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EP 0 353 393 B2             Description             [0001] The present
invention relates to a writable optical information recording medium having
at least a light ab-            sorptive layer to absorb a laser beam and a
light reflective layer formed on a transparent substrate.      5   [0002]
Conventional so-called writable optical information recording media of such
type have a recording layer of e.            g. a metal such as Te, Bi or
Mn or a dye such as cyanine, merocyanine or phthalocyanine, and they are
designed to            record data in such a manner that when irradiated
with a laser beam, such recording layer is deformed, sublimed,
evaporated or modifled o form pit. With optical information recording media
having such recording layer, it is common            to form a space behind
he recording layer to facilitate the deformation, sublimation, evaporation
or modification of the      10   recording layer for the formation of the
pits. A typical example is a laminated structure so-called an air sandwich
structure wherein a pair of substrates are laminated with a space
therebetween.            [0003]  With the optical information recording
media of this type, a writing laser beam is irradiated through a trans-
parent substrate to form optically readable pits in the recording layer.
For reproducing the recorded data, a reading            laser beam having a
less power than the writing laser beam is irradiated through the substrate
and the contrast between       15   the light reflected from the pits and
the light reflected from non-pitted portion, is read as an electrical
signal.            [0004] On the other hand, optical information recording
media of so-called ROM (read only memory) type wherein            data are
already recorded, and no further data are recordable or the recorded data
are no longer erasable or rewritable,            are widely practically
employed in the sound recording and information treating fields. Optical
information recording            media of this type have no such a
recording layer as described above. Prepits or pregrooves corresponding to
data to     20   be reproduced are already formed on a substrate of e.g.
polycarbonate by e.g. press molding, a reflective layer of a
metal such as Au, Ag, Cu or Al is formed thereon, and a protective layer is
further provided thereon.            [0006]  The most typical optical
information recording medium of this ROM type is a compact disc so-called
CD which            is widely used in the sound recording and information
treating fields. The specification for recording and read-out
signals for this CD is standardized, and the reproducing or play
backapparatus for CD in accordance with the standards     25    is widely
available as compact disc players (CD players).            [O006] The
above-mentioned optical information recording media have a disc shape
having an opening at the center            for engagement with a rotary
shaft Namely, they take a form of optical discs.            [0007] Such
optical information recording media employ a laser beam in the same manner
as CD. Therefore. it is            strongly desired for such media to
follow the same standards as the widely prevailing standards for CD.     90
[0008] However, conventional writable optical information recording media
havea recording layer which is not present            in CD, and they are
designed to form pis in the recording layer and not in the substrate.
Further, in some cases, a            space is provided to facilitate the
formation of pits in this recording layer, and the reflectance of a laser
beam is low as            compared with CD. Consequently, the read-out
signals are naturally different from those of CD. Therefore, it has been
difficult for the conventional optical information recording media to meet
the above-mentioned standards for CD. Par-     35  ticularly, the
reflectance and the degree of modulation of the readout signals used to be
too low to meet the standards.           Therefore, it has been difficult
to provide a writable optical information recording medium which satisfies
the CD stand-           ards.           [0009] The JP-A-62-137745 discloses
an optical recording medium having diversified kinds of small-scale,
informa-           tion by having the 2nd transparent layer, on which
signals are recorded in the form of surface changes, onto the 1st     40
transparent layer which is transparent to light of a specific wavelength
and providing a reflective layer on the surface having the deformations.
This preknown optical recording medium consists of a grooved transparent
substrate which           is preferably formed of a material having no
characteristic absorption in a [err] 400 nm wavelength region. Preferably
polycarbonate are used. The optical recording material of this optical
recording medium is required to be the material           which does not
possess [err] 10 % spectral absorption characteristic in the oscillation
wavelength region of a semicon-     45    ductor laser and permits
recording by boring by sensing [err] 750 nm laser light. Finally the
reflective layer of this preknown           optical recording medium is
formed on a written pits.           [0010] The JP-A-62-110636 discloses a
data pit which is provided on a transparent substrate to form a reading
light           absorption layer. A reading light reflection layer is
formed on said reading light absorption layer. A coloured layer in
which the whole layer or at least a face in contact with the substrate
absorbs leading light is formed. The reading light     50    reflection
layer consists of a thin film made of Al or other highly reflective
material. Informing the reading light absorption           layer a resist
is applied on the substrate and a data pit pattern is formed by exposing
and developing through a mask           having the data pit pattern. Then,
the resist is coloured with reading light pigment. A light reflection layer
is finally           formed on it by plating or vapor deposition. Thus
constructed a cheap optical recording medium is obtained that can
form quickly unevenness as data pits and that is suitable for
mass-production by providing a reading light absorption     55    layer
made of a coloured layer that absorbs reading light and has a data pattern
on a transparent substrate.           [0011] Finally the JP-A-60-151850
discloses a possibility to increase the modulation quantity of a medium by
pro-           viding a substrative layer between a substrate and a
recording layer. In this case, the substrative layer is most effective
when the complex refractive index and the thickness are regulated to
special conditions. An organic pigment is appro-     
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0 363 393 B2               priately used as the recording layer, and the
pigment which can be formed by vapordeposition is preferable. Concretely,
a pigment such as squalirium, cyanine, naphthoquinone, metallic
pathalocyanine can be used.              [0012] Therefore, it is an object
of the present invention to provide a writable optical information
recording medium              which has high reflectance and which is
capable of providing read-out signals having a high degree of modulation to
5    meet the CD standards.              [0013] The present invention
provides an optical information recording medium comprising a light
transmitting sub-              strate, a light absorptive layer overlaying
the substrate to absorb a laser beam and a light reflective layer
overlaying              the light absorptive layer, wherein an optical
parameter represented by p = n[err]d[err]/[err]where n[err] is the real
part of the              complex refractive index of the light absorptive
layer, d[err] is the thickness of the light absorptive layer and [err] is
the       10    wavelength of a reading laser beam, is 0.05 [err] p [err]
0.6, and he imaginary part k[err] of the complex refractive index of
the light absorptive layer is at most 0.3 and that the recording medium has
a reflectivity of a laser beam at a wavelength              of 780 nm of at
least 70%.              [0014]  For the purpose of the present invention,
the term "optically readable pits" or "pils generally includes optically
readable or detectable marks of all kinds.        15  [0015] With this
optical information recording medium, when the light absorptive layer is
irradiated with a laser beam,              it generates heal upon
absorption of the laser beam and at the same lime, it undergoes melting,
evaporation, subli-              mation, reaction, decomposition or
modification. When the laser beam Is applied in a focused state to the
light absorptive              layer, energy is locally generated. The
impact of such energy reaches the surface layer of the substrate adjacent
to              the light absorptive layer, whereby the surface layer is
locally deformed to form optically modified portions (optically       20
readable pits).     [0016]  Thus, the optically modified portions formed on
he surface layer of the substrate are different from those
formed in the conventional recording layer, and they rather resemble pits
of CD which are preformed on a substrate              surface by e.g. press
molding. In the optically writable information recording medium of such a
structure, a reflective              layer can be provided on the light
absorptive layer in close contact therewith. Thus, also from the
configuration point       25    of view, the optical information recording
medium of the present invention is similar to CD. It is particularly
significant              that it is thereby possible to readily obtain an
optically writable information recording medium, particularly a write-once
type recordable optical disc, which meets the CD standards with respect to
the reflectance of the reading laser beam,              the degree of
modulation of the read-out signals and the block error rate.
[0017] Now, the preferred embodiments of the present invention will be
described with reference to the drawings, in       30   which:
[0018] Figure 1 is a partially cross-sectional diagrammatical perspective
view illustrating an embodiment of the struc-              ture of the
optical information recording medium of the present invention.
[0019]  Figure 2 is apartially enlarged cross-sectional view taken along
the track of the information recording medium              of Figure 1
prior to optical recording.       35    [0020] Figure 3 is a partially
enlarged cross-sectional view taken along the track of the optical
information recording              medium of Figure 1 after the optical
recording.              [0021] Figure 4 is a partially enlarged
cross-sectional viewtakenalong the track of another embodiment of the
optical              information recording medium of the present invention
prior to optical recording.              [0022] Figure 5 is a partially
enlarged cross-sectional view taken along the track of the same embodiment
after the 40    optical recording.              [0023] Figure 6 is a
partially enlarged cross-sectional view taken along the track of a still
another embodiment of the              optical information recording medium
of the present invention prior to optical recording.              [0024]
Figure 7 is a partially enlarged cross-sectional view taken along the track
of the embodiment of Figure 6 after              the optical recording.
45    [0025]  Figure 8 is a partially enlarged cross-sectional view taken
along the track of a further embodiment of the              present
invention prior to optical recording.              [0026]  Figure 9 is a
partially enarged cross-sectional view of the embodiment of Figure 8 after
the optical recording.              [0027] Figure 10 is a graph showing the
relation between an optical parameter represented by the formula p = n[err]
[err]d[err]/[err] where n[err] is the real part of the complex refractive
index of the light absorptive layer of the optical disc. d[err]       50
is the thickness of the light absorptive layer and [err] is the wavelength
of the reading laser beam and the reflectance of              the reading
laser beam.              [0028] Figure 11 is a graph showing the relation
between the imaginary part k[err] of the complex refractive index of
the light absorptive layer of the optical disc and the reflectance of the
reading laser beam.              [0029] Figure 12 is a graph showing the
relation between the real part n[err] of the complex refractive index of
the       55    light absorptive layer of the optical disc and the
reflectance of the reading laser beam.              [0030] Figure 13 is a
graph showing the relation among the real part n[err] of the complex
refractive index of the light              reflective layer, the imaginary
part k[err] of the complex refractive index of the light reflective layer
and the reflectance              of the reading laser beam.   
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353 393 B2             [0031] Figure 14 is a graph showing the relation
between p = (n[err]d[err] + n[err]d[err])/[err] where n[err], d[err] and
[err] are as            defined above, n[err] is the real part of the
complex refractive index of an enhancing layer and d[err] is the thickness
of            the enhancing layer and the reflectance of the reading laser
beam.            [0032] Figures 15 to 19 illustrate output waveforms
obtained by the play back of the optical discs of Examples and       5
Comparative Examples by a commercially available CD player.
[0033] Figures 1 to 9 diagrammatically illustrate various structures of the
optical information recording medium of            the present invention.
Inthese Figures, reference numeral 1 indicates a lighttransmitting
substrate, numeral 2 indicates            a light absorptive layer
overlaying the substrate, and numeral 3 indicates a light reflective layer
overlaying the light            absorptive layer. Reference numeral 4
indicates a protective layer.      10   [0034] Figure 10 is a graph showing
the relation between the above-mentioned optical parameter p=
n[err]d[err]/[err] and            the reflectance of the laser beam
irradiated from the substrate side, in a case where a semiconductor laser
beam            having a wavelength [err] of 780 nm was used as the reading
laser beam, as will be explained hereinafter in Examples            1 and
3. Based on the relation shown in this graph, the present inventors have
found that when the optical parameter            p is adjusted to a level
within a range of from 0.05 to 0.6, the reflectance can be made at least
70% as prescribed in      15  the above-mentioned CD standards. Further,
when EFM signals are recorded on this optical information recording
medium by a conventional recording method e.g. by irradiating it with a
semiconductorlaser beam having a wavelength            of 780nm at a linear
speed of 1.2 m/sec with a recording power of 6.0 mW, andthenthe recorded
signals are reproduced            by a commercially available CD player, it
is possible to obtain output signals which meet the CD standards with
being at least 0.6 and l[err]/l[err] being from 0.3 to 0.7.      20
[0035] As shown in the graph of Figure 10, a reflectance of at least 70%
can still be obtained in the region where            the optical parameter
p is less than 0.05 or a region where the parameter p exceeds 0.6, for
example, in the case of            Comparative Example 2 given hereinafter
where p [err] 0.8. However, when the parameter p (which represents the
optical            thickness of the light absorptive layer) is less than
0.05, it will be difficult to form distinct pits for recording data and the
desired read-out signals as mentioned above can not be obtained. On the
other hand, when the parameter p exceeds      25   0.6. the recording
properties tend to be poor, and l[err]/l[err] tends to be less than 0.3
thus leading to an increase of jitter            errors. Thus, the
recording and the reproduction of the data will likewise be difficult, and
the desired read-out signals            as mentioned above can hardly be
obtained.            [0036] Further, a sufficient light transmittance of
the light absorptive layer must be secured in order to obtain the
above-mentioned reflectance for an optical information recording medium.
For example. Figure 11 illustartes the change      30    in the reflectance
when the imaginary part k[err] of the complex refractive index of the light
absorptive layer is changed            from a value close to 0 to 2.0 while
maintaining the real part n[err] of the complex refractive index at a
constant level of            24, by changing the light transmittance of the
light absorptive layer composed of a cyanine dye in an optical information
recording medium wherein a gold film is used as the reflective layer. In
order to maintain a high reflectance under the            above conditions,
the transmittance of the light absorptive layer must be sufficiently high.
In this respect, the imaginary      35   part k[err] of the complex
refractive index of the light absorptive layer must be at most 0.3.
[0037] The reflectance of the reading laser beam of the optical information
recording medium becomes highest when            the optical parameter p =
n[err]d[err]/[err] is within a range of from 0.30 to 0.5. Therefore, the
optical parameter p within this            range is most preferred.
[0035] In the present invention, it is preferred that the light absorptive
layer comprises a cyanine dye and the light      40  reflective layer is
made of a metal film. More preferably, the cyanine dye for the light
absorptive layer is indodicarbo-           cyanine.           [0039]  More
specifially, the cyanine dye forthe light absorptive layer in the optical
information recording medium is           preferably a compound represented
by the following formula:      45 [err]      50         55
wherein each of A and A' which may be the same or different is a group of
atoms forming a benzene ring, a substituted 



