
Master substrate and method of manufacturing a
high-density relief structure FIELD OF THE INVENTION
The present invention relates to a master substrate
and to a method of manufacturing a high-density relief
structure. BACKGROUND OF THE INVENTION Relief
structures that are manufactured on the basis of
optical processes can, for example, be used as a
stamper for the mass-replication of read-only memory
(ROM) and pre-grooved write-once (R) and rewritable
(RE) discs. The manufacturing of such a stamper, as
used in a replication process, is known as mastering.
In conventional mastering, a thin photosensitive
layer, spincoated on a glass substrate, is illuminated
with a modulated focused laser beam. The modulation of
the laser beam causes that some parts of the disc are
being exposed by UV light while the intermediate areas
in between the pits remain unexposed. While the disc
rotates, and the focused laser beam is gradually
pulled to the outer side of the disc, a spiral of
alternating illuminated areas remains. In a second
step, the exposed areas are being dissolved in a
so-called development process to end up with physical
holes inside the photo-resist layer. Alkaline liquids
such as NaOH and KOH are used to dissolve the exposed
areas. The structured surface is subsequently covered
with a thin Ni layer. In a galvanic process, this
sputter-deposited Ni layer is further grown to a thick
manageable Ni substrate with the inverse pit
structure. This Ni substrate with protruding bumps is
separated from the substrate with unexposed areas and
is called the stamper. ROM discs contain a spiral of
alternating pits and lands representing the encoded
data. A reflection layer (metallic or other kind of
material with different index of refraction
coefficient) is added to facilitate the readout of the
information. In most of the optical recording systems,
the data track pitch has the same order of magnitude
as the size of the optical readout/write spot to
ensure optimum data capacity. Compare for example the
data track pitch of 320 nm and the 1/e spot radius of
305 nm (1/e is the radius at which the optical
intensity has reduced to 1/e of the maximum intensity)
in case of Blue-ray Disc (BD). In contrary to
write-once and rewritable optical master substrates,
the pit width in a ROM disc istypically half of the
pitch between adjacent data tracks. Such small pits
are necessary for 



optimum readout. It is well known that ROM discs are
read out via phase-modulation, i.e. the constructive
and destructive interference of light rays. During
readout of longer pits, destructive interference
between light rays reflected from the pit bottom and
reflected form the adjacent land plateau occurs, which
leads to a lower reflection level. Mastering of a pit
structure with pits of approximately half the optical
readout spot typically requires a laser with a lower
wavelength than is used for readout. For CD/DVD
mastering, the Laser Beam Recorder (LBR) typically
operates at a wavelength of 413 nm and numerical
aperture of the objective lens of NA=0.9. For BD
mastering, a deep UV laser with 257 nm wavelength is
used in combination with a high NA lens (0.9 for
far-field and 1.25 for liquid immersion mastering). In
other words, a next generation LBR is required to make
a stamper for the current optical disc generation. An
additional disadvantage of conventional photoresist
mastering is the cumulative photon effect. The
degradation of the photo-sensitive compound in the
photoresist layer is proportional to the amount of
illumination. The sides of the focused Airy spot also
illuminates the adjacent traces during writing of pits
in the central track. This multiple exposure leads to
local broadening of the pits and therefore to an
increased pit noise (jitter). Also for reduction of
cross-illumination, an as small as possible focused
laser spot is required. Another disadvantage of
photoresist materials as used in conventional
mastering is the length of the polymer chains present
in the photoresist. Dissolution of the exposed areas
leads to rather rough side edges due to the long
polymer chains. In particular in case of pits (for
ROM) and grooves (for pre-grooved substrates for
write-once (R) and rewritable (RE) applications) this
edge roughness may lead to deterioration of the
readout signals of the pre-recorded ROM pits and
recorded R/RE data. As mentioned, the high-density
relief structure can for example be used for the
replication of optical discs. The data, encoded in
pits of different length, is readout via phase
modulation. The pit shape, in particular the pit
depth, is optimized to obtain optimum readout
characteristics. For BD-ROM discs, the pit depth is
typically around 80 nm. An as steep as possible wall
is preferred, angles between 60 and 80 degrees are
pursued. It is an object of the invention to provide a
master record that develops to a high-density relief
structure with pits that are characterized by steep
walls.SUMMARY OF THE INVENTION 



