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Description -

[0001] The present invention relates to a method for
optically recording information on an optical information
recording medium and the optical information recording
medium having optically readable pits thereby formed.
[0002] Conventional optical information recording
media of such type have a recording layer of e.g. ametal
such as Te, Bi or Mn or a dye such as cyanine, merocy-
anine 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, sub-
limed, evaporated or madified to form pits. With optical
information recording media having such recording lay-
er, it is common to form a space behind the recording
layer to facilitate the deformation, sublimation, evapora-
tion or modification of the recording layer for the forma-
tion ofthe 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
transparent substrate to form optically readable pits in
the recording layer. For reproducing the recorded data,
areading laser beam having a less power than the writ-
ing laser beam is irradiated through the substrate, and
the contrast between 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 record-
ing media of so-called ROM (read enly memory) type
wherein data are already recorded, and no further data
are recordable or the recorded data are no longer eras-
able 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. Pits correspond-
ing to data to 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, Cuor Al is
formed thereon, and a protective Iayer is further provid-
ed thereon.

[0005] 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 in-
formation treating fields. The specification for recording
and read-out signals for this CD is standardized, and the
reproducing or play back apparatus for CD in accord-
ance with the standards is widely available as compact
disc players (CD players).

{0006] Therefore, it is strongly desired that the above-
mentioned optical information recording media follow
the same standards as the widely prevailing standards
- for CD, so Ihat they are interchangeable with aiready
prevailing CD and-can be played back by CD players
for reproduction of recorded information.

[0007] However, conventional optical information re-
cording media of the above mentioned type have a re-
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cording layer which is not present in CD, and-they are
designed to form pits in the recording layer and not in
the substrate (see e.g. IBM TDB, vol, 25, No. 118, April
1983, p. 5940, 5941). Further, in some cases, a space
is provided to facilitate the formation of pits in this re-
cording layer. Consequently, the read-out signals are
naturally different from those of CD due to differences
in e.g. the reflectance of the laser beam and the degree
of modulation of the read-out signals. in particular, the
pits formed in the recording layer by the laser beam are
not so distinct as pits mechanicaily formed by e.g. press
molding, whereby it has been difficult to obtain-a high
degree of modulation. Therafore, it has been difficult for
the conventional optical information recording media to
meet the above-mentioned standards for CD, and it has
been difficult to provide an optical disc plavable by con-
ventional CD players.

{0008] EP-A-0019 329 describes a recording medium
according.to the preamble of claim 1, whereby a pit is
formed only in a relatively thin dye layer; US-A-4 398
203 describés a recordmg medium whereby adyeis not
adjacent to the 'substrate, but rather fo an absorptive
metal interlayer; JP-A- 1982-60543 describes a record-
ing medium, whereby an absorptlve dye layerin not pro-
vided between a reflective layer and a substrate; and for
all then recording media the possibility of forming a pit
extending into the substrate so as to stably meet a cO
standard is not teported

[0009] Therefore, it is an object of the present inven-
tion to provide an optical information recerding medium
which is capable“‘of providing read-out signals having a
high degree of modulation to meet the CD standards.
[0010] The presen"t' invention is based on a discovery
that optically readable pits can be formed directly on the
substrate by a laser beam by means a laser beam ab-
sorptive layer which functions as a means to form such
pits, whereby it is possibie to obtain a recordable optical
disc which meets the CD standards.

[0011] The present invention provides a mefhod for
optically recording information on an optical information
medium according to claim 1.

[0012] ' The present invention also provides an optical
information recording medium according to claim 3.
[0013] Far the purpose of the present irivention, the
term "optically readabie pits" or "pits" generally includes
optically readable or detectable marks of all kinds.
[0014] With this optical information recording medi-
um, when the light absorptive dye layer is irradiated with
a laser beam, it generates heat upon absorption of the
laser beam and atthe same time, the surface of the sub-
strate adjacent to the absorption layer and the absorp-
tion layer or additionally a layer adjacent to the absorp-
tion layer undergo melting, evaporation, sublimation, re-
action, decomposition or modification. When the laser
beam is applied in a focused state to the light absorptive
layer, energy is locally generated. The impuct of such
energy reaches the surface of the layers adjacentto the
light absorptive layer, whereby said layers are locally de-
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formed to form optically modified portions (optically
readable pits). _

[0015] At the pitted portions, the surface of the layers
of the substrate adjacent to the light absorptive layer is
locally deformed, whereby there is a phase difference
between the pitted portions and the non-pitted portion,
and the incident laser beam is scattered so that there
will be a substantial difference in the quantity of the re-
flected laser beam. Therefore, it is possible to obtain a
high degree of modulation for the read-out signals.
[0016] Here, the above function is generally equal ir-
respective of the shape of the deformation of said layers
whether the deformation consists in protuberances to-
ward the fight absorptive layer, waves or dents. In addi-
tion to the above deformation, the pitted portions may
include optically modified portions where the optical
properties are different locally in said layers. Spaces
may be formed at the interfacial portion between the
light absorptive layer and the adjacent layer, or fine bub-
bles may be dispersed in the light absorptive layer at the
pitted potions, whereby the reflectance of the laser
beam will be substantially different between the pitted
portions and the non-pitted portion due to such functions
as the phase difference, absorption and scatiering of the
laser beam thereby caused, and it is possible to obtain
a high degree of modulation of the read-out signals.
[0017] Likewise, when the deformed portions of said
layers have optical properties different from the rest of
said layers, there will be a substantial difference in the

optical conditions, particularly in the reflectance of the .

laser beam, between the pitted portions and the non-
pitted portion due to such functions as the phase differ-
ence, absorption and scattering of the incident laser
beam at the optically modified portions, and itis thereby
possibie to obtain a high degree of modulation of the
read-out signals as mentioned above.

[0018] Thus, the optically modified portions formed on
said layers are different from those formed in the con-
ventional 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 re-
cording 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 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, partic-
ularly 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.

[0019] Now, the preferred - embodiments of the
present invention will be described with reference to the
drawings, in which:

T3

Figure 1 is a partially cross-secticnal diagrammati-

cal perspective view illustrating an embodiment of
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the structure of the optical information recording
medium of the present invention.

Figure 2 is a partially enlarged cross-sectional view
taken along the track of the information recording
medium of Figure 1 prior to optical recording.
Figure 3 is a partially enlarged cross-sectional view
taken along the track of the optical information re-
cording medium of Figure 1 after the opticai record-
ing.

Figure 4 is a partially enlarged cross-sectional view
taken along the track of another embodiment of the
optical information recording medium of the present
invention prior to optical recording.

Figure § is a partially enlarged cross-sectional view
taken along the track of the same embodiment after
the optical recording.

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.

Figure 7 is a partially enlarged cross-sectional view
taken along the track of the embodiment of Figure
6 after the optical recording.

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.

Figure 9 is a partially enlarged cross-sectional view
of the embodiment of Figure 8 after the optical re-
cording. :
Figure 10 is a partially enlarged cross-sectional
view taken along the track of a still further embodi-
ment of the optical recording medium of the present
invention prior to optical recording.

Figure 11 is a partially enlarged cross-sectional
view taken along the track of the embodiment of Fig-
ure 10 after the optical recording.

Figure 12 is a graph showing the relation between
an optical parameter represented by the formula p
= Napelape/d Where N, is the real part of the com-
plex refractive index of the light absorptive layer of
the optical disc, d, is the thickness of the light ab-
sorptive layer and A is the wavelength of the reading
laser beam and the reflectance of the reading laser
beam. _ '

Figure 13 is a graph showing the relation between
the imaginary part k., of the complex refractive in-
dex of the light absorptive layer of the optical disc
and the reflectance of the reading laser beam.
Figure 14 is a partially enlarged diagrammatical
perspective view of the surface of the light transmit-
ting substrate of the optical information recording
medium of the present Invention after optical re-
cording.

Figures 15(a) and (b) are graphs showing the rela-
tion between the moving distance of & tip or probe
along the track and the height of the pit orprotuber-
ance when the surface of the transparent substrate
of Figure 14 was observed by STM (scanning tun-
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neling microscope).

Figures 16 to 19 are partially en!arged cross-sac-

tional views taken along the tracks of various em-

badiments of the pits of the optical information re-
. corcling mecdiia.

[0020] Figures 1 to 11 diagrammatically illustrate var-
jous structures of the optical information recording me-
dium of the present invention. In these Figures, refer-
.ence numeral 1 indicates a light transmitting 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.
- [0021] 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, tha substrate may be made
of any othermaterial so long as itis transparent to writing
and reading laser beams and as at least the surface of
the substrate adjacent to the light absorptive layeris de-
formable by energy genecated by the light absorptive
layer upon absorption of the writing laser beam, to form
optically readable pits. 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°C, more preferably fram 90 to 150°C, as measured
in accordance with ASTM D648 under a load of 4.6 kg/
cm? and/or a Rockwell hardiness within a range of from
M200 to M75, moré 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 abave-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 t 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 tempera-
ture 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 the light absorptive layer 2 can
hardly be absorbed in the form of deformation of the sub-
strate 1, and it is difficuit to form distinct pits 5, whereby
it will be difficult to obtain read-out signals having a high
degree of modulation.
[0022] .The thickness of the substrate 1 is not critical,
but it is usually within a range of from 1.1 to 1.5 mm.
[C023] Thelight absorptive layer 2 is alayer which ab-
sorbs a laser beam entered through the light transmit-
ting substrate 1, whereupon it generates heat and at the
same time undergoes melting, evaparation, sublima-
tion,” reaction;  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 8
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- [0036}

formed on the substrate 1. T
[0024] The thickness of the hgnt absorptlve layer 2is
usually within a range offrom 20 to 500° nm, preferably
from 100 to 300 nm. R ‘

[0025] The light reflective layer 3 is usually made ofa
metal such as-gold, sitver, copper, aluminum or an alloy
thereof. The thickness of the:light reflective layer 3 is
usually within a range of from 30 to 150 nm, pre:eraoly,
from 40.to 130 nm.

[0026] The protective layer 4 is made of a resin excel
lent in the impact resistance like the light transmitting
substrate 1 and is most commonly formed by coaling a
ultraviolet curable resin by spin coating, followed by Ir-
radiation with ultraviolet rays for curihg. As other mate-
rials, an epoxy resin, an acrylate resin and a silicone
hard coaf resin may usually be used. It is also possible
to emplay a resilient material such as a urethane resin
to obtain a cushion effect.

[0027] The thickness of the protective layer 4 is not
critical and is usually within a range of from 3 to 30 um,
preferably from 5to 15 um.

{0G28] As shown in Figures 4 to 7, an inter-layer 8
such as a resin layer or a solvent resistant layer may be
disposed beiween the substrate 1 and the light absorp-
tive layer 2. As shown in Figures 5.and 7, such an inter-
layer 6 deforms by the énergy generated by the light ab-
sorptive layer 2 upon- absorption of the writing laser
beam to form optically modified pits 5. If such an inter-
layer 8 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.

[0029] The inter-layer 6 preferably has a heat distor-
tion temperature within a range of from 50 to 150°C,
more preferabiy from 85 to 140°C, as measured in ac-
cordance with ASTM D648 under a load of 4.6 kg/em?
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-lay-
ar 8 within the above ranges are preferred for the same
reasons as mentioned with respect to the heal distortion
temperature and the Rockwell 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 chlo-
ride resin, a polystyrene resin, a polyester resin, a poly-
urethane resin, a cellulose resin or a silicone resin. How-
ever, any other resin may be employed so long as it sat-
isfies the above-mentioned properties for the inter-layer
8.

