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However, conventional optical information re- cording media of the above
mentioned type have a re- The present invention relates to a method for
opt-  cording layer which is not present in CD, and they are ically
recording information on an optical information  designed to form pits in
the recording layer and not in recording medium and the optical Information
record-   5   the substrate (see e.g. IBM TDB, vol. 25, No. 118, Ap- ing
medium having optically readable pits thereby  ril 1983, p. 5940, 5941).
Further, in some cases, a formed.
space is provided to facilitate the formation of pits in Conventional
optical information recording media  this recording layer. Consequently,
the read-out sig- of such type have a recording layer of e.g. a metal  nals
are naturally different from those of CD due to such as Te, Bi or Mn or a
dye such as cyanine, mer-  10  differences in e.g. the reflectance of the
laser beam ocyanine or phthalocyanine, and they are designed to  and the
degree of modulation of the read-out signals. record data in such a manner
that when irradiated  In particular, the pits formed in the recording layer
by with a laser beam, such recording layer is deformed,  the laser beam are
notso distinct as pits mechanically sublimed, evaporated or modified to
form pits. With  formed by e.g. press molding, whereby it has been optical
information recording media having such re-  15  difficult to obtain a high
degree of modulation. There- cording layer, it is common to form a space
behind the  fore, it has been difficult for the conventional optical
recording layer to facilitate the deformation, sublima-  information
recording media to meet the above- tion, evaporation or modification of the
recording lay-  mentioned standards for CD, and it has been difficult er
for the formation of the pits. A typical example is a  to provide an
optical disc playable by conventional CD laminated structure so-called an
air sandwich struc-  20  players. ture wherein a pair of substrates are
laminated with  Therefore, it is an object of the present invention a space
therebetween.                             to provide an optical information
recording medium With the optical information recording media of  which is
capable of providing read-out signals having this type, a writing laser
beam is irradiated through a  a high degree of modulation to meet the CD
stan- transperent substrate to form optically readable pits  25  dards. in
the recording layer. For reproducing the recorded  The present invention is
based on a discovery data, a reading laser beam having a less power than
that optically readable pits can be formed directly on the writing laser
beam is irradiated through the sub-  the substrate by a laser beam by means
a laser beam strate, and the contrast between the light reflected
absorptive layer which functions as a means to form from the pits and the
light reflected from non-pitted   30  such pits, whereby it is possible to
obtain a recordable portion, is read as an electrical signal.
optical disc which meets the CD standards. On the other hand, optical
information recording   The present invention provides a method for opt-
media of so-called ROM (read only memory) type    ically recording
information on an optical information wherein data are already recorded,
and no further  medium according to claim 1. data are recordable orthe
recorded data are no longer  35  The present invention also provides an
optical in- erasable or rewritable, are widely practically em-  formation
recording medium according to claim 3. ployed in the sound recording and
information treat-  Forthe purpose of the present invention, the term ing
fields. Optical information recording media of this  "optically readable
pits" or "pits" generally includes type have no such a recording layer as
described   optically readable or detectable marks of all kinds. above.
Pits corresponding to data to be reproduced   40  With this optical
information recording medium, are already formed on a substrate of e.g.
polycarbon-  when the lightabsorptive layer is Irradiated with a las- ate
by e.g. press molding, a reflective layer of a metal  er beam, it generates
heat upon absorption of the las- such as Au, Ag, Cu orAl is formed thereon,
and a pro-  er beam and at the same time, the surface of the sub- tective
layer is further provided thereon.         strate adjacent to the
absorption layer and the ab- The most typical optical information recording
45  sorption layer or additionally a layer adjacent to the medium of this
ROM type is a compact disc so-called  absorption layer or the absorption
layer and said ad- CD which Is widely used in the sound recording and
ditional layer undergo melting, evaporation, sublima- information treating
fields. The specification for re  tion, reaction, decomposition or
modification. When cording and read-out signals for this CD is standar-
the laser beam is applied in afocused statetothe light dized, and the
reproducing or play back apparatus for  50  absorptive layer, energy is
locally generated. The im- CD in accordance with the standards is widely
avail-  pact of such energy reaches the surface of the layers able as
compact disc players (CD players).         adjacent to the light absorptive
layer, whereby said Therefore, it is strongly desired that the above-
layers are locally deformed to form optically modified mentioned optical
information recording media follow  portions (optically readable pits). the
same standards as the widely prevailing stan-  55  At the pitted portions,
the surface of the layers of dards forCD, so thatthey are interchangeable
with al-  the substrate adjacent to the light absorptive layer is ready
prevailing CD and-can be played back by CD   locally deformed, whereby
there is a phase difference players for reproduction of recorded
information.  between the pitted portions and the non-pitted por- 2    
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incident laser beam is scattered so that  view taken along the track of the
information record- there will be a substantial difference In the quantity
ing medium of Figure 1 prior to optical recording. of the reflected laser
beam. Therefore, it Is possible  Figure 3 is a partially enlarged
cross-sectional to obtain a high degree of modulation for the read-out
view taken along the track of the optical information signals.