The above objects are solved by the features of the
independent claims. Further de-velopments and
preferred embodiments of the invention are outlined in
the dependent claims. According to the present
invention, a master substrate for optical recording is
provided comprising a substrate layer, a first
recording layer and a second recording layer above the
substrate layer, and an interface layer between the
first recording layer and the second recording layer,
the recording layers comprising a phase-change
material, the properties with respect to chemical
agents of which may be altered due to a phase-change
induced by projecting light on the recording layers.
The phase change is particularly induced by the heat
deposited due to the projected light. Generally,
phase-change materials have a rather high absorbance.
This absorption of light is required to enable melting
of the recording layer for mark formation. A
phase-change layer of more than 50 nm thickness is
optically closed, meaning that only a small amount of
the incident light reaches the bottom. As a
consequence, the temperature profile decays with the
depth of the layer. The molten area has therefore a
conical shape, the deeper in the layer, the narrower
the amorphous area. After dissolution in a developer,
a pit remains with small wall angles. The readout of
the shortest pits, a 2T, T being the channel bit
length, in case of BD-ROM, is then hampered and leads
to a deterioration of the recovery of the encoded
data. In this context, it is mentioned that a
significant improvement of the data quality was
achieved by applying a thin metallic interface layer
in between the photoresist and substrate in case of
conventional mastering. The metallic layer also
improved the wall steepness of the formed pits. Now,
on the basis of the present invention, a relief
structure with deep pits having steep walls can be
provided. The recording materials are preferably
so-called fast-growth phase-change materials,
preferably of the composition: SnGeSb (Sn18.3 - - Sb
9.2 (At %)) or Sb2Te doped with In, Ge etc, such as
InGeSbTe. A data pattern is written in this recording
layer that can be transformed to a relief structure
via etching. The thickness of the recording layers is
between 5 and 40 nm, preferably between 10 and 15 nm.
According to a preferred embodiment, an interface
layer is provided below the second recording layer.
The interface layers are etchable as well. The
thickness is between 5 



and 50, preferably between 10 and 15 nm. The preferred
material is ZnS-SiO2. The present invention is
realized with embodiments, wherein a stack of n pairs,
n > 2, of recording layers and associated interface
layers is provided. By more than tworecording layer,
e.g. three recording layer, deeper pit can be achiever
that still provide the desired wall steepness.
Preferably, a heat-sink layer is provided directly on
top of the substrate. The heat sink-layer is
preferably made from metal. The metallic layer serves
as heat sink layer to remove the heat during recording
to enable melt-quenching. Suitable metals are Ag, Al,
etc. The preferred layer thickness is between 15 and
150 nm. According to one embodiment of the present
invention, the phase-change material of the first and
the second recording layers is the same. In this case,
the molten area created in the second recording layer
is smaller than that created in the first recording
layer. The re-crystallization of the amorphous mark is
more or less similar in both recording layers. After
etching, a pit remains with a staircase wall. This pit
shape is very suitable for multi level recording.
According to a further embodiment, the phase-change
materials of the first and the second recording layers
are different. On the basis of a variation of the
properties of the phase-change materials, the shape of
the pits can be modified. For example, the
phase-change material in the first recording layer is
of a faster type than the phase-change material in the
second recording layer. The molten area created in the
second recording layer is smaller but is subjected to
less re-crystallization. The molten area in the first
recording layer is larger but the amorphous mark is
subjected to more re-crystallization. The result is an
amorphous mark of approximately the same size in both
the first and second recording layer. After etching, a
pit remains with a very steep wall. According to
another example, the phase-change material in the
first recording layer is of a slower type than the
phase-change material in the second recording layer.
The molten area created in the second recording layer
is smaller and is also subjected to more
recrystallization. The molten area in the first
recording layer is larger and is also subjected to
less re-crystallization. The amorphous mark in the
first recording layer is then substantially larger
than that in the second recording layer. After
etching, a pit remains with a staircase 



