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Processes for producing the multi-
layered optical recording medium shown
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in figure 2 using the embossing master (20) -
shown in figure 3, where an etched metal =
thin layer (22) has been electroplated with

Y%

(Y

a thick metal layer and the luminescent
recording layer (25) cast thereover form-
ing pits (24) between adjacent metallized
areas. The luminescent layer may then be
cured using UV light (26).
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PRODUCTION OF OPTICAL RECORDING MEDIA HAVING PLURAL LUMINESCENT RECORDING LAYERS BY
EMBOSSING THE RECORDING LAYER

Field of Invention

The present invention relates to the production technology of the CD-ROM-, WORM-,
WER-class multi-layered optical discs. More particularly, it refers to the methods of replication
of the multi-layered optical discs by using the relief-carrying master-discs produced by the
technology similar to the contact lithography, as well as to the relief-carrying master-discs with
various wetting properties on their surface and in the micro-cavities (pits and grooves), as well
as to the liquid light-sensitive compositions of the informative luminescencing media for

implementation of the said methods.

The inventive method has advantages, which enable the production of polychrome
discs, and thus increase the information capacity of the discs a few times (approximately, by

the number of times equal to the number of chromatic components utilized in a polychrome

disc).
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Background

Multi-layered fluorescent optical discs can find wide use owing to the possibility of
reaching high bulk density when recording information on them, as well as of retrieving the

information with high contract and signal-to-noise ratio.

For this purpose it is desirable to locate a luminescence-emitting information medium
only in the pits of CD-ROM or in the pre-recording grooves of CD-WORM or CD-WER. In
the present invention, this problem is resolved by using the photolithography technology, or

specific types of original master-discs.

Use of contact photolithography to record elements with the resolution as defined in
standards for the polycarbonate-base CD is rather difficult, since it is necessary to provide
spaces less than 0.2 p between the photomask and disc surfaces. The disc surface has a

roughness of the order of few microns; moreover, disc thickness can vary gradually by tens of
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microns. As a result, it is impossible to press the disc to photomask uniformly all over the

surface.

By means of modern lithographic devices with adaptive-optics projectors, it is possible
to create the required recording elements, but only not on very large disc surfaces; in addition,
the projector optics must be adjusted separately when recording each region, and that requires
a lot of time and creates problems with recording at the borders of such regions. Besides, these

devices are very expensive.

Brief Description of the Drawing

Figurel is a partial cross-section view of the multi-layered optical fluorescent disc as a
first embodiment of the present invention (in the case when the layer of information
luminescing medium (hereinafter referred to as ILM), covering the flat surface of the

photomask, is removed (washed away) after the exposure).

Figure 2 is the same as Figure 1, but when the ILM layer is not removed and contains

no photo-chemically inactive luminophor.

Figure 3 is a schematic view of the master-disc used for replication of single-layered

optical discs.

Figure 4 is a schematic diagram of the master-disc as the second embodiment of the

present invention.

Summary

In one embodiment of the present invention, the master-disc is made not in the form of
a one-piece solid metal disc with pits or pre-recording grooves, but as a metallic-coated
photomask formed on a transparent base, and by using the photolithographic methods for

forming pits and pre-recording grooves.
I Methods of Production of Thin Information layers

The essence of the methods consists in applying an information layer directly on

photomask with a subsequent removal from it after exposure through metal (1) or without
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exposure (2). This enables getting rid of the diffraction-related spreading of element images
and their non-uniformity over the surface, which are inherent in contact photolithography and
are caused by a gap between photomask and photoresist due to a roughness of their surface or
non-uniformity when pressing down. The application of the information layer can be carried

out by various methods, including spin-coating.
As the information layer, the following systems can be used:

1. A fluorescent dye in a light-sensitive composition (photo-polymer, oligomer,
monomer). When exposed to UV-radiation, polymerization take place only in pits
(grooves), then non-polymerized sites are removed by washing them off by means of

appropriate solvents.

2. The mixture of low-molecular polymer with photo-active dye. As the photo-active

dyes, the following substances may be used:

a) Lactams [2] and lactones of rhodamines and other organic dyes [3]. When exposed to
A1-wavelength radiation, they pass to the colored structure which absorbs the radiation

at the A,-wavelength and emits fluorescence rays on the A;-wavelength;

b) Industrially manufactured photo-affined fluorescent labeles attached by the UV
radiation to polymer 'molecules, for example, dye azides such as cascade blue or lucifer
yellow AB and so on [4], which can be fastened to amine groups of gelatin or other
polymers containing these groups, and so on with a subsequent washout of

non-fastened dye molecules.

