
;e3eCCDX46BTwNr t. ~f\ WO 03/060895 PCT/IB03/00090 1 OPTICAL DATA STORAGE
MEDIUM FOR WRITE ONCE RECORDING   The invention relates to a dual-stack
optical data storage medium for write once recording using a focused
radiation beam having a wavelength (err) and entering through an entrance
face of the medium during recording, comprising: - at least one substrate
with present on a side thereof - a first recording stack named Lo,
comprising a write-once type Lo recording layer having a complex refractive
index n~ = nLO - i.kLo and having a thickness dLO said first recording
stack LO having an optical reflection value RLO and an optical transmission
value T~, - a second recording stack named L1 comprising a write-once type
L1 10 15 20 recording layer having a complex refractive index nL1 = nL1 -
i.kL1 and having a thickness dL1, said second recording stack L1 having an
optical reflection value RL1, a11 parameters defined at the wavelength A,
said first recording stack being present at a position closer to the
entrance face than the second recording stack, - a transparent spacer layer
sandwiched between the recording stacks, said transparent spacer layer
having a thickness substantially larger than the depth of focus of the
focused radiation beam. An embodiment of an optical recording medium as
described in the opening paragraph is known from Japanese Patent
Application JP-11066622. Recently the Digital Versatile Disk (DVD) has
gained market share as a 25 medium with a much higher data storage capacity
than the CD. Presently, this format is available in a read only (ROM),
recordable (R) and a rewritable (RW) version. For recordable and rewritable
DVD, there are at present several competing formats: DVD+R, DVD-R for
recordable and DVD+RW, DVD-RW, DVD-RAM for rewritable. An issue for both
the recordable and rewritable DVD formats is the limited capacity and
therefore recording time because only single-stacked media are present with
a maximum capacity of 4.7 GB. Note that for DVD-Video, which is a ROM disk,
dual layer media with 8.5 GB CONFIRMATION COPY   WO 03/060895
PCT/IB03/00090 2 capacity, often referred to as DVD-9, already have a
considerable market share. Consequently, recordable and rewritable DVD's
with 8.SGB capacity are highly desired. A dual-layer, i.e. dual-stack,
rewritaable DVD disk is probably feasible. However, it has become clear
that a rewritable fully compatible disk, i.e. within the reflection and
modulation 5 specification of the dual-layer DVD-ROM, is very difficult to
achieve and requires at least a major breakthrough for the properties of
the ainorphous/crystalline phase-change materials, which are used as
recording layers in rewritable DVD media. Typical achievable effective
reflection levels are about 7%; such low reflection values severely reduce
read-back compatibility on existing DVD-players. Without a full
compatibility, the success of a dual 10 layer rewritable DVD in the market
is questionable. In order to obtain a dual-stack recordable DVD medium
which is compatible with the dual-layer (=dual-stack) DVD-ROM standard, the
effective reflectivity of both the upper ho layer and the lower L1 layer
should be at least 18%, i.e. the minimum effective optical reflection level
in order to meet the specification is Rm;" = 0.18. Effective optical 15
reflection means that the reflection is measured as the portion of
effective light coming back from the medium when e.g. both stacks Lo and L1
are present and focusing on Lo and L1 respectively. The minimum reflection
Rmin = 0.18 is a requirement of the DVD-standard. However, in practice also
a somewhat lower effective reflection, e.g. R>0.12, is acceptable to
achieve read-out compatibility in existing DVD-players. Note that such a
reflectivity of 20 R>0.12 is, at present, not achievable in a rewritable
dual-stack DVD based on e.g. phase change technology. The conditions, which
must be imposed on the optical reflection, absorption and transmission
values of the stacks in order to meet such a specification are by far not
trivial. In JP-11066622 nothing is mentioned about requirements with
respect to optical 25 reflection, absorption and transmission values of the
stacks and how to achieve these. It should be noted that in this document
Lo is defined as the "closest" stack, i.e. closest to the radiation beam
entrance face, and L1 is the deepest stack, as seen from the radiation beam



entrance face. 30 It is an object of the invention to provide a dual stack
optical data storage medium of the type mentioned in the opening paragraph
which has effective reflection values which provide at least read-out
compatibility with existing DVD-ROM players. In an optimized form
compatibility may be achieved with the existing DVD-ROM standard.   WO
03I060895 PCT/IB03/00090 This object is achieved with the optical. data
storage medium according to the invention which is characterized in that
0.45 <_TLO <_0.75 and 0.40 SR.LI <_0.80 and kLO < 0.3 and lcL1 < 0.3. The
applicant has found that these requirements may be deduced from the
requirement that the effective reflection levels from both recording stacks
Lo and Ll are 5 larger than 12%. More preferably 0.55 ~TLO <_0.65 and 0.50
~R.LI <_0.70 and kLO < 0.2 and kLl < 0.2 in which case even higher
effective reflection values may be achieved e.g. 15% or 18%. A dual-stack
recordable DVD medium (e.g. DVD+R} based on a recording layer with write
once technology, having a relatively low optical absorption can in
principle overcome the reflection-problem of the phase-change rewritable
DVD dual stack medium. A write-once 10 recording layer with a relatively
low absorption is e.g. a dye layer. The present invention can be applied to
both the DVD+R and DVD-R formats. In the following, we will use DVD+R to
indicate a recordable DVD in general. The typical single stack DVD+R medium
has a reflectivity of 50% and a modulation of 60%; these values are within
the single stack DVD-ROM specification; 15 DVD+RW media have much lower
reflectivity of about 20%. The starting point for developing a dual-stack
R-medium is thus much more favorable than for RW media. The dye material
intrinsically has a high transmission at the wavelength A. In combination
with a metal reflective layer, a high reflectivity can be achieved. Thus,
recording is possible with a relatively low absorption in the dye layer.
