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A method of manufacturing a recording
master, whereby at least a layer (6) of photosen-
sitive material is provided on a substrate (2), is
subsequently irradiated at selected locations with
a light beam, and is then developed so as to en-
dow it with localised depressions at the irradiated
locations, a film (4) of dielectric material being
disposed between the substrate (2) and the photo-
sensitive material (6), whereby irradiation induces
an optical standing wave of average intensity Ya

in at least the photosensitive layer (6), the phase
of which wave is thus embodied by choice of the
thickness of the dielectric film (4) that its inten-
sity Y; at the interface (14) between the layer (6)
and the film (4) exceeds Y,.
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"Recording master, and optically-readable data carrier derived therefrom"

The invention relates to a method of manufacturing a recording master,
whereby at the least a layer of photosensitive material is provided on a substrate, is
subsequently irradiated at selected locations with a light beam, and is then developed so as to
endow it with localised depressions at the irradiated locations.

The invention also relates to a recording master manufactured using such
a method.

The invention further relates to a novel optically-readable data carrier

derived from such a recording master.

A method as hereabove described is elucidated in the publication
"Polymers in Information Storage Technology", Plenum Press, New York (1989), ISBN 0-
306-43390-7, in particular in the contribution by P.E.J. Legierse and J.H.T. Pasman, pp
155-172. In the method therein discussed, the employed layer of photosensitive material is
deposited directly onto a surface of a glass substrate, and is then selectively irradiated with a
focused laser beam at the side of the photosensitive layer remote from the substrate.

The layer of photosensitive material (photoresist) comprises, for example,
an alkaline-soluble polymer (such as novolak) which is rendered insoluble by a light-sensitive
dissolution inhibitor (such as O-naphthoquinonediazide). When locally irradiated with photons
(preferably at ultra-violet or blue wavelengths), this light-sensitive component undergoes
local decomposition into an alkaline-soluble reaction product (in this case, 3-indenecarboxylic
acid). Locally irradiated regions can thus be dissolved in alkaline solution, causing formation
of localised depressions in the photosensitive layer (the so-called development process).
Irradiation with a sharply focused laser beam (from, for example, an Ar-ion or He-Cd laser)
can result in final depressions with relatively small in-plane widths. For example, data-bit
depressions in Compact Disc (CD) masters are typically embodied as elongated pits having a
width of about 500 nm, a depth of about 150 nm, and variable length.

An inherent problem in this known method concerns the geometrical form

of the localised depressions resulting from the development procedure. Suppose, for
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example, that a focu#ed laser beam is used to project a small circular light-spot onto the
surface of the photosensitive layer. As a result of well-known diffraction effects, such a spot
in fact comprises a central bright disc (the so-called Airy disc) surrounded by a series of
faint concentric rings. The light intensity distribution across this Airy disc is not uniform, but
Gaussian. As a result, the central regions of the disc contain a much larger light dose than
the outer regions. During subsequent development of the irradiated region, the rate of
development at a given locality is observed to be proportional to the degree of previous
irradiation of that locality. Consequently, the centre of the irradiated region develops much
more rapidly than its outskirts. Penetrative development through the photosensitive layer
towards the substrate therefore proceeds more rapidly at the centre of the irradiated region
than at its edges, so that the depth of the resulting depression is correspondingly greater at its
centre than at its outer reaches (see Figure 3, for example). In a conventibnally manufactured
master, the delimiting walls of such a depression are characteristically gently tapering.

Such gently tapering depression geometry is actually an undesirable
occurrence in a recording master, since it negatively influences the surfacial definition and
packing density of such depressions on the master surface. Ideal master depressions should
have steep walls, so that their width w, (in a given local direction) does not vary
substantially throughout their depth; such depressions can then be disposed on the master
surface with optimal surfacial density. In contrast, in the case of gradually tapering
depressions having a base-width w,,, the depression’s corresponding surfacial width w, will
significantly exceed w,, so that the maximum achievable surfacial density of such
depressions within a given area will be substantially smaller than in the ideal case above. The

gentler the degree of tapering, the lower will be this surfacial density.

It is an object of the invention to provide a recording master having
localised surfacial depressions with relatively sharply tapering walls.

This and other objects are achieved in a method according to the opening
paragraph, characterised in that a film of dielectric material is disposed between the substrate
and the photosensitive material, whereby irradiation induces an optical standing wave of
average intensity Y, in at least the photosensitive layer, the phase of which wave is thus
embodied by choice of the thickness of the dielectric film that its intensity Y; at the interface
L4 between the layer and the film exceeds Y,.