TR “

The thickness of the inter-layer is usually with-
in a range of from 2 nm to 500 wm, preferably from 10
to 200 nm.
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[0031] Further, a hard layer 16 less heat-deformable
than the substrate may be disposed between the light
absorptive layer 2 and the light reflective layer 3 as
shown in Figures 8 and 9, or on the light reflective layer
3 as shown in Figures 10 and 11. The hard layer 16 is
made of a material less heat-deformable than the sub-
strate and preferably has a Rockwell hardness of at
least M100, as measured in accordance with ASTM
D785 and/or a heat distortion temperature of at least
100°C, more preferably at least 130°C, as measured in
accordance with ASTM D648 under a load of 4.6 kg/
cm?2.

[0032] Each of Figures 2, 4, 6, 8 and 10 illustrates a
state prior to optical recording by a laser beam. Each of
Figures 3, 5, 7, 9 and 11 illustrates a state after the op-
tical recording. Namely, when a laser beam 7 from an
optical pickup 8 is irradiated in a focused state to the
light absorptive layer 2, the surface layer of the substrate
1 is locally defermed by the energy generated at the light
absorptive layer 2, to form optically modified pits 5, as
diagrammatically illustrated in these Figures.

[0033] In the optical information recording medium of
the present invention, it is preferred that an optical pa-
rameter represented by p = Nypans/d Where ng,. is the
real part of the complex refractive index of the light ab-
sorptive layer, dgps is the thickness of the light absorp-
tive layer and A is the wavelength of a reading laser
beam, is 0.05 = p = 0.6, and the imaginary part kg of
the complex refractive index of the light absorptive layer
is at most 0.3, Figure 12 is a graph showing the relation
between the optical parameter p = ng,dang/A Where ngpe
is the real part of the complex refractive index of the light
absorptive layer 2 of the optical disc, dgpg is the thick-
ness of the light absorptive layer 2 and A is the wave-
length of a reading laser beam and the reflectance of
light entered through the substrate, when a semicon-
ductoriaser beam having a wavelength A of 780 nmwas
used as the reading laser beam, with respect to two ex-
amples of the optical disc. Further, Figure 13 shows the
reflectance when the imaginary part ks was changed
from a value close to 0 to a value of 2.0 by changing the
light transmittance of the light absorptive layer while
maintaining the real part of the complex refractive index
to aconstant level of nys = 2.4, with respect to an optical
disc wherein a gold film was used as the light reflective
layer. From these Figures, it is evident that when the
optical parameter of p = Ng,0ans/A and the imaginary
part kg, satisfy the above-mentioned conditions, a high
reflectance is obtainable, whereby it is readily possible
to secure the standard properties stipulated in the CD
standards i.e. the reflectance of at least 70%.

[0034] Figure 14 diagrammatically Hlustrates the sur-
face of the light transmitting substrate 1 of the optical
information recording medium of the present invention
having the protective layer 4, the light reflective layer 3
and the light absorptive layer 2 removed after optical re-
cording. Namely,.in crder to form pits & along a pre-
groove 9 which is atracking guide groove formed on the
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surface of the substrate 1, a focused laser beam mod-
vlated by EFM signals was irradiated to the light absorp-
tive layer 2 along the pregroove 9, and then the protec-
tive layer 4 and, the light reflective layer 3 were peeled
off from the substrate 1. Thereatfter, the light absorptive
layer 2 was also removed from the surface of the sub-
strate 1. . .

[0035] Further, the surface of the light transmitting
substrate 1 was observed along the pregroove 9 by STM
(Scanning Tunneling Microscope). The results are
shown in Figures 15(a) and (b). in these Figures, the

~ abscissa indicates the moving distance of a tip (probe)

10 along the pregroove 9 i.e. in the tracking-direction,
and the ordinate indicates the height of the surface of
the substrate 1: Figure 15(a) illustrates a case where
the length of a pit is relatively short at a level of 10,000
A, whereby it is evident that a clear deformation in the
form of a protuberance with a height of about 200 Als
formed. Likewise, Figure 15(b) illustrates a case where
the length of a pit is relatively long at a level of 40,000
A, whereby a deformation in the form of a protuberance
with a height of about 200 A is observed, but the protu-
berance has two peaks with a slightly lower portion at
the center. Thus, in a preferred embodiment, optically
readable pits are formed in the pregroove 9 as atracking
guide groove formed on the deformable surface layer of
the substrate 1. .
[0036] Figures 16to 19 diagrammatically illustrate the
states of the pits 5 formed by irradiation with a laser
beam.
[0037] Figures 16{a)to (d) diagrammatically illustrate
the state in which a deformation 14 is formed on the sub-
strate 1 adjacent to the light absorptive layer 2 by the
irradiation of the light absorptive layer 2 with a focused
laser beam 7. '
[0038] More specifically, Figure 16(a) diagrammati-
cally illustrates a case wherein when the light absorptive
layer 2 has been irradiated with a focused laser beam,
the components constituting the layer 2 underge melting
and decomposition and at the same time, the interfacial
side of the light transmitting substrate 1 adjacent to the
light absorptive layer 2 softens, whereby the compo-
nents of the light absorptive layer 2 diffuse or flow into
the substrate 1 to form a deformation 14. in many cases,
- at the deformed portion, the components of the light ab-
sorptive layer 2 are locally mixed and partially chemical-
ly reacted with the material constituting the light trans-
mitting substrate 1 to form an optically modified portion
12 having optical properties differentfrom the light ab-
sorptive layer 2 or the light transmitting substrate 1. For
example, when the light absorptive layer 2 is formed with
a cyanine dye, and the light transmitting substrate 1 is
formed with a polycarbonate, the optical properties of
sthe optically modified portion 12 shows values slightly
different from the transmitting substrate 1.
[0039] it issusual that when a laser beam is irradiated
to a light absorptive layer 2 to form a pit §, the material
constituting the light absorptive layer 2 locally under-
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goes heat generation, melting and decomposition atthat
portion, whereby the optical properties of the light ab-
sorptive layer 2 will also be locally changed. in some
cases, such a phenomenon is accompanied with forma-
tion of a space 10 between the light absorptive layer 2
and the light reflective layer 3, or formation of bubbles
11 Inthe light absorptive layer 2, which may remain after
cooling.

[0040] Such a space 10 is likely to form particularly
when the layer adjacent on the incident light side of the

. light absorptive layer 2, such as the surface layer of the

substrate 1 is relatively heat-deformable as compared
with the layer behind the light absorptive layer 2, such
as the light reflective layer 3 or the protective layer 4,
and the layer behind the light absarptive layer 2 has poor
adhesion to the light absorptive layer 2 as compared
with the adjacent layer on the incident light side. With
such an optical information recording medium, when a
laser beam 7 is irradiated to the light absorptive layer 2,
energy is generated in the light absorptive layer 2 and
the substrate 1 is deformed at 14, as mentioned above,
and at the same time a gas is generated in the light ab-
sorptive layer 2, whereby a space 10 will be formed be-
tween the light absorptive layer 2 and the adjacent light
reflective layer 3 having poor adhesive properties, and
the gas tends to remain in the space 10. The gas gen-
erated in the interior of the light absorptive layer 2 may
remain as bubbles 11.

[0041] Figures 16(c) and (d) illustrate other shapes of
the deformation 14 on the transparent substrate 1. Fig-
ure 16(c) illustrates a deformation 14 in the form of a
protuberance with its top separated to form two peaks,
whereas Figure 16(d) illustartes a deformation 14 of a
waveform wherein protuberances and dents are alter-
nately repeated. in these cases, the above-mentioned
space 10, bubbles 11 or optically modified portion 12
may also be formed. :

[0042] Figures 17(a) to (c) diagrammatically iflustrate
a case wherein the deformation 14 of the light transmit-
ting substrate 1 adjacent to the light absorptive layer 2

_atthe portion of the pit 5 is in the form of a dent or recess

relative to the light absorptive layer 2.

[0043] Figure 17(a) illustrates a case where a space
10 is formed at the boundary of the light absorptive layer
2 and the light reflective layer 3, and Figure 17(b) ilius-
trates a case wherein at the same time as the formation
of the space 10, fine bubbles 11 are dispersed in the
light absorptive layer 2, and further the decomposed
components of a light absorptive layer 2 diffuse into the

light transmitting substrate 1 formed with a deformation .

14 so that the decomposed components and the com-
ponents constituting the light transmitting substrate 1
are mixed and partly chemically reacted to form an op-
tically modified- portion-12. Further, Figure 17(c) illus-
trates a case wherein at the same time as the formation
of the above-mentioned space 10, another space 10 is
formed between the substrate 1 and the light absorptive
layer 2.
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[0044] Figures 18(a) to (d) illustrate a case wherein
deformations 14 and 14' at the pit 5 reach both layers
adjacentto the lightabsorptive layer 2, Such apitis likely
to be formed in a case where the heat distortion temper-
ature or the hardness is substantially the same as be-
tween the two layers sandwiching the light absorptive
layer 2, such as the substrate 1 and the light reflective
layer 3 or the protective layer 4. :

[0045] Figure 18(a)illustrates a case wherein a space
10" Is formed between the light absorptive layer 2 and
the substrate 1 atthe pit5, Figure 18(b) illustrates acase
wherein spaces 10 and 10’ are formed between the light
absorptive layer 2 and the adjacent substrate 1 and be-
tween the light absorptive layer 2 and the adjacent light
reflective layer 3, and Figure 18(c) illustrates a case
wherein fine bubbles 11 are dispersed in the fight ab-
sorptive layer 2. Figure 18(d) illustrates a state in which
the deformations 14 and 14' are both in the form of pro-
tuberances towards the light absorptive layer 2.

[0046] Further, Figures 18(a) and (b) illustrate a case
wherein an optically modified portion 18 having optical
properties different from other portions is formed at the
pit 5 in & layer on the incident light side relative to the
light absorptive layer 2. This modified portion 13 is ai-
ways located on the side from which the laser beam 7
enters. In many cases, the modified postion extends to
the interior of the light absorptive layer 2. In such a case,
a deformation 14 may be observed in the layer adjacent
to the light absarptive layer 2, but due to the presence
of the optically modified portion 13, it is usual that the
deformation is not distinet. .

[0047] Figure 19(a) illustrates a state wherein an op-
tically modified portion 13 is formed on the surface of e.
g. the substrate 1 adjacent to the light absorptive layer
2, and Figure 19(b) illustrates a state in which the optical
properties gradually change in a thickness direction
from substrate 1 to the light absorptive layer 2.

[0048] Such modifications of layers are brought about
by the decomposition, reaction or mytual diffusion of the
light absorptive layer 2 and another layer caused by the
heat generated in the light absorptive layer 2 by the ir-
radiation with a laser beam 7. Thus, such pits 5 are
formed when the light absorptive layer 2 and the adja-
cent layer are made of materials having such functions.
[0049] In the opticail information recording medium of
the present invention, a layer behind the light absorptive
layer 2 relative to the light transmitting substrate 1, suck
as the light reflective layer 3 or the protective layer 4, is
preferably made of a material having a heat distortior
temperature and a,hardness higher than. the layer or
which pits 5 are formed. By forming the layer behind the
absorptive layer 2 with a hard material, the block erro
rate of recorded signals can effectively be reduced
whereby it is readily: possible toimeet the standard re
guirement of BLER (block error rate) being not highe
then 3 x 102 as prescribed in the CD standards.
[0050] Now, the present invention will be described it
further detail with reference to Examples. However, i
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should be understood that the present invention is by
no means restricted to such specific Examples.