Typical dyes that can be used are cyanine-type, 20 azo-type,
squarylium-type, or other organic dye material having the desired
properties. The minimum effective reflection of both layers is 12%, typical
stack designs in this invention are targeted for at least Ruff-18%. Figure
1 shows that a compatible dual stack DVD+R medium is in principle possible
when assuming reasonable numbers for transmission and absorption of
recording, e.g. dye, stacks. A reflection of larger than 18% per 25 stack
is possible if the transmission of the upper recording stack Lo is between
45% and 75%; the intrinsic reflection of the lower recording stack L1
should then be in the range 40%  80%. Figure 1b illustrates this fact in
more detail. In the DVD embodiment ~ is approximately 655 nm. Fig. 4a shows
the calculated reflectivity for a recording layer-only stack as a function
of the Lo recording layer 30 thickness dLO. For common values of the
recording layer's optical constants (nLO < 3, kLO < 0.3) a sufficiently
high transmission can be achieved; the reflectivity therefore determines
the required optical parameters and layer thickness. Preferably nLO ?2.5
and dLO is in the range of NBnLO <_di,o <~' A/8nLO or 5JJ8nLO <_dLO
s7A/8ni,o. Fig 4b shows the calculated maximum reflectivity of a Lo
recording layer-only stack as a function of the real part of the refractive
WO 03/060895 PCT/IB03/00090 4 index n~ of the recording layer; the dashed
horizontal line indicates a reflection level R = 18%. It follows from
Figure 4b that in order to get a reflectivity of at least 18%, the
recording layer's refractive index nLO should be sufficiently large (or
small): nLO >- 2.5 or nLO 5 1.0 5 The latter is however less likely to be
met in practice. The optimal Lo recording layer thickness dLO is at the
first or second maximum in reflectivity, the preferred layer thickness is
then: NBnLO _< dLO <_ 3N8 (Ist rnax) 5N8nLO S dLO 5 7N8nLo (2d max) 10 The
advantages of this Lo stack design are a high transparency and its
simplicity. In another embodiment a first metal reflective layer, having a
thickness dMl S 25 nm, is present between the write-once Lo recording layer
and the transparent spacer layer and d~ is in the range of NBnLO <_dLO
~SNBnLO. For this stack, a relatively thin first metal reflective layer is
placed between the dye and the spacer. The first metal reflective layer 15
serves as a semi-transparent layer to increase the reflectivity. A maximum
thickness and suitable material must be specified to keep the transmission
of the first metal reflective layer sufficiently high. For the metal layer
e.g. Ag, Au, Cu, Al, or alloys thereof, or doped with other elements, can
be used. In order to obtain a sufficiently transparent stack (T~ Z 45 %},
the preferred thickness of the metal layer is: 



20 dMl S 25 nm The optimum dye-layer thickness is determined by both the
maxima in transmission and reflection. The presence of the thin metal layer
introduces an additional phase shift 0 1/8 to 1/4 in the extrema of R and
T; for this stack design the maxima in R and T are located 25 at: Max(R) ~A
/2n~ (p - 0), Max(T) ~ N2nLO (p + I/2 - O). Only the thickness range around
the first reflection maximum is suitable because of the decreasing
transmission for larger dye thickness. The lower limit (LL) for dLo is
defined by the maximum in T: LL = Max(R) -1/2 period = N8n~. The upper
limit for d is defined by 2nd Max(T) -1/8 period = Max(R) + 3/8 period =
5N8nLO because for increasing 30 thickness the reflectivity drops strongly.
Thus, the preferred dye layer thickness range becomes: A/8nLO 5 d~ <_
5N8n~.   WO 03/060895 PCT/IB03/00090 5 The advantages of the described
design are the good reflective properties and the nearly similar stack
design, and thus nearly similar fabrication process, as "standard" single
recording stack medium. In another embodiment a first transparent auxiliary
layer I1, having a 5 refractive index nI> >_1.8 and having a thickness dIl
S~/2nIl, is present between the first metal reflective layer and the
transparent spacer layer. By adding a first transparent auxiliary layer I1,
e.g. a dielectric interference layer, adjacent the first metal reflective
layer the transmission near the optimum reflectivity is increased; the role
of the dielectric I-layer is to counteract the optical mismatch between the
"recording layer + thin metal" stack and the 10 substrate, e.g. made of
polycarbonate, and thereby lower the reflection and raise the transmission.