Therefore, applying the information layer directly on the photomask enables
minimization of dimensions of record elements and increase of disc information capacity; in

addition, a simple process of exposure reduces the cost of a finished disc.
1. Production of Information Layer by the Photomask Method

When transferring the image of the information elements from the photomask into an
information layer, it is very important to do this without changing their dimensions and
locatio;x We propose the method that avoids the distortions related to diffraction of light on
the photomask perforations using a “deep” photomask. Its thickness is determined by a number

of circumstances.
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When being applied, the polymer will fill those sites on the photomask surface which
are free of metal and will be poured in from above as a thin layer, thus filling in all the disc
surface. When exposed from below, only the polymer sited inside the pit will pass into a
colored form. When using photomask with the correctly selected composition, the depth of
absorbed radiation in the material of the information layer 3 (Figure 2) at exposure wavelength
A1 can be made equal approximately to a the metal thickness. As a result, it is possible to avoid

the effects of diffraction and, therefore, to decrease the pit dimensions.

The increased depth (as compared with the standard one) is necessary for increasing
the information layer thickness to a possible maximum extent. It enables, under conditions of
keeping the same amount of light absorption and, respectively, the number of molecules of dye
(photo-chrome) in a pits, (a) to reduce heating by laser radiation during reading since the
concentration of the photo-active molecules in a large volume is lower, and (b) to reduce the

probability of aggregation of these molecules.

The dye concentration necessary to absorb 10% of incident radiation (in a linear range)
for typical extinction coefficient (g) is calculated by the formula C = - (1/g,)IgT, where T
indicates the transmittance. The dependency of the dye concentration, required to absorb 10%
of the reading radiation in the pits with a depth of d =0.1 p and d = 0.5 p, on the extinction

coefficient at the wavelength of the reading radiation, is given in Table 1.

Table 1
e (I/mole cm) 10 2x 10* 5x10° 10°
d
d=0.1p 0.458 0.228 0.0915 0.046
d=0.5p 0.0915 0.0456 0.0183 0.0092

With the molecular mass of the dye equal to 500, the dye must constitute from 22.9 to 2.29

percents (by volume) in the pits.

The given thickness of metal (the photomask depth) without loss of resolution can be
provided if the photomask is made initially with a thin metal layer, the thickness of which is

then enlarged by electroplating.
2. Production of the Information Layer by Masking

1t is proposed to use a master-disc which is made so that the pit bottom is wetted

properly by the polymer of the information layer, and the surface of the disc is not wetted; in
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addition, in order to improve wettability, a special sub-layer with a good wettability with
respect to the polymer may be applied on the bottom of the pit. In this case, as the material for
the information layer, the polymer with a fluorescent dye additive is used. By doing so, the
solution of this polymer fills in only holes (pits). With the purpose to make the filling of pits
much easier and to guarantee that the spaces between pits is not covered by the dye-containing
polymer, the master-disc may be produced so that the basic mass of the master-disc is made of
the material which exhibits a good wettability with respect to the solution of the dye-containing
polymer, and the upper thin layer shows no wettability (see Figure 4). As shown in Figure 4,
this layer may have a thickness equal to the required depth of pits, i.e. when producing the
master-disc, only the thin layer will be etched, and the base of the master-disc will not be
subjected to etching, but this Jayer may also be substantially thinner than the required depth of
pits, with etching up to the required depth already in the material of the master-disc base. In
any case, when producing pits, the through holes are etched in the thin layer. This thin layer is
made of the material exhibiting a good adhesion with the material of the basic mass of the
master-disc, but is not wettable by the polymer solution. After shaking off, blowing off, or
blotting of the disc surface, on which the polymer solution with dye is applied, the drops of
solution wﬂl remain only in the holes (pits) of the master-disc, and the rest of the surface will

contain no polymer solution with dye.

After being dried without removing completely the tracks of the solvent, the hardened
islands of the dye-containing polymer film, which fill the pits, shall still keep a sufficient

adhesion with the bottom of the pits.

1L Production of the optical disc by sticking thin multi-layered information

structures one to the other sequentially

On the information layer produced by the above-mentioned methods, a separation layer
of a thickness of 5-100 um and made of a pure polymer, or a polymer with a substance capable
of absorbing the UV-radiation, is applied. This substance may be needed for protecting the dye
against bleaching on exposure to the UV-radiation, which may be used for hardening of the
photo-'polymer glue. The glue is applied on the surface of the separation layer by a thin layer,
for example, by using a centrifuge. Then, by means of the applied glue, the resultant multi-
layered structure is glued to a mechanical base above the multi-layered information structures,

applied previously; as the mechanical base, a polycarbonate disc may be used.
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Photo-method of producing the multi-layered optical fluorescent disc (by the example

of photo-active dyes):

1. The intermediate sublayer 2, which exhibits a transparency in the UV and visible
spectrum sections, has the refractive index n, and the thickness d,, and loses its adhesive
properties with respect to the photomask during drying, is applied on the photomask made of
the material transparent in the UV and visible spectrum regions, with the information recorded
in the form of spiral tracks. This layer may become unnecessary if a variation in the adhesive
properties of the information layer, applied directly on the photomask due to various types of
drying, is sufficient and will enable the treatment of the layer without its peeling from the
photomask till the moment of the final drying and sticking to the carrying polycarbonate disc

with the previous information and separation layers.