benzene ring, a naphthalene ring or a substituted naphthalene ring, B is
pentamethylene (-CH=CH-CH=CH-CH=), of
4
EP 0 353 393 B2               which each hydrogen atom may be substituted
by a halogen atom, an alkyl group, an alkoxy group or a diphenylamino
group, or which may have a substituted or unsubstituted cyclic side chain
bridging a plurality of carbon atoms, each              of R[err] and
R[err]' which may be the same or different is a substituted or
unsubstituted alkyl, alkoxy alkylhydroxy, aralkyl,              alkenyl,
alkylcarboxyl oralkylsulfonyl group, or a substituted or unsubstituted
alkylcarboxyl or alkylsulfonyl group bond-        ed to an alkali metal ion
or an alkyl group, and X[err] is an anion such as a halogen atom,
perchloric acid, borofluoric              acid, benzenesulfonic acid,
toluenesulfonic acid, an alkylsulfonics acid, a benzenecarboxylic acid, an
alkylcarboxylic              acid or a trifluoromethylcarboxylic acid,
provided that when R[err] and R[err]' have a group bonded to an alkali
metal ion, X[err]              may be not present.              [0040] With
the light absorptive layer 2 using the above cyanine dye, it is readily
possible by virtue of its specific        10   optical properties, to bring
the optical parameter p within a range of from 0.05 [err] p [err] 0.6 and
the imaginary part k[err]              of the complex refractive index to a
level of at most 0.3. An optical information recording medium having such a
light              absorptive layer 2 and a light reflective layer 3 made
of a metal film behind it, provides a high reflectance, whereby it
is readily possible to secure a reflectance of at least 70%, which is
prescribed in the CD standards.              [0041]  In a preferred
embodiment, the light absorptive layer contains a material which upon
absorption of a laser        15   beam by the light absorptive layer,
undergoes a temperature rise and, at the temperature of from 100 to
600[err]C, un-              dergoes an exothermic reaction with generation
of a gas. In this embodiment, since the light absorptive layer contains
a material which undergoes a temperature rise upon absorption of the laser
beam and undergoes an exothermic re-              action with generation of
gas, at a temperature of from 100 to 600[err]C, the energy convertion from
the energy of the              laser beam takes place at a relatively low
temperature, whereby distinct pits will be formed in the adjacent layer.
20   [0042] Thus, the pits formed on the surface of the light transmitting
substrate resemble the pits preformed by e.g.    press molding in CD.
Therefore, it is possible by this embodiment to readily obtain a writable
optical information re-              cording medium which meets the CD
standards.              [0043]   Here, the critical temperature for the
exothermic reaction of the components of the light absorptive layer 2
has been limited to a range of from 100 to 600[err]C for the following
reasons. Namely, if the critical temperautre is lower        25    than
100[err]C, it is likely to undergo a change by an environmetal condition
such as exposure to direct sunlight. On the     other hand, if the
temperature is higher than 600[err]C, a large amount of energy is required
to reach the temperature              level, and the sensitivity tends to
be low. For the stability and high sensitivity, a temperature range of from
120 to 350[err]C, particularly from 150 to 300[err]C, is preferred.
[0044] In the present invention, it is preferred that n[errr] is n[err]
[err] 1.8 and k[err] is 0.001 [err] k[err] [err] 0.3.        30  [0045]  As
shown in Figrue 10, the relation between the optical parameterp and the
reflectance is represented by a              periodical function. In order
to have a high reflectivity, it is advisable to select the optical
parameter close to the first              peak (p = 0) or to the second or
third peak. The reflectance at the third or subsequent peak is lower than
that of the              first or second peak.              [0046] Further,
at the first peak, the sensitivity and the heat energy stored in the
absorptive layer are less than those        35  in the second or subsequent
peak. Therefore, the second peak is practically most suitable. Figure 12
illustrates one               embodiment of the relation between the
reflectance of the second peak suitable for practical application and the
real               part n[err] of the complex refractive index of the light
absorptive layer. In this embodiment, the light reflective layer 3
was made of gold and formed directly on the light absorptive layer 2, and
the relation was obtained by calculation with               k[err] = 0.06
and [err] = 780 nm.        40  [0047]  Based on the relation shown by this
graph, the present inventors have lound it possible tobring the reflectance
to a level of at least 70% to meet the CD standards, by adjusting the real
part n[err] of the complex refractive index of              the light
absorptive layer to a level of at least 1.8. Further, when EFM signals are
recorded to this optical information              recording medium by
irradiating e.g. a semiconductor laser beam having a wavelength of 780 nm
at a linear speed of              1.2 m/sec with a recording power of 6.0
mW and the recorded signals are reproduced by a commercially available CD
45    player, it is possible to obtain a distinct eye pattern which meets
CD standards. It has also been found that l[err]/l[err]
obtained from this eye pattern is at least 0.6, and l[err]/l[err] is from
0.3 to 0.6.               [0048] In another embodiment, the real part
n[err] of the complex refractive index of the light reflective layer and
the               imaginary part k[err] of the complex refractive index of
the light reflective layer satisfy a relation of k[err] [err] 2n[err] +
0.8.               [0049] Figure 13 is a graph showing the reflectance of
the laser beam irradiated from the substrate side, when the        50
real part n[err] and the imaginary part k[err] of the complex refractive
index of the light reflective layer were varied under               the
condition such that the real part n[err] of the complex refractive index of
the light absorptive layer of the optical               information
recording medium was from 1.5 to 3 and the imaginary part k[err] of the
composite refractive index of the               light absorptive layer was
at least 2, and a semiconductor laser having a wavelength [err] of 780 nm
was used as the               reading laser beam. Based on the relation
shown by this graph, the present invetors have found it possible to bring
55  the reflectance to a level of at least 70% to meet the CD standards, by
adjusting the relation of the real part n[err] of the 



complex refractive index of the light reflective layer and the imaginary
part k[err] of the complex refractive index of the               light
reflective layer to k[err] [err] 2n[err] + 0.8. Further, when EFM signals
are recorded on this optical information recording               medium by
irradiating a semiconductor laser beam having a wavelength of 780 nm at a
linear speed of 1.2 m/sec with
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353 393 B2              a recording power of 6.0 mW, and the recorded
signals are reproduced by a commercially available CD player, it is
possible to obtain a distinct eye pattern which meets the CD standards, and
it is possible to obtain output signals with             l[err]/l[err]
obtainable from this eye pattern being at least 0.6 and l[err]/l[err] being
from 0.3 to 0.7.             [0050] In another preferred embodiment of the
present invention, an enhancing layer which is transparent to the       5
wavelength of the reading laser beam is disposed between the light
absorptive layer and the light reflective layer The             optical
parameter represented by
n[err]d[err] + n[err]d[err]       10
p = __________________________________ [err]             where n[err],
d[err] and [err] are as defined above, n[err] is the real part of the
complex refractive index of the enhancing layer             and d[err] is
the thickness of the enhancing layer, is preferably 0.05  [err] n [err]
1.1.             [0051] The product of the real part n[err] of the complex
refractive index of the light absorptive layer 2 of the optical       15
information recording medium and the thickness d[err] of the light
absorptive layer 2, is an optical thickness of the light
absorptive layer 2. Likewise, the product of the real part n[err] of the
complex refractive index of the enhancing layer 16             and the
thickness d[err] of the enhancing layer 16, is an optical thickness of the
enhancing layer 16. The relation between             the optical parameter
p obtained by dividing the sum of these optical thicknesses by the
wavelength [err], and the reflect-             ance of the laser beam of
the optical information recording medium, is represented by a periodical
function as shown       20  in Figure 14. Here, two curbes in the Figure
were obtained when the real part n[err] of the complex refractive index of
the light absorptive layer 2 was 2.7. The solid line curve indicates a case
where an enhancing layer 16 is provided,             and the real part
n[err] of the complex refractive index was adjusted to 1.4. Whereas, the
dotted line curve represents             a case where no enhancing layer
was provided. Each case represents a change in the reflectance of a laser
beam             having a wavelength [err] of 780 nm when the value of the
optical parameter p was changed by changing the layer      25  thickness.
[0052] As is evident from this graph, the overall reflectance is
substantially higher in the case of the solid line rep-
resenting the optical information recording medium provided with the
enhancing layer 16 than the case of the dotted             line
representing the optical recording medium provided with no enhancing layer.
[0053] With the optical information recording medium shown by the dotted
line, in order to obtain a high reflectance      30   of the laser beam at
a level of at least 70%, it is necessary to adjust the optical parameter p
in the vicinty of the second            peak in Figure 14 taking into
consideration the sensitivity of the light absorptive layer 2 or the heat
energy stored in            the same layer 2, Whereas, with the optical
information recording medium shown by the solid line, by virtue of the
function of the enhancing layer 16, the reflectance of the laser beam is
higher entirely and it is possible to select the            optical
parameter p within a wide range. Specifically, the optical parameter may be
selected within a range from the      35    first peak except for the range
of p [err] 0.05 where the thickness of the light absorptive layer 2 will
have to be very thin,            to p [err] 1.1 i.e. over the third peak.
[0054] The optical information recording medium is prepared usually by
coating the above-mentioned dye dissolved            in an organic solvent,
on a light transmitting substrate made of e.g. polycarbonate having prepits
or pregrooves formed            on its surface, followed by drying.
However, when the optical information recording medium is produced by such
a 40    method, it is likely that the surface layer of the transparent
substrate 1 will be modified by the solvent used for the dye,            or
the prepits or pregrooves already formed on the surface of the light
transmitting substrate are likely to be dissolved            or deformed by
the solvent, whereby the properties for recording and reproducing the date
are likely to be adversely            affected. Particularly, the
pregrooves or prepits already formed on the surface of the light
transmitting substrate are            intended for providing a servo
information, etc. for the optical pickup for recording or playing back.
Therefore, if they      45    are deformed, data can not be accurately
recorded, thus leading to recording errors.            [0055]  In order to
overcome such problems, according to a preferred embodiment of the present
invention, a solvent            resistant layer is provided on the
substrate to protect the substrate from a solvent used for a dye in the
light absorptive            layer.            [0056] In this embodiment, a
solvent resistant layer 6 having resistance against the solvent used for
the dye for the      50    light absorptive layer, is formed on the surface
of the light transmitting substrate 1, and then the light absorptive layer
2 is formed thereon, whereby it is possibleto prevent the surface of the
light transmitting substrate 1 from being modified            or dissolved
by the solvent or to prevent the pregrooves or prepits from being dissolved
or deformed by the solvent            Thus, prerecorded signals can be
reproduced accurately from the pregrooves or prepits, whereby it is
possible to 



accurately record the information to the optical information recording
medium and to reproduce the data accurately.      55    [0057]  The solvent
resistant layer 6 is made of a material resistant to the solvent for the
organic dye for the light            absorptive layer 2. Such material
includes, for example, an inorganic dielectric such as SiO[err], a polymer
such as an            epoxy resin, a silane coupling agent, a titanate
coupling agent, a polymer obtained by photocuring a monomer or
oligomer of an acrylate or methacrylate, and a metal alcoholate.
EP 0 353 393 B2            [0058] The light transmitting substrate 1 is
made of a material having high transparency to laser beams and is usually
made of a resin having excellent impact strength such as a polycarbonate,
an acrylate resin or an epoxy resin. However,           the substrate may
be made of any other material so long as it is transparent to writing and
reading laser beams and           at least the surface layer adjacent to
the light absorptive layer is deformable by energy generated by the light
absorptive     5   layer upon absorption of the writing laser beam, to form
optically readable pile. In this respect, the substrate or at least
the surface layer thereof preferably has a heat distortion temperature
within a range of from 85 to 200[err]C, more pref-           erably from 90
to 150C, as measured in accordance with ASTM D648 under a load of 4.6
kg/cm[err] and/or a Rockwell           hardness within a range of from M200
to M75, more preferably from M105 to M80, as measured in accordance with
ASTM D785. When the heat distortion temperature or the Rockwell hardness of
the substrate is within the above-    10   mentioned range, the energy
generated by the light absorptive layer 2 upon absorption of the writing
laser beam can           effectively be absorbed by the local deformation
of the surface layer of the substrate 1 so that no substantial strain will
remain in the formed pits, whereby the stability of the recorded data will
be secured. If the heat deformation temperature           or the hardness
is too low, the formed pits tend to easily be deformed by heat or external
force, whereby the stability           will be poor. On the other hand, if
the heat distortion temperature or the hardness is too high, the energy
generated by    15   the light absorptive layer 2 can hardly be absorbed in
the form of deformation of the substrate 1, and it is difficult to
form distinct pits 5, whereby it will be difficult to obtain read-out
signals having a high degree of modulation.          [0059] The thickness
of the substrate 1 is not critical, but it is usually within a range of
from 1.1 to 1.5 mm.          [0060] The light absorptive layer 2 is a layer
which absorbs a laser beam entered through the light transmitting
substrate 1, whereupon it generates heat and at the same time undergoes
ablation, evaporation, sublimation, reaction,    20    decomposition or
modification. It is formed usually by spin coating a dye material such as a
cyanine dye on the substrate    1 or on an inter-layer 6 formed on the
substrate 1.          [0061] The thickness of the light absorptive layer 2
is usually within a range of from 20 to 500 nm, preferably from
100 to 300 nm.          [0062]  The light reflective layer 3 is usually
made of a metal such as gold, silver, copper, aluminum or an alloy thereof.
25    The thickness of the light reflective layer 3 is usually within a
range of from 30 to 150 nm, preferably from 40 to 130 nm.          [0063]
The protective layer 4 is made of a resin excellent in the impact
resistance like the light transmitting substrate          1 and is most
commonly formed by coating a ultraviolet curable resin by spin coating,
followed by irradiation with          ultraviolet rays for curing. As other
materials, an epoxy resin, an acrylate resin and a silicone hard coat resin
may          usually be used. It is also possible to employ a resilient
material such as a urethane resin to obtain a cushion effect.    30  [0064]
The thickness of the protective layer 4 is not critical and is usually
within a range of from 3 to 30[err]m, preferably          from 5 to
15[err]m.          [0065] As shown in Figures 4 to 7, an inter-layer 6 such
as a resin layer or a solvent resistant layer may be disposed
between the substrate 1 and the light absorptive layer 2. As shown in
Figures 5 and 7, such an inter-layer 6 deforms          by the energy
generated by the light absorptive layer 2 upon absorption of the writing
laser beam to form optically   35   modified pits 5. If such an inter-layer
6 is sufficiently thick, pits 5 will be formed therein as shown in Figure
5, whereby         the inter-layer serves as the surface layer of the
substrate 1. If the inter-layer 6 is relatively thin, i.e. has a thickness
of at most 30 nm, not only the inter-layer 6 but also the substrate 1 will
be deformed as shown in Figure 7. When such         an inter-layer 6 is not
present, the surface layer of the substrate 1 will be deformed as shown in
Figure 3 to form optically         modified pits 5. 40    [0066] The
inter-layer 6 preferably has a heat distortion temperature within a range
of from 50 to 150[err]C, more pref-          erably from 85 to 140[err]C,
as measured in accordance with ASTM D648 under a load of 4.6 kg/cm[err]
and/or a Rockwell          hardness within a range of from M100 to M50,
more preferably from M95 to M75, as measured in accordance with
ASTM D785. The heat distortion temperature and the Rockwell hardness of the
inter-layer 6 within the above ranges          are preferred for the same
reasons as mentioned with respect to the heat distortion temperature and
the Rockwell   45   hardness of the substrate 1. The inter-layer 6 may be
made of a resin such as an acrylate resin, a vinyl chloride resin,
a vinylidene chloride resin, a polystyrene resin, a polyester resin, a
polyurethane resin, a cellulose resin or a silicone         resin. However,
any other resin may be employed so long as it satisfies the above-mentioned
properties for the inter-         layer 6.         [0067]  The thickness of
the inter-layer is usually within a range of from 2 nm to 500 [err]m,
preferably from 10 to 200 nm.   50    [0068] As mentioned above, in the
present inventiona dielectric layer i.e. enhancing layer 16 transparent
(imaginary         part k[err] of the complex refractive index = 0) to the
reading laser beam, may be provided on the light absorptive layer
2, as shown in Figures 8 and 9. This enhancing layer 16 may be made of an
inorganic dielectric layer of e.g. SiO[err],         amorphous SiO,
Si[err]N[err], SiN, AlN or ZnS, or of an organic dielectric layer of e.g. a
silicone resin. As mentioned above,         a high reflectance at a level
of at least 70% can be obtained by adjusting the optical thickness of the
enhancing layer         16 in relation with the light absorptive layer 2 so
that the optical parameter p represented by the formula:   



7                                                              EP 0 353 393
B2                                                       n[err]d[err] +
n[err]d[err] p =      ____________________________    [err]          5
wherein n[err], d[err], n[err], d[err] and [err] are as defined above, will
be 0.05 [err] p [err] 1.1.              [0069] As the substituents A and A'
of the cyanine dye represented by the foregoing formula a substituted or
un-              substituted benzene ring and a substituted or
unsubstiluted naphthalene ring may be mentioned. The substituents
thereof indude, for example, an alkyl group, an alkoxy group, a hydroxy
group, a carboxyl group, a halogen atom, an              allyl group, an
alkylcarboxyl group, an alkylalkoxy group, an aralkyl group, an
alkylcarbonyl group, a sulfonate alkyl         10  group bonded with a
metal ion, a nitro group, an amino group, an alkylamino group, an aryl
group, a phenylethylene              group and the following: [err]
15              20             [0070] Further, a combination of a plurality
of cyanines having such substituents may be employed. For example,
substituents for the substituents A and A' of such compounds may be for
example, as shown in Table 1.           25
Table 1                                          First cyanine
Second cyanine         30
-C[err]H[err](n=1,2,3,4)        -NO[err]
-NO[err]                        -OC[err]H[err](n=1,2,3,4)           35
-C[err]H[err](n=1,2,3,4)         -OC[err]H[err](n=1,2,3,4)
[err]                         -C[err]H[err](n=1,2,3,4)
[err]                          -C[err]H[err](n=1,2,3,4)           45
[err]                            -OC[err]H[err](n=1,2,3,4)            5o
[0071] One of the two cyanines may be a cyanine other than
indodicarbocyanine. 