Clearly, with three layers many combinations are possible. However, the
only useful stack design is recording layer/thin-metal/I-layer, which can
have high T, finite R, and sufficient absorption in the recording layer at
the same time. For this stack type, for the first 15 metal reflective layer
e.g. Ag, Au, Cu, A1 or alloys thereof, or doped with other elements, can be
used. In order to obtain a sufficiently transparent stack, the preferred
thickness of the metal layer for this stack type is: dMl 5 25 nm As shown
in Fig 10, the first auxiliary layer I1 below the first metal reflective 20
layer indeed increases the stack's transmission and decreases its
reflectivity, while the position of the R- and T-extrema stays (nearly) the
same. The optimum recording layer thiclcness is determined by the first
maximum in reflection, which is given by Max(R) ~~ /2n~ ( I - 0), where 0 ~
1 /8 to 1 /4 is a phase shift introduced by the metal. The preferred
recording layer thickness for this stack becomes: 25 A /8n~ _< dLO <-
5A/8n~ It is preferred that dIl SN4nIl. It appears that the relative
increase in T that can be gained by the first auxiliary Il-layer depends on
the I1-layer's refractive index and on the metal reflective layer
thickness, while the properties of the recording layer do not influence the
relative increase of T. As shown in Fig 11, the useful range of refractive
indices nI of the 30 I-layer is nIl >_ 1.8 From Fig 11 it can be derived
what the minimal refractive index of the I1 layer is for which an increase
by a factor X in transmission of the bare recording layer/thin   WO
03/060895 PCT/IB03/00090 6 metal-reflective layer stack can be gained. It
follows that for an X-gain in transmission the Ilayer's refractive index
should be: nII >- (X + 0.036*dMI -1.025)/(0.0267*dMI + 0.005) Here, the
first metal reflective layer thickness dMI is given in nanometers (note 5
that the formula is an approximation in the range of nII of 1.8 - 3). The
X-factor can be calculated by dividing the required transmission of the
stack (e.g. 50 %) by the transmission of the bare {without I-layer)
recording layer/thin-metal-reflective layer stack (e.g. 38%). For example,
if a transmission increase by a factor 50/38 =1.3 is required for the bare
recording layer/thin-metal-reflective layer stack having a metal reflective
layer of 15 nm thickness, the 10 refractive index of the additional
I1-layer should by at least 2.0. The reflection and transmission of the
stack are also periodic in the thickness of the lower-lying interference
Layer, with period a/2nII . Therefore, the Il -layer thickness need not be
larger than one period: dII <_ ~/2nI~ 15 If the Il-layer is intended to
increase T (and decrease R) it's optimal thickness lies at the position of
the first maximum in T which is located at (1/2 - 0)*a,/2nII, with ~ 1/8. 



The preferred (optimal) thickness of the I-layer then becomes: dIl,opt -
3~/16nI1 20 For larger dII the transmission decreases and the reflection
increases again. If nII is sufficiently Large, it is possible to keep the
I1-layer's tluckness below the optimum value given above. The useful
tluckness range of the I-layer then becomes: dII S N4nII 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 I2,
having a refractive index n~ and having a thickness d~ in the range of 0 <
do <_3N8n~, is present at a side of the write-once Lo recording layer and
dLO is in the range of a/BnLO <_dl,o <_3a/8nI"o or 5a/8nLO <dLO S7A/BnLO.
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
nu Sni,o/1.572. Alternatively the second transparent auxiliary layer is
present at a side of the write-once Lo recording layer closest to the
entrance face and n~ ~I,o/0.636. No metal reflective layer is present. This
stack is based on the principle of a dielectric mirror. Since the second
auxiliary   WO 03/060895 PCT/IB03/00090 7 I2-layer, i.e. the dielectric
mirror, is transparent, the requirements for recording- and I-layer
thiclrness and optical constants follow from the reflectivity constraint.
The reflectivity is maximized when the interference layer is T/4n~ (or 3
a/4n~) thick and the dye layer a/4nLO (lst max) or 3a/4nLO (2na max). 5 The
preferred range of the interference layer thickness is: 0<du<_3N8nIz The
preferred thickness range for the dye layer is: 7J8nLO _<< dLO _<< 3 A/8n~
( 1 St max) SNBnLO S dLO <_ 7A/BnLO (2"a max) 10 Two cases of this type of
stack can be discerned: (a) recording layer on top of I2-layer and (b)
I2-layer on top of recording layer. Case a The optimum reflectivity is
given by R = [(1- (nLO/n~)Z )/(I + (nLO/n~)2))2. 15 To meet the
reflectivity specification of R = 18%, the I2-layer's refractive index can
be calculated to be: n~ <- nLO/1.572 Case The optimum reflectivity is given
by R = [(1- (n~/nl,o)2 )/(1 + (n~/nLO)z)]2. 20 To meet the reflectivity
specification of R = 18%, the I2-layer's refractive index can be calculated
to be: n~ >_ nLO/0.636 By adding more transparent auxiliary layers (with
alternating high n and low n, and thickness around ~/4n) the reflective
properties of the stack can be improved using less extreme values 25 of the
refractive indices of the IZ-layers. However, the stack becomes more
complicated then. The advantage of the design described above is its
relative simplicity while still sufficient reflection and high transmission
are achieved. The stacks proposed for Lo are not restricted to use in
dual-stack media, but can be used in single-stack and multi-stack (>2)
media as well. 30 For the Ll stack of the dual-stack optical data storage
medium according to the invention a second metal reflective layer is
present at a side of the write-once type Ll recording layer most remote
from the entrance face. In another embodiment the second metal reflective
layer has a thickness dMa Q25 nm and preferably dr,l is in the range of 0 <
dLl <_ 3a/4nLl. The latter range is the range of a conventional single
stack write once medium.   WO 03/060895 PCT/IB03/00090 8 When dMZ is lower
than 25 nm the reflectivity may become too low. The lower Ll stack of a 



recordable dual-stack DVD medium should have high reflectivity at the
radiation beam wavelength in order to be able to read back recorded data
through the above Lo stack. To meet the DVD-ROM dual-layer (i.e.