The quantity Y, is here defined to be the arithmetic average of the local
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maximum intensity (Y ) and local minimum intensity (Y.) of the standing wave. The
wavelength A of the standing wave is defined as the (extrapolated) separation of two
consecutive local intensity maxima or intensity minima.

In the absence of a standing wave, an irradiating light beam in the (thin
and transparent) photosensitive layer would have an essentially constant intensity as a
function of penetration depth. In the presence of an optical standing wave, however, an
intensity-modulation is superimposed upon this constant (background) intensity, so that,
within a given irradiased region, the resultant light intensity is no longer independent of
penetration depth. By stipulating that Y; > Y, the standing wave provides the boundary of
the photosensitive layer nearest to the substrate with a relative surplus of light intensity,
thereby increasing the degree of exposure of the lower regions of the photosensitive material.
As a result, when the irradiated region is subsequently developed, the rate of penetrative
development from the surface of the photosensitive layer in the direction of the substrate will
be considerably increased, causing much steeper delimiting walls in the resulting localised
depression.

A key insight behind the invention is that, by incorporating a dielectric
film of arbitrary thickness d between the photoresist and the substrate, the phase of a
standing wave occurring between the air/photoresist interface and interface I, is made
variable. Appropriate adjustment of the thickness d can thus be used to advantageously
change the relative position of a local maximum of the standing wave with respect to the
interface 4.

The chosen thickness of the dielectric film will determine the exact
interfacial value of Y, in a particular situation. Optimal thicknesses for various different
dielectric materials and irradiation wavelengths have been determined by the inventors using
numerical caiculation techniques, and subsequently experimentally investigated in mastering
tests. Diffraction measurements performed on the resulting masters have verified that the
wall profile of the localised depressions in the photosensitive layer becomes markedly steeper
with increasing proximity of the interface [,4 to a local maximum of the standing wave.

If so desired, it is of course also possible to arrange the phase of the
standing wave in such a way as to position a local intensity maximum at some location other
than in the vicinity of the aforementioned interface L4. Such phase adjustment can be
achieved by suitable variation of the thickness of the dielectric film.

It should be noted that the inventive method allows the provision of

various additional layers between the substrate and the dielectric film, if required. Such
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additional layers may fulfil the role of, for example, diffusion barriers, adhesion improvers,
etc. Similarly, the inventive method allows the dielectric film itself to be composite, as long
as its full perpendicular extent is optically transparent at the employed irradiating
wavelength.

A preferential embodiment of the method according to the invention is
characterised in that the dielectric material is thus selected that its refractive index is smaller
than that of the photosensitive material (at the irradiating wavelength). In such a situation,
numerical calculations show that it is possible to accurately position a standing wave
maximum exactly at the interface Lpd. On the other hand, in a situation whereby the
refractive index of the dielectric film exceeds or equals that of the photosensitive layer (at the
irradiating wavelength), numerical calculations reveal that a strict intensity maximum cannot
be placed at the said interface, though it is possible to obtain a "near-maximum" there (with
an intensity in the approximate range 70-90% of local maximum intensity).

Suitable dielectric materials for use in the inventive method include Y,0j,
Si0,, Al,04, Si3Ny, and fluorides such as MgF,, BaF,, LiF and NaF, as well as.mixtures of
these materials. These widely-used dielectrics are easy to apply (for example, via sputter
deposition or vapour deposition, in an atmosphere of oxygen, nitrogen or fluorine), are
relatively inexpensive, have good adhesive properties, and exhibit satisfactory corrosion-
resistant characteristics.

Particularly satisfactory results are obtained when the inventive method is
employed in conjunction with a vitreous substrate. The principal advantage of such a
substrate is its transparency: employment of a non-transparent substrate will
disadvantageously result in the occurrence of an interference minimum at the substrate’s
interface with the overlying dielectric layer, thereby complicating the task of achieving the
desired standing wave maximum at the interface L 4. This consideration, however, does not
absolutely preclude the employment of substrate materials other than glass, e.g. various
metals (such as Cu), oxidic compounds (such as Al,05), and semi-conductors (such as Si).

The wavelength A of a standing wave in accordance with the invention is
typically 140-160 nm (in the case of irradiation with an Ar-ion laser of wavelength 458 nm),
and typical values of the ratio (Y, - Y,)/Y, lie approximately in the range 0.1-0.5 (e.g. 0.1
for a SiO, dielectric and 0.5 for a Si;N, dielectric).