5   recording medium of Figure 1 after the optical record- Here, the above
function Is generally equal irres-  ing. pective of the shape of the
deformation of said layers  Figure 4 is a partially enlarged
cross-sectional whether the deformation consists in protuberances   view
taken along the track of another embodiment of toward the light absorptive
layer, waves or dents. In  the optical information recording medium of the
pres- addition to the above deformation, the pitted portions   10  ent
invention prior to optical recording. may include optically modified
portions where the       Figure 5 is a partially enlarged cross-sectional
optical properties are different locally in said layers.  view taken along
the track of the same embodiment Spaces may be formed at the interfacial
portion be-  after the optical recording. tween the light absorptive layer
and the adjacent lay-  Figure 6 is a partially enlarged cross-sectional er,
or fine bubbles may be dispersed in the light ab-   15  view taken along
the track of a still another embodi- sorptive layer at the pitted potions,
whereby the re-  ment of the optical Information recording medium of
flectance of the laser beam will be substantially dif-  the present
invention prior to optical recording. ferent between the pitted portions
and the non-pitted   Figure 7 is a partially enlarged cross-sectional
portion due to such functions as the phase differ-  view taken along the
track of the embodiment of Fig- ence, absorption and scattering of the
laser beam   20  ure 6 after the optical recording. thereby caused, and it
Is possible to obtain a high de-  Figure 8 is a partially enlarged
cross-sectional gree of modulation of the read-out signals.
viewtaken along the track of a furtherembodiment of Likewise, when the
deformed portions of said lay-  the present invention prior to optical
recording. ers have optical properties different from the rest of  Figure 9
is a partially enlarged cross-sectional said layers, there will be a
substantial difference in  25  view of the embodiment of Figure 8 after the
optical the optical conditions, particularly in the reflectance  recording.
of the laser beam, between the pitted portions and      Figure 10 is a
partially enlarged cross-sectional the non-pitted portion due to such
functions as the  view taken along the track of a still further embodi-
phase difference, absorption and scattering of the in-  ment of the optical
recording medium of the present cident laser beam at the optically modified
portions,  30  Invention prior to optical recording. and it is thereby
possible to obtain a high degree of   Figure 11 is a partially enlarged
cross-sectional modulation of the read-out signals as mentioned     view
taken along the track of the embodiment of Fig- above.
ure 10 after the optical recording. Thus, the optically modified portions
formed on     Figure 12 is a graph showing the relation be- said layers are
different from those formed in the con-  35  tween an optical parameter
represented by the for- ventional recording layer, and they rather resemble
mula p = [err] where [err] is the real part of the pits of CD which are
preformed on a substrate sur-  complex refractive index of the light
absorptive layer face by e.g. press molding. In the optically writable in-
of the optical disc, [err] is the thickness of the light ab- formation
recording medium of such a structure, a re-  sorptive layer and [err] is
the wavelength of the reading flective layer can be provided on the light
absorptive   40  laser beam and the reflectance of the reading laser layer
in close contact therewith. Thus, also from the  beam. configuration point
of view, the optical information re-  Figure 13 Is a graph showing the
relation be- cording medium of the present invention is similar to  tween
the imaginary part [err] of the complex refrac- CD. It is particularly
significant that it Is thereby pos-  tive index of the light absorptive
layer of the optical sible to readily obtain an optically writable
information   45   disc and the reflectance of the reading laser beam.
recording medium, particularly a write-once type re-    Figure 14 is a
partially enlarged diagrammatical cordable optical disc, which meets the CD
standards  perspective view of the surface of the light transmit- with
respect to the reflectance of the reading laser  ting substrate of the
optical information recording me- beam, the degree of modulation of the
read-out sig-  dium of the present invention after optical recording. nals
and the block error rate.                 so       Figures 15(a) and (b)
are graphs showing the re- Now, the preferred embodiments of the present
lation between the moving distance of a tip or probe invention will be
described with reference to the draw-  along the track and the height of
the pit or protuber- ings, in which:
ance when the surface of the transparent substrate Figure 1 is a partially
cross-sectional diagram-  of Figure 14 was observed by STM (scanning
tunnel- matical perspective view illustrating an embodiment  55  ing
microscope). of the structure of the optical information recording
Figures 16 to 19 are partially enlarged cross- medium of the present
invention.                    sectional views taken along the tracks of
various em- Figure 2 is a partially enlarged cross-sectional  bodiments of
the pits of the optical information re- 3    
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from 100 to 300 nm. Figures 1 to 11 diagrammatically illustrate vari-   The
light reflective layer 3 is usually made of a ous structures of the optical
information recording  metal such as gold, silver, copper, aluminum or an
al- medium of the present invention. In these Figures,  loy thereof. The
thickness of the light reflective layer reference numeral 1 Indicates a
light transmitting   5   3 is usually within a range of from 30 to 150 nm,
pre- substrate, numeral 2 indicates a lightabsorptive layer  ferably from
40 to 130 nm. overlaying the substrate, and numeral 3 indicates a     The
protective layer4 is made of a resin excellent light reflective layer
overlaying the light absorptive  in the impact resistance like the light
transmitting layer. Reference numeral 4 indicates a protective lay-
substrate 1 and is most commonly formed by coating er.
10   a ultraviolet curable resin by spin coating, followed by The light
transmitting substrate 1 is made of a  irradiation with ultraviolet rays
forcuring. As other ma- material having high transparency to laser beams
and  terials, an epoxy resin, an acrylate resin and a sili- is usually made
of a resin having excellent Impact  cone hard coat resin may usually be
used. It is also strength such as a polycarbonate, an acrylate resin or
possible to employ a resilient material such as a ur- an epoxy resin.