dual-staclc) specifications the effective reflectivity of Ll 5 should be in
the range of 18% to 30%. If the Lo stack has a transmission at the laser
wavelength of TLI, this means that the intrinsic reflection of Ll should be
in the range 18/TLOz to 30/TLO2 %. Given typical transmission of Lo in the
range 50% to 60%, this implies that L1's reflectivity should be 50% or
more. This value already falls within the reflectivity-range specified for
single-stack DVD+R discs. Thus in principle a single-stack DVD+R stack 10
design can be used as the Ll-stack. However, in the case of type 2 (see
Fig. 16b) discs, this implies that the recording layer, e.g. the dye is in
direct contact with e.g. the adhesive for the spacer layer. This adhesive
can possibly harm the dye, resulting in poor medium lifetimes. It is
therefore preferred that a third transparent auxiliary layer I3, having a
refractive index nI3 and having a thickness dI3 in the range 0 < d13 SNnI3,
is present adjacent 15 the write-once type Ll recording layer at a side of
the write-once type Ll recording layer closest to the entrance face or that
a third metal reflective layer, having a thickness dM3 in the range of 0 <
dM3 <~' .S nm, is present adj acent the write-once Ll recording layer at a
side closest to the entrance face and dLl is in the range of 0 < dLl
SSA/16nL1 or 7N16nL1 <d.Ll < a/nLl. By introducing the third transparent
auxiliary layer or third metal reflective layer the 20 problem of chemical
influence of the spacer layer to the recording layer is counteracted. Two
Ll stack types are proposed here which protect the recording layer from
e.g. the adhesive of the spacer layer. The stacks proposed here are not
restricted to use in dual-stack optical recording media and can be applied
in any (single-stack and multi-stack) organic-recordiilg layer, e.g. dye,
based optical recording medium. For the third metal reflective layer e.g.
Ag, 25 Au, Cu, A1 or alloys thereof, or doped with other elements, can be
used. Schematic layout of this stack design is given in Fig. 14. For the
thin metal layer e.g. Ag, Au, Cu, A1 or alloys thereof, or doped with other
elements, can be used. In an advantageous embodiment of the dual-stack
optical data storage medium 30 a fourth transparent auxiliary layer I4,
having a refractive index ni4 and having a thickness dIa in the range of 0
< dIa <-~' N16nI4, is present between the write-once Ll recording layer and
the second metal reflective layer. This fourth transparent auxiliary layer
allows a slightly thinner recording layer thickness, while the reflection
and modulation of written marks remains good.   WO 03/060895 9
PCT/IB03/00090 In yet another advantageous embodiment of the dual-stack
optical data storage medium a fifth transparent auxiliary layer I5, having
a refractive index n15 and having a thickness dIS in the range of 0 < dis
<_NqnIS, is present adj scent the third metal reflective layer at a side of
the third metal reflective layer closest to the entrance face. Tlus fifth
transparent 5 auxiliary layer increases the chemical barner between the
recording layer and the spacerlayer adhesive that is benef cial for
lifetime of the recording stack. It may be advantageous when at least one
of the transparent auxiliary layers comprises a transparent heatsink
material selected from the group of materials ITO, HfN and AION. Generally
dielectric materials exhibit a poor heat conductivity. The mentioned 10
materials have a relatively high heat conductivity while they are
transparent. A high heat conductivity may increase the quality of recorded
marks ill terms of mark definition, e.g. fitter, shape, modulation In the
dual stack optical data storage medium a guide groove for Ll may be
provided in the transparent spacer layer, called type 1, or in the
substrate, called type 2. The 15 guide groove is also called pregroove or
servo groove. A guide groove for Lo may be provided in the substrate
closest to the entrance face. The invention will be elucidated in greater
detail with reference to the 20 accompanying drawings, in which: Figure 1 a
shows the maximum attainable effective reflection of both the upper
recording stack Lo and the lower recording stack Ll as a function of the
transmission of upper recording stack Lo; Figure lb shows the effective
total reflection from the Ll stack as a function of 25 the intrinsic
reflection of Ll; examples for three different Transmission values of Lo
are shown; Figure 2 shows a schematic layout of an embodiment of the
optical data storage medium according to the invention including the two
stacks Lo and Ll; Figure 3 shows a schematic layout of an embodiment of the
Lo stack of the 



30 optical data storage medium (recording layer-only Lo stack design);
Figure 4a shows the calculated reflectivity as a function of the recording
layer thickness d~ for three values of the recording layer refractive index
nLo. Figure 4b shows the maximally attainable reflectivity of a single
recording layer in an optical data storage medium;   WO 03/060895
PCT/IB03/00090 10 Figure 5 shows a schematic layout of another embodiment
of the Lo stack of the optical data storage medium; Figure 6a shows a graph
of the transmission of the stack of Fig. 5 as a function of the recording
layer thickness for three values of the refractive index of the recording
layer. The dashed line indicates the lower limits allowed for T; Figure 6b
shows the reflection of these same stacks as function of the recording
layer thickness; Figure 7a shows a schematic Iayout of another embodiment
of the Lo stack of the optical data storage medium; 10 Figure 7b shows a
schematic layout of another embodiment of the Lo stack of the optical data
storage medium; Figure 8a shows the maximum reflectivity of a recording
Iayer/auxiliary layer stack as a function of the refractive index ni of the