2. On this layer 2, the photoactive polymer layer 3 is applied in an original form having
the refractive index n; and the thickness d; and capable of irreversible photo-conversion (for
example, rhodamine lactams or lactones) when exposed to the radiation on the wavelength A,
and the colored form of which absorbs the radiation on the wavelength A,, and emits

fluorescence on the wa‘\}elength Az, with A; <A< As.

3. Then, on layer 3, the polymer layer 4, having the refractive index n4 and the thickness
d4 and absorbing light at the wavelength A< A4 and being transparent on A, and A3, with
A < A4< dy < As, is applied to subsequently provide the protection of the exhibited layers from

the UV radiation.

4. On layer 4 is applied layer S, having the refractive index ns and the thickness ds and

being transparent on A, and A3.

5. The resultant multi-layered structure, if it is the first one, is glued on a mechanical base
in the form of the standard optical, for example, polycarbonate, disc 6 (Figure 1), or, if this
structure is the n-th structure, it is glued on the half-finished product of the optical disc with »-
I multi-layered structures, with the 5th layer of the nth structure being glued to the 2nd layer
of the (n-1)th structure. If the 2nd layer is missing, then the Sth layer is glued directly onto the
3rd layer.

6. Polymerization or drying of the layers and exposure of the 3rd layer of each
multi-layered structure are carried out at the most suitable moment of the described

technological process.
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7. Removal of the nth resultant multi-layered structure from the photomask is carried out
at any moment after gluing to the (n-1)th one, for example, before gluing to it the (n+1)th

multi-layered structure.

8. After the last photomask is removed, protection layer 1, having the refractive factor n,

and the thickness d; and being not transparent at A < A4 is applied on the disc.
The refractive indexes ny, n,, n3, n4, ns are selected so that to obtain
N & Ny® N3 % Ny~ N
If necessary, layers 2 and 4 are not applied.
9. The thickness of layers d, d,, d, ds, ds are selected based on the following:

d, is the minimum thickness under the condition of keeping the continuity; as a rule,

d; =0.05 pm.

dg 1s the minimum thickness under the condition of absorption of 99% of the incident radiation

at A <A asarule, dy=1pum

ds is the minimum thickness under the condition of Fy >> F,4, where Fy is the force of gluing
layer to layer, and F,q is the force of adhesion between the layer (1) and the photomask; as a

rule, ds = 20-30 um.
dy > d4

ds is calculated based on the required number of dye molecules in order to provide the positive

registration of the minimal information pit.

The multi-layered optical fluorescent discs with photo-affined markers are produced
similarly. The main difference lies in the fact that it is necessary to perform an additional
procedure of the wet treatment of the exposed photo-sensitive layer in order to remove
non-fastened markers. The main advantage of this material is the possibility of using a wide

range of water-soluble dyes with a photo-affined group introduced in these dyes.

" The production of multi-layered fluorescent discs, by using a master-disc for the
purpose of increasing productivity, can be based on the application of the replicas. These
replicas are made by stamping copies from an ordinary master-disc on such material which is

not susceptible to the action of the polymer solvents used in the above-mentioned method. In
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this case, the production of replicas is fully coincident with the production technology of the

base for the DVD-type ordinary single-layer discs.
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Claims
1. The method of producing the multi-layered optical fluorescent discs comprising the

steps:

- producing a large number of relief-forming master-discs with the information
recorded on the said discs, said information being coded in the form of spirally-
arranged spatially-modulated micro-cavities (pits or grooves) for each of the layers

formed in the multi-layered optical disc;
- preparing liquid solutions for an information luminescent medium (ILM);
- applying said solutions to the said master-disc;
- hardening the ILM solutions on the said master-disc;

- forming, in the said hardened layer, the information-modulated pattern in the form
of the nodules capable of emitting luminescence and filling the space of micro-
cavities (pits or grooves) in the said master-disc on the non-luminescent flat

surface of the hardened layer of the ILM;

- removing said hardened layer of the ILM with the luminescent micro-nodules on a

thin polymer film;

- forming the multi-layered disc by means of sequential transfer of various hardened
ILM from various master-discs on a stack of layers of a fluorescent optical disc;

and —

- applying a protective coating on the first layer and applying the multi-layered

structure with the ILM on a substrate from the side of the last information layer.