However, the substrate may be made  15  ethane resin to obtain a cushion
effect. of any other material so long as it is transparent to   The
thickness of the protective layer 4 is not crit- writing and reading laser
beams and as at least the  ical and is usually within a range of from 3 to
30 [err], surface of the substrate adjacent to the light absorp-
preferably from 5 to 15 [err]. tive layer is deformable by energy generated
by the     As shown in Figures 4 to 7, an inter-layer 6 such light
absorptive layer upon absorption of the writing   20   as a resin layerora
solvent resistant layer may be dis- laser beam, to form optically readable
pits. In this re-  posed between the substrate 1 and the light absorp-
spect, the substrate or at least the surface layer  tive layer 2. As shown
in Figures 5 and 7, such an in- thereof preferably has a heat distortion
temperature  ter-layer 6 deforms by the energy generated by the within a
range of from 85 to [err], more preferably  light absorptive layer 2 upon
absorption of the writing from 90 to [err], as measured in accordance with
25  laser beam to form optically modified pits 5. If such ASTM D648 under a
load of 4.6 kg/[err] and/ora Rock-  an inter-layer 6 is sufficiently thick,
pits 5 will be well hardness within a range of from M200 to M75,   formed
therein as shown in Figure 5, whereby the in- more preferably from Ml 05 to
M80, as measured in   ter-layer serves as the surface layer of the
substrate accordance with ASTM D785. When the heat distor-    1. If the
inter-layer 6 is relatively thin, i.e. has a thick- tion temperature orthe
Rockwell hardness of the sub-  30   ness of at most 30 nm, not only the
inter-layer 6 but strate is within the above-mentioned range, the ener-
also the substrate 1 will be deformed as shown in Fig- gy generated by the
light absorptive layer 2 upon ab-  ure 7. When such an inter-layer 6 is not
present, the sorption of the writing laser beam can effectively be  surface
layer of the substrate 1 will be deformed as absorbed bythe local
deformation ofthe surface layer  shown in Figure 3 to form optically
modified pits 5. of the substrate 1 so that no substantial strain will re-
35  The inter-layer 6 preferably has a heat distortion main in the formed
pits, whereby the stability of the  temperature within a range of from
[err] to [err], more recorded data will be secured. If the heat deformation
preferably from 85 to [err], as measured in accor- temperature or the
hardness is too low, the formed  dance with ASTM D648 under a load of 4.6
kg/cm2 pits tend to easily be deformed by heat or external  and/or a
Rockwell hardness within a range of from force, whereby the stability will
be poor. On the other  40   M100 to M50, more preferably from M95 to M75,
as hand, if the heat distortion temperature or the hard-  measured in
accordance with ASTM D785. The heat ness is too high, the energy generated
by the light ab-  distortion temperature and the Rockwell hardness of
sorptive layer 2 can hardly be absorbed in the form of  the inter-layer6
within the above ranges are preferred deformation of the substrate 1, and
it is difficult to  for the same reasons as mentioned with respect to form
distinct pits 5, whereby it will be difficultto obtain  45  the heat
distortion temperature and the Rockwell read-out signals having a high
degree of modulation.  hardness of the substrate 1. The inter-layer 6 may
be The thickness of the substrate 1 Is not critical, but  made of a resin
such as an acrylate resin, a vinyl it is usually within a range of from 1.1
to 1.5 mm.  chloride resin, a vinyildene chloride resin, a polystyr- The
light absorptive layer 2 is a layer which ab-  ene resin, a polyester
resin, a polyurethane resin, a sorbs a laser beam entered through the light
transmit-  so  cellulose resin ora silicone resin. However, any other ting
substrate 1, whereupon it generates heat and at  resin may be employed so
long as it satisfies the the same time undergoes melting, evaporation, sub-
above-mentioned properties for the inter-layer 6. limation, reaction,
decomposition or modification. Itis  The thickness of the inter-layer is
usually within formed usually by spin coating a dye material such as  a
range of from 2 nm to 500 [err], preferably from 10 a cyanine dye on the
substrate 1 or on an inter-layer  55  to 200 nm. 6 formed on the substrate
1.                            Further, a hard layer 16 less heat-deformable
The thickness of the light absorptive layer 2 is  than the substrate may be
disposed between the light usuallywithin a range offrom 20 to 500 nm,
preferably  absorptive layer 2 and the light reflective layer 3 as 4    
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and 9, or on the light reflective lay-  on the surface of the substrate 1,
a focused laser er 3 as  shown in Figures 10 and 11. The hard layer16  beam
modulated by EFM signalswas irradiated tothe is made of a material less
heat-deformable than the  light absorptive layer 2 along the pregroove 9,
and substrate and preferably has a Rockwell hardness of  then the
protective layer 4 and the light reflective lay- atleast M100, as measured
in accordance with ASTM    5   er 3 were peeled off from the substrate 1.