auxiliary layer I for five values of the recording layer's refractive index
nLO; 15 Figure 8b shows the maximum reflectivity of an auxiliary
layer/recording layer stack as a function of the refractive index nI of the
auxiliary layer I for five values of the recording layer's refractive index
nLO; Figure 9 shows a schematic layout of another embodiment of the Lo
stack of the optical data storage medium; 20 Figure 10a shows a comparison
between the transmission of a recording layer/thin-metal reflective layer
stack and a recording layer/thin-metal reflective layer/auxiliary-layer
stack as a function of the recording layer thickness; Figure 10b shows the
same for reflection as a function of the recording layer thickness for the
stacks of Fig.10a. 25 Figure 11 shows the maximum factor (X) by which the
transmission of a recording layer/thin-metal reflective layer stack can be
increased when adding an auxiliary Ilayer adj acent the metal reflective
layer; Figurel2 shows a schematic layout of an embodiment of the Ll stack
of the optical data storage medium design: auxiliary layer/ recording
layer/ relatively thick metal 30 reflective layer. Figure 13 shows the
intrinsic reflection of the Ll stack design of Fig 12 as a function of the
recording layer thickness (kLl =0.1) for three values of the refractive
index nLi of the recording layer. The dashed line indicates the 50%
reflection level, which is a practical lower limit for the Ll intrinsic
reflectivity.   WO 03/060895 PCT/IB03/00090 11 Figure 14 shows a schematic
layout of another embodiment of the L1 stack of the optical data storage
medium (design: thin metal layer/ recording layer/ relatively thiclc metal
layer). Figure 15 shows the intrinsic reflection of the Ll stack design of
Fig. 14 as a function of the recording thickness; Figure 16a shows a type 1
optical data storage medium; Figure 16b shows a type 2 optical data storage
medium. 



10 In Fig. 1 a the maximum attainable reflection of the lower recording
stack Ll as a function of the transmission T of upper recording stack Lo is
shown. The lines for absorption A=0 are the theoretical limit, a typical
absorption for e.g. a dye layer would be 10%. The effective reflection of
18% per stack as required by the DVD standard is indicated by the
horizontal dashed line; in this invention Reff>18% is taken as a targeted
value for the 15 preferred embodiments. In Fig. lb the effective total
reflection from the Ll stack as a function of the intrinsic reflection of
L~ is drawn. Examples for three different transmission values T of the L,o
stack are shown; In Fig 2 a dual-stack optical data storage medium IO for
recording using a 20 focused laser beam 9 having a wavelength 655 nm is
shown. The laser beam 9 enters through an entrance face 8 of the medium 10
during recording. The medium 10 comprises a substrate 7 with present on a
side thereof a first recording stack 5 named Lo, comprising a write-once
type Lo recording layer 6 having a complex refractive index n~ = n~ - i.kLO
and having a thickness dLO. The first recording stack Lo has an optical
reflection value RLO and an optical 25 transmission value T~. A second
recording stack 2 named Ll comprising a write-once type Ll recording layer
3 having a complex refractive index n~,~ = nLt - i.kLt and having a
thickness dLl is present. The second recording stack Ll has an optical
reflection value RLi . The optical parameters are all measured at the laser
beam wavelength. The first recording stack 5 is present at a position
closer to the entrance face 8 than the second recording stack 3. 30 A
transparent spacer layer 4 is sandwiched between the recording stacks 2 and
5. The transparent spacer layer 4 has a thickness substantially larger than
the depth of focus of the focused radiation beam 9. To meet the DVD-ROM
dual layer specification, the effective reflection level from the upper
recording stack Lo, being equal to RLO, and the effective reflection level
from   WO 03/060895 12 PCT/IB03/00090 the lower recording stack L1, being
equal to RL1 *(Ti,o)2, should both fall in the range 18% to 30%: 0.18 SRt,o
<_0.30 and 0.18 SRL~ *(TLO)2 50.30. In practice, effective reflection
levels > 12% are sufficient for read-out compatibility on existing DVD
players. Practical ranges of TLO and RLl for which the latter condition can
be aclueved, are: 0.45 <_'TLO <_0.75 and 0.40 <_ RLl <_0.80 and kl,o < 0.3
and kLl < 0.3. Thus, with the proper combination of RLO, Ti,o and RLl a
DVD+R dual layer (DL) medium is achieved compatible with the DVD-ROM dual
layer specification as far as reflection levels are concerned. A DVD+R DL
disc could consist of any combination of Lo-stack and Ll-stack. One
specific embodiment would be: Medium of type 2 (see Fig 16b), with Lo
embodiment stack 5 (95 nm dye/ 10 IO nm Ag/ 55 nm ZnS-Si02) and Ll
embodiment stack 3 (15 nm Ag/ 130 nm dye/ 100 nm Ag), having transparent
spacer 4 thickness of 55 pm. Effective reflection from Lo is 28 %,
effective reflection (through Lo) from Ll is 21 %. By using dyes as
recording layer, wluch dyes are almost transparent at the laser recording
wavelength, recording stacks with high transmission suitable for
mufti-stack media can be fabricated. This is typically the case in 15
write-once optical media such as CD-R and DVD+R. Below follow different Lo
stack designs, in which an organic dye is incorporated. The designs have a
high transparency (in order to enable adds essing lower-lying stacks) and
finite reflectivity (necessary for read-out). The parameter ranges are
tuned such as to meet the specifications for the upper recording stack I~
in a recordable dual-stack DVD disc: 20 RLa z 18 %, TLO >- 50 %. The lower
limit for Tt,o may be lower, e.g. 45%, if Ll is very highly reflective. To
understand the thickness ranges proposed for the different stacks below, it
is helpful to note that: (i) The reflection and transmission of the stacks