[0072] As the cyclic side chain bonding to B of the foregoing formula, a
linking chain may be mentioned which is             composed of carbon or
other atoms forming e.g. a 4-membered, 5-membered or 6-membered ring
together with a             plurality of carbon atoms of the pentamethine
chain by bridging e.g. the second and fourth carbon atoms, and it may
55    have a substituent. The substituents directly attached to B or
located on the above cyclic side chain, include a halogen             atom,
a diphenylamino group, an alkoxy group (e.g. a lower alkoxy group such as
methoxy or ethoxy), and an alkyl             group (e.g. a lower alkyl
group such as methyl or ethyl).             [0073] The light absorptive
layer may contain in addition to the above cyanine dye, other dyes, resins
(e.g. a ther-                               EP 0 353 393 B2      moplastic
resin such as nitrocellulose, a thermoplastic elastomer, and liquid
rubber), etc.     [0074] Specifically, the following examples may be
mentioned in addition to those used in the Examples given here-
inafter:    5             1-1  [err]                20              1-2
[err]    25        30       35              1-3  [err]    45          



50        n = 1, 2, 3, 4.       R is alkyl, Na or K.
9             EP 0353393B2        1-4  [err]      10     15          1-5
[err] 20     25     30         2-1  35 [err]           



n=1,2,3,4....8  50        m[err]-m[err]=0,1,2,3,4(Not all are 0.)      55
EP 0 353 393 B2              2-2 [err]  5            10       15
n = 1,2,3,4...8       m[err] - m[err] = 0, 1, 2, 3, 4 (Not all are 0.)
2-3   20 [err]             30        n=1, 2, 3, 4 .... 8
m[err]-m[err] = 0, 1, 2, 3, 4 (Not all are 0.)     35                   2-4
[err]              



n = 1,2,3,4...8   50         m[err] - m[err] = 0, 1, 2, 3, 4 (Not all are
0.)        R is alkyl, Na or K.      55                  EP 0 353 393 B2
3-1 [err] 5     10      15       n = 1, 2, 3, 4..... 8.       3-2 [err] 20
30   n=1,2,3,4....8.        3-3 [err]   45  40     45      n = 1, 2, 3, 4
.... 8. 50       R is alkyl, Na or K.     



12                  EP 0 353 393 B2       4-1 [err]              15
n = 1,2,3,4 .... 8.        4-2 [err] 20            30   n=1,2,3,4...8    R
is alkyl, Na or K.   35  4-3 [err]           



n=1, 2, 3, 4 .... 8.  50       55               EP 0 353 393 B2      4-4
5  [err]            15   n=1,2,3,4...8    20                 5-1  [err]
25      30  n=1,2,3,4....8     35                    5-2 [err]      40
45  



n=1,2,3,4...8
EP 0 353 393 B2                         5-3          5 [err]
10     15           20       n=1,2,3,4.....8                 R is alkyl,.Na
or K.                           5-4       25 [err]
n=1,2,3,4.....8. 40  [0075] For the preparation ofthe optical information
recording medium of the present invention, firstly a solution of
the above cyanine dye dissolved in an organic solvent such as acetyl
acetone, methylcellusolve or toluene, is spin-             coated on the
surface of the substrate 1.             [0076]   The organic solvent may be
an alcohol such as methanol, ethanol, propanol, isopropyl alcohol, butanol,
amyl             alcohol, isoamyl alcohol, hexyl alcohol, heptanol, benzyl
alcohol, cyclohexanol or furfuryl alcohol; an ether such as       45
cellosolve, diethyl cellosolve, butyl cellosolve, methyl carbitol,
carbitol, acetal, dioxane or tetrahydrofuran; a ketone            such as
acetone, methyl ethyl ketone, methyl isobutyl ketone, diacetone alcohol,
cyclohexanone or acelophenone; an            ester such as ethyl formate,
butyl formate, amyl formate, methyl acetate, ethyl acetate, propyl acetate,
butyl acetate,            arnyl acetate, phenylacetate, methyl cellosolve
acetate orcellosolve acetate; a nitrohydrocarbon such as nitromethane,
nitroethane, nitropropane, nitrobutanol or nitrobenzene; a halogenated
solvent such as methyl chloride, methylene       50  chloride, chloroform,
methyl bromide. bromoform, methylene iodide, ethyl chloride, ethylene
chloride, ethylidene chlo-            ride, trichloroethane,
trichloroethylene, propylene chloride, butyl chloride, dichlorobutane,
hexachloropropylene, dichlo-            ropentane, arnyl chloride,
chlorobenzene, o-dichlorobenzene, trichlorobenzene, trichlorotoluene or
dichlorotoluene; or            other solvents such as paraldehyde,
crotonaldehyde, furfural, aldol, acetonitrile, formamide,
dimethylformamide, ace-            tol, [err]-valerolactone, arnylphenol,
sulfolane, 2-mercaploethyl alcohol, dimethylsulfoxide, N-methylpyrrolidone
or methyl       55  carbamate. 



[0077] A metal layer is formed thereon by e.g. vacuum vapor deposition or
sputtering, and further a protective layer            4 is formed thereon
in such a case, a solvent resistant layer such as SiO[err] is preliminarily
formed on the light transmitting            substrate 1, and then the
above-mentioned cyanine dye solution may be spin-coated. Further, an
oxidation resistant
EP 0 353 393 B2          layer to prevent oxidation of the reflective layer
3 may be interposed between the reflective layer 3 and the protective
layer 4.         [0078] Each of Figures 2, 4, 6 and 8 illustrates a state
prior to optical recording by a laser beam. Each of Figures 3,         5, 7
and 9 illustrates a state after the optical recording. Namely, when a laser
beam 7 from an optical pickup 8 is   5     irradiated in a focused state to
the light absorptive layer 2, the surface layer of the substrate 1 is
locally deformed by         the energy generated at the light absorptive
layer 2, to form optically modified pits 5, as diagrammatically illustrated
in         these Figures.         [0079] In the optical information
recording medium of the present invention, a layer behind the light
absorptive layer         2 relative to the light transmitting substrate 1.
such as the light reflective layer 3 or the protective layer 4, is
preferably  10    made of a material having a heat distortion temperature
and a hardness higher than the layer on which pits 5 are        formed. By
forming the layer behind the absorptive layer 2 with a hard material, the
block error rate of recorded signals        can effectively be reduced,
whereby it is readily possible to meet the standard requirement of BLER
(block error rate)        being not higher than 3 x 10[err] as prescribed
in the CD standards.        [0080] Now, the present invention will be
described in further detail with reference to Examples. However, it should
15 be understood that the present invention is by no means restricted to
such specific Examples.         EXAMPLE 1         [0081] A polycarbonate
substrate 1 of a disc shape having a thickness of 1.2 mm, an outer diameter
of 120mm and  20   an inner diameter of 15 mm and having a spiral pregroove
formed on its surface with a width of 0.8 [err]m, a depth of 0.08
[err]m and a pitch of 1.6 [err]m, was formed by injection molding. [0082]
As an organic dye to form the light absorptive layer 2, 0.65 g of 1,1
'dibutyl-3,3,3',3'-tetramethyl-4,5,4',5'-        dibenzoindodicarbocyanine
perchlorate (product number NK3219, manufactured by Nippon Kanko Shikiso
Kenkyusho)        was dissolved in 10 m[err] of a diacetone alcohol
solvent, and the solution was coated on the surface of the substrate 1 25
by spin coating to form a light absorptive layer 2 of a light sensitive dye
film having a thickness of 130 nm. The complex        refractive index of
this light absorptive layer 2 was n[err] = 2.7 and k[err] = 0.05. As
mentioned below, the wavelength of        [err] of the reading
semiconductor laser beam was 780 nm, whereby p = n[errr]d[err]/[err] =
0.45.        [0083] Then, a gold film having a thickness of 400 [err] was
formed by sputtering on the entire surface of this disc, to        form a
light reflective layer 3. The complex refractive index of this light
reflective layer 3 was n[err] = 0.16, and k[err] = 30    4.67. Further, on
this light reflective layer 3, an ultraviolet curable resin was spin-coated
and then cured by irradiation        with ultraviolet rays, to form a
protective layer 4 having a thickness of 10 [err]m.        [0084] To the
optical disc thus obtained, a semiconductor laser having a wavelength of
780 nm was irradiated at a        linear speed of 1.2 m/sec with a
recording power of 6.0 mW, to record EFM signals. Then, this optical disc
was played        back by a commercially available CD player (Aurex XR-V73,
wavelength of the reading laser beam [err] = 780 nm), 35   whereby the
reproduced waveform was as shown in Figure 15. The reflectance of this disc
was 72%, l[err]/l[err] was 0.65,       and l[err]/l[err] was 0.35.
[0085] The CD standards prescribe that the reflectance is at least 70%,
l[err]/l[err] is at least 0.6, and l[err]/l[err] is from 0.3       to 0.7.
The optical disc of this example meets the standards.       [0086] Further,
with respect to the same optical disc as in Example 1, the optical
parameter p = n[err]d[err]/[err] was 40   changed within a range of from 0
to 0.8 by changing the thickness d[err] of the light absorptive layer 2,
whereby the       relation between the optical parameter p and the
reflectance of the optical disc was as shown by the solid line in Figure
10.        EXAMPLE 2 45       [0087]  On a polycarbonate substrate 1 molded
in the same manner as in Example 1,0.5 g of 1,1'-diethyl-3,3,3',3'-
tetramethyl-5,5'-diethoxyindodicarbocyanine iodide as an organic dye
dissolved in 10 m[err] of an isopropyl alcohol sol-       vent, was coated
by spin coating to form a light absorptive layer 2 made of a dye film
having a thickness of 0.10 [err]m.       The complex refractive index of
this light absorptive layer2 was n[err] = 2.65 and k[err] = 0.05, and p =
n[err]d[err]/[err] = 0.94. 50    [0088]   A copper film having a thickness
of 500 [err] was formed by sputtering on the entire surface of this disc to
form       a light reflective layer 3. The complex refractive index of this
light reflective layer 3 was n[err] = 0.12 and k[err] = 4.89.
Further, on this light reflective layer 3, an ultraviolet curable resin was
spin-coated and cured by irradiation with ultra-       violet rays to form
a protective layer having a thickness of 10 [err]m.       [0088]  To the
optical disc thus obtained a semiconductor laser beam having a wavelength
of 780 nm was irradiated 55    at a linear speed of 1.2 m/sec with a
recording power of 6.0 mW to record EFM signals. Then, this optical disc
was.       played back by the same CD player as used in Example 1, whereby
the reproduced waveform as shown in Figure 16       was obtained. The
reflectance of the optical disc was 71%, l[err]/l[err] was 0.63, and
l[err]/l[err] was 0.33. Thus, the optical disc       of this Example meets
the CD standards like the preceding Example. 