EXAMPLE 1

[0081] A polycarbonate substrate 1 having a thick-
ness of 1.2 mm, an outer diameter of 120 mm and an
inner diameter of 15 mm and having a spiral pregroove
formed on its surface with a width of 0.8 um, a depth of
0.08 um and a pitch of 1.6 um, was formed by injection
molding. This polycarbonate substrate 1 had a Rockwell
hardness (ASTM D785) of M75 which correspands to
HB of the pencil hardness and a heat distortion temper-
ature (ASTM D648) of 121°C undera load of 4.6 kg/cm?,
[0052] As an organic dye to form the light absorptive
layer2,0.65 g of 1,1'-dibutyl-3,3,3',3"-tetramethyi-4,5,4',
§'-dibenzoindodicarbocyanine perchlorate (product
number NK3219, manufactured by Nippon Kanko Shik-

-iso Kenkyusho) was dissolved in 10 m¢ of a diacetone

alcohol solvent, and the solution was coated on the sur-
face of the substrate 1 by spin coating to form a light
absorptive layer 2 of a light sensitive dye film having a
thickness of 130 nm. The optical parameter p = N, Hape’
A where n,,. is the real part of the complex refractive
index of the light absorptive layer 2, dyy. is the thickness
of the layer and A is the wavelength of a read-out laser
beamn, was 0.45, and the imaginary part ks of the com-
plex refractive index was 0.05.

[0053] Then, a gold film having a thickness of 80 nm
was formed by sputtering on the entire surface of the
region covered by the diameter of from 45 to 118 mm of
this disc, to form a light reflective layer 3. Further, on this
light reflective fayer 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 pum. After the curing, this protective layer 4 had a
Rockwell hardness (ASTM D785) of M90 and a heat dis-
tortion temperature (ASTM D648) of 135°C undera load
of 4.6 kg/cm?2,

[0054] To the optical disc thus obtained, a semicon-
ductor laser having a wavelength of 780 nm was irradi-
ated at a linear speed of 1.2 m/sec at a recording power
of 6.0 mW, to record EFM signals. Then, this optical disc
was played back by a commercially available CD piayer
{Aurex XR-V73, wavelength of the reading laser beam
A = 780 nm), whereby the reflectance of the semicon-
ductor laser beam was 72%, l14/li,, Was 0.68, ly/li,, was
0.35,:and the block error rate BLER was 1.2 x 102,
[0055] The CD standards prescribe that the reflect-
ance is at least 70%, |14/li,, is at least 0.6, la/l,, is from
0.3 to 0.7, and the block error rate BLER is not higher
than 3 x 10°2. The optical disc of this example meets this
standards.

[0056] Further,-after the recording, the protective lay-
er 4 and the light reflective layer 3 of the optical disc
were peeled off, and the exposed surface of the light
absorplive layer 2.was inspected, whereby linear fine
irregularities were observed which appeared to repre-
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sent the outline profile of pits. Further, the light absorp-
tive layer 2 was washed off with a solvent, and the sur-
face of the substrate 1 was inspected, whereby forma-
tion of optically modified pits 5 was confirmed.

[0057] The layered structure of this optical disc is di-
agrammatically illustrated in Figure 2, and the same
structure afterthe optical recording is diagrammatically
illustrated in Figure 3.

{0058} The surface of the light transmitting substrate
1 was observed by STM (Scanning Tunneling Micro-
scope), whereby the pitted portion was found 1o be de-
formedin the form-of protuberances. Further, the record-
ed portion and the non-recorded portion of the substrate
1 were measuréd by a spectrophotometer, whereby at
the recorded portion, peaks other than the peaks ob-
served with the resin of the non-recorded portion, were
observed.

EXAMPLE 2

[00588] An optical disc was prepared in the same man-
neras in Example 1 except that an epoxy resin was spin-
coated to form a hard layer having a thickness of 100
nm between the light absorptive layer 2 and the light re-
flective layer 3 in Example 1. After the curing, this epoxy
resin had a Rockwell hardness (ASTM D785) of M90
and a heat distortion temperature (ASTM D648) of
135°C under a load of 4.6 kg/cm?2,

'[0060] 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 commer-
cially available CD player, whereby the reflectance of
the semiconductor laser beam and the read-out signal
output characteristics were the same as in Example 1,
and the block error rate BLER was 3.0 x 108, The sur-
face of the substrate 1 of the optical disc after the re-
cording was inspected in the same manner as In Exam-
ple 1 to confirm the formation of pits 5. Namely, fromthe
observation of the surface of the substrate 1 by STM, a
deformation 14 in.the form of a protuberance was ob-
served. This protuberance had two peaks with a slightly
low portion at the center,

EXAMPLE 3

[0061] An optical disc was prepared inthe same man-
ner as in Example 1 except that between the light ab-
sorptive layer 2 and the light reflective layer 3 in Exam-
ple 1, a hard layer of a silicone acrylate resin having a
thickness of 100 nm was formed by spin coating on the
light absorptive layer 2 and a binding layer of an epoxy
resin having a thickness of 20 nm was formed by spin
coating on the upper surface of this hard layer. After cur-
ing, this silicone acryate resin layer had a Rockwell.
hardness (ASTM D785) of M100 and a heat distortion
temperature (ASTM D648) of 100°C under a load of 4.6
kglem2,

[0062] To the optical disc thus obtained, EFM signals
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were recorded with a recording power of 7.0 mW in the
same manner as in Example 1. Then, this optical disc
was played back by the same CD player (Aurex
XR-V73) as used in Example { with a semiconductor
laser beam having wavelength of 780 nm, whereby the
reflectance of the semiconductor laser beam was 75%,
H44/lop Was 0.63, |3/|m§ was 0.35, and the block error rate
BLER was 2.5 x 109, Further, the surface of the sub-~
strate 1 of the optical disc after recording was inspected
by STM in the same manner as in Example 1, to confirm
the formation of pits 5 as in Example 1.

EXAMPLE 4

[0063] An optical discwas prepared in the same man-
ner as in Example 1 except that in Example 1, a film of
an alloy of gold and antimony in aratio of 9:1 was formed
by vacuum vapor deposition as a light reflective layer 3
on the light absorptive layer2, and on this reflective layer
3, a protective layer 4 of a ultraviolet curable resin was
formed with a binding layer of an epoxy resin having a
thickness of 20 nm interposed therebetween. The above
light reflective layer 3 had a hardness of at least H as
pencil hardness.

[0064] . -To the optical disc thus obtained, EFM signals
were recorded with a recording power of 6.2 mW in the
same manner as in Example {. Then, this optical disc
was played back by the same CD player as used in Ex-
ample 1, whereby the reflectance of the semiconductor
laser bearn was 72%, |44/l was 0.62, |3/lop Was 0.32,
and the block error rate BLER was 3.5 x 103, Further,
the surface of the substrate 1 of the optical disc after
recording was inspected by STM in the same manner
as in Example 1, to confirm the formation of pits 5 as in
Example 1.

EXAMPLE 5

[0065] An aptical disc was prepared in the same man-
ner as in Example 1 except thatin Example 1, an ultra-
violet curable type hard coat resin was spin-coated on
the incident light side of the polycarbonate substrate 1
to form a substrate protective layer having a thickness
of 1 um, the light absorptive layer 2 was formed on the
side having the pregroove, and on this light absorptive
layer 2, a film of an alloy of gold and iridium in a ratio of
3:1 was formed by sputtering as a light reflective layer
3, The light reflective layer 3 had a hardness of at least
5H as pencil hardness.

[0066] 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
of the semiconductor laser beam was 70%, 11/liop Was
0.62, l3/lop Was 0.37, and the block error rate BLER was

‘a.7 x 10-3. Further, the surface of the substrate 1 of the
.optical disc after recording was inspected by STMinthe

same manner as in Example 1, 1o confirm the formation
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of pits 5 as in Example 1.
EXAMPLE &

[0067] Anoptical disc was prepared in the same man-
ner as in Example 1 except that in Example 1, the light
reflective layer 3 was formed by a silver layer having a
thickness of 80 nm, and a silicone hard coating agent
was spin-coated thereon, heated and cured to form a
hard protective layer 4 having a thickness of 3 um, The
protective'layer 4 had a hardness of at least of HB &s
pencil hardness.

[0068] 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
of the semiconductor laser beam was 71%, l/lop WaS
0.63, I3/I‘op was 0.35, and the block error rate BLER was
5.8 x.10°%. Further, the surface of the substrate 1 of the .
optical disc after recording was inspected by STM inthe
same manner as in Example 1, to confir the formation
of pits 5 as in Example 1.

EXAMPLE 7

[0069] An optical disc was prepared in the same man-
ner as in Example 1 except that in Example 1, a
polysuffide-incorporated epoxy resin diluted with digly-
cidyt ether was spin-coated to form a binding layer of 30
nm on the light reflective layer 3 formed by vacuum va-
por deposition of a gold film having & thickness of 50
nm, and a silicone hard coating agent was spin-coated
on the binding layer, heated and cured to form a hard
protective layer 4 having a thickness of 3 um.

[0070] 7o 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
of the semiconductor laser beam was 72%, l44/liep WS
0.65, I/l Was 0.35, andthe block error rate BLER was
2.5 x 10-3. Further, the surface of the substrate 1 of the
optical disc after recording was inspected by STM inthe
same manner as in Example 1, to confirm the formation
of pits 5 as in Example 1.

EXAMPLE 8

[0071] " An optical disc was prepared in the same man-
ner as in Example 1 except that in Example 1, the light
absorptive layer was formed by using 1 ,4*-dibuty!-3,3,3",
3'-tetramethy|-5.5'-diethoxyindodicarbocyani ne per-
chlorate, a hard layer of an epoxy resin having a thick-
ness of 100 nm was formed on the light reflective layer
3, an ultraviolet curable resin was formed thereon in 8
thickness of 10 pm and then the protective layer 4 was
formed. “

[0072] - To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 1
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Then, this optical disc was played back by the same CD
player as used in Example 1, whereby the reflectance
of the semiconductor laser beam was 74%, l44/li,, was
0.88, 13/l Was 0.34, and the block error rate BLER was
8.3 x 10-3. Further, the surface of the substrate 1 of the
optical disc after recording was inspected by STM in the
same manner as in Example 1, to confirm the formation
of pits & as in Example 1.

EXAMPLE @

[0073] Onthe surface of the same polycarbonate sub-
strate 1 as used in Example 1, an acrylate resin dis-~
solved in diisobutyl ketone was spin-coated to form an
inter-layer 6 having a thickness of 40 nm. This inter-layer
6 had a Rockwell hardness (ASTM D785) of M85 and a
heat distortion temperature (ASTM D648) of 100°C un-
der a load of 4.6 kglcm?2.

[0074] As an organic dye to form the light absorptive
layer 2, 0.6 g of 1,1'-dipropyl-3,3,3',8"-tetramethy!-5,5'-
dimethoxyindodicarbocyanine iodide was dissolved in
10 mé of an isopropy! alcohol solvent. The solution was
coated on the surface of the above substrate 1 by spin
coating to form a light absorptive layer 2 of a light sen-
sitive dye film having a thickness of 120 nm. The optical
parameter of p = Nypedans/M Where Ny, is the real part
of the complex refractive index of this light absorptive
layer 2, dgps Is the thickness of the layer and A is the
wavelength of a reading laser beam, was 0.41, and the
imaginary part kg, of the complex refractive index was
0.02.