Thereafter, D785 and/or a heat distortion temperature of at least  the
lightabsorptive layer2 was also removed from the [err], more preferably at
least [err], as measured  surface of the substrate 1. in accordance with
ASTM D648 under a load of 4.6        Further, the surface of the light
transmitting sub- kg/[err].
strate 1 was observed along the pregroove 9 by STM Each of Figures 2,4,6,8
and 10 illustrates a state  10  (Scanning Tunneling Microscope). The
results are prior to optical recording by a laser beam. Each of Fig-  shown
in Figures 15(a) and (b). In these Figures, the ures 3, 5, 7, 9 and 11
illustrates a state after the opt-  abscissa indicates the moving distance
of a tip ical recording. Namely, when a laser beam 7 from an  (probe) 10
along the pregroove 9 i.e. in the tracking optical pickup 8 is Irradiated
in a focused state to the  direction, and the ordinate indicates the height
of the light absorptive layer 2, the surface layer of the sub-  15  surface
of the substrate 1. Figure 15(a) illustrates a strate 1 is locally deformed
by the energy generated  case where the length of a pit is relatively short
at a at the light absorptive layer 2, to form optically modi-  level of
10,000 A, whereby it is evident that a dear de- fied pits 5, as
diagrammatically illustrated in these  formation in the form of a
protuberance with a height Figures.
of about 200 Ais formed. Likewise, Figure 15(b) illus- In the optical
information recording medium ofthe   20  trates a casewhere the length of a
pit is relatively long present invention, it is preferred that an optical
para-  at a level of 40,000 A, whereby a deformation in the meter
represented by p = [err] where nab is the   form of a protuberance with a
height of about 200 A real part of the complex refractive index of the
light  Is observed, butthe protuberance has two peaks with absorptive
layer, [err] is the thickness of the light ab-  a slightly lower portion at
the center. Thus, in a pre- sorptive layer and  is the wavelength ofa
reading las-  25  ferred embodiment, optically readable pits are er beam,
is 0.05 [err] p 5 0.6, and the imaginary part [err]  formed in the
pregroove 9 as a tracking guide groove of the complex refractive Index of
the light absorptive  formed on the deformable surface layer of the sub-
layer is at most 0.3. Figure 12 is a graph showing the  strate 1. relation
between the optical parameter p = [err]      Figures 16 to 19
diagrammatically illustrate the where [err] is the real part of the complex
refractive in-  30  states of the pits 5 formed by irradiation with a laser
dex of the light absorptive layer 2 of the optical disc,  beam. [err] is
the thickness of the light absorptive layer 2 and  Figures 16(a) to (d)
diagrammatically illustrate [err] is the wavelength of a reading laser beam
and the  the state in which a deformation 14 is formed on the reflectance
of light entered through the substrate,  substrate 1 adjacent to the light
absorptive layer 2 by when a semiconductor laser beam having a wave-  35
the irradiation of the light absorptive layer 2 with a fo- length X of 780
nm was used as the reading laser    cused laser beam 7. beam, with respect
to two examples of the optical       More specifically, Figure 16(a)
diagrammatically disc. Further, Figure 13 shows the reflectance when
illustrates a case wherein when the light absorptive the imaginary part
[err] was changed from a value     layer2 has been irradiated with a
focused laser beam, close to 0 to a value of 2.0 by changing the light
trans-  40  the components constituting the layer 2 undergo mittance of the
light absorptive layer while maintain-  melting and decomposition and at
the same time, the Ing the real part of the complex refractive index to a
interfacial side of the light transmitting substrate 1 constant level of
[err] =[err] with respect to an optical  adjacent to the light absorptive
layer 2 softens, disc wherein a gold film was used as the light reflec-
whereby the components of the light absorptive layer tive layer. From these
Figures, it is evident that when   45   2 diffuse or flow into the
substrate 1 to form a defor- the optical parameter of [err]=[err] and the
imag-  mation 14. In many cases, at the deformed portion, inary part [err].
satisfy the above-mentioned condi-  the components of the light absorptive
layer 2 are lo- tions, a high reflectance is obtainable, whereby it is
cally mixed and partially chemically reacted with the readily possible to
secure the standard properties  material constituting the light
transmitting substrate stipulated in the CD standards i.e. the reflectance
of  50   I to form an optically modified portion 12 having opt- at least
70%.                                       ical properties differentfrom
the lightabsorptive layer Figure 14 diagrammatically illustrates the sur-
2 or the light transmitting substrate 1. For example, face of the light
transmitting substrate 1 of the optical  when the light absorptive layer 2
is formed with a cy- information recording medium of the present inven
anine dye, and the light transmitting substrate 1 is tion having the
protective layer 4, the light reflective   55  formed with a polycarbonate,
the optical properties of layer 3 and the light absorptive layer 2 removed
after  the optically modified portion 12 shows values slight- optical
recording. Namely, in orderto form pits 5 along  ly different from the
transmitting substrate 1. a pregroove 9which isatracking guide grooveformed
It Is usual that when a laser beam is irradiated to 5    
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layer 2 to form a pit 5, the material  same time as the formation of the
above-mentioned constituting the light absorptive layer 2 locally under-
space 10, another space 10 Is formed between the goes heat generation,
melting and decomposition at  substrate 1 and the light absorptive layer 2.