are periodic in ~/2n. 25 (ii) 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 Lo stack
of the dual-stack optical data storage medium 10 is shov~ni having a
recording layer 6 wherein n~ z2.5 and di,o is in the range of NBni,o <_dL,o
~~/BnLO or 5N8nLO <_dLO ~'7A/BnL,o. 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 fiLO = 2.68 - i.0.23. The reflection RLO = 0.18 and the
transmission T~ = 0.58. The wavelength A is 655nm. In Fig. 4a the
calculated reflectivity as a function of the recording layer 6 thickness
dLO for three values of the recording layer's refractive index nLO is
drawn. Notice   WO 03/060895 PCT/IB03/00090 13 



that a reflection level of more than 0.18 can be achieved when the
recording layer 6 has a r efTactive index nLO larger than 2.5. The optima
in reflection are located at thiclrness of (%z + p)*N2nd, with p an
integer. In Fig. 4b the maximally attainable reflectivity of a single
recording layer in 5 an optical data storage medium (recording layer is
embedded in polycarbonate background having a refractive index n =1.6) is
shown. The dashed line indicates the value R=18%. In Fig. 5 an embodiment
of the Lo 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 dMl 525 nm, is present between the write-once Lo
recording layer 6 and 10 the transparent spacer layer 4 and dLO is in the
range of NBnLO =dLO ~NBnI,o. 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 ilLO = 2.44 - i.0.06. The wavelength A of
the focused laser beam 9 is 655ntn. The following results may be obtained
when the first metal reflective layer 11 15 is: -8 iun Ag (n=0.16, k=5.34)
RLO = 0.21, TLO = 0.53 -10 nm Au (n=0.28, k=3.9) RLO= 0.27, TLa = 0.52 -10
nm Cu (n=0.23, k=3.7) RLO= 0.25, Ti,o = 0.55 In Fig. 6a a calculated graph
of the transmission TLO of the stack of Fig. 5 as a 20 function of the
recording layer 6 thickness dLa for three values of the refractive index n~
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 Ri,o of this same stack as function of the recording
layer 6 thickness d~,o 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./2nd, where p is an integer and O ~ 1 /8 to 1 /4. The
minima in R and maxima in T are located at thickness (p + 1/2 - ~)*~,/2nd.
In Fig. 7a and 7b two embodiments of the Lo 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 n~ and having a
thickness du in the range of 0 < d~ ~N8nI2, is present adjacent the
write-once Lo recording layer 6 and di,o is in the range of NBnLO ~d.LO
~NBnL,o or 5N8nLO ~dLO <_'INBnLO. 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 niz <nLO/1.572. The second
transparent auxiliary layer I2 is a   WO 03/060895 PCT/IB03/00090 14
dielectric layer made of SiOz with a refractive index n~z =1.44 and a
thickness d~z =114 nm. The recording layer 6 is an azo-dye (JJAP 37 {1998)
2084) having a refractive index nro = 2.44 - i.0.06 and a thickness dLO =
67 nm. The wavelength A of the focused laser beam 9 is 655nm. The following
reflection and transmission may be obtauied: RLO = 0.20, TLO = 0.72. In
Fig.8a the maximum reflectivity of a recording layer/auxiliary layer stack
is shown as a ftuiction of the refractive index nI of the auxiliary layer I
for five values of the recording layer's refractive index nLO is shown. The
dashed line indicates the 18% value for R. In Fig 8b the maximum
reflectivity of an auxiliary layer/recording layer stack I O as a function
of the refractive index ni of the auxiliary layer I for five values of the
recording layer's refractive index ni,o is shown. The dashed line indicates
the 18% value for R. In Fig. 9 an embodiment of the Lo 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 nIl Q1.8 and having a thickness dIl SJ~/2nIl, is present
between 15 the first metal reflective layer 11 and the transparent spacer
layer 4. Preferably dil <A/4n~1, 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 nLO = 2.44 - i.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)8o(SiOz)zo
(n=2.15): RLO = 0.28, TLO = 0.53 -10 nm Cu (n=0.23, k=3.7) and 20 nm
(ZnS)8o(SiOz)zo: RLO = 0.19, Ti,o = 0.62. In Fig.lOa a comparison between
the transmission of a recording Iayer/thin metal reflective layer stack
(nLO = 2.4, kt,o = 0.1, 10 nm Ag) and a recording layer/thin-metal 25
reflective layer/auxiliary-layer stack (nLO = 2.4, kLO = 0.1, 10 nm Ag, nI
= 2.1, dI = 50 nm) as a function of the recording layer thickness dLO is
shown. The dashed line indicates the 50% 



value for T. lii Fig.lOb the reflection as a function of the recording
layer thickness dLO for the stacks of Fig.lOa is shown. The dashed line
indicates the 18% value for R. 30 In Fig.l l the maximum factor (X) by
which the transmission of a recorduig layer/thin-metal reflective layer
stack can be increased when adding an auxiliary I-layer adj scent the metal
reflective layer as a function of the refractive index of the I-layer for
three values of metal Iayer thickness. The dashed lines indicate linear
approximations of the functions X(nI) in the range 1.8 <_ nI <_ 3.0.   WO
03/060895 PCT/IB03/00090 15 It may be advantageous to apply a transparent
heat sink in the Lo recording stack instead of or in addition to the
auxiliary layer(s). This may lead to improved recording performance due to
heat sink action. The types of Lo stack that can be used have been
described with Fig 7 and Fig. 9. In these two stack types an auxiliary,
i.e. dielectric layer, is 5 present to tune the reflection and transmission
values. Typical dielectric materials used are ZnS-Si02 or SiOz, etc. These
dielectric materials have poor heat conductivity, typically < 1 W/mK. An
improved heat sink function can be obtained by replacing the dielectric
with for instance ITO, HfN , 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 Ll 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 L1 recording layer 3 most remote from the entrance face 8.