[00758] Then, a silicone acrylate resin dissolved in cy-
clohexane was spin-coated thereon to form a silicone
acrylate resin layer having a thickness of 100 nm, a pen-
cil hardness of 2H and a heat distortion temperature
(ASTM ‘D648) of 120°C under a load of 4.6 kg/cm?.
Then, a gold film having a thickness of 50 nm was
formed by sputtering to form a light reflective layer 3.
Further, an ultravioiet curable resin was spin-coated on
this light reflective layer 3 and cured by irradiation with
ultraviolet rays to form a protective layer 4 having a
thickness of 10 um. After curing, this protective layer 4
had a Rockwell hardness (ASTM D785) of M90, a heat
distortion temperature (ASTM D648) was 135°C under
a load of 4.6 kg/cm2, '

[0076] To the optical disc thus obtained, a semicon-
ductor laser beam having wavelength of 780 nm was
irradiated at a linear speed of 1.2 m/sec with a recording
power of 7.5 mW to recard EFM signals. Then, this op-
tical disc was played back by the same CD player as
used in Example 1, whereby the reflectance of the sem-
iconductor laser beam was 74%, 144/l Was 0.62, 13/l
was 0.31, and the block error rate BLER was 4.0 x 103,
[0077] Further, the protective layer 4 and the light re-
flective layer 3 of the optical disc after recording were
peeled off, and the light absorptive layer 2 was washed
off with-a solvent, and the surface of the inter-layer 6
was inspected to confirm the formation of pits 5.
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EXAMPLE 10

[0078] An optical disc was prepared in the same man-
ner as in Example 9 except that in Example 9, a silicone
coating agent was spin-coated on the inter-layer 6 to
form a silicate layer having a thickness of 0.01 pm, and
the light absorptive layer 2 was formed thereon.
[0079] To the optical disc thus obtained, EFM signals -
were recorded with a recording power of 7.8 mW in the
same manner as in Example 8. Then, this optical disc
was played back by the same CD player as used in Ex-
ample 9, whereby the reflectance of the semiconductor
laser beam was 73%, l4¢/liop Was 0.62, I/l Was-0.31,
and the block error rate BLER was 3.4 x 103, Further,
the surface of the inter-layer 6 of the optical disc after
recording was inspected in the same manner as in Ex-
ample 9, to confirm the formation of pits 6.

EXAMPLE 14

[0080] An optical disc was prepared in the same man-
ner as in Example 9 except that in Example 8, a glass
substrate was used as the substrate 1, and an isocy-
anate resin dissolved with a solvent mixture of toluene
and methyl ethyl ketone in a ratfo of 1:1, was spin-coated
on the reflective layer to form a binding layer having a
thickness of 20 nm. .

[0081] To the optical disc thus obtained, EFM signals
were recorded with a recording power of 7.2 mW in the
same manner as in Example 8. Then, this optical disc
was played back by the same CD player as used in Ex-
ample 9, whereby the reflectance of the semiconductor
laser beam was 72%, |14/lop Was 0.65, 13/l was 0.33,
and the block error rate BLER was 3.6 x 10-3. Further,
the surface of the inter-layer 6 of the optical disc after
recording was inspected in the same manner as in Ex-
ample 8, to contirm the formation of pits 5.

EXAMPLE 12 -
[0082] An optical disc was prepared in the same man-
ner as in Example 9 except that in Example 8, a silicone
coating agent was spin-coated on the inter-layer 6 to
form a silicate layer having a thickness of 0.01 um, and
the light absorptive layer 2 was formed thereon, and
polybutadiene was spin-coated on the reflective layerto
form a binding layer having a thickness of 20 nm.
[0083] To the optical disc thus obtained, EFM signals
were recorded with a recording power of 7.2 mW in the
same manner as in-Example 9. Then, this optical disc
was played back by the same CD player as in Example
9, whereby the reflectance of the semiconductor laser
beam was 72%, ly4/l,, Was 0.66, |y/l,, was 0.35, and
the block error rate BLER was 3.5 x 103, Further, the
surface of the inter-layer 6 of the optical disc after re-
cording was inspected in the same manner as in Exam-
ple 9, to confirm the formation of pits 5.
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EXAMPLE 13

[0084] An optical disc was prepared in the same man-
ner as in Example 9 except that in Example 8, the thick-
ness of the inter-layer 6 was changed to 20 nm, no sili-
cone acrylate resin layer was provided, and a film of an
alloy of iridium and geld in a ratio of 1:9 was formed by
sputtering as the reflective layer 3. The alloy layer had
a pencil hardness of 2H.

[0085] To the optical disc thus obtained, EFM signals

~ were recorded with a recording power of 7.0 mW in the
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same rmanner as in Example 9. Then, this optical disc
was played back by the same CD player as used in Ex-
ampie 9, whereby the reflectance of the semi-conductor
laser beam was 71%, |11/liop Was 0.63, la/hg, Was 0.32,
and the block error rate BLER was 3.3 x 103, Further,
the surface of the inter-layer 6 of the optical disc after
recording was inspected in the same manner as in Ex-
ample 9, to confirm the formation of pits 5. The pits 5
reached to the surface of the substrate since the thick-
ness of the inter-layer 6 was thin.

[0086] The layered structure of this optical disc is di-
agrammatically illustrated in Figure 6, and the same
structure affer optical recording is diagrammatically il-
lustrated in Figure 7.

EXAMPLE 14

[0087] An optical disc was prepared inthe same man-
ner as in Example 8 except that in Example 9, a silicone
coating agent was spin-coated on the inter-layer 6 to
form a silicate layer having a thickness of 0.01 um, the
light absorptive layer 2 was formed thereon, no silicone
acrylate resin layer was formed, and a film of an alloy of
iridium and gold in a ratio of 1:9 was formed by sputter-
ing as the reflective layer 3.

[0088] To the optical disc thus obtained, EFM signals
were recorded with a recording power of 7.8 mW in the
same manner as in Example 8. Then, this optical disc
was played back by the same CD player as used in Ex-
ample 9, whereby the reflectance of the semiconductor
laser beam was 71%, l13/lop Was 0.64, ly/ly, Was 0.32,
and the block error rate BLER was 2.8 x 103, Further,
the surface of the inter-layer & of the optical disc after
recording was inspected in the same manner as in Ex-
ample 9, to confirm the formation of pits 5.

EXAMPLE 15

[0089] An optical disc was prepared in the same man-
nerasin Example 9 exceptthatin Example 9, no silicone
acrylate resin layer was formed, a film of an alloy of iri-
dum and gold in a ratio of 1:9 was formed by sputtering
as the. reflective layer 3, and polyisoprene was spin-
coated on the light reflective layer to form a binding layer
having a thickness of 20 nm and the protective layer 4
of an ultraviolet curable resin was formed thereon.

[0090] To the optical disc thus obtained, EFM signals
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were recorded with a recording power of 7.4 mW in the
same manner as in Example 9. Then, this optical disc
was played back by the same CD player as used in Ex-
ample 9, whereby the reflectance of the semiconductor
laser beam was 72%, |11/l Was 0.64, ly/l,, was 0.32,
and the. block error rate BLER was 4.1 x 103, Further,
the surface of the inter-layer 8 of the optical disc after
recording was inspected in the same manner as in Ex-
ample 9, to confirm the formation of pits 5.

EXAMPLE 16

[0091] . An optical disc was prepared in the same man-
‘ner as in Example 9 exceptthat in Example 9, no silicone
acrylate resin layer was formed, a copper film having a
thickness of 50 nm was formed as the reflective layer 3,
and a bisphenol curable type epoxy resin diluted in a
diglycidyl ether solvent was spin-coated to form an
epoxy resin layer having a thickness of 10 um as the
protective layer 4. The protective layer had a Rockwell
hardness (ASTM D785) of M110 and thus had a function
as a hard layer.

[0092] - To the optical disc thus obtained, EFM signals
were recorded with a recording power of 7.0 mW in the
same manner as in Example 8. Then, this optical disc
was played back by the same CD player as used in Ex-
ample 9, whereby the reflectance of the semiconductor
laser beam was 75%, |14/l Was 0.64, lg/ly,, was 0.33,
and the block error rate BLER was 2.9 x 103, Furthet,
the surface of the inter-layer 6 of the optical disc after
recording was inspected in the same manner as in Ex-
ample 8, to confirm the formation of pits 5.

EXAMPLE 17

[0093] An optical disc was prepared in the same man-
ner as in Example 9 except thatin Example 9, a silicone
coating agent was spin-coated on the inter-layer 6 to
form a silicate layer having a thickness of 0.01 um, the
light absorptive layer 2 was formed thereon, no silicone
acrylate resin layer was formed, a copper film having a
thickness of 50 nm was formed as the light reflective
layer 3, and a bisphenol curable type epoxy resin diluted
with a diglycidy! ether solvent was spin-coated to form
an epoxy resin layer having a thickness of 10 um as the
protective layer 4.

[0094] To the optical disc thus obtained, EFM signals
were recorded with a recording power of 7.0 mW in the
same manner as in Example 8. Then, this optical disc
was played back by the same CD player as used in Ex-
ample 9, whereby the reflectance of the semi-conductor
laser beam was 74%, l44/li, Was 0.64, ly/l,, was 0.33,
and the block error rate BLER was 3.5 x 103, Further,
the surface of the inter-layer 6 of the-optical disc.after
recording was inspected in the same manner as in Ex-
ample 8, to confirm the formation of pits 5.
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EXAMPLE 18

[0095} An optical disc was prepared in the same man-
nerasin Example 9-exceptthatin Example 9, no silicone
acrylate layer was formed, a copper film having a thick-
ness of 50 nm was formed by vacuum vapor deposition
as the light reflective layer 3, a polyvinyl acetate resin
dissolved with a solvent mixture of toluene and methyl
ethyl ketone in a ratio of 6:4, was spin-coated on the
light reflective layer to form a binding layer having a
thickness of 20 nm, the protective layer 4 was formed
thereon, and a bisphenol curable type epoxy resin dilut-
ed with a diglycidy! ether solvent was spin-coated to
form an epoxy resin layer having a thickness of 10 um
as the protective layer 4.

[0096] To the optical disc thus obtained, EFM signals
were recorded with a recording power of 7.4 mW in the
same manner as in Example 9. Then, this optical disc
was played back by the same CD player as used in Ex-
ample 9, whereby the reflectance of the semiconductor
laser beam was 74%, l14/l,o, Was 0.84, l3/ly, was 0.33,
and the block error rate BLER was 3.6 x 103, Further,
the surface of the inter-layer 6 of the optical disc after
recording was inspected in the same manner as in Ex-
ample 9, to confirm the formation of pits 5.

EXAMPLE 19

[0097] A polycarbonate disc (Panlite, tradename,
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 a spiral pregroove B with
a width of 0.8 pm, & depth of 0.08 um and a pitch of 1.6
um in a region covered by the diameter of from 46 to
117 mm of the disc, formed by injection moiding, was
used as the light transmitting substrate 1. This polycar-
bonate substrate 1 had a Rockwell hardness (ASTM
D785) of M75 and a heat distortion temperature (ASTM
D648) of 135°C under a load of 4.6 kg/cm?2. As an or-
ganic dye to form the light absorptive layer 2, 0.65 g of
1,1'-dibutyl-3,3,3',3"-tetramethyl-4,5,4',5'-di-benzoin-
dodicarbocyanine  perchlorate  (product  number
NK3219, manufactured by Nippon Kanko Shikiso K.K.)
was dissolved in 10 m¢ 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 hav-
ing a thickness of 130 nm.

[0098] Then, a silver film having a thickness of 50 nm
was formed by sputtering over the entire surface of a
region covered by 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 irradiation with ultraviolet rays
to form a protective layer 4 having a thickness of 10 um.
After the curing of the ultraviolet ray curable resin, this

protective layer 4 had a Rockwell hardness (ASTM

D785) of M90 and a heat distortion temperature (ASTM
DB48) of 150°C under a load of 4.6 kg/cm?.
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[0099] To the optical disc thus obtained, a semicon-
ductor laser beam having a wavelength of 780 nm was
irradiated at a linear speed of 1.2m/sec with a recording
power of 8.0 mW to record EFM signals. Then, this op-
tical disc was played back by a commercially available
CD player (Aurex, XR-V73, wavelength of the reading
laser beam A = 780 nm), whereby |44/, Obtained from
the eye pattern of the read-out signals was 0.63, and I/
liop Was 0.32.

[0100] The CD standards prescribe that l4/liop I8 at
least 0.6, and I3/l is from 0.3 to 0.7. Thus, the opncat
disc of this example meets the standards.