EP 0 353 393 B2                 EXAMPLE 3                 [0090] On a
polycarbonate substrate 1 molded in the same manner as in Example 1 ,a GaAs
film having a thickness                of 900 [err] was formed by
sputtering to form a light absorptive layer 2. The complex refractive index
of this light absorptive          5   layer 2 was n[err] = 3.6 and k[err] =
0.07. and p = n[err]d[err]/[err] = 0.42.                [0091] A silver
film having a thickness of 450 [err] was formed by sputtering on the entire
surface of this disc to form a                light reflective layer 3. The
complex refractive index of this light reflective layer 3 was n[err] =
0.086 and k[err] = 5.29.                Further, on this light reflective
layer 3, an ultraviolet curable resin was spin-coated and cured by
irradiation with ultra-                violet rays to form a protective
layer having a thickness of 10[err]m.          10  [0092] To the optical
disc thus obtained, a semiconductor laser beam having a wavelength of 780
nm was irradiated                at a linear speed of 1.2 m/sec with a
recording power of 6.0 mW to record EFM signals. Then, this optical disc
was                played back by the same CD player as used in Example 1,
whereby the reproduced waveform as shown in Figure 17                was
obtained. The reflectance of the optical disc was 73%, l[err]/l[err] was
0.63, and l[err]/l[err] was 0.35. Thus, the optical disc                of
this Example meets the CD standards like the preceding Examples.         15
[0093]  Further, with respect to the same optical disc as in Example 3, the
optical parameter p = n[err]d[err]/[err] was                changed within
a range of from 0 to 0.8 by changing the thickness d[err] of the light
absorptive layer 2, whereby the                relation of the optical
parameter p and the reflectance of the optical disc was as shown by the
dotted line in Figure 10.                 COMPARATIVE EXAMPLE 1         20
[0094] On a polycarbonate substrate 1 molded in the same manner as in
Example 1, 0.065 g of the same organic                dye as in Example 1
dissolved in 10 m[err] of an isopropyl alcohol solvent, was coated by spin
coating to form a light                absorptive layer 2 made of a dye
film having a thickness of 0.01 [err]m. The optical parameter of this
optical disc was                n[err]d[err]/[err] = 0.035.         25
[0095] An aluminum film having a thickness of 450 [err] was formed by
sputtering on the entire surface of this disc to                form a
light reflective layer 3. The complex refractive index of this light
reflective layer 3 was n[err] = 1.87 and k[err] = 7.0.
Further, on this light reflective layer 3, an ultraviolet curable resin was
spin-coated and cured by irradiation with ultra-                violet rays
to form a protective layer having a thickness of 10 [err]m.
[0096] To the optical disc thus obtained, a semiconductor laser beam having
a wavelength of 780 nm was irradiated          30   at a linear speed of
1.2 m/sec to record EFM signals, but no adequate recording was possible
even with a recording                power of 10 mW. Then, this optical
disc was played back by the same CD player as in Example 1, whereby the
repro-                duced waveform was as shown in Figure 18. The
reflectance of this optical disc was 70%, but l[err]/l[err] was 0.20, and
l[err]/l[err] was 0.08. Thus, the optical disc of this Example does not
meet the CD standards.          35   COMPARATIVE EXAMPLE 2
[0097] On a polycarbonate substrate 1 molded in the same manner as in
Example 1. 1.3 g of the same organic dye                as used in Example
1, dissolved in 10 m[err] of an isopropyl alcohol solvent was coated by
spin coating to form a light                absorptive layer 2 made of a
dye film having a thickness of 0.26 [err]m. With this optical disc, p =
n[err]d[err]/[err] = 0.90. 40    [0098] A gold film having a thickness of
400 [err] was formed by sputtering on the entire surface of this disc to
form a                light reflective layer 3. Further, on this light
reflective layer 3, an ultraviolet curable resin was spin-coated and cured
by irradiation with ultraviolet rays to form a protective layer having a
thickness ot 10 [err]m.                [0099]  To an optical disc thus
obtained, a semiconductor laser beam having a wavelength of 780 nm was
irradiated                at a linear speed of 1,2  m/sec with a recording
power of 6.0 mW to record EFM signals. Then, this optical disc was
45   played back by the same CD player as in Example 1, whereby the
reproduced waveform was as shown in Figure 19.                The
reflectance of this optical disc was 62%, l[err]/l[err] was 0.60, and
l[err]/l[err] was 0.3. As shown in Figure 19, the eye
pattern of the read-out signals was not distinct, and many errors were
observed. From these results, this optical disc                does not
meet the CD standards.           50 COMPARATIVE EXAMPLE 3
[0100] On a polycarbonate substrate 1 molded in the same manner as in
Example 1. 0.58 g of 1,1'-diethyl-3,3,3',3'-
tetramethylindolricarbocyanine perchlorate (product number NK2885,
manufactured by Nippon Kanko Shl kiso K.K.)                as an organic
dye dissolved in 10 m[err] of an isopropyl alcohol solvent, was coated by
spin coating to form a light absorptive          55  layer 2 made of a dye
film having a thickness of 0.12 [err]m. The complex refractive index of
this light absorptive layer 2                was n[err] = 2.7 and k[err] =
1.6, and p = n[err]d[err]/[err] = 0.42                [0101]  A silver film
having a thickness of 600 [err] was formed by sputtering on the entire
surface of this disc to form a                light reflective layer 3.
Further, on this light reflective layer 3, an ultraviolet curable resin was
spin-coated and cured     



17                                                                   EP 0
353 393 82          by irradiation with ultraviolet rays to form a
protective layer having a thickness of 10 [err]m.         [0102] To the
optical disc thus obtained a semiconductor laser beam having a wavelength
of 780 nm was irradiated         al a linear speed of 1.2 m/sec with a
recording power of 6.0 mW to record EFM signals. Then, this optical disc
was         played back by the same CD player as used in Example 1, whereby
the reflectance was as low as 10%, and no    5     reproduction was
possible. Thus, this optical disc does not meet the CD standards.
[0103] In conventional optical information recording media, a shock
absorbing portion such as a space is formed         behind the light
absorptive layer so that when the light absorptive layer 2 absorbs the
laser beam and generates heal         and is thereby melted, evaporated,
sublimed, deformed or modified, such thermal change may be absorbed by the
above shock absorbing portion, and pits will be formed in the light
absorptive layer 2 itself. Whereas, in the optical   10  information
recording medium of the present invention, a light reflective layer 3 is
provided behind the light absorptive         layer 2, and a protective
layer 4 is formed behind the light reflective layer 3, whereby it is
possible to employ a recording         system in which such layers behind
the light absorptive layer 2 are made of a material more hardly
heat-deformable         than the substrate 1 to let the substrate 1 absorb
the heat change of the light absorptive layer 2 so that pits in the form
of protuberances, waves or dents will be formed in the substrate.   15
[0104]  For example, in the case of Example 1, the polycarbonate substrate
1 used had a Rockwell hardness (ASTM         D785) of M75 and a heat
distortion temperature (ASTM D648) of 132[err]C under a load of 4.6
kg/cm[err]. Whereas, the         protective layer 4 had, after curing, a
Rockwell hardness (ASTM D785) of M90 and a heatdistortion temperature (ASTM
D648) of 150[err]C under a load of 4.6 kg/cm[err]. Namely, with the optical
information recording medium of this Example,         the protective layer
4 behind the light absorptive layer 2 is made of a material hardly
heat-deformable as compared   20   with the substrate, whereby the heat
change in the light absorptive layer 2 is absorbed by the substrate 1 and
optically         modified pits in the form of protuberances, waves or
dents are formed in the substrate. Thus, as shown diagrammatically
in Figure 3, pits 5 protruded to the light absorptive layer are observed on
the surface of the substrate 1 adjacent to the         light absorptive
layer 2 of the optical disc after recording.    25   EXAMPLE 4
[0105] To a polymethyl rnethacrylate substrate 1 having the same size as
the substrate in Example 1, 0.65 g of 1,1'-         dibutyl-3,3;
5,3,3',5'-hexamethylindodicarbocyanine fluoroborate as a cyanine dye
dissolved in 10 m[err] of an isopropyl         alcohol solvent, was coated
by spin coating to form a light absorptive layer 2 having a thickness of
0.11 [err]m. The   30   complex refractive index of this light absorptive
layer 2 was n[err] =2.7 and k[err] = 0.05, and p = n[err]d[err]/[err] =
0.38.         [0106] A copper film having a thickness of 500 [err] was
formed by sputtering on the entire surface of this disc to form         a
light reflective layer 3. The complex refractive index of this light
reflective layer 3 was n[err] = 0.12 and k[err] = 4.89.         Further, on
this light reflective layer 3, an ultraviolet curable resin was spin-coated
and cured by irradiation with ultra-         violet rays to form a
protective layer 4 having a thickness of 10 [err]m.  35    [0107] To the
optical disc thus obtained. FEM signals were recorded in the same manner as
in Example 1. Then,         this optical disc was played back by the same
CD player as used in Example 1, whereby the reflectance of the optical
disc was 75%, l[err]/l[err] was 0.65, and l[err]/l[err] was 0.35. Thus, the
optical disc of this Example meets the CD standards         like the
preceding Examples.   40   EXAMPLE 5  [0108] On the same light transmitting
substrata 1 as used in Example 1. 0.60 g of
1,1'-diethyl-3,3,3',3'-tetramethyl-
5,5'-di-t-butylindodicarbocyanine perchlorate as a cyanine dye dissolved in
10 me of a methyl isobutyl ketone solvent,         was coated by spin
coating to form a light absorptive layer 2 having a thickness of 0.12
[err]m. The complex refractive  45  index of this light absorptive layer 2
was n[err] = 2.65 and k[err] = 0.06, and p = n[err]d[err]/[err] = 0.41.
[0109]  A silverfilm having a thickness of 450 [err] was formed by
sputtering on the entire surface of this disc to form a         light
reflective layer .3. The complex refractive index of this light reflective
layer 3 was n[err] = 0.086 and k[err] = 5.29.         Further, on this
light reflective layer 3, an ultraviolet curable resin was spin-coated and
cured by irradiation with ultra-         violet rays to form a protective
layer 4 having a thickness of 10 [err]m.  50    [0110] To the optical disc
thus obtained, FEM signals were recorded in the same manner as in Example
1. Then,        this optical disc was played back by the same CD player as
used in Example 1, whereby the reflectance of the optical        disc was
73%, l[err]/l[err] was 0.64, and l[err]/l[err] was 0.33. Thus, the optical
disc of this Example meets the CD standards        like the preceding
Examples.   55   EXAMPLE 6         [0111] On the same light transmitting
substrate 1 as used in Example 1, 0.65 g of
1,1'-diethyl-3,3,3',3'-tetramethyl-
5,5'-bis(dimethanolamino)indodicarbocyanine perchlorate as a cyanine dye
dissolved in 10 m[err] of a diacetone alcohol    



EP 0 353 393 B2                 solvent, was coated by spin coating to form
a light absorptive layer 2 having a thickness of 0.10 [err]m. The complex
refractive index of this light absorptive layer 2 was n[err] = 2.75 and
k[err] = 0.08, and p = n[err]d[err]/[err]=0.35.                [0112] An
aluminum film having a thickness of 500 [err] was formed by sputtering on
the entire surface of this disc to                form a light reflective
layer 3. The complex refractive index of this light reflective layer 3 was
n[err] = 1.87 and k[err] = 7.0.          5     Further, on this light
reflective layer 3, an ultraviolet curable resin was spin-coated and cured
by irradiation with ultra-                violet rays to form a protective
layer 4 having a thickness of 10 [err]m.                [0113] To the
optical disc thus obtained, FEM signals were recorded in the same manner as
in Example 1. Then,                this optical disc was played back by the
same CD player as used in Example 1, whereby the reflectance of the optical
disc was 72%, l[err]/l[err] was 0.61, and l[err]/l[err] was 0.31. Thus, the
optical disc of this Example meets the CD standards          10  like the
preceding Examples.                 EXAMPLE 7                 [0114] On the
light transmitting substrate 1 as used in Example 1, 0.65 g of
1,1'-dipropyl-3,3,3',3'-tetramethyl-5,5'-          15
bis(1-phenyl-2-ethylene)dicarbocyanine toluene sulfonate as a cyanine dye
dissolved in 10 m[err] of an isopropyl alcohol                solvent was
coated by spin coating to form a light absorptive layer 2 having a
thickness of 0.13 [err]m. The complex                refractive index of
this light absorptive layer 2 was n[err] = 2.7 and k[err] = 0.04, and p =
n[err]d[err]/[err] = 0.45.                [0115] An silver film having a
thickness of 600 [err] was formed by sputtering on the entire surface of
this disc to form                a light reflective layer 3. The complex
refractive index of this light reflective layer 3 was n[err] = 0.086 and
k[err] = 5.29.          20   Further, on this light reflective layer 3, an
ultraviolet curable resin was spin-coated and cured by irradiation with
ultra-                violet rays to form a protective layer 4 having a
thickness of 101[err]m.                [0116]  To the optical disc thus
obtained, FEM signals were recorded in the same manner as in Example 1.
Then,                this optical disc was played back by the same CD
player as used in Example 1, whereby the reflectance of the optical
disc was 72%, l[err]/l[err] was 0.62, and l[err]/l[err] was 0.33. Thus, the
optical disc of this Example meets the CD standards         25  like the
preceding Examples.                 COMPARATIVE EXAMPLE 4
[0117] On a polycarbonate substrate 1 molded in the same manner as in
Example 1, 0.35 g of the same organic dye          30   as used in Example
1 dissolved in 10 m[err] of a diacetone alcohol solvent, was coated by spin
coating to form a light                absorptive layer 2 having a
thickness of 0.065 [err]m. The optical parameter p of this light absorptive
layer 2 was p =                n[err]d[err]/[err] = 0.21.
[0118]  To this disc without forming the light reflective layer 3 or the
protective layer 4, EFM signals were recorded in                the same
manner as in Example 1. Then, this optical disc was played back by the same
CD player as used in Example         35  1, whereby l[err]/l[err] was 0.70
and l[err]/l[err] was 0.40, but the reflectance was as low as 43%. This
optical disc does not                meet the CD standards.
EXAMPLE 8  40  [0119]  On the same light transmitting substrate 1 as used
in Example 1, a silicone coating agent was spin-coated in                a
thickness of about 20 nm for solvent resistant treatment. Then, as an
organic dye to form the light absorptive layer                2, 8.5 g of
of a soluble phthalocyanine represented by the following chemical formula
was dissolved in 10 m[err] of a                dimethylformamide solvent.
45               50               55         
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-C(CH[err])[err], M:Co.            The solution was coated by spin coating
on the above substrate 1 to form a light absorptive layer 2 made of a dye
film   having a thickness of 160 nm. The complex refractive index of this
light absorptive layer 2 was n[err] = 1.9 and k[err] =            0.05.
Thus, p = 0.38. The peak value of the thermal decomposition temperature was
400[err]C as measured by the tem-            perature gradient of
20[err]C/min in a nitrogen gas by using TG8110 colorimeter (DTA)
manufactured by Rigaku Denki K.      25   K. with respect to the material
of this optical absorptive layer 2.            [0120] Further, a gold film
having a thickness of 50 nm was formed by sputtering on the entire surface
of this disc to            form a light reflective layer 3. Further, on
this light reflective layer 3, an ultraviolet curable resin was spin-coated
and            cured by irradiation with ultraviolet rays to form a
protective layer 4 having a thickness of 10 [err]m.            [0121] To
the optical disc thus obtained, a semiconductor laser beam having a
wavelength of 780 nm was irradiated      30   at a linear speed of 1.2
m/sec with a recording power of 6.0 mW to record FEM signals. Then, this
optical disc was            played back by the same CD player as used in
Example 1, whereby the reflectance of the optical disc was 73%, and
l[err]/l[err] obtained by the eye pattern was 0.63, and l[err]/l[err] was
0.35. Thus, the optical disc of this Example meets the CD
standards like the preceding Examples.      35   EXAMPLE 9
[0122] An optical disc was prepared in the same manner as in Example 8
except that in Example 8, an epoxy resin            disc having a pregroove
formed on the surface by a photo polymer method (photo polymerization
method) was used            as the light transmitting substrate 1, 5.0 g of
Cr-bis-1 (2-hydroxyphenyl)azo-2-hydroxynaphthalene (Oil Black HBB,     40
manufactured by Orienl Kagaku K.K.) dissolved in 10 m[err] of
dichloroethane was spin-coated directly on the disc without
costing the silicon coating agent, to form a light absorptive layer 2
having a thickness of 150 nm, and a light reflective            layer made
of a thin film of an alloy of gold and iridium in a ratio of 9:1 was formed
as the light reflective layer 3. The            real part n[err] of the
complex refractive index of the light absorptive layer 2 in this optical
disc was 2.05, and the imaginary            part k[err] thereof was 0.02.
Thus, p = 0.39. Further the peak value of the thermal decomposition
temperature of the     45   material constituting the light absorptive
layer 2, was 260[err]C.           [D123] To the optical disc thus obtained,
EFM signals were recorded in the same manner as in Example 1. Then,
this optical disc was played back by the same CD player as used in Example
1, whereby the reflectance was 80%,           and l[err]/l[err] obtainable
by the eye pattern of the read-out signals, is 0.62, and l[err]/l[err] was
0.33.      50   EXAMPLE 10            [0124] An optical disc was prepared
in the same manner as in Example 8 except that in Example 8, instead of the
silicone coating agent, a SIN layer having a thickness of 30 nm was formed
on the light transmitting substrate 1 by a           reactive sputtering
with nitrogen gas, and 6.5 g of
3,3'-(2-acetoxyethyl)-10-diphenylamino-9,11-ethylenethiadicarbocy-     55
anine perchlorate dissolved in 10 m[err] of an acetyl acetone solvent, was
spin-coated hereon to form a light absorptive           layer 2 having a
thickness of 130 nm. The real part n[err] of the complex refractive index
of the light absorptive layer 2           of this optical disc was 2.4, and
the imaginary part k[err] thereof was 0.06. Thus, p = 0.40. The peak value
of the thermal           decomposition temperature of the material of the
above light absorptive layer 2 was 240[err]C.
20     
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EFM signals were recorded in the same manner as in Example 1. Then,
this optical disc was played back by the same CD player as used in Example
1, whereby the reflectance was 78%,                and l[err]/l[err]
obtainable from the eye pattern of the read-out signals was 0.61, and
l[err]/l[err]  was 0.32.           5   EXAMPLE 11                [0126] An
optical disc was prepared in the same manner as In Example 8 except that in
Example 8, instead of the               silicone coating agent, a
polystyrene resin layer having a thickness of 60 nm was formed by spin
coating on the light               transmitting substrate 1, further a
SiO[err] layer having a thickness of 30 nm was formed thereon by
sputtering, then, 7.0         10    g of
3,3'-di-(3-acetoxypropyl)-5,6,5',6'-tetramethoxythiadicarbocyanine toluene
sulfonate dissolved in 10 m[err] of a hy-                droxyacetone
solvent was spin-coated thereon to form a light absorptive layer 2 having a
thickness of 140 nm, the light                reflective layer 3 was formed
directly on this light absorptive layer 2 by vacuum vapor deposition, and
the thickness of                the bisphenol curable type epoxy resin was
changed to 5 [err]m. The real part n[err] of the complex refractive index
of the                light absorptive layer 2 of this optical disc was
2.35, and the imaginary part k[err] thereof was 0.1. Thus, p = 0.42. The
15   peak value of the heat decomposition temperature of the material of
the light absorptive layer 2, was 285[err]C.               [0127] To the
optical disc thus obtained, EFM signals were recorded in the same manner as
in Example 1. Then,               this optical disc was played back by the
same CD player as used in Example 1, whereby the reflectance was 70%,
and l[err]/l[err] obtainable from the eye pattern of the read-out signals
was 0.62, and l[err]/l[err] was 0.33.          20   EXAMPLE 12
[0128] An optical disc was prepared in the same manner as in Example 8
except that in Example 8, instead of the               silicone coating
agent, a polyvinyl acetate layer having a thickness of 60 nm was formed by
spin coating on the light               transmitting substrate 1, then, 6.7
g of 1,1'-dibutyl-3,3,3',3'-tetramethyl-5,5'-diethoxyindodicarcocyanine
perchlorate         25   dissolved in 10 m[err] of a diacetone alcohol
solvent, was spin-coated thereon to form a light absorptive layer 2 having
a               thickness of 135 nm and a light reflective layer 3 made of
a gold film was formed thereon by vacuum vapor deposition.
The real part n[err] of the complex refractive index of the light
absorptive layer 2 of this optical disc was 2.6, and the
imaginary part k[err] was 0.07. Thus. p = 0.45. The peak value of the
thermal decomposition temperature of the material               for the
optical absorptive layer 2, was 267[err]C.        30    [0129] To the
optical disc thus obtained, EFM signals were recorded.in the same manner as
in Example 1. Then,               this optical disc was played back by the
same CD player as used in Example 1, whereby the reflectance was 78%.
and l[err]/l[err] obtainable from the eye pattern of the read-out signals
was 0.64 and l[err]/l[err] was 0.36.                EXAMPLE 13
[0130] An optical disc was prepared in the same manner as in Example 8
except that in Example 8, a glass substrate               was used as the
light transmitting substrata 1, then, 4.5 g of an organic dye represented
by the following chemical               formula dissolved in 10 m[err] of a
tetrahydrofuran solvent, was spin-coated on the substrate 1 to form the
light absorptive               layer 2 having a thickness of 160 nm without
coating a silicone coating agent, 40  [err]             45
and polybutadiene was spin-coated on the light absorptive layer 2 in a
thickness of 10 nm, and then a light reflective               layer 3 made
of a gold film was formed thereon by vacuum vapor deposition. The real part
n[err] of the complex refractive               index ofthe light absorptive
layer 2 of this optical disc was 1.82, and the imaginary part k[err] was
0.04. Thus, p = 0.37.         55   The peak value of the thermal
decomposition temperature of the material for the light absorptive layer 2
was from 200               to 540 C.               [0131] To the optical
disc thus obtained, EFM signals were recorded in the same manner as in
Example 1. Then,               this optical disc was played back by the
same CD player as used in Example 1, whereby the reflectance was 75%,
21  