Once the inventive method has been employed to selectively endow the
photosensitive layer with well-defined, sharp-walled depressions, a number of additional

process steps can be enacted to produce a so-called recording matrix. More detailed
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information with regard to such matrices can be found in United States Patent US 4,650,735.

Exemplary process steps as hereabove referred to include:

(D

(2)

3)

4)

Provision of the exposed face of the photosensitive layer with a thin electrically
conductive film which accurately follows the topographical contours of the
various depressions in the said face. Such a film must be provided by an
electroless procedure (such as sputter deposition, vapour deposition or
deposition from a plating solution comprising metal ions and a reducing agent),
since the material of the photosensitive layer is generally not an electrical
conductor. The film need only be a few nanometers thick, and can comprise
materials such as Ag, Ni or‘ TiNi;

Subsequent provision of a relatively thick metallic layer on the said electrically
conductive thin film. Such a metallic layer is typically (at least) several microns
thick, and usually comprises Ni. Since the underlying film is electrically
conductive, the metallic layer may be provided by an electrolytic procedure;
Separation of the photosensitive layer from the assembly of materials provided
thereon in steps (1) and (2). After separation, the newly-exposed face of the
said assembly demonstrates a surfacial pattern of localised topographical
elevations which is a negative image of the pattern of depressions present in the
original photosensitive layer. Such a patterned assembly is referred to as a
father matrix;

If so desired, subsequent manufacture of a so-called mother matrix from the
father matrix produced in step (3). In an exemplary procedure for producing
such a mother matrix, the thin electrically conductive film originating from step
(1) is first removed from the father matrix, after which the thereby newly
exposed surface of the underlying metallic layer is passivated by oxidation. A
relatively thick layer of Ni is then electrolytically deposited on this oxidised
surface, and subsequently separated therefrom. This deposited layer of Ni will,
after separation, demonstrate a surfacial pattern of localised topographical
depressions which is a negative image of the pattern of elevations present in the
father matrix, but a positive image of the pattern of depressions present in the

original photosensitive layer.

Such processes can, if so desired, be repeated so as to obtain further matrices (so-called son

matrices).

It is a further object of the invention to provide an optically-readable data
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carrier in which data are stored with exceptionally high resolution, being represented by very
sharply-defined localised topographical variations (such as pits or bumps). Moreover, it is an
object of the invention that such improved resolution may, if so desired, be accompanied by
an increased surfacial packing density of the said topographical variations on the surface of
the data carrier, thereby yielding increased recording density.

These and other objects are achieved according to the invention in an
optically-readable data carrier comprising a substrate, a surface S, of which is provided with
a slave pattern of localised topographical variations corresponding to recorded data bits, upon
which surface is disposed at least a metallic reflection layer, characterised in that the said
slave pattern is an impressed positive or negative image of a master pattern of localised
depressions present in a recording master manufactured in accordance with the inventive
method hereabove elucidated. The said substrate may comprise, for example, vitreous,
metallic, or polymeric materials; polycarbonates are particularly suitable materials for this
purpose.

The impressed positive or negative image referred to in the preceding
paragraph can be obtained with the aid of a matrix (father, mother or son) as hereabove
described. As elucidated in the above-cited article by Legierse and Pasman, in particular pp
156-157, there are several methods by which such a matrix can be used to impress a
recording pattern in a layer of synthetic material, including such methods as photo-
polymerisation moulding, compression moulding and injection moulding. The nature of the
whole mastering process is such that the excellent definition of the localised topographical
variations created in the original photosensitive layer using the inventive method remains
satisfactorily preserved in any subsequently manufactured matrices, and ultimately in the
final data carrier itself. In this manner, the inventive method makes possible the manufacture
of a novel data carrier having exceptionally high data bit resolution, with the possibility of a
significantly increased data storage density. In principle, well-defined pits having an
approximate width of 200-350 nm (at half-depth) and a wall-floor angle of 50-70° (at the
steepest point) are attainable with the inventive techniques here discussed.

The provision of a metallic reflection layer on the surface S, allows the
efficient reflection of a focused light beam therefrom. Such a light beam may impinge on the
reflection layer from the side of the carrier remote from the substrate. Alternatively, in the
case of a transparent substrate, the light beam may be directed at S, through the substrate
itself. In both cases the light beam will, if appropriately scanned along the surface S,

encounter the various topographical variations therein. Conventionally, such variations are
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embodied as pits or bumps, and have a depth (i.e. linear dimension perpendicular to S;) of
mA/4n, where \ is the wavelength of the employed light beam, n is the refractive index of
the medium from which that light impinges on the reflection layer, and m is an odd integer.
Such an embodiment allows recorded information to be discriminated on the basis of well-
known phase-difference effects.