[0101] Further, protective layer 4 and the light reflec-
tive layer 3 of the optical disc were peeled off after re-
cording, and the surface of the light absorptive layer 2
was inspected, whereby linear fine irregularities were
observed which appeared to represent the outline pro-
file of pits. Further, the light absorptive layer 2 was
washed off with a solvent, and the surface of the sub-
strate 1 was inspected, whereby optically modified pits
5 in the form of protuberances were observed.

EXAMPLE 20

[0102] An optical disc was prepared in the same man-
ner as in Example 18 except thatin Example 19, a poly-
carbonate disc (lupilon, tradename, manufactured by
Mitsubishi Gas Kagaku K.K.) having a thickness of 1.2
mm, and outer diameter of 120 mm, an inner diameter
of 15 mm, a Rockwell hardness (ASTM D785) of M75
and a heat distortion temperature (ASTM D648) of
132°C under a load of 4.6 kg/cm? and having a spiral
prepit 8 for CD format signals formed with a width of 0.6
um, a depth of 0.8 um and & pitch of 1.6 um in a range
of the diameter of from 46 to 80 mm of the disc and a
spiral pregroove 9 formed outside thereof with a width
of 0.8 um, a depth of 0.08 pm and a pitch of 1.6 ym in
a range of the diameter of from 80 to 117 mm of the disc,
which was formed by injection molding, was used.asthe
light transmitting substrate 1, a gold film was used as
the light reflective layer 3, and an epoxy resin layer hav-
ing a thickness of 2 um was formed by spin coating be-
tween this light reflective layer 3 and the protective layer
4 made of the ultraviolet curable resin. The epoxy resin
layer had a Rockwell hardness (ASTM D785) of M80
and a heat distortion temperature (ASTM D648) of
140°C under a load of 4.8 kg/em?, 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 mmis a
recordable region.

[0103] Tothe recordable region of the optlcal discthus
obtained, EFM signals were recorded In the same man-
ner as in Example 19. Then, this optical disc was played
back by the commercially available CD player, whereby
l1/lop Was 0.62, and la/ly, Was 0.32.

[0104] Further, the surface of the substrate 1 of the
optical disc after recording-was inspected in the same
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manner as in Example 19, to confirm the formation of
optically modified pits 5 in the form of protuberances.

EXAMPLE 21

[0105] An optical disc was prepared inthe same man-
ner as in Example 19 except that in Example 19, a pol-
ystyrene disc having a Rockwell hardness (ASTM
D785) of M80 and a heat distortion temperature (ASTM
D&48) of 89°C under a load of 4.6 kg/cm?, was used as
the light transmitting substrate 1, the pregroove on the
disc was subjected to webling of 22.11 kHz with an am-
plitude of 30 nm, a silicone acrylate resin layer having
a thickness of 40 nm was formed by spin coating be-
tween the light absorptive layer 2 and the light reflective
layer 3, and an epoxy resin layer having a thickness of
10 nm was formed by spin coating between this layer
and the light absorptive layer, anda gold film was formed
as the light reftective layer 3. The silicone acrylate resin
tayer had a Rockwell hardness (ASTM D785) of M100
and a heat distortion temperature (ASTM D648) of
200°C under a load of 4.6 kg/fcm?.

[0106] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 19.
Then, this optical disc was played back by the commer-
cially available CD player, whereby ly4/li,, was 0.63,and
l3/liop Was 0.33.

[0107] Further, the surface of the substrate 1 of the
optical disc after recording was inspected in the same
manner as in Example 19, to confirm the formation of
optically modified pits 5 in the form of protuberances.

EXAMPLE 22

[0108] As the light transmitting substrate 1, the same
polyearbonate disc as used in Example 19 was em-
ployed.

[0108] On this light transmitting substrate 1, an acr-
ylate resin was spin-coated to form an inter-layer in a
thickness of 70 nm. Then, as an organic dye to form the
light absorptive layer 2, 0.65 g of 1 ,1'-dipropyl-3,3,3',3'-
tetramethy!-5 5'-dimethoxyindodicarbocya nine iodide
was dissolved in 10 mé of a diacetone alcoho! solvent,
and the solution was coated by spin coating on the inter-
layer 6 onthe substrate 1, to forma light absorptive layer
2 having a thickness of 90 nm. The inter-layer 6 had a
heat deformation temperature (ASTM D648) of 100°C
under a load of 4.6 kg/cm? and a Rockwell hardness
(ASTM D785) of M85.

[0110] Then, a silicone acrylate resin was formed by
spin coating in a thickness of 50 nm on the above light
absorptive layer 2. Then, a gold film having a thickness
of 50 nm was formed by sputtering on the entire surface
of a region of the diameter of from 45 to 118 mm of the
disc, to form a light reflective layer 3. Further, an ultra-
violet curable'resin was spin-coated on this light reflec-
tive layer 3 and cured by irradiation with ultraviolet rays
to form a protective layer 4 having a thickness of 10um.
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[0111] To the optical disc thus obtained, a semicond-
cutor 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 op-
tical disc was played back by the commercially available
CD player (Aurex XR-V73, wavelength of the reading
laser beam & = 780 nm), whereby {44/l;,, obtained from
the eye pattern of the read-out signals, was 0.63, and
|3/lt0p was 0.32.

[0112] The CD standards prescribe that |4/l is at
least 0.6, and ly/lyg, Is from 0.3 to 0.7. Thus, the optical
disc of this example satisfies the standards.

[0113] Further, the protective layer 4, the light reflec-
tive layer 3 and the light absorptive layer 2 of this optical
disc were peeled off after recording, and the surface of
the inter-layer 6 was inspected, whereby formation of
optically modified pits 5 in the form of protuberances
was confirmed.

EXAMPLE-23

[0114] An optical disc was prepared in the same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with a viny! chloride copolymer
having a heat distortion temperature (ASTM D648) of
80°C under a load of 4.6 kg/cm? and a Rockwell hard-
ness (ASTM D785) of M95, in a thickness of 60 nm.
[0115] Tothe optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 22.
Then, this optical disc was played back by the commer-
cially available CD player, whereby ly1/ljo, was 0.66, and
l3/lop Was 0.35.

[0116] Further, the surface of the inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically madified pits
5 in the form of protuberarces.

EXAMPLE 24

[0117] An optical disc was prepared in the same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with an acrylate resin having a
heat distortion temperature (ASTM D648) of 90°C under
a load of 4,6 kg/cm? and a Rockwell hardness (ASTM
D785) of M100, the thickness of the light absorptive lay-
er 2 was changed to 130 nm, no silicone acrylate resin
layer was formed between the light absorptive layer 2
and the light refiective layer 3, and the light reflective
layer 3 was formed with a fim of an alloy of goid and
iridium in a ratio of 9.1.

[0118] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 22.
Then, this optical disc was played back by the commer-
cially available CD.player, whereby ly4/li,, was 0.63, and
la/ltop WaS 0.32.

[0119] Further, the surface ofthe inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically modified pits
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5 in the form of protuberances.
EXAMPLE 256

[0120] An optical disc was prepared inthe same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with a vinylidene chloride copol-
ymer having a heat distortion temperature (ASTM D648)
of 66°C under a load of 4.8 kg/cm? and a Rockwell hard-
ness (ASTM D785) of MB0, in a thickness of 60 nm.
[0121] To the optical disc thus obtained, EFM signais
were recorded in the same manner as in Example 22.
Then, this optical disc was played back by the commer-
cially available CD player, whereby |4/l;,, was 0.67, and
lafhop Was 0.36.

[0122] Further, the surface of the inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically modified pits
5 in the form of protuberances.

EXAMPLE 26

[0123] An optical disc was prepared in the same man-
ner as in Example 22 except that in Example 22, the
Interlayer 6 was formed with polystyrene having a heat
deformation temperature (ASTM D&48) of 85°C under
a joad of 4,6 kg/cm? and a Rockwell hardness (ASTM
D785) of M70.

[0124] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 22.
Then, this optical disc was played back by the commer-
cialty available CD player, whereby |44/, was 0.65, and
1a/liop Was 0.34.

[0125] Further, the surface of the inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically modified pits
5 in the form of protuberances.

EXAMPLE 27

[0126] An optical disc was prepared inthe same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with a polyviny| acetate having
a heat distortion temperature (ASTM D648) of 55°C un-
der a load of 4.6 kg/cm? and a Rockwell hardness
(ASTM D785) of M70 in a thickness of 60 nm, and iso-
cyanate was spin-coated on the silicone acrylate resin
layer in a thickness of 10 nm.

[0127] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example.22.
Then, this optical disc was played back by the commer-
cially available CD player, whereby |44/, was 0.66, and
la/liop Was 0.32.

Further, the surface of the inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically modified pits
5 in the form of protuberances.
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EXAMPLE 28

[0129] An optical disc was prepared in the same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with a polyester having a heat
distortion temperature (ASTM D8&48) of 70°C under a
load of 4.6 kg/cm? and a Rockwell hardness (ASTM
D785) of M70, as the organic dye to form the light ab-
sorptive layer 2, 1,1'-dibutyl-3,3,3',3"-tetramethyl-4,5,4’,
5'-dibenzoindodicarbocyanine perchiorate was used, a
silicone resin was coated on the light absorptive layer 2
instead of the silicone acrylate resin, and a bispheno!
curable type epoxy resin layer was formed on the light
reflective layer 3 in a thickness of 20 nm.

[0130] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 22.
Then, this optical disc was played back by the commer-
cially available CD player, whereby |,4/l,, was 0.61, and
I3/lop Was 0.31.

[0131] Further, the surface of the inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically modified pits
5 in the form of protuberances.

EXAMPLE 29

[0132] Anoptical disc was prepared in the same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with a polyurethane resin having
a heat distortion temperature (ASTM D848) of 50°C un-
der a load of 4.6 kg/cm2 and a Rockwell hardness
(ASTM D785) of M60 in a thickness of 50 nm, a silicone
resin was spin-coated on this inter-layer 6 in a thickness
of 15 nm for solvent resistant treatment, then a light ab-
sorptive layer 2 having a thickness of 130 nm was
formed by using 1,1'-dibutyl-3,3,3', 3" tetramethyl-4,5,4',
5'-dibenzoindodicarbocyanine perchlorate, no silicone
acrylate resin was coated between the light absorptive
layer 2 and the light reflective layer 3, and the,light re-
flective layer 3 was formed with a film of an alloy of gold
and iridium in a ratio of 9:1.

[0133] To the optical disc thus prepared, EFM signals
were recorded in the same manner as in Example 22.
Then, this optical disc was played back by the commer-
cially available CD player, whereby ly4/h,; was 0.66, and
l3/liop Was 0.33. '

[0134] Further, the surface of the inter-layer 6 after re-,
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically modified pits
5 in the form of protuberances.

EXAMPLE 30

[0135] An optical disc wasiprepared in the same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with a polyurethane resin having
a heat distortion temperature (ASTM D648) of 50°C un-
der a load of 4.8 kg/icm2 and a Rockwell hardness
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(ASTM D785) of M&0, a silicone coating agent was spin-
coated on this interlayer 6 in a thickness of 15 nm for
solvent resistant treatment, and then a light absorptive
layer 2 was formed by using 1,1'-dibutyl-3,3,3',3'-te-
tramethyl-4,5,4' 5'-dibenzoindodicarboc yanine per-
chlorate, and a silicone resin was formed on this light
absorptive layer 2 instead of the silicone acrylate resin,
a polysulfide-incorporated epoxy resin was coated on
the light reflective fayer 3 in a thickness of 20 nm, and
the protective layer 4 was formed thereon.

[0136] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 22,
Then, this optical disc was played back by the commer-
cially available CD player, whereby I44/l;,, was 0.66, and
lg/liop Was 0.33.