2. The method as in Claim 1 wherein the said master-disc is produced as a metallic-coated

photomask on a quartz or glass substrate with pits and grooves .
3. The method as in Claim 1 further including the following steps:
- cleaning the substrate transparent in UV and visible spectrum segment;
- applying a thin metal layer on the said substrate;
- applying a photo-resist to said substrate;

- drying the photo-resist;
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11.

12.

13.
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- expusing said photo-resist by focused and modulated laser or electronic beam

when scanning spirally;
- developing said photo-resist;
- etching the metal layer;
- removing said photo-resist; and
- depositing a metal layer by electroplating.

The method as in Claim 3 wherein the thickness of the deposited metal layer is equal to

the width of the formed pits.

The method as in Claim 3 wherein the thickness of the deposited metal layer is about

0.35-0.5 pm.

The method as in Claims 1-5 wherein the liquid solution of ILM is a photo-sensitive

substance.

The method as in Claims 1-6 wherein the hardened ILM layers provide transmission on
the wavelength of the activating radiation not exceeding 1% at the layer depth equal to

the depth of the said master-disc pit.

The method as in Claims 1-7 wherein, in order to provide a strong absorption on the
activation wavelength, the additives with a high extinction factor are introduced into

the light-sensitive composition of the ILM.

The method as in Claims 1-8 wherein the light-sensitive composition of the ILM

comprises the photo-chemically stable molecules of luminophor.

The method as in Claims 1-9 wherein the negative photomasks are used in the

light-sensitive composition of the ILM.

The method as in Claim 10 wherein the photo-resists comprise the polyvinyl-cyanamate

dertvatives as the base which are used as the negative photomasks.

The method as in Claims 1-11 wherein the photo-hardened monomers or oligomers are

used in the composition of the light-sensitive composition of the ILM.

The method as in Claims 1-12 wherein the photo-chemically stable polymers are used

as the film-forming substances.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
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The method as in Claims 1-13 wherein the light sensitive non-luminescent substances
capable of forming luminescent photo-products are introduced into the composition of

the light-sensitive composition of the ILM.

The method as in Claims 1-14 wherein the photo-active dyes are used as the

light-sensitive substances.

The method as in Claim 14 wherein the lactam rodamines or other organic dyes are

used as the light-sensitive substance.

The method as in Claim 14 wherein the lactone rodamines or other organic dyes are

used as the light-sensitive substance.

The method as in Claims 1-17 wherein the photo-affined fluorescent markers fastened

to the polymer molecules by UV-radiation are used as a light-sensitive substance.

The method as in Claim 1 wherein the azides such as Cascade Blue or Lucifer Yellow

AB are used as photo-affined fluorescent markers.

The method as in Claim 1 wherein the formation of the information-modulated pattern
coded in the form of spatially-modulated luminescent micro-cavities is performed by

illuminating the ILM layer by the actinic radiation from the side of the said master-disc.

The method as in Claims 1 and 8 wherein the non-radiated layer of ILM located on the
said master-disc surface is removed by the solvent after being exposed to the actinic

radiation.

The method as in any of the preceding claims wherein the substrate can be non-

transparent.

The method as in Claim 22 wherein the surface of the said substrate exhibits wetting

properties with respect to the liquid solution of the ILM.

The method as in Claims 1 and 2 wherein the surface of the layer accumulated by

electroplating exhibits non-wetting properties with respect to the liquid solution of the

ILM.

The method as in Claims 1, 22 and 23, wherein the light-insensitive composition can be

used as the liquid solution of the ILM.
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The method as in Claim 24 wherein the substances improving the wetting properties of
the ILF with respect to the surface of the substrate and its non-wetting properties with
respect to the surface of the said master-disc layer accumulated by electroplating may

be introduced in the composition of the liquid solution of the ILM.
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10 - Multi-layer optical fluorescent disc
11 - Protective layer

12 - Glue (adhesive) layer

13 - Fluorescent pits in the adhesive layer
14 - Separating layer

15 - Substrate

I, IL, 111, ... N - the numbers of separate mulilayer structure.



WO 99/47327

2/4

PCT/US99/05857

20 ¢

53. 9,

20 - Multi-layered optical fluorescent disc

21 - Protective layer

22 - Adhesive layer

23 - Fluorescent pits in the ILM layer

24 - Separating layer

25 - Substrate

26 - Non-luminiscent part of the ILM layer

L IL, III, ... N - the numbers of separate mulilayer structure
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30 - Master-disc

31 - Transparent substrate of the master-disc

32 - Thin metallic layer

33 - Thick metallic layer (plated by electrodeposition)
34 - Informative pit

35 - ILM layer

36 - UV light

PCT/US99/05857
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40 - Master-disc

41 - Master-disc transparent substrate

42 - Thin metallic layer

43 - The layer increasing the wettability of ILM to the surface of the master-dlsc
44 - Thick metal layer accumulated by the electroplating method

45 - Layer decreasing the wettability of ILM to the upper surface of the master-disc
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