The data carrier may be embodied as a disc, tape or card, either single-
sided or double-sided. A double-sided carrier may, for example, be manufactured by fixing
two single-sided carriers to one another, back-to-back. In the case of a disc, a so-called guide
groove (servo track) may also be provided in a surface of the disc, to facilitate systematic
retrieval of recorded information using a steered light beam. Such a guide groove can be

impressed into the disc surface with the aid of a matrix endowed with a fine spiral pattern.

The invention and its attendant advantages will be further elucidated with
the aid of exemplary embodiments and the following schematic drawings, not all of uniform
scale, whereby:

Figure 1 cross-sectionally depicts part of a substrate which has been
directly coated with a layer of photoresist material;

In Figure 2, the subject of Figure ! is undergoing localised irradiation
with a focused laser beam;

Figure 3 depicts the irradiated subject of Figure 2 subsequent to its
development in an alkaline solution;

Figure 4 renders a partial cross-sectional view of the localised irradiation
of a mastering medium suitable for use with the inventive method, which medium comprises
an appropriately chosen dielectric film sandwiched between a substrate and a layer of
photoresist material;

Figure 5 shows the subject of Figure 4 subsequent to its development in
an alkaline solution;

Figure 6 depicts a situation similar to that shown in Figure 5, excepting
that the irradiating and/or developing conditions employed in the former case were different
to those employed in the latter case;

Figure 7 is a perspective view of part of a disc-shaped data carrier
according to the invention, a surface of which is endowed with sharply-defined topographical

variations corresponding to recorded data bits.
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Embodiment 1 (not according to the invention)

Figures 1-3 depict successive stages of a mastering process in a mastering
medium which is not suitable for use with the inventive method. Identical items in the three
Figures are denoted by the same reference symbols.

Figure 1 shows a glass substrate 1 which has been directly furnished with
a layer 3 of photosensitive material. This layer 3 typically has a thickness in the range 60-
180 nm, and comprises a mixture of novolak and 1-2 wt. % O-naphthoquinonediazide.

In Figure 2, the layer 3 is being locally irradiated with a sharply focused
Ar-ion laser beam 5 (wavelength 458 nm). The employed light exposure dose typically lies in
the range 1-15 mJ mm’z, and the duration of the irradiation usually lies in the range 10ns-
10us, depending on the photosensitive material employed. Blue photon absorption in the
irradiated region causes the O-naphthoquinonediazide to locally decompose into alkaline-
soluble 3-indenecarboxylic acid. The layer 3 is subsequently developed, i.e. treated with an
alkaline solution in which this carboxylic acid dissolves.

Figure 3 shows the result of this development process, whereby a
depression 7 has been made in the layer 3. The walls 9 of this depression 7 are gently
tapering, so that the width w, of the depression at the surface 11 is very much greater than

the corresponding width w, at the surface 13.

Embodiment 2

Figures 4-6 depict various aspects of a mastering method according to the
current invention. Identical components of the three Figures are denoted by the same
reference labels.

Figure 4 shows a glass substrate 2 which has been successively furnished
with a dielectric film 4 and a photosensitive layer 6. The composition and thickness of the
layer 6 are identical to those of the layer 3 in Embodiment 1 above. As here depicted, layer
6 is undergoing localised irradiation with a focused laser beam 8 (identical to that employed
in Embodiment 1), which also penetrates the film 4. The thickness of the layer 4 has been
thus calculated and chosen that, for the particular wavelength of the irradiating beam 8, a
standing wave maximum occurs at the surface 14 of the layer 6 (i.e. at the interface Lpd). As
a result, this surface 14 receives a considerably greater light intensity than the surface 13 in
Embodiment 1.

In Figure 5, the irradiated region of the layer 6 has been developed using
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the same procedure as described in Embodiment 1. The resulting localised depression has

walls 10 which demonstrate a much sharper tapering than the walls 9 in Figure 3. As a

result, the width w, of the depression at the surface 12 is only marginally greater than the

corresponding width w,’ at the surface 14, in strong contrast to the corresponding situation

in Figure 3. Note that the width w, of the depressions in Figures 3 and 5 is the same.