[0137] Further, the surface of the inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically modified pits
5 in the form of protuberances.

EXAMPLE 31

[0138] An optical disc was prepared in the same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with a cellulose resin having a
heat distortion temperature (ASTM D648) of 60°C under
a load of 4.6 kg/cm? and a Rockwell hardness (ASTM
D785) of M100, as an organic dye to form the light ab-
sorptive layer 2, 1,1'-dibuty!-3,3,3' 3'-tetramethy!-4,5,4',
5'-dibenzoindodicarbocyanine perchlorate was em-
ployed, and a silicone resin was coated on the light ab-
sorptive layer 2 instead of the silicone acrylate resin.
[0139] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 22.
Then, this optical disc was played back by the commer-
cially available CD player, whereby l44/l,,, was 0.65, and
la/liop was 0.32.

[0140] Further, the surface of the inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of opticaily modified pits
5 in the form of protuberances.

EXAMPLE 32

[0141] An optical discwas prepared inthe same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with an urethane thermoplastic
resin having a heat distortion temperature (ASTM D648)
of 50°C under a load of 4.6 kg/cm? and a Rockwell hard-
ness (ASTM D785) of M30 in a thickness of 50 hm, a
silicone coating agent was spin-coated on this inter-lay-
er 6 in a thickness of 15 nm for solvent resistant treat-
ment, and then a light absorptive layer 2 was formed by

» using 1,1'-dibutyl-3,3,3',3-tetramethyl-4,5 4' 5%diben- ,

zoindodicarbocyanine perchlorate, and a silicone resin
was coated instead of the silicone acrylate resin.

[0142]) To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 22,
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Then, this optical disc was played back by the commer
cially available CD player, whereby l44/liop Was 0.67, an
l3/liop Was 0.34.

[0143] Further, the surface of the inter-layer 6 after re
cording was inspected in the same manner as in Exam
ple 22, to confirm the formation of optically modified pits
5 in the form of protuberances.

EXAMPLE 33

[0144] An optical disc was prepared in the same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with an acrylic resin having ¢
heat distortion temperature (ASTM D848) of 70°C unde:
a load of 4.6 kg/lcm?2 and a Rockwell hardness (ASTNV
D785) of M90, a light absorptive layer2 having a thick:
ness of 130 nm was formed by using 1,1'-dipropyl-5,7,5',
7'-dimethoxyindodicarbocyanine fluoroborate as an or-
ganic dye, the light reflective layer 3 was formed by &
copper film, and the protective layer 4 was formed with
a silicone hard coating agent in a thickness of 5 um.
[0145] To the opticai disc thus obtained, EFM signals
were recorded in the same manner as in Example 22,
Then, this optical disc was played back by the commer-
cially available CD player, whereby l44/lyop was 0.63, and
lalliop was 0.32. ‘

[0146] Further, the surface of the inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically modified pits
5 in the form of protuberances.

EXAMPLE 34

[0147] An optical disc was prepared in the same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with a polyurethane resin having
a heat distortion temperature (ASTM D648) of 50°C un-
der a toad of 4.6 kg/cm? and a Rockwell hardness
(ASTM D785) of M60, 1,1'-dipropy!-5,7,56',7'-dimethox-
yindodicarbocyanine fluoroborate was used as an or-
ganic dye forthe light absorptive layer 2, a SiO, film hav-
ing a thickness of 30 nm was formed on the light absorp-
tive layer 2 by sputtering, the light reflective layer 3 was
formed with a copper film, an epoxy resin was spin-coat-
ed on the light reflective layer 3 in a thickness of 20 nm,
and the protective layer 4 was formed thereon with a
silicone hard coating agent in a thickness of 5 um.,
[0148] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 22.
Then, this optical disc was,played back by the commer-
cially available CD player, whereby 144/ly,, was 0.66, and
l3flop Was 0.33.

[0148] Further, the surface of the inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically modified pits

7 5 in the form of protuberances,
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EXAMPLE 35

[0150} An optical disc was preparedinthe same man-
ner as in Example 22 except that in Example 22, a glass
disc was used as the light transmitting substrate 1, the
inter-layer 6 was formed with an acrylate resin having a
heat distortion temperature (ASTM D8648) of 70°C under
a load of 4.6 kg/em? and a Rockwell hardness (ASTM
D785) of MS0 and having a pregroove formed by a photo
polymerization method, a light absorptive layer 2 having
a thickness of 130 nm was formed by using 1,1'-dipropy!
5,7,5’,7'§dimethoxyindodicarbocyanine fluoroborate as
an organic dye to form the light absorptive layer 2, the
light reflective layer 3 was formed by a copper film, and

" the protective layer 4 was formed with a silicone hard

2

coating agent in a thickness of 5 um.

[0151] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 22.
Then, this optical disc was played back by the commer-
cially available CD player, whereby 14/li,, was 0.63, and
la/ligp Was 0.32.

[0152] Further, the surface of the inter-layer 6 after re-
cording was inspected in the same manner as in Exam-
ple 22, to confirm the formation of optically modified pits
5 in the form of protuberances.

COMPARATIVE EXAMPLE 1

[0153] An optical disc was prepared inthe same man-
ner as in Example 22 except that in Example 22, the
interlayer 6 was formed with a silicone resin having a
heat distortion temperature (ASTM D648) of 180°C un-
der a load of 4.6 kg/cm2 and a Rockwell hardness
(ASTM D785) of M100.

[0154] To the optical disc thus obtained, EFM signals
were recorded in the same manner as in Example 22.
Then, this optical disc was played back by the commer-
cially available CD player, whereby |44/, was 0.28, and
lafljop Was 0.05. :
[0155] Thus, this disc does not satisfy the CD format.

EXAMPLE 36

[0156] A polycarbonate substrate 1 of a disc shape
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 formed with a width of 0.8 um, a depth of 0.08
um and a pitch of 1.6 pm in a range of the diameter of
from 46 to 117 mm of the disc, was formed by injection
molding. This polycarbonate substrate 1 had a Rockwell
hardness (ASTM D7886) of M75 and a heat distortion
temperature (ASTM D648) of 132°C. .

[0157] As an organic dye to form the light absorptive

layer, 0.85 g of 1,1'-dibutyl-3,3,3',3-tetramethyl-4,5,4', :

5'-dibenzoindodicarbocyanine perchlorate (product
number NK3219, manufactured by Nippon Kanko Shik-
iso K.K.) was dissolved.in- 10 m¢{ of a diacetone alcohol
solvent. The solution was coated on the surface of the
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substrate 1 by spin coating to form a light absorptive
layer 2 having a thickness of 130 nm.

[0158] Then, a gold film having a thickness of 50 nm
was formed by sputtering on the entire surface in a re-
gion of the diameter of from 45 to 118 nm of this disc, to
form a light reflective layer 3. Further, an ultraviolet cur-
able resin was spin-coated on this light reflective layer
3 and cured by irradiation with ultraviolet rays, to form
a protective layer 4 having a thickness of 10 um. After
curing, this protective layer had a Rockwell hardness
(ASTM D785) of-M90 and a heat distortion temperature
(ASTM D848) of 160°C.

[0159] To the recordable region 7 of 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 A = 780 nm),
whereby the reflectance of the semicenductor laser
beam was 72%, .134/li,n was 0.65, and ly/l,, was 0.35,
and the block error rate BLER was 3.4 x 103,

[0160] The CD standards prescribe that the reflect-
ance Is atleast 70%, ly4/lio, Is at least 0.6, 13/l is from
0.3 to 0.7, and the biock error rate BLER is not higher
than 3 x 102, The optical disc of this reference meets
the standards. .

[0161] Further, the protective layer 4 and the light re-
flective layer 4 of the optical disc were peeled off after
recording, and the light absorptive layer 2 was washed
off with a solvent, and the surface of the light transmitting
substrate 1 was observed by STM (Scanning Tunneling
Microscope) whereby deformation in the form of protu-
berances was observed at the pitied portion. Further,
the recorded portion and the non-recorded portion of the
substrate 1 were measured by a spectro photometer,
whereby at the recorded portion, peaks other than the
peaks of the resin observed at the non-recorded portion,
were observed. | -

{0162] This example illustrates the case where the
protective layer 4 was utilized as a hard layer.

EXAMPLE 37

[0163] On a polycarbonate substrate (Panlite, manu-
factured by Teijin Kagaku) having the same shape and
pregroove as in Example 36, a light absorptive layer 2
was formed in the same manner as described above, a
silicone acrylate layer having a thickness of 50 nm was
formed thereon as a hard layer 8, a silver layer having
a thickness of 50 nm was formed thereon by vacuum
vapor deposition as a’light reflective layer 3, and the
same protective layer 4 as in Example 36 was formed
thereon. The above substrate had a Rockwell hardness
(ASTM D785) of M75 and a heat distortion temperature
(ASTM D648) of 135°C. Whereas, the above hard layer
6 had a Rockwell hardness (ASTM D785) of M100 and
a heat distortion temperature (ASTM D648) of 200°C.
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[0164] To this optical disc, data were recarded in the
same manner as in Example 36, and then reproduced,
whereby the reflectance of the semiconductor laser
beam was 71%, ly4/l,, was 0.63, lg/l,, was 0.33, and
the block error rate BLER was 3.5 x 103,

[0165] Further, the surface of the light transmitting
substrate 1 of the optical disc after recording was in-
spected by STM (Scanning Tunneling Microscope) in
the same manner as in Example 38, whereby deforma-
tion in the form of protuberances was observed at the

- pitted portion, The center portion of this deformation was

en

slightly low, and the deformation 6 was found to have
two peaks, as lllustrated in Figure 15(b).

EXAMPLE 38

{0166] On a polycarbonate substrate (lupilon, manu-
factured by Mitsubishi Gas Kagaku) having the same
shape and pregroove as in Example 36, a light absorp-
tive layer 2 was formed in the same manner as above,
an epoxy resin layer having a thickness of 50 nm was
formed thereon as a hard layer 6, a gold film having a
thickness of 50 nm was formed by vacuum vapor dep-
osition thereon as a light reflective layer 3, and the same
pratective fayer 4 as in Example 36 was formed thereor.
The substrate had a Rockwell hardness (ASTM D785)
of M75 and a heat distortion temperature (ASTM D648)
of 132°C. Whereas, the above hard layer 6 had a Rock-
well hardness (ASTM D785) of M90 and a heat distor-
tion temperature (ASTM D648) of 140°C.

[0167] To this optical disc, data were recorded in the
same manner as in Example 36 and then reproduced,
whereby the reflectance of the semiconductor laser
beam was 72%, |44/l Was 0.62, I/l was 0.32, and
the block error rate BLER was 2.4 x 103,

EXAMPLE 39

[0168] On a polystyrene substrate having the same
shape and pregroove as in Example 36, a light absorp-
tive layer 2 was formed in the same manner as above,
an acrylate resin layer having a thickness of 50 nm was
formed thereon as a hard layer 6, an epoxy resin was
spin-coated thereon to improve the bonding properties,
then a gold film having a thickness of 50 nm was formed
by vacuum vapor deposition as the light reflective layer
3, and the same protective layer 4 as in Example 36 was
formed thereon. The substrate had a Rockwell hardness
(ASTM D785) of M80 and a heat distortion temperature

(ASTM D648) of 89°C. Whereas, the above hard layer.