that portion, whereby the optical properties of the   Figures 18(a) to (d)
illustrate a case wherein de- light absorptive layer 2 will also be locally
changed. In   5   formations 14 and 14' at the pit 5 reach both layers some
cases, such a phenomenon is accompanied       adjacent to the light
absorptive layer 2. Such a pit Is with formation of a space 10 between the
light ab-  likely to be formed in a case where the heat distortion sorptive
layer 2 and the light reflective layer 3, or for-  temperature or the
hardness Is substantially the mation of bubbles 11 in the light absorptive
layer 2,  same as between the two layers sandwiching the which may remain
after cooling.               10  light absorptive layer 2, such as the
substrate 1 and Such a space 10 is likely to form particularly  the light
reflective layer 3 or the protective layer 4. when the layer adjacent on
the incident light side of  Figure 18(a) illustrates a case wherein a space
the light absorptive layer 2, such as the surface layer  10' is formed
between the light absorptive layer 2 and of the substrate 1 is relatively
heat-deformable as  the substrate 1 at the pit 5, Figure 18(b) illustrates
a compared with the layer behind the light absorptive   15  case wherein
spaces 10 and 10' are formed between layer 2, such as the light reflective
layer 3 or the pro-  the lightabsorptive layer2and the adjacentsubstrate
tective layer 4, and the layer behind the light absorp-  1 and between the
light absorptive layer 2 and the ad- tive layer 2 has poor adhesion to the
light absorptive  jacent light reflective layer 3, and Figure 18(c) illus-
layer2 as compared with the adjacent layer on the in-  trates a case
wherein fine bubbles 11 are dispersed cident light side. With such an
optical information re-  20  in the light absorptive layer 2. Figure 18(d)
illustrates cording medium, when a laser beam 7 is irradiated to  a state
In which the deformations 14 and 14' are both the light absorptive layer 2,
energy is generated In the  in the form of protuberances towards the light
absorp- light absorptive layer 2 and the substrate 1 is de-  tive layer 2.
formed at 14, as mentioned above, and at the same     Further, Figures
19(a) and (b) illustrate a case time a gas is generated in the light
absorptive layer  25  wherein an optically modified portion 13 having opti-
2, whereby a space 10 will be formed between the   cal properties different
from other portions is formed light absorptive layer 2 and the adjacent
light reflec-  at the pit 5 in a layer on the incident light side relative
tive layer 3 having poor adhesive properties, and the  to the light
absorptive layer 2. This modified portion gas tends to remain in the space
10. The gas gener-  13 is always located on the side from which the laser
ated in the interior of the light absorptive layer 2 may  30   beam 7
enters. In many cases, the modified portion remain as bubbles 11.
extends to the interior of the light absorptive layer 2. Figures 16(c) and
(d) illustrate other shapes of  In such a case, a deformation 14 may be
observed in the deformation 14 on the transparent substrate 1.  the layer
adjacent to the light absorptive layer 2, but Figure 16(c) illustrates a
deformation 14 in the form  due to the presence of the optically modified
portion of a protuberance with its top separated to form two   35  13, it
is usual that the deformation is not distinct. peaks, whereas Figure 16(d)
illustartes a deformation  Figure 19(a) illustrates a state wherein an
optical- 14 of a waveform wherein protuberances and dents  ly modified
portion 13 is formed on the surface of e.g. are alternately repeated. In
these cases, the above-  the substrate 1 adjacent to the light absorptive
layer mentioned space 10, bubbles 11 oroptically modified  2, and Figure
19(b) Illustrates astate in which the opt- portion 12 may also be formed.
40  ical properties gradually change in a thickness direc- Figures 17(a) to
(c) diagrammatically illustrate a  tion from substrate 1 to the light
absorptive layer 2. case wherein the deformation 14 of the light transmit-
Such modifications of layers are brought about ting substrate 1 adjacent to
the light absorptive layer  by the decomposition, reaction or mutual
diffusion of 2 at the portion of the pit 5 is in the form of a dent or  the
light absorptive layer 2 and another layer caused recess relative to the
light absorptive layer 2.  45  by the heat generated in the light
absorptive layer 2 Figure 17(a) illustrates a case where a space 10  by the
irradiation with a laser beam 7. Thus, such pits is formed at the boundary
of the light absorptive layer  5 are formed when the light absorptive
layer2 and the 2 and the light reflective layer 3, and Figure 17(b) il-
adjacent layer are made of materials having such lustrates a case wherein
at the same time as the for-  functions. mation of the space 10, fine
bubbles 11 are dispersed   50  In the optical information recording medium
ofthe in the light absorptive layer 2, and further the decom-  present
invention, a layer behind the light absorptive posed components of a light
absorptive layer 2 dif-  layer 2 relative to the light transmitting
substrate 1, fuse into the light transmitting substrate 1 formed  such as
the light reflective layer 3 or the protective with a deformation 14 so
that the decomposed com-  layer 4, is preferably made of a material having
a heat ponents and the components constituting the light  55   distortion
temperature and a hardness higher than transmitting substrate 1 are mixed
and partly chem-  the layer on which pits 5 are formed. By forming the
ically reacted to form an optically modified portion 12.  layer behind the
absorptive layer 2 with a hard mate- Further, Figure 17(c) illustrates a
case wherein at the  rial, the block error rate of recorded signals can
effec- 6    
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reduced, whereby it is readily possible to  is at least 70%, [err] is at
least 0.6,[err] is from 0.3 meet the standard requirement of BLER (block
error  to 0.7, and the blockerror rate BLER is not higherthan rate) being
not higher then 3 x 10-2 as prescribed in  3 x 10-2. The optical disc of
this example meets this the CD standards.