wall. This pit shape is very suitable for multi-level
recording. According to a still further example, the
melt-temperature of the phase-change material in the
first recording layer is higher than the
melt-temperature of the phase-change material in the
second recording layer. The molten area in the first
recording layer is then substantially smaller than
that in the second recording layer. After
re-crystallization, the amorphous mark in the first
recording layer is of approximately the same size as
that in the second recording layer. After etching, a
pit remains with a very steep wall.It is also possible
that the melt-temperature of the phase-change material
in the first recording layer is lower than the
melt-temperature of the phase-change material in the
second recording layer. The molten area in the first
recording layer is then substantially larger than that
in the second recording layer. After
re-crystallization, the amorphous mark in the first
recording layer is substantially larger than that in
the second recording layer. After etching, a pit
remains with a staircase wall. This pit shape is very
suitable for multi-level recording. The present
invention is also directed to a method of
manufacturing a high density relief structure on a
master substrate, the master substrate comprising a
substrate layer, a first recording layer and a second
recording layer above the substrate layer, and an
interface layer between the first recording layer the
second recording layer, the recording layers
comprising a phase-change material, the method
comprising the step of projecting light on the
recording layers, thereby altering the properties with
respect to chemical agents of the recording layers due
to a phase-change of the recording layers. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 shows a schematic
cross section through a master substrate according to
the present invention; Figure 2 shows a data pattern
written on a master substrate using a first laser
power according to the present invention in two
different representations; Figure 3 shows a data
pattern written on a master substrate using a second
laser power according to the present invention in two
different representations; Figure 4 shows an enlarged
image of a pit written with the second laser power;
Figure 5 shows a data pattern written on a master
substrate according to the 



present invention in two different representations;
Figure 6 shows a diagram for comparing a single
recording layer to a recording stack according to the
present invention with respect to recording depth and
mark width. DESCRIPTION OF PREFERRED EMBODIMENTS The
top layer of the recording stack is a protection layer
10 made of a material that well dissolves in
conventional developer liquids, such as KOH and NaOH.
The protection layer is preferably made from ZnS-SiO2
or photoresist. The protection layer should be
resistant to the high recording temperature of around
600-700 C in case ofamorphous writing. The layer
thickness is between 5 and 100 nm, preferably between
10 and 25 nm. Underneath the protection layer 10, a
first recording layer 12 is provided. The recording
materials are preferably so-called fast-growth
phase-change materials, preferably of the composition:
SnGeSb (Snis.3 - Gei2.6 - Sb 9.2 (At %)) or Sb2Te
doped with In, Ge etc., such as InGeSbTe. A data
pattern is written in this recording layer 12 that can
be transformed to a relief structure via etching. The
thickness of the recording layer 12 is between 5 and
40 nm, preferably between 10 and 15 nm. The first
recording layer 12 is followed by an interface layer
14 which is then followed by a second recording layer
16. This second recording layer 16 has comparable
properties as the first recording layer 12; it is also
possible that the recording layers 12 and 16 are
different. The second recording layer 16 may be
followed by a second interface layer 18. The interface
layers are etchable as well. The thickness of the
interface layers is between 5 and 50, preferably
between 10 and 15 nm. The preferred material is
ZnS-SiO2. The two pairs of recording layers 12, 16 and
interface layers 14, 18 can be followed by one or more
further pairs of recording layers 20 and interface
layers 22. This stack is followed by a metallic layer
24 that serves as a heat sink layer to remove the heat
during recording to enable melt-quenching. Suitable
metals are Ag, Al, etc. The preferred layer thickness
is between 15 and 150 nm. The number of recording
layers and interface layers can be increased, a
formulation for such a multi-layer stack is C(PI)nM,
with C: protection layer; P: recording layer; I :
interface layer; M: metallic layer; n > 2. The whole
stack is carried by a substrate 26. Figures 2 to 5
show the result of experiments that have been
performed on a 