8 had a Rockwell hardness (ASTM D785) of M100 and
a heat distortion temperature (ASTM D648) of 100°C.
[0169] To this optical disc, data were recorded in the
same manner-as in Example 36 and then reproduced,
whereby the reflectance of the semiconductor laser
beam was 72%, lyy/lip, Was 0.62, l4/li, was 0.31, and
the block error rate BLER was 7.0 x 103,
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EXAMPLE 40

[0170] On a polymethyl methacrylate substrate hav-
ing the same shape and pregroove as in Example 35, a
light absorptive layer 2 was formed in the same manner
as desctibed above, then a polyester resin layer having
athickness of 50 nm was formed thereon as a hard layer
8, a gold layer having a thickness of 80 nm was formed
thereon as a light reflective layer 3 by vacuum vapor
deposition, an epoxy resin was further spin-coated ther-
eon to improve the bonding properties, and then the
same protective layer 4 as in Example 36 was formed.
The substrate had a Rockweli hardness (ASTM D785)
of M100 and a heat distortion temperature (ASTM D848)
of 110°C. Whereas, the above hard layer 6 had a Rock-
well hardness (ASTM D785) of M110 and a heat distor-
tion temperature (ASTM D648) of 115°C,

[0171] To this optical disc, data were recorded in the
same manner as in Example 36 and then reproduced,
whereby the reflectance of the semiconductor laser
beam was 72%, ly4/ligp Was 0.84, lg/li,, was 0.34, and
the block error rate BLER was 8.0 x 103,

EXAMPLE 41

[0172] On a polyotefin substrate having the same
shape and pregroove as in Exampie 36, a light absorp-
tive layer 2 was formed in the same manner as in Ex-
ample 36 by using 1,1*dibutyl-3,3,3',3'-tetramethy!-5,5'-
diethoxyindodicarbocyanine perchlorate, then a silicone
acrylate resin layer having a thickness of 50 nm was
formed thereon as the hard layer 6, and a gold film hav-
ing a thickness of 50 nm was formed thereon as the light
reflective layer 3 by vacuum vapor depasition, an epoxy
resin was spin-coated thereon to improve the bonding
properties, and then the same protective layer 4 as in
Example 36 was formed. The substrate had a Rockwell
hardness (ASTM D785) of M75 and a heat distortion
temperature (ASTM D8&48) of 140°C. Whereas, the
above hard layer 6 had a Rockwell hardness (ASTM
D785) of M100 and a heat distortion temperature (ASTM
D648) of 200°C.

[0173] To this optical disc, data were recorded in the
same manner as in Example 36 and then reproduced,
whereby the reflectance of the semiconductor lasel
beam was 74%, |14/l Was 0.61, ly/l,, was 0.33, anc
the block error rate BLER was 2.3 x 103,

EXAMPLE 42

[0174] On an epoxy resin substrate having the same
shape and pregroove as in Example 38, a light absorp
tive layer 2 was formed in the same manner as in Ex
ample 36 by using 1;1 '-dibutyl-3,3,3',3'-tetramethyi-5,5'
diethoxyindodicarbocyanine perchlorate, and a silicone
resin layer having a thickness of 50 nm was formedther
eon as the hard layer 6, an aluminum film having a thick
ness of 50 nm was formed thereon as the light reflective
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layer 3 by vacuum vapor deposition, and the same pro-
tective layer 4 as in Example 36 was formed thereon.
The substrate had a Rockwell hardness (ASTM D785)
of MS0 and a heat distortion temperature (ASTM D648)

of 135°C. Whereas, the above hard layer 6 had a Rock- '

well hardness (ASTM D785) of M100 and & heat distor-
tion temperature (ASTM D648) of 180°C.

[0175] To this optical disc, data were recorded in the
same manner as in Example 36 and then reproduced,
whereby the reflectance of the semiconductor laser
beam was 73%, |y4/li, Was 0.61, lg/l,, was 0.30, and
the block error rate BLER was 2.0 x 1073,

EXAMPLE 43

[0176] On a polycarbonate substrate (Panlite, manu-
factured by Teijin Kagaku) having the same shape and
pregroove as in Example 38, a light absorptive layer 2
was formed in the same manner as described above, a
silver film having a thickness of 50 nm was formed ther-
eon as the light reflective layer 3 by vacuum vapor dep-
osition, a silicone acrylate layer having a thickness of
50 nm was formed thereon as the hard layer 6, and the
same protective layer 4 as in Example 36 was formed
thereon. The substrate had a Rockwell hardness (ASTM
D785) of M75 and a heat distortion temperature (ASTM
D648) of 135°C. Whereas, the above hard layer & had
a Rockwell hardness (ASTM D785) of M100 and a heat
distortion temperature (ASTM D648) of 200°C.

[0177] To this optical disc, data were recorded in the
same manner as in Example 36 and then reproduced,
whereby the reflectance of the semiconductor laser
beam was 71%, ly1/lp Was 0.64, ly/l,, was 0.34, and
the block error rate BLER was 3,7 x 103,

EXAMPLE 44

[0178] On a polycarbonate substrate (lupilon, manu-
factured by Mitsubishi Gas Kagaku) having the same
shape and pregroove as in Example 36, a light absorp-
tive layer 2 was formed in the same manner as de-
scribed above, a gold film having a thickness of 50 am
was formed thereon as the light reflective layer 3 by vac-
uum vapor deposition, and an epoxy resin layer having
a thickness of 50 nm was formed thereon as the hard
layer 8 which also served as a protective layer. The sub-
strate had a Rockwell hardness (ASTM: D785) of M75
and a heat deformation temperature (ASTM D648) of
135°C. Whereas, the above hard layer 6 had a Rockwell
hardness (ASTM D785) of M0 and a heat distortion
temperature (ASTM D648B) of 140°C.

[0179] To this optical disc, data were recorded in the
same manner as in Example 36 and then reproduced,

. whereby. the' reflectance of the.semiconductor laser

“r

beam was 72%, |y4/liop Was 0.63, ly/ly,, was 0.33, and
the block error rate BLER was 2.7 x 1073,
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EXAMPLE 45

[0180] On a polystyrene substrate having the same
shape and pregroove as in Example 36, a light absorp-
tive layer 2 was formed in the same manner as de-
scribed above, a gold film having a thickness of 50 nm
was formed thereon as the light reflective layer 3 by vac-
uum vapor deposition, and an acrylate resin layer hav-
ing a thickness of 50 nm was formed thereon as the hard
layer 8 which served also as a protective layer. The sub-
strate had a Rockwell hardness (ASTM D785) of M80
and a heat deformation temperature (ASTM D648) of
89°C. Whereas, the above hard layer 6 had a Rockwell
hardness (ASTM D785) of M100 and a heat distortion
temperature (ASTM D648) of 100°C.

[0181] To this optical disc, data were recorded in the
same manner as in Example 36 and then reproduced,
whereby the reflectance of the semiconductor laser
beam was 72%, ly4/lop Was 0.83, lg/l,, was 0.32, and
the block error rate BLER was 7.1 x 10°3,

EXAMPLE 46

[0182] On a polymethyl methacrylate substrate hav-
ing the same shape and pregroove as in Example 36, a
light absorptive layer 2 was formed in the same manner
as described above, then, a gold film having a thickness
of 50 nm was formed thereon as the light reflective layer
3 by vacuum vapor deposition, and an epoxy resin was
spin-coated thereon to improve the bonding properties,
and a polyester resin layer having a thickness of 50 nm
was formed as the hard layer 6 which served also as a
protective layer. The substrate had a Rockwell hardness
(ASTM D785) of M100 and a heat deformation temper-
ature (ASTM D648) of 110°C. Whereas, the above hard
layer 6 had a Rockwell hardness (ASTM D785) of M110
and a heat distortion temperature (ASTM D648) of
1156°C.

[0183] To this optical disc, data were recorded in the
same manner as in Example 36 and then reproduced,
whereby the reflectance. of the semiconductor laser
beam was 72%, ly4/ly,, was 0.65, ly/ly,, was 0.34, and
the block error rate BLER was 8.3 x 10°3.

EXAMPLE 47

[0184] On a polyolefin substrate having the same
shape and pregroove as in Exampte 38, a light absorp-
tive layer 2 was formed in the same manner as in Ex-
ample 36 by using 1,1'-dibutyl-3,3,3' 3'-tetramethyl-5,5'-
diethoxyindodicarbocyanine perchlorate, then a gold
film having a thickness of 50 nm was formed thereon as
the light reflective layer 3 by vacuum vapor deposition,
an epoxy resin was spin coated thereon te improve the
bonding properties, and a silicone acrylate resin layer
having a thickness of 50 nm was formed thereon as the*
hard layer 6 which served also as a protective layer. The
substrate had a Rockwell hardness (ASTM D785) of
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M75 and a heat distortion temperature (ASTM D648) of
140°C. Whereas, the above hard layer6hada Rockwell
hardness (ASTM D785) of M100 and a heat distortion
temperature (ASTM D648) of 200°C.

[0185] To this optical disc, data were recorded in the
same manner as in Example 36 and then reproduced,
whereby the reflectance of the semiconductor laser
beam was 71%, l11/lipp Was 0.62, la/hop WaS 0.34, and
the block error rate BLER was 2.4 X 103,

EXAMPLE 48

[0186] Onan epoxy resin substrate having the same
shape and pregroove as in Example 36, a light absorp-
tive layer 2 was formed in the same manner as in Ex-
ample 36 by using 1 1 ‘-dibutyl~3,3,3’,3‘-tetramethyl-5,5'-
diethoxyindodicarbocyanine perchlorate, then an alumi-
num film having a thickness of 50 nm was formed ther-
son as the light reflective layer 3 by vacuum vapor dep-
osition, and a silicone resin layer having a thickness of
50 nm was formed as the hard layer 6 which served also
as a protective layer. The substrate had a Rockwell
hardness (ASTM D785) of M90 and 2 heat distortion
temperature (ASTM D648) of 135°C. Whereas, the
above hard layer 6 had a Rockwell hardness (ASTM
D785)of M100and aheat distortion temperature (ASTM
D648) of 180°C.

[0187] To this optical disc, data were recorded in the
same manner as in Example 36 and then reproduced,
whereby the reflectance of the semiconductor laser
beam was 72%, ly1/liop Was 0.62, la/lop Was 0.32, and
the block error rate BLER was 2.1 x 103,

COMPARATIVE EXAMPLE 2

[0188] Anoptical disc was prepared in the same man-
ner as in Example 36 except that in Exampie 36, the
protective layer 4 made of the ultraviolet curable resin
was formed to have a Rockwell hardness (ASTM D785)
of MB0 and a heat distortion temperature (ASTM DE48)
of 90°C under a load of 4.6 kg/cm? after curing.

[0189] To this optical disc, a semiconductor laser
peamn having a wavelength of 780 nm was irradiated at
alinear speed of 1.2 m/sec to record EFM signals in the
same manner as in Example 36, whereby no adequately
distinct pits were observed on the substrate 1. Then, this
optical disc was played back by the same CD player as
used in Example 36, whereby the reflectance of the op-
tical disc was 71%, l14/liop Was 0.7, I3/ lop Was 0.37, but
the block error rate BLER was 1.5 x 10-1 and thus failed
to meet the CD standards.

EXAMPLE 49
[0180] An optical disc was prepared in the same man-
ner as in Example 1 except that in Example 1, an ultra-
violet curable hard coating resin was spin-coated onthe
incident light side of the polycarbonate substrate 1 to

EP 0 353 394 B2

10

20

25

30

35

40

45

50

55

18

02 DEC 2004

34

form a substrate protective layer having a thickness of
1um.

[0191] 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 in Example 1, whereby the reflectance of the
semiconductor laser beam was 70%, 144/ligp Was 0.62,
l3/ltop Was 0.37, and the block error rate BLER was 1.3
x 1072,

[0192} The surface of the light transmitting substrate
1 of the optical disc after recording was inspected by
STM in the same manner as in Example 1, to confirm
the formation of pits 6 as in Example 1.

EXAMPLE 50

[0193] Anoptical discwas prepared in the same man-
ner as in Example 1 except that in Example 1 a polyb-
utadiene resin dissolved in cyclohexane was spin-coat-
ed to form a polybutadiene resin layer having a thick-
ness of 10 nm between the light absorptive layer 2 and
the light reflective layer 3.