standards. Now, the present invention will be described in   5  Further,
after the recording, the protective layer further detail with reference to
Examples. However, it  4 and the light reflective layer 3 of the optical
disc should be understood that the present invention is by  were peeled
off, and the exposed surface of the light no means restricted to such
specific Examples.     absorptive layer 2 was inspected, whereby linearfine
irregularities were observed which appeared to rep- EXAMPLE 1
10  resent the outline profile of pits. Further, the light ab- sorptive
layer 2 was washed off with a solvent, and A polycarbonate substrate 1
having a thickness  the surface of the substrate 1 was inspected, where- of
1.2 mm, an outer diameter of 120 mm and an inner  by formation of optically
modified pits 5 was con- diameter of 15 mm and having a spiral pregroove
firmed. formed on its surface with a width of 0.8 [err], a depth  15  The
layered structure of this optical disc is dia- of 0.08 pm and a pitch of
1.6 [err], was formed by in-  grammatically illustrated in Figure 2, and
the same jection molding. This polycarbonate substrate 1 had  structure
after the optical recording is diagrammati- a Rockwell hardness (ASTM D785)
of M75 which cor-  cally illustrated in Figure 3. responds to HB of the
pencil hardness and a heatdis-  The surface of the light transmitting
substrate 1 tortion temperature (ASTM D648) of [err] under a   20  was
observed by STM (Scanning Tunneling Micro- load of 4.6 kg/cm2.
scope), whereby the pitted portion was found to be As an organic dye to
form the light absorptive lay-  deformed in the form of protuberances.
Further, the er 2, 0.65 g of 1,1'-dibutyl-3,3,3',3'-tetramethyl-  recorded
portion and the non-recorded portion of the
4,5,4',5'-dibenzcindodicarbocyanine perchlorate (prod-  substrate 1 were
measured by a spectrophotometer, uct number NK321 9, manufactured by Nippon
Kanko   25  whereby at the recorded portion, peaks otherthan the Shikiso
Kenkyusho) was dissolved In 10 [err] of a dia-  peaks observed with the
resin of the non-recorded cetone alcohol solvent, and the solution was
coated  portion, were observed. on the surface of the substrate 1 by spin
coating to form a light absorptive layer 2 of a light sensitive dye
EXAMPLE 2 film having a thickness of 130 nm. The optical para-  30 meter p
= [err] where [err] is the real part of the  An optical disc was prepared
in the same manne complex refractive index of the light absorptive layer
as in Example 1 except that an epoxy resin was spin- 2, [err] is the
thickness of the layer and [err] is the wave-  coated to form a hard layer
having a thickness of 100 length of a read-out laser beam, was 0.45, and
the im-  nm between the light absorptive layer 2 and the light aginary part
[err] of the complex refractive Index was  35  reflective layer 3 in
Example 1. After the curing, this 0.05.
epoxy resin had a Rockwell hardness (ASTM D785) Then, a gold film having a
thickness of 80 nm was  of M90 and a heat distortion temperature (ASTM
formed by sputtering on the entire surface of the re-  D648) of [err]under
a load of 4.6 kg/cm2. gion covered by the diameter of from 45 to 118 mm
To the optical disc thus obtained, EFM signals of this disc, to form a
light reflective layer 3. Further,  40  were recorded in the same manner as
in Example 1. on this light reflective layer 3, an ultraviolet curable
Then, this optical disc was played back by the com- resin was spin-coated
and then cured by irradiation  mercially available CD player, whereby the
reflec- with ultraviolet rays, to form a protective layer 4 hav-  tance of
the semiconductor laser beam and the read- ing a thickness of 10 [err].
After the curing, this protec-  out signal output characteristics were the
same as in tive layer4 had a Rockwell hardness (ASTM D785) of  45   Example
1, and the block error rate BLER was 3.0 x M90 and a heat distortion
temperature (ASTM D648)  10 . The surface of the substrate 1 of the optical
disc of 135C under a load of 4.6 kg/[err].              afterthe recording
was inspected in the same manner To the optical disc thus obtained, a
semiconduc-  as in Example 1 to confirm the formation of pits 5. tor laser
having a wavelength of 780 nm was irradiat-  Namely, from the observation
of the surface of the ed at a linear speed of 1.2 m/sec at a recording
power  50  substrate 1 by STM, a deformation 14 in the form of of 6.0 mW,
to record EFM signals. Then, this optical  a protuberance was observed.