Figure 6 shows a similar situation to that rendered in Figure 5, excepting

that the depression depicted in layer 66 (Figure 6) is narrower than that shown in layer 6

(Figure 5). Such reduced depression-width can be achieved, for example, by such measures

as:

- irradiation of the layer 66 with a more narrowly focused laser beam than that
depicted in Figure 4;

- employment of a shorter development time than that used to achieve the
depression in layer 6;

- irradiation of the layer 66 at a lower light intensity than that employed during
irradiation of layer 6,

either individually or in combination. Note that the width of the depression at the surface 614

of layer 66 (Figure 6) is now the same as the width of the depression 7 at the surface 13 of

layer 3 (Figure 3), but that w,’ in Figure 6 is significantly smaller than w, in Figure 3. As a

result, depressions such as that shown in Figure 6 can be disposed in much greater surfacial

proximity to one another than wider depressions such as that depicted in Figure 3.

Embodiment 3

With reference to a layered medium of the type depicted in Figure 4, and
with the inventive object of achieving approximately maximal standing wave intensity at the
interface 14 between the photosensitive layer 6 and the dielectric film 4, the inventors have
determined ideal dielectric film-thickness ranges for a number of different dielectric materials
(of various refractive indices). The results are tabulated hereunder.

In all cases, the film 4 of dielectric material is situated on a glass
substrate 2 having an index of refraction ny. The photosensitive material of the layer 6
comprises a mixture of novolak and 1-2 wt.% O-naphthoquinonediazide, and is irradiated

using an Ar-ion laser (wavelength 458 nm).

Dielectric material Ideal thickness range ng
SiO, 60-80 nm or 220-240 nm 1.52

SizNy 140-160 nm : 1.50
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Y,0, ' 140-160 nm © 150
Fluorides? 70-90 nm or 230-250 nm 1.50

2 Such as MgF,, BaF,, LiF, NaF.

Embodiment 4

Figure 7 is a perspective illustration of part of a disc-shaped data carrier
21, a surface 23 of which is endowed with topographical variations 25 corresponding to
recorded data bits. The carrier 21 comprises a transparent polycarbonate substrate 27 which
is coated with a thin reflective Al film 29. The variations 25 are here embodied as localised
elevations on the surface 23, and were created using a mother matrix manufactured in
accordance with the inventive method.

The variations 25 all have a given constant width w5 in the radial
direction of the carrier 21, but have various in-plane lengths perpendicular to this direction.
They are here arranged along essentially circular path segments 31 which together constitute
a spiral guide groove (servo track). A laser beam 33 can be focused through the substrate 27
onto the film 29, and scanned along this guide groove. The height of the variations 25
perpendicular to the surface 23 is equal to A/4n, where X is the wavelength of the laser beam
and n is the refractive index of the polycarbonate substrate 27. As a result, the phase of the
reflected laser beam 35 returning from the film 29 will depend on whether the incident beam
33 impinges on one of the variations 25 or on part of the flat space in between. In this
manner, it is possible to discriminate between, for example, "1" bits represented by the

variations 25, and "0" bits represented by the gaps between them.
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CLAIMS:

1. A method of manufacturing a recording master, whereby at the least a
layer of photosensitive material is provided on a substrate, is subsequently irradiated at
selected locations with a light beam, and is then developed so as to endow it with localised
depressions at the irradiated locations, characterised in that a film of dielectric material is
disposed between the substrate and the photosensitive material, whereby irradiation induces
an optical standing wave of average intensity Y, in at least the photosensitive layer, the phase
of which wave is thus embodied by choice of the thickness of the dielectric film that its
intensity Y, at the interface between the layer and the film exceeds Y,.

2. A method according to Claim 1, characterised in that the dielectric
material is thus selected that its refractive index is smaller than that of the photosensitive
material.

3. A method according to Claim 1 or 2, characterised in that the dielectric
material is selected from the group comprising Y,05, SiO,, Si3N,, and mixtures thereof.

4, A method according to Claim 1 or 2, characterised in that the dielectric
material comprises a fluoride.

5. A method according to Claim 4, characterised in that the fluoride is
selected from the group formed by MgF,, BaF,, LiF, NaF, and mixtures thereof.

6. A method according to any of the Claims 1-5, characterised in that the
selected substrate material is vitreous.

7. A recording master manufactured using a method according to any of the
preceding Claims.

8. An optically-readable data carrier comprising a substrate, a surface of
which is provided with a slave pattern of localised topographical variations corresponding to
recorded data bits, upon which surface is disposed at least a metallic reflection layer,
characterised in that the said slave pattern is an impressed positive or negative image of a

master pattern of localised depressions present in a recording master according to Claim 7.
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