[0194] 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 in Example 1, whereby the reflectance of the
semiconductor laser beam was 72%, ly4/\op Was 0.65,
l3/ltop WaS 0.35; and the block error rate BLER was 8.6
x 103,

[0195] Further, the surface of the light transmitting
substrate 1 of the optical disc after recording was in-
spected by STM in the same manner as in Example 1,
to confirm the formation of pits 5 as in Example 1.

EXAMPLE 51

[0196] A polycarbonate substrate 1 having a thick-
ness of 1.2 mm, an outer diameter of 120 mm and an
inner diameter of 15 mm and having a spiral pregroove
8 formed on its surface with a width of 0.8 um, depth of
0.08 um and a pitch of 1.6 um, was injection-molded.
As an organic dye to form the light absorptive layer 2,
0.5 g of 1,1'-dipropyl-s,3,3',3‘-tetramethy|-5,5'-diethox-
yindodicarbocyanine perchlorate was dissovied in 10
m¢ of an isopropy! alcohol solvent. The solution was
spin-coated on the surface of this substrate 1, to form a
light absorptive layer 2 having a thickness of 100 nm.
Further, a SIO; film was formed thereon by sputtering in
a thickness of 40 nm. .

[0197] Then, a gold film having & thickness of 50 nm
was formed by sputtering on the entire surface of a re-
gicn of the diameter of from 45 to 118 nm of this disc, to
form a light reflective layer 3. Further, on this light re-

flective layer 3, a urethane .resin dissolved in methyl

ethy! ketone was spin-coated in a thickness of 100 nm
to form a shock absorbing layer, and 2n ultraviolet cur-
able resin was spin-coated thereon and cured by irradi-
ation of ultraviolet rays to form a protective layer 4 hav-
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ing a thickness of 10 um.

[01988] To the optical disc thus obtained, a semicon-
ductor laser beam having a wavelength of 780 nm was
irradiated at a linear speed of 1.2 m/sec with a recording
power of 6.8 mW to record EFM signals. Then, this op-
tical disc was played back by a commercially available
CD player (Aurex XR-V73, wavelength of the reading
laser beam A = 780 nm), whereby the reflectance of the
semiconductor laser beam was 77%, l/li,p Was 0.66,
l3/liop Was 0.36, and the block error rate BLER was 3.5
X 1073,

[0198] Further, the surface of the light transmitting
substrate 1 of the optical disc after recording was in-
spected by STM in the same manner as in Example 1
to confirm the formation of pits 5 as in Example 2.

EXAMPLE 52

[0200] An optical disc was prepared in the same man-
ner as in Example 51 except that in Example 51, the
SiO, film was formed by LPD method, and a dioxane
solvent was used as the solvent for the coating agent
for forming the light absorptive layer 2.

[0201] . To the optical disc thus ebtained, EFM signals
were recorded with a power of 7.2 mW in the same man-
ner as in Example 51. Then, this optical disc was played
back by the same CD player as in Example &1, whereby
the reflectance of the semiconductor laser beam was
77%, 141/lop Was 0.68, l3/l,, was 0.35, and the block
error rate BLER.was 4.0 x 103,

[0202] Further, the swface of the light transmitting
substrate 1 of the optical disc after recording was in-
spected by STM in the same manner as in Example 1
to confirm the formation of pits 5 as in Example 1.

EXAMPLE 53

[0203] An optical disc was prepared in the same man-
ner as in Example 51 except that in Example 51, instead
of the SiO, film, an epoxy resin dissolved in diglycicyl
ether was spin-coated to form an epoxy resin layer hav-
ing a thickness of 40 nm, a thin layer of an alloy of gold
and titanium in a ratio of 9:1 was farmed as the light
reflective layer 3, and a polybutadiene resin dissolved
in cyciohexane was spin-coated to form a polybutadiene
resinlayer having a thickness of 10 nm between the light
absorptive layer 2 and the light reflective layer 3.
[0204] To the optical disc thus obtained, EFM signals
were recorded with a recording power of 7.0 mW in the
same manner as in Example 51. Then, this optical disc
was played back by the same CD player as in Example
51, whereby the reflectance of the semiconductor laser
beam was 74%, l44/ly, Was 0.64, I3/l was 0.33, and
the block error rate BLER was 2.5 x 103,

[0205] Further, the surface of the light transmitting
substrate 1 of the optical disc after recording was in-
spected by STM in the same manner as in Example 1
to confirm the formation of pits 5 as in Example 1.
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EXAMPLE 54

[0208] An optical disc was prepared in the same man-
neras in Example 51 except that in Example 51, instead
of the SiO, film, an epoxy resin dissolved in diglycicy!
ether was spin-coated to form an epoxy resin layer hav-
ing a thickness of 40 nm, a thin layer of an alloy of gald
and titanium in a ratio of 9:1 was formed as the light
reflective layer 3, and a polybutadiene resin dissolved
in cyclohexane was spin-coated ta form a polybutadiene
resim layer having a thickness of 10 nm between the light
absorptive layer 2 and the light reflective layer 3, and a
bispheno! curable type epoxy resin was spin-coated in
a thickness of 20 nm between the light reflective layer
and the protective layer 4 to improve the adhesion ther-
ebetween.

[0207] To the optical disc thus obtained, EFM signals
were recorded with a recording power of 7.2 mW in the
same manner as in Example 51, Then, this optical disc
was played back by the same CD player as in Example
51, whereby the reflectance of the semiconductor laser
beam was 74%, 14/}, Was 0.64, 1y/l,, was 0.33, and
the block error rate BLER was 3.0 x 103,

[0208] Further, the surface of the light transmitting
substrate 1 of the optical disc after recording was in-
spected by STM in the same manner as in Example 1
to confirm the formation of pits 5 as in Example 1.

EXAMPLE 55

[0209] An optical disc was prepared in the same man-
neras in Example 51 except that in Example 51, instead -
of the SiO, film, an epoxy resin dissolved in diglycicy!
ether was spin-coated to form an epoxy resin layer hav-
ing a thickness of 40 nm, a polybutadiene resin dis-
solved in cyclohexane was spin-coated to form a polyb-
utadiene resin layer having a thickness of 10 nm be-
tween this epoxy resin layer and the light reflective layer
3, and the thickness of the protective layer was changed
to 5 um,

[0210] Tothe optical disc thus obtained, EFM signals
were recorded with a recording power of 7.2 mW in the
same manner as in Example 51. Then, this optical disc
was played back by the same CD player as in Example
51, whereby the reflectance of the semiconductor laser
beam was 74%, |4/l Was 0.64, lg/l,, was 0.32, and
the block error rate BLER was 3.3 x 103,

[0211} Further, the surface of the light transmitting
substrate 1 of the optical disc after recording was in-
spected by STM in the same manner as in Example 1
to confirm the formation of pits 5 as in Example 1.

EXAMPLE 56

[0212] Anoptical disc was prepared in the same man-
neras in Example 51 except that in Example 51, no SiO,
film was formed, a polybutadiene resin dissolved in cy-
clohexane was spin-coatedto form a polybutadiene res-
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in layer having a thickness of 10 nm between the light
absorptive layer 2 and the light reflective layer 3, a bi-
sphenoi curable type epoxy resin was spin-coated in a
thickness of 20 nm between the light reflective layer and
the protective layer 4 to improve the adhesion therebe-
tween, and the thickness of the protective layer was
changedto & pm.,

[0213] To the optical disc thus obtained, EFM signals
were recorded with a recording power of 7.2 mW in the
same manner as in Example 51. Then, this optical disc
was played back by the same CD player as in Example
51, whereby the reflectance of the semiconductor laser
beam was 74%, 14/lop Was 0.63, la/ltop Was 0.32, and
the block error rate BLER was 2.8 x 10°3.

[0214] Further, the surface of the light transmitting
substrate 1 of the optical disc after recording was in-
spected by STM in the same manner as in Example 1
to confirm the formation of pits 5 as in Example 1.

EXAMPLE 57

[0215] An optical disc was prepared inthe same man-
ner asin Example 51 except thatin Example 51, no SiOg
film was formed.

[0216] To the optical disc thus obtained, EFM signals
were recorded with a recording pawer of 7.2 mW in the
same manner as in Example 51. Then, thig optical disc
was played back by the same CD player as in Example
51, whereby the reflectance of the semiconductor laser
beam was 77%, l41/ljop Was 0.66, lg/lyop Was 0.35, and
the block error rate BLER was 1.0 x 102,

[0217] Further, the surface of the light transmitting
substrate 1 of the optical disc after recording was in-
spected by STM in the same manner as in Example 1
to confirm the formation of pits 5 as in Example 1.
[0218] Asdescribedinthe foregoing, accordingto the
optical information recording medium of the presentin-
vention, it is possible to form pits optically similar to CD
by irradiation with a laser beam, and at the same time,
" the reflective layer is provided behind the light absorp-
tive layer in close contact therewith, whereby it is pos-
sible to take a layered structure similarto CD. Thus, ac-
cording to the present invention, a recordable optical in-
formation recording medium which meets the CD for-
mat, can readily be obtained.

Claims

1. A method for optically recording Information on an
optical information recording medium, the medium
comprising

(i) a light transmitting substrate (1,

(i) a light absorptive dye layer (2) overlaying
the substrate it) to absorb a laser beam (7), and
(iii) a light reflective layer (3) overlaying the light
absorptive layer (2), the method comprising en-
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5.

ergizing the light absorptive layer (2) by the en-
ergy of a laser beam (7) entered through the
light transmitting substrate (1), to form optically
readable pits characterized in that

said optically readable pits are formed either

(a) in the surface of the substrate (1) adjacent
to the absorptive layer (2) and in the absorptive
layer (2), or

{b) in the surface of the substrate (1) adjacent
to the absorptive layer (2), in the absorptive lay-
er (2),and additionally in an additional inter-lay-
er (6) disposed between the substrate (1) and
the light absorptive layer (2),

all said layers having a suitable heat distortion and/
or a suitable hardness.

The method according to claim 1, wherein the light
absorptive layer (2) is melted and decomposed up-
on absorption of the laser beam (7), and said layers
are locally deformed by the melting and the decom-
position of the light absorptive layer (2}, to form op-
tically readable pits in said layers.

An optical information recording medium compris-
ing

(i) & light transmitting substrate (1),

(i) a light absorptive dye layer (2) overlaying
the substrate (1) to absorb a laser beam (7) to
form optically readable pits, and,

(iif) a light reflective layer (3) overlaying the light
absorptive layer,

characterized in that said optically readable pits
are formed either

(a) in the surface of the substrate (1) adjacent
to the absorptive layer (2) and inthe absorptive
layer (2), or

(b) in the surface of the substrate (1) adjacent
to the absorptive layer (2), in the absorptive lay-
er (2), and additionally in an addtional inter-lay-
er (6) disposed between the substrate (1) and
the light absorptive layer (2),

all said layers having a suitable heat distortion and/
or a suitable hardness. -

The optical information recording medium accord-
ing to claim 3, wherein the deformation of the sur-
face layer consists in protuberances towards the
light absorptive layer.

The optical information recording medium accord-
ing to claim 3 or 4, wherein the deformed portions
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of said layers have optical properties different from
the rest of said layers. :

The optical information recording medium accord-

ing to claim 3, 4 or 5, wherein the deformed portions 5
of layers adjacent to the absorptive layer contain
decomposed components of the light absorptive
layer diffused therein.

The optical informatian recording medium accord- 10
ing to any one of claims 3 to 6, wherein the surface

of the substrate or the additional layer has a tracking
guide groove, and the optically readable pits are
formed in the guide groove.

02 pEC 2004