This protuberance disc was played back by a commercially available CD  had
two peaks with a slightly low portion at the center. player(AurexXR-V73,
wavelength of the reading las- er beam [err] = 780 nm), whereby the
reflectance of the  EXAMPLE 3 semiconductor laser beam was 72%, [err] was
0.68,  55 [err] was 0.35, and the block error rate BLER was 1.2  An optical
disc was prepared in the same manner [err].
as in Example 1 except that between the light absorp- The CD standards
prescribe that the reflectance  tive layer 2 and the light reflective layer
3 in Example 7    
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silicone acrylate resin having a  flective layer 3. The light reflective
layer 3 had a hard- thickness of 100 nm was formed by spin coating on  ness
of at least 5H as pencil hardness. the light absorptive layer 2 and a
binding layer of an  To the optical disc thus obtained, EFM signals epoxy
resin having a thickness of 20 nm was formed  were recorded in the same
manner as in Example 1. by spin coating on the upper surface of this hard
layer.   5   Then, this optical disc was played back by the same After
curing, this silicone acryate resin layer had a  CD player as used in
Example 1, whereby the refleo- Rockwell hardness (ASTM D785) of Ml 00 and a
heat  tance of the semiconductor laser beam was 70%, [err] distortion
temperature (ASTM D648) of [err] under  was 0.62, [err] was 0.37, and the
block error rate a load of 4.6 kg/cm2.                             BLER was
3.7 x [err]. Further, the surface of the sub- To the optical disc thus
obtained, EFM signals  10  strate 1 of the optical discafterrecording was
inspect- were recorded with a recording power of 7.0 [err] in  ed by STM in
the same manner as in Example 1, to the same manner as in Example 1. Then,
this optical  confirm the formation of pits 5 as in Example 1. disc was
played back by the same CD player (Aurex XR-V73) as used in Example 1 with
a semiconductor  EXAMPLE 8 laser beam having wavelength of 780 nm, whereby
15 the reflectance of the semiconductor laser beam was   An optical discwas
prepared in the same manner 75%, [err] was 0.63,[err] was 0.35, and the
block  as in Example 1 except that in Example 1, the light re- error rate
BLER was 2.5 x [err]. Further, the surface  flective layer 3 was formed by
a silver layer having a of the substrate 1 of the optical disc after
recording  thickness of 60 nm, and a silicone hard coating agent was
inspected by STM in the same manner as in Ex-  20  was spin-coated thereon,
heated and cured to form a ample 1, to confirm the formation of pits 5 as
in Ex-  hard protective layer 4 having a thickness of 3 [err]. ample 1.
The protective layer4 had a hardness of at least of HB as pencil hardness.
EXAMPLE 4                                             To the optical disc
thus obtained, EFM signals 25 were recorded in the same manner as in
Example 1. An optical disc was prepared in the same manner  Then, this
optical discwas played back by the same CD as in Example 1 except that in
Example 1, a film of an  player as used in Example 1, whereby the
reflectance alloy of gold and antimony in a ratio of 9:1 was formed  of the
semiconductor laser beam was 71%, [err] was by vacuum vapor deposition as a
light reflective layer  0.63, [err] was 0.35, and the block error rate BLER
3 on the light absorptive layer 2, and on this reflective   30  was 2.8 x
[err]. Further, the surface of the substrate layer 3, a protective layer 4
of a ultraviolet curable res-  1 of the optical disc after recording was
inspected by in was formed with a binding layer of an epoxy resin  STM in
the same manner as in Example 1, to confirm having a thickness of 20 nm
interposed therebetw-  the formation of pits 5 as in Example 1. eon. The
above light reflective layer 3 had a hardness of at least H as pencil
hardness.            35  EXAMPLE 7 To the optical disc thus obtained, EFM
signals were recorded with a recording power of 6.2 mW in     An optical
disc was prepared in the same manner the same manner as in Example 1. Then,
this optical  as in Example 1 except that in Example 1, a polysul- disc was
played back by the same CD player as used  fide-incorporated epoxy resin
diluted with diglycidyl in Example 1, whereby the reflectance of the semi-
40  etherwas spin-coated toform a binding layerof 30 nm conductor laser
beam was 72%, [err] was 0.62,[err]  on the light reflective layer 3 formed
by vacuum vapor was 0.32, and the block error rate BLER was 3.5 x
deposition of a gold film having a thickness of 50 nm, [err]. Further, the
surface of the substrate 1 of the opt-  and a silicone hard coating agent
was spin-coated on ical disc after recording was inspected by STM in the
the binding layer, heated and cured toform a hard pro- same manner as in
Example 1, to confirm the forma-  45  tective layer 4 having a thickness of
3 [err]. tion of pits 5 as in Example 1.                       To the
optical disc thus obtained, EFM signals were recorded in the same manner as
in Example 1. EXAMPLE 5                                         Then, this
optical disc was played back by the same CD player as used in Example 1,
whereby the reflec- An optical disc was prepared in the same manner  50
tance of the semiconductor laser beam was 72%, [err] as in Example 1 except
that in Example 1, an ultra-  was 0.65, [err] was 0.35, and the block error
rate violet curable type hard coat resin was spin-coated on  BLER was 2.5 x
[err]. Further, the surface of the sub- the incident light side of the
polycarbonate substrate  strate I of theoptical discafterrecording was
inspect- 1 to form a substrate protective layer having a thick-  ed by STM
in the same manner as in Example 1, to ness of 1 [err], the light
absorptive layer 2 was formed  55  confirm the formation of pits 5 as in
Example 1. on the side having the pregroove, and on this light ab- sorptive
layer 2, a film of an alloy of gold and iridium In a ratio of 3:1 was
formed by sputtering as a light re- 8    
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To the optical disc thus obtained, a semiconduc- tor laser beam having
wavelength of 780 nm was ir- An optical disc was prepared in the same
manner  radiated at a linear speed of 1.2 m/sec with a record- as in
Example 1 except that in Example 1, the light ab-  ing powerof 7.5 mWto
record EFM signals. Then, this sorptive layer was formed by using
1,1'-dibutyl-   5   optical disc was played back by the same CD player
3,3,3',3'-tetramethyl-5,5'-diethoxyindodicarbocyanl  as used in Example 1,
whereby the reflectance of the ne perchlorate, a hard layer of an epoxy
resin having  semiconductor laser beam was 74%, [err] was 0.62, a thickness
of 100 nm was formed on the light reflec-  [err] was 0.31, and the block
error rate BLER was 4.0 tive layer 3, an ultraviolet curable resin was
formed  x [err]. thereon in a thickness of 10 [err] and then the protec-
10  Further, the protective layer4 and the light reflec- tive layer 4 was
formed.                          tive layer 3 of the optical disc after
recording were To the optical disc thus obtained, EFM signals  peeled off,
and the light absorptive layer 2 was wash- were recorded in the same manner
as in Example 1.  ed off with a solvent, and the surface of the inter-layer
Then, this optical disc was played back by the same CD  6 was inspected to
confirm the formation of pits 5. player as used in Example 1, whereby the
reflectance  15 of the semiconductor laser beam was 74%,[err] was  EXAMPLE
10 0.68, [err] was 0.34, and the block error rate BLER was 8.3 x [err].