C(PI)n=3M-stack, where the protection layer was a
photoresist having a thickness of 25 nm, the recording
layers were made of InGeSbTe with a thickness of 10
nm, and the interface layers were made OfZnS-SiO
having a thickness of 10 nm. The metallic layer was
made from Ag having a thickness of 100 nm. The
phase-change layers were made crystalline with an
initializer prior to mastering. Several write
strategies have been used including an N-I write
strategy, i.e. a strategy using N-I write pulses for a
mark having the length of N times the channel bit
length T. Short pulses were used to write amorphous
marks in the crystalline layers. The disc has been
developed with 10 % NaOH for 5 minutes. Figure 2 shows
a data pattern written on a master substrate using a
first laser power according to the present invention
in two different representations. The marks were
written with an N-I strategy and with a rather low
write power of 30 ILV (ILV = absolute laser power).
Under these conditions very small marks appear in the
recording stack. After development with 10 % NaOH, 13
nm deep pits remain. An atomic force microscopy
(AFM)picture of these pits is given in the lower part
of Figure 2. The upper image is a cross section
through the image at the black line, i.e. along the
direction of recording. The arrows in the upper and
the lower representations point to corresponding
points. Figure 3 shows a data pattern written on a
master substrate using a second laser power according
to the present invention in two different
representations. In this experiment, a higher write
power is applied, namely ILV = 40 and higher. Now the
amorphous marks extend to the second recording layer
as well which can be recognized in the two
representations of Figure 3. Again, the lower
representation i s an image on the basis of a surface
scan, and the upper representation is a cross-section
through the image along the black line. The pits are
characterized by a typical shape. As explained before,
the absorption decays with depth. Therefore, the
molten area in the upper recording layer is larger
than in the lower recording layer. The partially
overlapping amorphous marlcs cause recrystallization
of the previously written amorphous material in the
leading part of the mark, an effect that has been
observed for too fast phase-change materials o r too
low recording velocities (the well-known
re-crystallization during write). The amorphous area
in the lower recording layer is smaller, but has a
similar shape. The width of the mark at the leading
part is smaller than in the upper recording layer. In
this case, the re-crystallization leads to 



complete erasure of the leading part of the mark in
the lower recording layer. The trailing part of the
mark in both, the upper and lower recording layers, is
hardly re-crystallized. After development, a two-level
pit remains. Figure 4 shows an enlarged image of a pit
written with the second laser power. The depth of the
shallow leading part is 13 nm, which is similar to the
pits obtained at low write power. This means that the
depth resembles the thickness of the first recording
and interface layer after etching. Figure 5 shows a
data pattern written on a master substrate according
to the present invention in two different
representations. The right representation is a surface
scan, the left representation is a cross-section
through the right image at the dashed line in the
radial direction. Again, the two-level structure is
visible. The thermal response is symmetric in the
radial direction, which explains the absence of the
shallow part. Figure 6 shows a diagram for comparing a
single recording layer to a recording stack according
to the present invention with respect to recording
depth and mark width. Consider a recording stack in
which the phase-change composition of the first
recording layer is similar to that of the second
recording layer. The molten area in the first
recording layer is larger than that in the second
layer because of the absorption effect. This
isillustrated in Figure 6 in which the calculated
relative mark width is shown for a recording stack
with two 20 nm phase-change layers that are separated
by a 20 nm interface layer. The mark width in
recording in the first recording layer is larger than
in the second recording layer because of the
absorption effect. The results for a 60 nm thick
phase-change layer are also plotted in Figure 6.
Please notice that the light enters the stack at z=60
nm. Thus, the broadest mark is written at 60 nm, the
mark becomes smaller for locations deeper in the stack
(z=10 nm). The calculations show no mark formation
deep in the thick (60nm) recording layer, which is in
agreement with the expectations. The multi-layer stack
on the contrary shows indeed mark formation in the
second (deeper) recording layer. From these
calculations, it is clear that with the proposed
multi- layer stack, deeper and steeper pits can be
made. The mark shape in the first and second recording
layer can be controlled by using two phase-change
compositions of different melting temperature. The
mark shape in the first and second recording layers
can further be 