The second metal reflective layer 15 has a thickness 15 dMl ~5 nm and dLl
is in the range of 0 < dLl S3a/4nLl. A third transparent auxiliary layer 16
(I3), having a refractive index n~ and having a thickness dI3 in the range
0 < dI3 S~/nn, is present adjacent the write-once type Ll recording layer 3
at a side of the write-once type Ll recording layer 3 closest to the
entrance face 8. 20 RLl is the intrinsic reflection of the Ll stack. The
effective reflection as defined in annex D of the DVD read-only-disk book
should be in the range 18% <_ RLleff 5 30% TLO is the intrinsic
transmission of the Lo stack, i.e. for the lower lying Lt stack having
intrinsic reflection RLi the effective reflection in a true dual-stack
medium will be 25 TLO2*RLi' The recording layer 3 is a 130 ri1ri thick
azo-dye (mat sc. and eng. B79 (2001) 45.) having a refractive index nLO =
2.44 - i.0.06. The wavelength ~ of the focused laser beam 9 is 655nm. The
fourth transparent auxiliary layer 16 is 50 nm Si02 (n = 1.44) and the
second metal reflective layer is 100 nm Ag. A'reflection RLl =0.73 is
achieved. 30 Figure 13 shows the intrinsic reflection of the Ll stack
design of Fig 12 as a function of the recording layer thickness (kLl =0.1 )
for three values of the refractive index nLi of the recording layer. The
dashed line indicates the 50% reflection level, wluch is a practical value
for the Ll intrinsic reflectivity.   WO 03/060895 PCT/IB03/00090 16 In
Fig.14 a schematic layout of an embodiment of the L1 stack of the optical
data storage medium 10 is shown. The symbols have the meaning as described
with Fig.2. A third metal reflective layer 17, having a thiclrness dM3 in
the range of 0 < dM3 ~5 nm, is present at a side of the write-once Ll
recording layer 3 closest to the entrance face 8 and dLi 5 is in the range
of 0 < dLi ~Al16nL1 or 7A/16nL1 <dLi SA/nLl. The second metal reflective
layer 15 has a thickness dMl Q25 nm. RLl is the intrinsic reflection of the
Ll stack. The effective reflection as defined in annex D of the DVD
read-only-disk book should be in the range 18% <_ RLieff ~ 30%. T~,o is the
intrinsic transmission of the Lo stack, i. e. for the lower lying Ll stack
having intrinsic reflection RLi 10 the effective reflection in a true
dual-stack medium will be TLOZ*RLi' The recording layer 3 is a 150 nm thick
azo-dye (JJAP 37 (1998) 2084.) having a refractive index r~~ = 2.44 -
i.0.06. The wavelength A of the focused laser beam 9 is 655nm. The third
metal reflective layer 17 is 15 nm Ag. A reflection RL1=0.8 is achieved. In
another embodiment (not drar~nz) a fourth transparent auxiliary layer I4,
15 having a refractive index nI4 and having a thiclrness dI4 in the range
of 0 < dI4 53a/I6nI4, may be present between the write-once Lt recording
layer and the second metal reflective layer 15. In the latter case the
recording layer 3 is a 5S inn thick azo-dye (JJAP 37 (1998) 2084.) having a
refractive index n~ = 2.44 - i.0.06. The wavelength ~ 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 Si02. A reflection RLl =0.63
is achieved. 