EP 0 353 393 B2             and l[err]/l[err] obtainable from the eye
pattern of the read-out signals was 0.62. and l[err]/l[err] was 0.32.
EXAMPLE 14        5   [0132] An optical disc was prepared in the same
manner as in Example 8 except that in Example 8, 8.8 g of an
organic dye represented by the following chemical formula dissolved in 10
m[err] of a butanol solvent, was spin-coated            to form a light
absorptive layer 2 having a thickness of 65 nm on the light transmitting
substrate 1 without coating the            silicone coating agent, a
SiO[err] layer having a thickness of 160 nm and a refractive index of 1.45
was provided between            the light absorptive layer 2 and the light
reflective layer 3, a light reflective layer 3 made of a gold film was
formed by      10   vacuum vapor deposition and polybutadiene was coated in
a thickness of 20 nm on the light reflective layer 3 to form            a
binding layer. [err]        15           20                             R:
-C(CH[err])[err], M: TiCl[err]            The real part n[err] of the
complex refractive index of the light absorptive layer 2 of this optical
disc was 2.0, and the            imaginary part k[err] was 0.2. Thus, p =
0.46. The peak value of the thermal decomposition temperature of the
material            for the above light absorptive layer 2, was from 300 to
400[err]C.      35  [0133] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 1. Then,           this
optical disc was played back by the same CD player as used in Example 1,
whereby the reflectance was 77%,           and l[err]/l[err] obtainable
from the eye pattern of the read-out signals was 0.62, and l[err]/l[err]
was 0.32,            EXAMPLE 15 40           [0134]. An optical disc was
prepared in the same manner as in Example S except that in Example 8, as
the light       transmitting substrate 1, an epoxy resin disc having a
pregroove formed on its surface by a photo polymerization           method,
was used, 5.0 g of Cr-bis-1-(2-hydroxyphenyl)azo-2-hydroxynaphthalate (Oil
Black HBB, manufactured by           Orient Kagaku K.K.) dissolved in 10
m[err] of a dichloroethane solvent was spin-coated on this disc directly
without treat-     45     ment for solvent resistance, to form a light
absorptive layer 2 having a thickness of 150 nm, and a light reflective
layer           3 made of a silver film was formed directly by vacuum vapor
deposition as the light reflective layer 3. The real part n[err]
of the complex refractive index of the light absorptive layer 2 of this
optical disc was 2.05, and the imaginary part k[err]           was 0.02.
Thus, p = 0.39. The peak value of the heat decomposition temperature of the
mate rial of the light absorptive           layer 2 was 260[err]C.     50
[0135] To the optical disc thus obtained. EFM signals were recorded in the
same manner as in Example 1. Then,           this optical disc was played
back by the same CD player as used in Example 1, whereby the reflectance
was 80%,           and l[err]/l[err] obtainable from the eye pattern of the
read-out signals was 0.64, and l[err]/l[err] was 0.33.            EXAMPLE
16     55           [0136]  An optical disc was prepared in the same manner
as in Example 8 except that in Example 8, instead of the           silicone
coating agent, a silicone resin was spin-coated on the light transmitting
substrate 1 in a thickness of 20 nm,           then 6.5 g of
3,3'-(2-acetoxyethyl)-10-diphenylamino-9,11-ethylenethiadicarbocyanine
perchlorate dissolved in 10 m[err]   
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0 353 393 B2               of an acetylacetone solvent, was spin-coated
thereon to form a light absorptive layer 2 having a thickness of 130 nm,
and a light reflective layer 3 made of a film of an alloy of gold and
iridium in a ratio of 9:1 was formed with a thickness              of 50 nm
directly on the light absorptive layer 2. The real part n[err] of the
complex refractive index of the light absorptive              layer 2 of
this optical disc was 2.4, and the imaginary part k[err] was 0.06. Thus. p
= 0.40. The peak value of the thermal         5  decomposition temperature
of the material of the light absorptive layer 2 was 240[err]C.
[0137] To the optical disc thus obtained, EFM signals were recorded in the
same manner as in Example 1. Then,              this optical disc was
played back by the same CD player as used in Example 1, whereby the
reflectance was 78%              and l[err]/l[err] obtainable from the eye
pattern of the read-out signals was 0.62, and l[err]/l[err] was 0.31.
10   EXAMPLE 17               [0138] An optical disc was prepared in the
same manner as in Example 8 except that in Example 8, no silicone
coating agent was coated on the light transmitting substrate 1, 7.0 g of
3,3'-di-(3-acetoxypropyl)-5,6,5',6'-tetramethox-
ythladicarbocyanine toluene sulfonate dissolved in 10 m[err] of a
hydroxyacetone solvent, was spin-coated directly on the        15
substrate 1 to form a light absorptive layer 2 having a thickness of 140
nm, a polysulfideincorporated epoxy resin was              coated on the
light reflective layer 3 in a thickness of 20 nm, and the protective layer
4 was formed thereon. The real              part n[err] of the complex
refractive index of the light absorptive layer 2 of this optical disc was
2.35, and the imaginary              part k[err] was 0.1. Thus, p = 0.42.
The peak value of the heat decomposition temperature of the material of the
light              absorptive layer 2 was 285[err]C.     20    [0139] To
the optical disc thus obtained. EFM signals were recorded in the same
manner as in Example 1. Then,              this optical disc was played
back by the same CD player as used in Example 1, whereby the reflectance
was 70%,         and l[err]/l[err] obtainable from the eye pattern of the
read-out signals was 0.63, and l[err]/l[err] was 0.32.
EXAMPLE 18        25              [0140] An optical disc was prepared in
the same manner as in Example 8 except that in Example 8, no silicone
coating agent was coated on the light transmitting substrate 1, 6.7 g of
1,1'-dibutyl-3,3,3',3'-tetramethyl-5,5'-diethox-
yindodicarbocyanine perchlorate dissolved in 10 m[err] of a diacetone
alcohol solvent, was spin-coated directly on the              substrate 1
to form a light absorptive layer 2 having a thickness of 90 nm, and a ZnS
film having a thickness of 50 nm        30   and a refractive index of 2.31
was formed thereon by vacuum vapor deposition and the light reflective
layer 3 was              formed thereon. The real part n[err] of the
complex refractive index of the light absorptive layer 2 of this optical
disc was              2.5, and the imaginary part k[err] was 0.07. Thus, p
= 0.42. The peak value of the heat decomposition temperature of
the material of the light absorptive layer 2 was 267[err]C.
[0141] To the optical disc thus obtained, EFM signals were recorded in the
same manner as in Example 1. Then,        35  this optical disc was played
back by the same CD player as used in Example 1, whereby the reflectance
was 82%,              and l[err]/l[err] obtainable from the eye pattern of
the read-out signals was 0.62, and l[err]/l[err] was 0.33.
EXAMPLE 19  40  [0142]  An optical disc was prepared in the same manner as
in Example 8 except that in Example 8, a glass substrate              which
was modified by the photo polymer method was used as the light transmitting
substrate 1, then 4.5 g of an              organic dye represented by the
following chemical formula dissolved in 10 m[err] of a tetrahydrofuran
solvent, was spin           coated directly on the substrate 1 without
coating the silicone coating agent, to form a light absorptive layer 2
having              a thickness of 80 nm, and a SiO[err] film having a
thickness of 60 nm and a refractive index of 1.45 was formed thereon
45   by sputtering and the light reflective layer 3 was formed thereon.
[err]            50       
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353 393 B2              The real part n[err] of the complex refractive
index of the light absorptive layer 2 of this optical disc was 1.82, and
the             imaginary part k[err] thereof was 0.04. Thus, p = 0.45. The
peak value of the heat decomposition temperature of the
material of the light absorptive layer 2 was from 200 to 540[err]C.
[0143] To the optical disc thus obtained, EFM signals were recorded in the
same manner as in Example 1. Then,       5   this optical disc was played
back by the same CD player as used in Example 1, whereby the reflectance
was 78%,             and l[err]/l[err] obtainable from the eye pattern of
the read-out signals was 0.62, and l[err]/l[err] was 0.32.
COMPARATIVE EXAMPLE 5        10   [0144] An optical disc was prepared in
the same manner as in Example 7 except that in Example 17, a solution of
8.0 g of an organic dye represented by the following chemical formula
dissolved in 10 m[err] of an ethanol solvent, was             spin-coated
to form a light absorptive layer 2 having a thickness of 120 nm, and
polybutadiene was spin-coated on the             light absorptive layer 2
in a thickness of 10 nm and then a light reflective layer 3 of a gold film
was formed thereon by             vacuum vapor deposition.       15 [err]
20           25   The real part n[err] of the complex refractive index of
the light absorptive layer 2 of this optical disc was 1.4, and the
imaginary part k[err] thereof was 0.12. Thus, p = 0.22.             [0145]
To the optical disc thus obtained, EFM signals were recorded in the same
manner as in Example 1. Then,             this optical disc was played back
by the same CD player as used in Example 1. whereby the reflectance was
58%,             and l[err]/l[err] obtainable from the eye pattern of the
read-out signals was 0.64, and l[err]/l[err] was 0.30. This optical disc
does       30   not meet the CD format with respect to the reflectivity.
COMPARATIVE EXAMPLE 6              [0146] An optical disc was prepared in
the same manneras in Example 17 except that in Example 17, 6.7 gof 1,1'-
35   diethyl-3,3,3',3',-tetramethylindotricarbocyanine perchlorate
dissolved in 10 m[err] of an ethanol solvent, was spin-coated            to
form a light absorptive layer 2 having a thickness of 120 nm, and a light
reflective layer 3 made of a gold film was            formed thereon by
vacuum vapor deposition. The real part n[err] of the complex refractive
index of the light absorptive            layer 2 of this optical disc was
2.6, and the imaginary part k[err] thereof was 1.6. Thus, p = 0.40.
[0147] To the optical disc thus obtained, EFM signals were recorded in the
same manner as in Example 1. Then,      40  this optical disc was played
back by the same CD player as used in Example 1, whereby the reflectance
was as low            as 19%, the eye pattern of the read-out signal was
not dear, and l[err]/l[err] and l[err]/l[err] were not measurable from the
eye        pattern.             EXAMPLE 20      45   EXAMPLE 20
[0148] A polycarbonate disc (Panlite, tradenarne, manufactured by Tenjin
Kasei K.K.) having a thickness of 1.2 mm,            an outer diameter of
120 mm and an inner diameter of 15 mm and having aspiral pregroove 8 with a
width of 0.8 [err]m,            a depth of 0.08 [err]m and a pitch of 1.6
[err]m in a region covered by the diameter of from 4 to 117 mm of the disc
formed            by injection molding, was used as the light transmitting
substrate 1.      50    [0149] As an organic dye to form the light
absorptive layer 2, 0.65 g of 1,1'-dibutyl-3,3,3',3'-tetramethyl-4,5,4',5'-
dibenzoindodicarbocyanine perchlorate (product number NK321 9. manufactured
by Nippon Kanko Shikiso K.K.) was            dissolved in 10 m[err] of a
diacetone alcohol solvent This solution was coated by spin coating on the
surface of the            substrate 1 to form a light absorptive layer 2
having a thickness of 130 nm. 