controlled by the crystallization mechanism. If the
growth velocity of the phase-change material in the
second recording layer is much slower than that of the
composition of the first recording layer, the
re-crystallization is less, thereby resulting in a
larger amorphous mark. If the re-crystallization is
controlled via the crystallization velocity of the
material compositions, a very steep wall angle can be
obtained. Also the staircase behavior can be more
emphasized if the controlled re-crystallization of the
second recording layer is exploited. Thus, in this
case a faster phase-change material is used for the
deeper recording layer. The interface layers have no
absorption resulting in less heat accumulation in the
stack and deeper marks can be written. Furthermore,
the phase-change layers are used as masks to etch the
underlying interface layer. The layer thickness and
the optical properties can be optimized to maximize
the slope of the pits. With steeper walls deeper pits
can be obtained. Equivalents and modifications not
described above may also be employed without departing
from the scope of the invention, which is defined in
the accompanying claims.CLAIMS: 1. A master substrate
for optical recording comprising: a substrate layer
(26), a first recording layer (12) and a second
recording layer (16) above the substrate layer (26),
and an interface layer (14) between the first
recording layer (12) and the second recording layer
(16), the recording layers (12, 16) comprising a
phase-change material, the properties with respect to
chemical agents of which may be altered due to a
phase-change induced by projecting light on the
recording layers. 2. The master substrate according to
claim 1, wherein an interface layer (18) is provided
below the second recording layer (16). 3. The master
substrate according to claim 1, wherein a stack of n
pairs, n > 2, of recording layers and associated
interface layers is provided. 



4. The master substrate according to claim 1, wherein
a heat-sink layer (24) is provided directly on top of
the substrate (26). 5. The master substrate according
to claim 1, wherein a protection layer (10) is
provided on top of the first recording layer (12). 6.
The master substrate according to claim 1, wherein the
phase-change material of the first and the second
recording layers (12, 16) is the same. 7. The master
substrate according to claim 1, wherein the
phase-change materials of the first and the second
recording layers (12, 16) are different.8. The master
substrate according to claim 7, wherein the
phase-change material in the first recording layer
(12) is of a faster type than the phase-change
material in the second recording layer (16). 9. The
master substrate according to claim 7, wherein the
phase-change material in the first recording layer
(12) is of a slower type than the phase-change
material in the second recording layer (16). 10. The
master substrate according to claim 7, wherein the
melt-temperature of the phase-change material in the
first recording layer (12) is higher than the
melt-temperature of the phase-change material in the
second recording layer (16). 11. The master substrate
according to claim 7, wherein the melt-temperature of
the phase-change material in the first recording layer
(12) is lower than the melt-temperature of the
phase-change material in the second recording layer
(16). 12. A method of manufacturing a high density
relief structure on a master substrate, the master
substrate comprising a substrate layer (26), a first
recording layer (12) and a second recording layer (16)
above the substrate layer (26), and an interface layer
(18) between the first recording layer (12) and second
recording layer (16), the recording layers comprising
a phase-change material, the method comprising the
step of projecting light on the recording layers (12,
16), thereby altering the properties with respect to
chemical agents of the recording layers due to a
phase-change of the recording layers. 13. A method of
producing an optical data carrier using a relief
structure produced on the basis of a master substrate
according to any of claims 1 to 11. 