In Fig. 1 S the intrinsic reflection of the LI stack design of Fig. 14 as a
function of the recording thickness (kLl=0.1) for three values of the
refractive index nL1 of the recording layer is shown. The dashed line
indicates the 50% reflection level, which is a practical lower limit for
the Ll intrinsic reflectivity. 25 In Fig 16a a so-called type 1 medium is
described. An optical recording stack (I,o), 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 Lo stack. The spacer layer
4 either contains pregrooves (G) for Ll or pregrooves (G) for Ll are
mastered into the spacer layer 4 after application to Lo. Second recording
stack Ll 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 Ll, reflective at the laser wavelength, is applied
to a second transparent pre-grooved (G) substrate 1. This substrate 1 with
Lt is   WO 03/060895 17 PCT/IB03/00090 attached to the substrate 7 with ho
with a transparent spacer layer 4 in between. Preferred spacer-layer
thickness for both disc types is 40 ~.m to 70 ~,m. The stacks proposed in
this document are not restricted to use in DVD+R-DL and can be applied in
any (multi-stack) organic-dye based optical recording medium. The 5
thickness and optical constant ranges specified, however, are such as to
meet the requirements for an Lo- and Ll-stack of a DVD+R-DL medium. It
should be noted that the actual recording of marks does not necessarily
take place in the groove G but may take place 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
Lo recording layer with an absorption k~ and a second recording stack named
Lt comprising a write-once type Ll 25 recording layer with an absorption
kLl. The first recording stack Lo has an optical reflection value RLO and
an optical transmission value T~ and the second recording stack has an
optical reflection value RLI. 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 ~f~ 50.75 and 0.40 ~Li <_0.80
and kLO < 0.3 and kLl < 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.   WO 03/060895 18 CLAIMS:
PCT/IB03/00090 1. A dual-stack optical data storage medium (10) for
write-once recording using a focused radiation beam (9) having a wavelength
A and entering through an entrance face (8) of the medium (10) during
recording, comprising: - at least one substrate (1, 7) with present on a
side thereof - a first recording stack (2) named Lo, comprising a
write-once type Lo recording layer (3) having a complex refractive index
ni,o = n~,o - i.k~,o and having a thickness dLO, said first recording stack
Lo having an optical reflection value Rt,o and an optical transmission
value TI,o, 



- a second recording stack (5) named Ll comprising a write-once type Ll 10
recording layer (6) having a complex refractive index nLl = nL~ - i.kLl and
having a thickness dLl, said second recording stack Ll having an optical
reflection value RLI, a11 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 transparent 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 <fLO 50.75
and 0.40 ~Ll <_0.80 and kLO < 0.3 and kLl < 0.3. 20 2. A dual-stack optical
data storage medium as claimed in claim 1, wherein A is approximately 655
nm. 3. A dual-stack optical data storage medium as claimed in claim 1 or 2,
wherein for the write-once Lo recording layer the following conditions are
fulfilled n 1,0 ~.5 and dLO is 25 in the range of )JBnLO <_dL,o ~T/BnLO or
SN8nLO <dio 57N8nLO. 4. A dual-stack optical data storage medium as claimed
in claim 1 or 2, wherein a first metal reflective layer, having a thickness
dM~ S25 nm, is present between the write-once Lo recording layer and the
transparent spacer layer and dLO is in the range of A/8nryo ~'dLO S   WO
03/060895 PCT/IB03/00090 19 SNBnLO. S. A dual-stack optical data storage
medium as claimed in claim 4, wherein a first transparent auxiliary layer
I1, having a refractive index nii ~I.8 and having a thiclcness S d11
<_N2nrl, 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 dIl <_ N4nIl. 10 7. A dual-stack optical data
storage medium as claimed in claim 1 or 2, wherein a second transparent
auxiliary layer I2, having a re&active index n~ and having a thickness du
in the range of 0 < do 53 NBn~,, is present at a side of the write-once Lo
recording layer and di,o is in the range of NBni,o Sd.LO ~NBnLO or SN8nt,o
Sdz,o S7N8nLO. 1 S 8. A dual-stack optical data storage medium as claamed
in claim 7, wherein 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 n~ _<nLO/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 n~ ~nLO/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 Ll recording layer (3) most remote from the entrance face
(8). 11. A dual-stack optical data storage medium as claimed in claim 10,
wherein the second metal reflective layer (15) has a thickness dMl Q25 nm.
30 I2. A dual-stack optical data storage medium as claimed in claim 11,
wherein d~,l is in the range of 0 < dL~ ~N4nLl. 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 nI3 and having a
thickness   WO 03/060895 20 PCT/IB03/00090 di3 11 the range 0 < dI3 SNni3,
is present adjacent the write-once type L1 recording layer (3) at a side of
the write-once type Ll recording layer closest to the entrance face (8).
14. A dual-stack optical data storage medium as claimed in claim 11,
wherein a 5 third metal reflective layer {17), having a thickness dM3 in
the range of 0 < dMS <-2~' S nm, is present at a side of the write-once Ll
recording layer (3) closest to the entrance face (8) and dL1 is in the
range of 0 < dLl <SA/l6nL~ or 7a/16nL1 <_dLi <NnLI. 15. A dual-stack
optical data storage medium as claimed in claim 12 or 14, 10 wherein a
fourth transparent auxiliary layer I4, having a refractive index nI4 and
having a thickness dI4 in the range of 0 < dra <~' ~I16ni4, is present
between the write-once Ll recording layer (3) and the second metal
reflective layer (15). 16. A dual-stack optical data stor age medium as
claimed in claim 13, wherein a 15 fourth transparent auxiliary layer I4,
having a refractive index nI4 and having a thickness dIa in the range of 0
< dra S3~/l6nIq, is present between the write-once Ll 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 nI5 and having a thickness d~
in the range of 0 < dI5 c~7,/16nI5, is present adjacent the third metal
reflective layer (17) at a side of the thud metal reflective layer closest
to the entrance face (8). 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 Ll 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 Ll is provided in the
substrate (1). 
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