[0150] Then a silverfilm having a thickness of 50 nm was formed by
sputtering over the entire surface of the region      55   covered by the
diameter of from 45 to 118 mm of this disc, to form a light reflective
layer 3. The real part n[err] of the            complex refractive index of
this light reflective layer 3 was 0:090 and the imaginary part K[err] was
5.45. Thus, p = 0.45.            Further, on this light reflective layer 3,
polybutadiene and silicone acrylate resin were spin-coated in thicknesses
of 20            nm and 2 [err]m, respectively, and then an ultraviolet
curable resin was spin-coated and cured by irradiation with ultraviolet
24
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thickness of 10 [err]m.               [0151] To the optical disc thus
obtained, a semiconductor laser beam having a wavelength of 780 nm was
irradiated               at a linear speed of 1.2 m/sec with a recording
power of 6.0 mW to record EFM signals. Then, this optical disc was
played back by a commercially available CD player (Aurex XR-V73, wavelength
of the reading laser beam [err] = 780          5    nm), whereby the
reflectance of the laser beam was 74%, and l[err]/l[err] obtainable from
the eye pattern of the read-out                signals was 0.64, and
l[err]/l[err] was 0.35.                [0152] The CD standards prescribe
that the reflectance of the laser beam is at least 70%, l[err]/l[err]  is
at least 0.6, and                l[err]/l[err] is from 0.3 to 0.7. Thus,
the optical disc of this example meets the standards.          10 EXAMPLE
21                 [0153] An opical disc was prepared in the same manner as
in Example 20 except that in Example 20, a polycarbonate
disc (lupilon, tradename, manufactured by Mitsubishi Gas Kagaku K.K.)
having a thickness of 1.2mm, an outer diameter                of 120 mm and
an inner diameter of 15 mm and having a spiral prepit 8 for CD format
signals formed with a width of         15    0.6 [err]m, a depth of 0.08
[err]m and a pitch of 1.6 [err]m in a range of a diameter of from 46 to 80
mm of the disc and a spiral               pregroove 9 formed outside
thereof with a width of 0.8 [err]m, a depth of 0.08 [err]m and a pitch of
1.6 [err]m in a range of the               diameter of from 80 to 117 mm of
the disc, which was formed by injection molding, was used as the light
transmitting               substrate 1, a gold film was formed as the light
reflective layer 3, and only an epoxy resin layer having a thickness of
2 [err]m was formed by spin coating between this light reflective layer 3
and the protective layer 4 made of the ultraviolet         20   curable
resin. The real part n[err] of the complex refractive index of the light
reflective layer 3 of this optical disc was               0.16, and the
imaginary part k[err] was 4.84. Thus, p = 0.45. The inside range of the
diameter of from 46 to 60 mm of    this optical disc is a so-called ROM
(read only memory) region, and the outside range of the diameter off rom 80
to 117               mm is a recordable region.               [0154] To the
recordable region of the optical disc thus obtained, EFM signals were
recorded in the same manner         25   as in Example 20. Then, this
optical disc was played back by the commercially available CD player,
whereby the               reflectance of the laser beam was 74%. and
l[err]/l[err] obtainable from the eye pattern of the read-out signals was
0.64,               and l[err]/l[err] was 0.34.                EXAMPLE 22
30     EXAMPLE 22               [0165] An optical disc was prepared in the
same manner as in Example 20 except that in Example 20, a polystyrene
disc was used as the light transmitting substrate 1, the pregroove on the
disc was subjected to webling of 22.11 kHz               with an amplitude
of 30 nm, the thickness of the absorptive layer was 90 nm, an acrylate
resin layerhaving a refractive               index of 1.48 and an epoxy
resin layer were formed by spin coating in thicknesses of 40 nm and 10 nm,
respectively,         35   between the light absorptive layer 2 and the
light reflective layer 3, an aluminum film was formed as the light
reflective               layer 3 having a thickness of 50 nm, and a
protective layer 4 was formed on the light reflective layer 3 without
interpo-               sition of a resin layer. The real part n[err] of the
complex refractive index of the light reflective layer 3 of this optical
disc               was 1.99, and the imaginary part k[err] was 7.05. Thus,
p = 0.39.               [0156] To the optical disc thus obtained, EFM
signals were recorded in the same manner as in Example 20. Then, 40    this
optical disc was played back by the commercially available CD player,
whereby the reflectance of the laser beam               was 70%, and
l[err]/l[err] obtainable from the eye pattern of the read-out signals was
0.62, and l[err]/l[err] was 0.31.                EXAMPLE 23          45
[0157] An optical disc was prepared in the same manner as in Example 20
except that in Example 20, a polystyrene               disc was used as the
light transmitting substrate 1, a copper film was formed as the light
reflective layer 3, only a               polyester layer having a thickness
of 2 [err]m was formed by spin coating between this light reflective layer
3 and the               protective layer 4 made of the ultraviolet curable
resin. The real part n[err] of the complex refractive index of the light
reflective layer 3 of this optical disc was 0.12, and the imaginary part
k[err] was 5.07.         50    [0158] To the optical disc thus obtained,
EFM signals were recorded in the same manner as in Example 20. Then,
this optical disc was played back by the commercially available CD player,
whereby the reflectance of the laser beam 



was 74%, and l[err]/l[err] obtainable from the eye pattern of the read-out
signals was 0.64, and l[err]/l[err] was 0.32.                 EXAMPLE 24
55               [0159] An optical disc was prepared in the same manner as
in Example 20 except that in Example 20, a polyolefin               disc
(manufactured by Mitsui Petrochemical Co. Ltd.) was used as the light
transmitting substrate 1, the light absorptive               layer 2 having
a thickness of 90 nm was formed with
1,1'-dibutyl-3,3,3',3'-tetramethyl-5,5'-diethoxyindodicarbocyanine
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chloride layer were formed by spin coating in thicknesses of 40 nm and 10
nm, respectively, between the light absorptive layer 2 and the light
reflective layer 3, a platinum film was formed as the             light
reflective layer 3, and the protective layer 4 was formed on the light
reflective layer 3 without interposition of a             resin layer. The
real part n[err] of the complex refractive index of the light reflective
layer 3 of this optical disc was 1.61,        5    and the imaginary part
k[err] was 4. 10. Thus, p = 0.38.             [0160] To the optical disc
thus obtained, EFM signals were recorded in the same manner as in Example
20. Then,             this optical disc was played back by the commercially
available CD player, whereby the reflectance of the laser beam
was 70%, and l[err]/l[err] obtainable from the eye pattern of the read-out
signals was 0.62, and l[err]/l[err] was 0.33.        10   EXAMPLE 25
[0161]  An optical disc was prepared in the same manner as in Example 20
except that in Example 20, an epoxy disc             was used as the light
transmitting substrate 1, the light absorptive layer 2 having a thickness
of 130 nm was iormeo             with
1,1'-dibutyl-3,3,3',3'-tetramethyl-5,5'-diethoxyindodicarbocyanine
perchlorate, a film of an alloy of gold and iridium       15    in a ratio
of 9:1 was formed by sputtering as the light reflective layer 3, and only a
urethane resin layer having a thickness             of 20 nm was formed by
spin coating between the light reflective layer 3 and the protective layer
4. The real part n[err]             of the complex refractive index of the
light reflective layer 3 of this optical disc was 0.46, and the imaginary
part k[err]             was 5.0. Thus, p = 0.44.             [0162] To the
optical disc thus obtained. EFM signals were recorded in the same manner as
in Example 20. Then,       20  this optical disc was played back by the
commercially available CD player, whereby the reflectance of the laser beam
was 70%, and l[err]/l[err] obtainable from the eye pattern of the read-out
signals was 0.61, and l[err]/l[err] was 0.31.              EXAMPLE 26
25    [0163] An optical disc was prepared in the same manner as in Example
20 except that in Example 20, a polymethyl             methacrylate disc
(Acrypet, tradename, manufactured by Mitsubishi Rayon Co., Ltd.) was used
as the lighttransmitting             substrate 1, the light absorptive
layer 2 was formed with
1,1'-dibutyl-3,3,3',3'-tetramethyl-5,5'-diethoxyindodicarbocy-
anine perchlorate, and a film of an alloy of gold and rhodium in a ratio of
9:1 was formed by sputtering as the ligh             reflective layer 3,
and only an isocyanate layer having a thickness of 20 nm was formed by spin
coating between this      30    light reflective layer 3 and the protective
layer 4 made of the ultraviolet curable resin. The real part nf of the
complex             refractive index of the light reflective layer 3 of
this optical disc was 0.34, and the imaginary part k[err] was 4.97. Thus,
p =0.44.             [0164] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Exampe 2D. Then,             this
optical disc was played back by the commercially available CD player,
whereby the reflectance of the laser beam      35   was 72%, and
l[err]/l[err] obtainable from the eye pattern of the read-out signals was
0.62, and l[err]/l[err] was 0.32              EXAMPLE 27
[0165] An optical disc was prepared in the same manner as in Example 20
except that in Example 20, a polymethyl 40    methacrylate disc (PARAPET,
tradenarne, manufactured by Kyowa Gas Kagaku KK.) was usedas the light
transmitting             substrate 1, the light absorptive layer 2 having a
thickness of 80 nm was formed with 1,1'-dibutyl3,3,3',3'-tetramethyl-
5,5'-diethoxyindodicarbocyanine perchlorate, a SiO[err] layer having a
thickness of 40 nm and a refractive index of 1.45             was formed by
sputtering between the light absorptive layer 2 and light reflective layer
3, a film of an alloy of gold and             antimony in a ratio of 8:2
was formed by sputtering as the light reflective layer 3, and only a
polyisoprene layer having      45    a thickness of 20 nm was formed by
spin coating between this light reflective layer 3 and the protective layer
4 made            of the ultraviolet curable resin. The real part n[err] of
the complex refractive index of the light reflective layer 3 of this
optical disc was 0.93, and the imaginary part k[err] was 4.72. Thus, p =
0.35.            [0166] To the optical disc thus obtained, EFM signals were
recorded in the same manner as in Example 20. Then,            this optical
disc was played back by the commercially available CD player, whereby the
reflectance of the laser beam 



50   was 72%, and l[err]/l[err] obtainable from the eye pattern of the
read-out signals was 0.63, and l[err]/l[err] was 0.34.              EXAMPLE
28              [0167] An optical disc was prepared in the same manner as
in Example 20 except that in Example 20, the light     55    absorptive
layer2 having a thickness of 130 nm was formed with
1,1'-dibutyl-3,3,3',3'-tetramethyl-5,5'-diethoxyindodi-
carbocyanine perchlorate, a gold film was formed as the light reflective
layer 3, and the protective layer 4 was formed            on the light
reflective layer 3 without interposition of a resin layer. The real part
n[err] of the complex refractive index of            the light reflective
layer 3 of this optical disc was 0.16, and the imaginary part k[err] was
4.64. Thus, p = 0.44.
26
EP 0 353 393 2                [0168] To the optical disc thus obtained, EFM
signals were recorded in the same manner as in Example 20. Then,
this optical disc was played back by the commercially available CD player,
whereby the reflectance of the laser beam               was 74%, and
l[err]/l[err] obtainable from the eye pattern of the read-out signals was
0.64, and l[err]/l[err] was 0.35.           5   COMPARATIVE EXAMPLE 7
[0169] An optical disc was prepared in the same manner as in Example 20
except that in Example 20, a polycorbonate               disc having a
thickness of 1.2 mm, an outer diameter of 120 mm and an inner diameter of
15 mm and having a spiral               prepit 8 for CD formt signals
formed with a width of 0.6 [err]m, a depth of 0.08 [err]m and a pitch of
1.6 [err]m in a range of the         10    diameter of from 46 to 80 mm of
the disc and a spiral pregroove 9 formed outside thereof with a width of
0.8 [err]m, a               depth of 0.08 [err]m and a pitch of 1.6 [err]m
in a range of the diameter of from 80 to 117 mm of the disc, which was
formed               by injection molding, was used as the light
transmitting substrate 1, and a chromium film was formed as the light
reflective layer 3, and only an epoxy resin layer having a thickness of 2
[err]m was formed by spin coating between this               light
reflective layer 3 and the protective layer 4 made of the ultraviolet
curable resin. The real part n[err] of the complex         15    refractive
index of the light reflective layer 3 of this optical disc was 3.1, and the
imaginary part k[err] was 3.0. Thus, p               = 0.45. The inside
range of the diameter of from 46 to 80 mm of this optical disc is a
so-called ROM (read only memory)               region, and the outside
range of the diameter of from 80 to 117 mm is a recordable region. To the
recordable region               of the optical disc thus obtained, EFM
signals were recorded in the same manner as in Example 20. Then, this
optical               disc was played back by the commercially available CD
player, whereby the reflectance of the laser beam was 39%,         20   and
l[err]/l[err] obtainable from the eye pattern of the read-out signals was
0.55, and l[err]/l[err] was 0.28.                 EXAMPLE 29
[0170] A polycarbonate substrate 1 of a disc shape having a thickness of
1.2 mm, an outer diameter of 120mm and         25    an inner diameter of
15 mm and having a spiral pregroove formed with a width of 0.8 [err]m, a
depth of 0.08 [err]m and a               pitch of 16 [err]m, was molded by
injection molding.               [0171] 5.0 g of
1,1'-dibutyl-3,3,3',3'-tetramethyl-5,5'-diethoxyindodicarbocyanine
perchlorate was dissolved in 10 m[err]               of a hydroxyacetone
solvent. This solution was coated by spin coating on the substrate 1 to
form a light absorptive layer               2 having a thickness of d[err]
of 70 nm. The real part n[err] of the complex refractive index of the light
absorptive layer 2         30   was 0.65, and the imaginary part k[err] was
0.04.               [0172] Further, on this light absorptive layer 2, a
SiO[err] film having a thickness d[err] of 50 nm was formed by sputtering
as the enhancing layer 16. A reflective layer 3 made of a film of an alloy
of gold and titanium in a ratio of 9:1 having               thickness of 50
nm was formed thereon by vacuum vapor deposition. The real part of n[err]
of the complex refractive               index of the enhancing layer 16 was
1.45. Accordingly, p = 0.33.         35  [0173]  Then, an ultraviolet
curable resin was spin-coated on the above light reflective layer 3 and
cured by irradiation                with ultraviolet rays to form a
protective layer 4 having a thickness of 10 [err]m.                [0174]
To the optical disc thus obtained, a semiconductor laser beam having a
wavelength ot 780 nm was irradiated                at a linear, speed of
1.2.m/sec with a recording power of 6.0 mW to record EFM signals. Then,
this optical disc was                played back by a commercially
available CD player (Aurex XR-V73, wavelength of the reading laser beam
[err] = 780 40   nm), whereby the reflectance of the optical disc was 79%
and a satisfactory eye pattern was obtained.                 EXAMPLE 30
[0175] An optical disc was prepared in the same manner as in Example 29
except that in Example 29, an AlN layer          45   having a thickness
d[err] of 40 nm was formed as the enhancing layer 16, and the protective
layer 4 was formed on the                light reflective layer 3 with an
epoxy resin layer having a thickness of 15 nm interposed therebetween. The
real part                n[err] of the complex refractive index of the
enhancing layer 16 of this optical disc was 2.2. Thus, p = 0.35. 



