of%
and NA.
15 2. An optical data storage medium according to claim 1, wherein DEVdrygo = =3
.
3. An optical data storage medium according to claim 1, with at least

-one further stack of layers named Ln and n an integer =1, Ln comprising a
20  further information layer and being present at a position closer to the entrance face than L0,
-a radiation beam transparent spacer layer between each of L0 to Ln, and
-a transmission stack named TSn with a thickness drs, and containing all
layers between Ln and the entrance face, wherein the maximum deviation of drs, does not
exceed a predetermined value DEVdrs,, measured over the information area of the medium

25  and DEVdrs, is set in dependency of A and NA.

4. An optical data storage medium according to claim 3, wherein DEVdrs, = +£3

p.



5 -a first stack of layers named LO conprising a first information |ayer,
-a radi ation beam transparent cover |ayer adjacent the entrance face, -a
transm sswon3domek naned TSO with a thickness dTso and comCaTBRINGSZ |

| ayers between LO and the entrance face, ?har acterized in that 10 the
maxi mum devi ati on of dTso fromrespectivel'y the average val ues of dTSO of
a predetepnined ar eAn@btitdl@lanBgirdge Mo m oG8 E1AmPT, SdRtsE DiEeL walkpe
DEVATSCa neasured ove? t he infor%?ati on area of the nedi um and DE\/sd)TSOgi S
set in dep®ndency of X and NA. 15 2. An optical data storage nedi um
according to claim1l1, wherein DEVdATSO = 3 m 3. An optical data storage
medi um according to claiml1l, wth at |least -one further stack of |ayers

named Ln énd n an i Ahegecaldata, stdrigCoBPiiinsdcaarding 3Q1dinar3, Rierdin baIK AL ifgther
| ayer d?nd bei ng present at .a position closer to the entrance face than LO

-a rad? at F'8¢K Blavss pamed ki dnpressphcepprispg e Behgdaferaation layen BEVsitior +2nd - a
transm ssj t E J S i 0j I

| ayers be %erhélﬁ %Vgﬁgaﬁ%éﬁé%ig%@e&?%%eﬁﬁmr é?@%@ﬂ%\lﬁé?ﬁ%@%@%&? iglgn_ of
dTs does fi8b6. exceed a predeterm ned val ue DEVATS,,, neasured over the
information area of the medium 25 and DEVATSn is set in dependency of X
and NA. 4. An optical data storage nedium according to claim3, wherein
DEVATS" =23 m WD : : : Opti ‘ ge
medi um acZor di ng toggéi ii m lc\%r%e{rtéeiﬁﬁég%%%ﬁréu& gs ‘?ﬁam%a 1@%%%13}%%%%2{&%2@ g

st or ate neldinundonvalimblti datp tead olifrom 31 leastene imformationdagerf urt her 5 stack of

| ayers naned L1 is present, conprising a further information |ayer, DEVATSO
=:L2 mand DEVATSI = 2 pm Xis in the range 400 nm- 410 urn and NAis in
the range 0.84 - 0.86. 7. Use of an optical data storage nmedium as clai ned
in any one of the preceding 10 clains for reliable data read out from at

| east one information |ayer.