[0176] To the optical disc thus obtained, EFM signals were recorded in the
same manner as in Example 29. Then,                this optical disc was
played back by the commercially available CD player, whereby the
reflectance was 75%, and a          50  satisfactory eye pattern was
obtained                 EXAMPLE 31                 [0177] An optical disc
was prepared in the same manner as in Example 29 except that in Example 29,
an amorphous          55    SiO layer having a thickness d[err] of 40 nm
was formed by reactive sputtering in oxygen as the enhancing layer 16,
andthe light reflective layer 3 was formed with a film of an alloy of gold
and antimony in a ratio of 9:1, and the protective                layer 4
was formed on the light reflective layer 3 with a polyvinyl acetate layer
of a thickness of 15 nm interposed                therebetween. The real
part n[err] of thecomplex refractive index of the enhancing layer 16 of
this optical disc was 1.98.
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disc thus obtained EFM signals were recorded in the same manner as in
Example 29. Then,             this optical disc was played back by the
commercially available CD player, whereby the reflectance was 75%, and a
satisfactory eye pattern was obtained.       5             EXAMPLE 32
[0179] An optical disc was prepared in the same manner as in Example 29
except that in Example 29, a Si[err]N[err] layer             having a
thickness d[err] of 45 nm was formed by reactive sputtering in nitrogen as
the enhancing layer 16, and the light       10  reflective layer 3 was
formed with a film of an alloy of gold and antimony in a ratio of 9:1. The
real part n[err] of the             complex refractive index of the
enhancing layer 16 of this optical disc was 1.85. Thus, p = 0.34.
[0180] To the optical disc thus obtained, EFM signals were recorded in the
same manner as in Example 29. Then,             this optical disc was
played back by the commercially available CD player, whereby the
reflectance was 76%, and a             satisfactory eye pattern was
obtained.       15             EXAMPLE 33              [0181] An optical
disc was prepared in the same manner as in Example 29 except that in
Example 29, a ZnS layer             having a thickness d[err] of 30 nm was
formed by sputtering as the enhancing layer 16, and a light reflective
layer 3      20   made of a gold film was formed by sputtering. The real
part n[err] of the complex refractive index of the enhancing layer  16 of
this optical disc was 2.31. Thus, p = 0.33.    [0182] To the optical disc
thus obtained, EFM signals were recorded in the same manner as in Example
29. Then,             this opti al disc was played back by the commercially
available CD player, whereby the reflectance was 80%, and a
satisfactory eye pattern was obtained.      25            EXAMPLE 34
[0183] 5.5 g of
1,1'-dibutyl-3,3,3',3'-tetramethyl-4,5,4',5'-dibenzoindodicarbocyanine
perchlorate (product number            NK3219, manufactured by Nippon Kanko
Shikiso Kenkyusho) was dissoved in 10 m[err] of diacetone alcohol. The
solution      30   was spin-coated on the substrate 1 molded in the same
manner as in Example 29 to form a light absorptive layer 2
having a thickness d[err] of 90 nm. The real part n[err] of the complex
refractive index of this light absorptive layer 2 was            2.7, and
the imaginary part k[err] thereof was 0.05.            [0184] Further, on
this light absorptive layer 2, a SiO[err] film having a thickness n[err] of
50 nm was formed by sputtering            as an enhancing layer 6. A
reflective layer 3 made of a gold film having a thickness of 50 nm was
formed by sputtering      35  thereon. The real part n[err] of the complex
refractive index of the enhancing layer 6 was 1.45. Thus, p = 0.40.
[0185] Then, an isocyanate curable type epoxy resin was spin-coated on the
light reflective layer 3 and heal-cured            to form a protective
layer 4 having a thickness of 5 [err]m.            [0186] To the optical
disc thus obtained. EFM signals were recorded in the same manner as in
Example 29. Then.            this optical disc was played back by the
commercially available CD player, whereby the reflectance was 82%, and a 40
satisfactory eye pattern was obtained.             EXAMPLE 35
[0167] An optical disc was prepared in the same manner as in Example 34
except that in Example 34, an AIN layer      45   having a thickness d[err]
of 60 nm was formed as the enhancing layer 16, a polybuladiene layer having
a thickness of 



15 nm was interposed between the light reflective layer 3 and the
protective layer 4, and the protective layer was            formed with a
ultraviolet curable resin in a thickness of 10 [err]m. The real part n[err]
of the complex refractive index of the            enhancing layer 16 of
this optical disc was 2.2. Thus, p = 0.42.            [0188] To the optical
disc thus obtained, EFM signals were recorded in the same manner as in
Example 29. Then,      50  this optical disc was played back by the
commercially available CD player, whereby the reflectance was 82%, and a
satisfactory eye pattern was obtained.             EXAMPLE 36       55
[0189] An optical disc was prepared in the same manner as in Example 34
except that in Example 34, an amorphous            SiO layer having a
thickness d[err] of 40 nm was formed by reactive sputtering in oxygen as
the enhancing layer 16,            the light reflective layer 3 was formed
by vacuum vapor deposition, and the protective layer 4 was formed with a
ultraviolet curable resin in a thickness of 10 [err]m. The real part n[err]
of the complex refractive index of the enhancing
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p.= 0.41.              [0190] To the optical disc thus obtained, EFM
signals were recorded in the same manner as in Example 29. Then,
this optical disc was played back by the commercially available CD player,
whereby the reflectance was 82%, and a              satisfactory eye
pattern was obtained.         5              EXAMPLE 37
[0191] An optical disc was prepared in the same manner as in Example 34
except that in Example 34, an acrylate              resin layer having a
thickness of 60 nm was formed on the light transmitting substrate 1, the
light absorptive layer 2        10   was formed thereon,a silicone resin
layer having a thicknese d[err] of 46 nm was formed by spin coating as the
enhancing              layer 16, the light reflective layer 3 was formed by
vacuum vapor deposition, and the protective layer 4 was formed
with a ultraviolet curable resin inathickness of 10 [err]m. The real part
n[err] of the complex refractive index of the enhancing              layer
16 of the optical disc was 1.47. Thus, p = 0.40.              [0192] To the
optical disc thus obtained, EFM signals were recorded in the same manner as
in Example 29. Then,        15    this optical disc was played back by the
commercially available CD player whereby the reflectance was 82%, and a
satisfactory eye pattern was obtained.                EXAMPLE 38         20
[0193] An optical disc was prepared in the same manner as in Example 34
except that in Example 34, a ZnS layer               having a thickness
d[err] of 20 nm was formed as the enhancing layer 16, a thin film of an
alloy of gold and iridium in a               ratio of 9:1 was formed by
vacuum vapor deposition as the light reflective layer 3. and the protective
layer 4 was formed               with a ultraviolet curable resin in a
thickness of 10[err]m. The real part n[err] of the complex refractive index
of the enhancing               layer 16 of this optical disc was 2.31.
Thus, p = 0.37.        26   [0194] To the optical disc thus obtained, EFM
signal were recorded in the same manner as in Example 29. Then,
this optical disc was played back by the commercially available CD player,
whereby the reflectance was 73%, and a               satisfactory eye
pattern was obtained.                EXAMPLE 39        30
[0195] An optical disc was prepared in the same manner as in Example 34
except that in Example 34, an utraviolet               curable resin layer
having a thickness of 20 nm was formed on the light transmitting substrate
1, the light absorptive               layer 2 was formed thereon, a SiN
layer having a thickness of d[err] of 35 nm was formed as the enhancing
layer 16, a               thin film of an alloy of gold and iridium in a
ratio of 9:1 was formed by vacuum vapor deposition as the light reflective
35    layer 3, and the protective layer 4 was formed with a ultraviolet
curable resin in a thickness of 10 [err]m. The real part
n[err] of the complex refractive index of the enhancing layer 16 of this
optical disc was 1.82. Thus, p = 0.39.               [0196] To the optical
disc thus obtained, EFM signals were recorded in the same manner as in
Example 29. Then,               this optical disc was played back by the
commercially available CD player, whereby the reflectance was 76%, and a
satisfactory eye pattern was obtained. 40               EXAMPLE 40
[0197] A polycarbonate disc having a thickness of 1.2 mm, an outer diameter
of 120 mm and an inner diameter of 



15 mm and having a spiral pregroove 8 formed with a width of 0.8 [err]m, a
depth of 0.08 [err]m and a pitch of 1.6 [err]m in a         45    range of
the diameter of from 46 to 117 mm, which was formed by injection molding,
was used as the light transmitting               substrate 1.
[0198] An ultraviolet curable resin was spin-coated on this light
transmiting substrate 1 and cured by ultraviolet rays               to form
a solvent resistant layer 6 having a thickness of 20 nm. Then, as an
organic dye to form a light absorptive layer               2 thereon, 0.65g
of 1,1'-diethyl-3,3,3'3'-tetramethyl-5,5'-dimethoxyindodicarbocyanine
perchlorate was dissolved in 10         50    m[err] of an acetonitrile
solvent. The solution was coated by spin coating on the surface of the
substrate 1 to form a light               absorptive layer 2 having a
thickness of 130 nm. Thus, p = 0.44.               [0199] Then, a film of
an alloy of gold and titanium in a ratio of 9:1 having a thickness of 50 nm
was formed byvacuum               vapor deposition on the entire surface in
a region of the diameter of from 45 to 118 mm of this disc, to form a light
reflective layer 3. Further, on this light reflective layer 3, an
ultraviolet curable resin was spin-coated and cured by         55
irradiation with ultraviolet rays to form a protective layer having a
thickness of 10[err]m.               [0200] To the optical disc thus
obtained, a semiconductor laser beam having a wavelength of 780 nm was
irradited               at a linear speed of 1.2 m/sec with a recording
power of 6.0 mW to record EFM signals. Then, this optical disc was
played back by a commercially available CD player (Aurex XR-V73, wavelength
of the reading laser beam [err] = 780
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393 B2        nm), whereby the reflectance of the laser beam was 74%, a
satisfactory eye pattern was obtained, and the block error       rate of
the read-out signals was 2.5 x 10[err].        EXAMPLE 41  5    [0201] An
optical disc was prepared in the same manner as in Example 40 except that
in Example 40, an epoxy       resin was used for the solvent resistant
layer 6, 1 ,4-dioxane was used as the solvent for the light absorptive
layer 2,       and an epoxy resin layer having a thickness of 10 nm was
interposed between the light absorptive layer 2 and the light
reflective layer 3. 10  [0202] To the optical disc thus obtained, EFM
signals were recorded in the same manner as in Example 42. Then,       this
optical disc was played back by the commercially available CD player,
whereby the reflectance of the laser beam       was 72%, a satisfactory eye
pattern was obtained, and the block error rate of the read-out signals was
2.7 x 10[err].        EXAMPLE 42 15       [0203] An optical disc was
prepared in the same manner as in Example 40 except that in Example 40, a
SiO[err] solvent       resistant layer 6 was formed by a precipitation
(LPD) method, 0.5 g of 1,1'-diethyl-3,3',3'-tetramethyl-5,5'-dimethox-
yindodicarbocyanine perchlorate was dissolved in 15 me of a methyl ethyl
ketone solvent and the light absorptive layer       2 was formed therewith
in a thickness of 90 nm. Thus, p = 0.44. A bisphanol curable type epoxy
resin and a silicone 20   coating agent were sequentially spin-coated in
thicknesses of 10 nm and 60 nm, respectively, on the light absorptive
layer 2, followed by curing, and a light reflective layer 3 made of a film
of an alloy of gold and antimony in a ratio of 9       1, was formed
thereon.       [0204] To the optical disc thus obtained, EFM signals were
recorded in the same manner as in Example 40. Then,       this optical disc
was played back by the commercially available CD player, whereby the
reflectance of the laser beam 25   was 78%, a satisfactory eye pattern was
obtained, and the block error rate of the read-out signals was 1.8 x
10[err].        EXAMPLE 43        [0205] An optical disc was prepared in
the same manner as in Example 40 except that in Example 40, the solvent 30
resistant layer 6 was formed by sputtering SiO[err], 0.5 g of
1,1'-diethyl-3,3,3',3'-tetramethyl-5,5-dimethoxyindodicarbo-       cyanine
parchlorate was dissolved in 10 me of nitromethane solvent and a light
absorptive layer 2 was formed therewith       in a thickness of 90 nm.
Thus, p = 0.45. A siliconecoating agent was coated on the light absorptive
layer 2 in a thickness       of 60 nm, and then a light reflective layer 3
made of a film of an alloy of gold and antimony in a ratio of 9:1, was
formed       thereon: 35  [0206] To the optical disc thus obtained, EFM
signals were recorded in the same manner as in Example 40. Then,       this
optical disc was played back by the commercially available CD player,
whereby the reflectance of the laser beam       was 76%, a satisfactory eye
pattern was obtained, and the block error rate of the read-out signals was
2.0 x 10[err].        EXAMPLE 44        [0207] An optical disc was prepared
in the same manner as in Example 40 except that in Example 40, an epoxy 



resin layer having a thickness of 40 nm was formed on the light
transmitting substrate 1; then a silane coupling agent       was coated
thereon to form a solvent resistant layer 6, 0.65 g of
1,1'-diethyl-3,3,3',3-tetramethyl-4,5,4',5'-dibenzoin-
dodicarbocyanine perchlorate (product number NK3240, manufactured by Nippon
Kanko Shikiso Kenkyusho) was 45   dissolved in 10 m[err] of a
1.2'-dichloroethane solvent and spin-coated to form a light absorptive
layer 2, polybutadiene       was coated on the light absorptive layer 2 in
a thickness of 10 nm. Thus, p = 0:45. and then a light reflective layer 3
made of a gold film was formed thereon by sputtering.       [0208] To the
optical disc thus obtained, EFM signals were recorded in the same manner as
in Example 40. Then,       this optical disc was played back by the
commercially available CD player, whereby the reflectance of the laser beam
50   was 73%, a satisfactory eye pattern was obtained, and the block error
rate of the read-out signals was 2.4 x 10[err].        EXAMPLE 45
[0209] An optical disc was prepared in the same manner as in Example 40
except that in Example 40, a titanate 55    coupling agent was coated on
the light transmitting substrate 1 to form a solvent resistant layer 6,0.65
g of 1,1'-diethyl-
3,3,3',3'-tetramethyl-4,5,4',5'-dibenzoindodicarbocyanine perchlorate
(product number NK3240, manufactured by Nip-       pon Kanko Shikiso
Kenkyusho) was dissolved in 10 m[err] of a 2-nitropropane solvent and
spin-coated to form a light       absorptive layer 2 a light reflective
layer 3 made of a gold film was formed by sputtering, and the protective
layer 4
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[0210] To the optical disc thus obtained, EFM signals were recorded in the
same manner as in Example 40. Then,               this optical disc was
played back by the commercially available CD player, whereby the
reflectance of the laser beam               was 74%, a satisfactory eye
pattern was obtained, and the block error rate of the read-out signals was
3.5 x 10[err].           EXAMPLE46                 [0211] An optical disc
was prepared in the same manner as in Example 40 except that in Example 40,
a silicone                coating agent was coated on the light
transmitting substrate 1 to form a solvent resistant layer 6. 0.65 g of
1,1'-diethyl-
3,3,3',3'-tetramethyl-4,5,4',5'-dibenzolndodicarbocyanine perchlorate was
dissolved in 10 m[err] of a cydohexanone sol-                vent and
spin-coated to form a light absorptive layer 2, and a light reflective
layer 3 made of a gold film was formed by                sputtering.
[0212] To the optical disc thus obtained, EFM signals were recorded in the
same manner as in Example 40. Then,              this optical disc was
played back by the commercially available CD player, whereby the
reflectance of the laser beam         15   was 74%, a satisfactory eye
pattern was obtained, and the block error rate of the read-out signals was
7.2 x 10[err]. p =               0.45.                EXAMPLE 47
20   [0213] An optical disc was prepared in the same manner as in Example
40 except that in Example 40. a silicone  coating agent was coated on the
transparent substrate 1 to form a solvent resistant layer 6,0.65g of
1,1'-diethyl-3,3,3',
3'-tetramethyl-4,5,4',5'-dibenzoindodicarbocyanine perchlorate was
dissolved in 10m[err] of a chlorobenzene solvent and
spin-coated to form a light absorptive layer 2, and a light reflective
layer 3 made of a gold film was formed by vacuum               vapor
deposition.         25   [0214] To the optical disc thus obtained, EFM
signals were recorded in the same manner as in Example 40. Then,
this optical disc was played back by the commercially available CD player,
whereby the reflectance of the laser beam               was 73%, a
satisfactory eye pattern was obtained, and the block error rate of the
read-out signals was 6.9 x 10[err]. p =               0.45.          30
EXAMPLE 48                [0215] An optical disc was prepared in the same
manner as in Example 40 except that in Example 40, a silicone
coating agent was coated on the light transmitting substrate 1 to form a
solvent resistant layer 6,0.65 g of 1,1'-diethyl-
3,3,3',3'-tetramethyl-4,5,4',5'-dibenzoindodicarbocyanine perchlorate was
dissolved in 10 m[err] of an o-dichlorobenzene         35   solvent and
spin-coated to form a light absorptive layer 2, and a polybutadiene layer
having a thickness of 10 nm was               interposed between the light
absorptive layer and the light reflective layer 3.               [0216] To
the optical disc thus obtained, EFM signals were recorded in the same
manner as in Example 40. Then,               this optical disc was played
back by the commercially available CD player, whereby the reflectance of
the laser beam               was 73%, a satisfactory eye pattern was
obtained, and the block error rate of the read-out signals was 1.0 x
10[err]. p = 



40    0.45.               [0217] Further, it was confirmed that the solvent
resistant layers in Examples 40 to 48 were effective also against
other solvents for dyes, induding alcohols such as benzyl alcohol and
furluryl alcohol; ethers such as methyl carbitol,               carbitol
andtetrahydrofuran; ketones such as acetone, methylisobutyl ketone,
acetophenone and acetylacetone; esters               such as ethyl formate,
butyl formate, arnyl formate, methyl acetate, ethyl acetate, propyl
acetate, butyl acetate, arnyl         45   acetate, phenyl acetate, methyl
cellosolve acetate and cellosolve acetate; nitrohydrocarbons such as
nitroethane,               nitrobutanol and nitrobenzene; chlorinated
solvents such as methyl chloride, methylene chloride, chloroform, methyl
bromide, bromoform, methylene iodide, ethyl chloride, ethylidene chloride,
trichloroethane, trichloroethylene, propylene               chloride, butyl
chloride, dichlorobutane, hexachloropropylene, dichloropentane, arnyl
chloride, trichlorobenzene, chlo-               rololuene and
dichlorotoluene; and others such as paraldehyde, crotonaldehyde, furfural,
aldol, formamide, dimethyl-         50    formamide, [err]-valerolactone,
amylphenol, sulforane, dimethylsulloxide. N-methylpyrrolidone and methyl
carbamate to               prevent the surface layer of the light
transmitting substrate 1 from being modified, or to prevent the prepit or
pregroove               formed on the light transmitting substrate 1 from
being dissolved or deformed and thus to ensure that the reflectance
of the laser beam and the degree of modulation of the read-out signals of
the data satisfy the CD format.          55   COMPARATIVE EXAMPLE 8
[0218] An optical disc was prepared in the same manner as in Example 40
except that in Example 40, no solvent               resistant layer 6 was
formed on the light transmitting substrate 1, and 0.65 g of
1,1'-diethyl-3,3,3',3'-tetramethyl-5,5'-
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was dissolved in 10 m[err] of an acetonitrile solvent and directly
spincoated                  to form a light absorptive layer 2.
[0219] To the optical disc thus obtained, EFM signals were recorded in the
same manner as in Example 40. Then,                  this optical disc was
played back by the commercially available CD player, whereby the
reflectance of the laser beam             5   was 65%, the waveform pattern
of the read-out signals was not clear, the desired eye pattern was not
obtained, and                  the block error rate of the read-out signals
was 2.0 x 10[err].                    Claims 10                  1. An
optical information recording medium comprising a light transmitting
substrate, a light absorptive layer over-                      laying the
substrate to absorb a laser beam and a light reflective layer overlaying
the light absorptive layer                      characterized in that
15            an optical parameter represented by p =n[err]d[err]/[err]
where n[err] is the real part of the complex refractive index
of the light absorptive layer, d[err] is the thickness of the light
absorptive layer and [err] is the wavelength of a
reading laser beam, is 0,05 [err] p < 0.6; and                          in
that the imaginary part k[err] of the complex refractive index of the light
absorptive layer is at most 0,3 and                          that the
recording medium has a reflectivity of a laser beam at a wavelength of 780
nm of at least 70%.            20                  2. The optical
information recording medium according to Claim 1, wherein the light
absorptive layer comprises a                      cyanine dye, and the
light reflective layer is made of a metal film.                   3. The
optical information recording medium according to Claim 2, wherein the
cyanine dye is indodicarbocyanine.            25                  4. The
optical information recording meduim according to any one of Claims 1 to 3,
wherein n[err] is n[err] [err] [err]1.8, and                      k[err] is
0.001 [err] k[err] [err] 0.3.                  5. The optical information
recording medium according to any one of Claims 1 to 4, wherein the real
pan n[err] of the            30       complex refractive index of the light
reflective layer and the imaginary part k[err] of the complex refractive
index of                     the light reflective layer satisfy a relation
of k[err] [err] 2 n[err] + 0.8.                  6. The optical information
recording medium according to any one of Claims 1 to 5, wherein an
enhancing layer which                      is transparent to the wavelength
of the reading laser beam is disposed between the light absorptive layer
and the            35      light reflective layer.                  7. The
optical information recording medium according to Claim 6, wherein an
optical parameter represented by  



n[err]d[err] + n[err]d[err]      40
p = ____________________________
:      [err]                      where n[err], d[err] and [err] are as
defined above, n[err] is the real part of the complex refractive index of
the enhacing                     layer and d[err] is the thickness of the
enhacing layer, is 0.05 [err] p [err] 1.           45                 8.
The optical information recording medium according to any one of Claims 1
to 7, wherein the substrate is provided                     with a solvent
resistant layer to protect the substrate from a solvent used for formation
of the light absorptive layer.             50   Patentanspruche
1. Optisches Informationsaufzeichnungsmedium, umfassend ein
lichtdurchlassiges Substrat, eine Lichtabsorptions-
schicht, die uber dem Substrat zur Absorption eines Laserstrahls liegt und
eine Lichtreflexionsschicht, die uber                     der
Lichtabsorptionsschicht liegt, dadurch gekennzeichnet, daB ein optischer
Parameter, wiedergegeben durch p           55        =n[err]d[err]/[err],
wobei n[err] der Realteil des komplexen Brechungsindex der
Lichtabsorptionsschicht ist, d[err] die Dicke                     der
Lichtabsorptionsschicht ist und [err] die Wellenlange sines
Leselaserstrahis ist, 0,05 [err] p [err] 0,6 ist und daB der
Imaginarteil k[err] des komplexen Brechungsindex der
Lichtabsorptionsschicht hochstens 0,3 ist und daB das Auf-
zeichnungsmedium ein Reflexionsvermogen sines Laserstrahls bei einer
Wellenlange von 780 nm von mindestens
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In1ormationsaufzeichnungsmedium nach Anspruch 1, wobei die
Lichtabsorptionsschicht einen Cyanin-                   farbstoff umfaU3t
und die Lichtreflexionsschicht aus einem Metallfilm gelerligt isL        .
.               3. Optisches Informallornsaufzeichnungsmed!um rnach
Anspruch 2, wobei der Cyanintarbstoff Indodicarbocyanin ist.
4. Optisches InlormationsautZoichnungsmedium nach einem der Anspruche 1 bis
3, wobel n.,, der Ausdruck nb.                   > 1,8 iRt und kab, der
Ausdruck 0.001 5 b, 0,3 ist.        . to               C. Optisches
Intormationsaufyeichnungsmedium nach einam der AnsprOche 1 bis 4, wobei der
flealteil n1 des kom-                   plexen Brochungsindex der
Uchtreflexionsechicht und der Imaginatleil k  des komplexen Brechungsindex
der                   Lichtrollexionsschicht der Gleichung ke, 2 2n,,, +
0,8 genbgt.          15  6. Optisches Inlornwationsautzeichnungsmediurm
nach ernem der Anspr~che 1 bis 5, wobei sine Verslirkerschicht,
die ltr die Wellenlinge des Loseloserstrahts durchsichlig Ist zwischen der
Lichtabsorptionsschicht und der Licht-                   reflexionsschicht
angeordnet ist.                7. Optisches
lntormaitionsautzeichnungsmedium nach Anspruch 6, wobei sin optischer
Parameter wiedergegebon         20      dutch
nshdb,bf + n,,,d,#,                      wobei nb., da, und I we vorslehend
definiert sind, nm der Realleil des komplexen Brechungsindox der Ver-
starkerschicht ist und d*, die Dicke der Verstarkerschicht ist, 0,05 S p S
1.1 ist.               8. Optisches Informalionsaufzoichnungsmodiurn nach
einemn der Anspr0che 1 bis 7. wobei des Substrat miR einer        30
l6sungsmitlelbestindigen Schicht zum Schutz des Substrates vor inern
Losungernittel, tas bei der Bildung der
Lichtabsorptionsschicht verwendet wird, ausgestatlet ist.
Revndicatione 



35              1. Support opt que crenrogistromeni d'information,
comprenant un substrat transmettant la lumiere. une couche ab-
sorbant la fumibre recruvrant le substrat pour absorber un laisceau laser
ot une coucho rOflchissant la lumibre                  recouvrant la couche
absorbent la lurniere, caract6ris4  I     40       -  en ce qu'un parembirs
oplique reprasent6 par p = n~b~d.b,/& ou:                       -  n.b est
la partie rdelie do I'indice de refraction complexe de la couche absorbent
la lumibre;                          df,, eel I Opaisseur de la couche
absorbent la umirree: at                      -    s eot la longueur d'onde
d'un faisceau laser de lecture,        45
esttelque0,05sp0,6;                   - an ce quo la partia inaginaire kl&,
do rindice de r6fraction complexe de la couche absorbant Ia 3urnibre eat
drau pius 0,3; et        50       *  Ofl co quo le support
doenregistrernent possbde un pouvoir de r6flexion crun faisceou laser & une
longueur                      d'onde de 7BOnm d'au mfolns 70%,
2. Support optique d enregistrement d'informalion solon la revendlcation 1,
dans tequel la couche absorbent la lumiere                  comprend un
colorant de type cyanine, et la couche r6l6rchissant la lumlere est laite
d'un tilm de m6tal.        55              3. Support optique
d'enfegistrement d'information selon la revendication 2, dans lequol le
colorant de type cyanine                  eslt I'ndodlcarbocyanine.
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d'information salon Puns des revendications 1 A 3, dans lequel n8b, est tel
que               nb, 21,.1, et kb. est tat que o0,01 c kb, 5 0,.a
S. Support optique d'enregistrement d'information salon l'une des
revendications 1 A 4, dane lequol la parlhi rdelle      S        nt de
l'indice de rdfraction complexe de Ia couche refl6chissant la lumiere et la
parie.imaginaire k.( de l'indice               do refraction complexe de la
couche rlefchissant la lurnibre satisfont la relation kryf : 2 nflf + 0X,6
S. Support optique denregistrement d'inforrnation selon l'une des
revendications 1 & 5, dansr lequel une couche                d'am6lioration
qui est transparente i la longueur d'onde du faisceau laser de lecture est
disposee entre la couche      10       absorbant la lumibre et la couche
rdfl6chissant la lumibre.            7. Support optique d'enregistrement
d'information selon la revendication 6, dans lequel un parambtre optique
reprd-                sentd par       75
pnabdabs + nflsdeh         20               -  nbS, ddlset I sonl tels qua
d6tirnis cl-dessus;               -  nh. eat la partie r6elie de l'indice
de r6fraction cornplexe de la couche d'am6lioralion; et               -
dMh est r6paisseur de la couche darn6lioration,      25      eat tel que
0O,5   p < 1,1.            B. Support optique d'enregistrement
d'information selon Fune des revendications 1 A 7, dans lbquel Is substrat
est               dot6 dune couche resistanto aux solvants pour prot6ger le
substral d'un solvent utilisd pour ia-formnation de la               couche
absorbant Is lumirre.     30  
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