Further, the surface of the substrate  An optical disc was prepared in the
same manner 1 of the optical disc after recording was inspected by  as in
Example 9 except that in Example 9, a silicone STM in the same manner as in
Example 1, to confirm   20  coating agent was spin-coated on the
inter-layer 6 to the formation of pits 5 as in Example 1.          form a
silicate layer having a thickness of 0.01 [err], and the light absorptive
layer 2 was formed thereon. EXAMPLE 9
To the optical disc thus obtained, EFM signals were recorded with a
recording power of 7.8 mW In On the surface of the same polycarbonate sub-
25  the same manner as in Example 9. Then, this optical strate 1 as used in
Example 1, an acrylate resin dis-  disc was played back by the same CD
player as used solved In diisobutyl ketone was spin-coated to form  in
Example 9, whereby the reflectance of the semi- an inter-layer 6 having a
thickness of 40 nm. This in-  conductor laser beam was 73%,[err] was 0.62,
[err] ter-layer 6 had a Rockwell hardness (ASTM D785) of  was 0.31, and the
block error rate BLER was 3.4 x M85 and a heat distortion temperature (ASTM
D648)  30  [err]. Further, the surface of the Inter-layer 6 of the of 100C
under a load of 4.6 kg/[err].             optical discafter recording was
inspected in the same As an organic dye to form the light absorptive lay-
manner as in Example 9, to confirm the formation of er 2, 0.6 g of
1,1'-dipropyl-3,3,3',3'-tetramethyl-5,5'-  pits 5.
dimethoxyindodicarbocyanine iodide was dissolved in 10 [err] of an
isopropyl alcohol solvent. The solution   35  EXAMPLE 11 was coated on the
surface of the above substrate 1 by spin coating to form a light absorptive
layer 2 of a  An optical disc was prepared In the same manner light
sensitive dye film having a thickness of 120 nm.  as in Example
9exceptthatin Example 9, aglass sub- The optical parameter of p = [err]
where [err], is  strate was used as the substrate 1, and an isocyanate the
real part of the complex refractive index of this  40  resin dissolved with
a solvent mixture of toluene and light absorptive layer2, [err] is the
thickness of the lay-  methyl ethyl ketone in a ratio of 1:1, was
spin-coated er and[err] is the wavelength of a reading laser beam,  on the
reflective layer to form a binding layer having was 0.41, and the imaginary
part [err]of the complex  a thickness of 20 nm. refractive index was 0.02.
To the optical disc thus obtained, EFM signals Then, a silicone acrylate
resin dissolved in cyclo-  45  were recorded with a recording power of 7.2
mW in hexane was spin-coated thereon toform a silicone ac-  the same manner
as in Example 9. Then, this optical rylate resin layer having a thickness
of 100 nm, a pen-  disc was played back by the same CD player as used cil
hardness of 2H and a heat distortion temperature  in Example 9, whereby the
reflectance of the semi- (ASTM D648) of [err] under a load of 4.6 kg/[err].
conductorlaserbeam was 72%,[err] was 0.65,[err] Then, a gold film having a
thickness of 50 nm was  50  was 0.33, and the block error rate BLER was 3.6
x formed by sputtering to form a light reflective layer 3.  [err]. Further,
the surface of the inter-layer 6 of the Further, an ultraviolet curable
resin was spin-coated  optical disc after recording was inspected In the
same on this light reflective layer 3 and cured by irradiation  manner as
in Example 9, to confirm the formation of with ultraviolet rays toform a
protective layer4 having  pits 5. a thickness of 10 [err]. After curing,
this protective lay-  55 er 4 had a Rockwell hardness (ASTM D785) of M90,
EXAMPLE 12 a heat distortion temperature (ASTM D648) was [err] under a load
of 4.6 kg/[err].                   An optical disc was prepared in the same
manner 9    
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except that in Example 9, a silicone  disc was played back by the same CD
player as used coating agent was spin-coated on the inter-layer 6 to  in
Example 9, whereby the reflectance of the semi- form a silicate layer
having a thickness of 0.01 [err],  conductor laser beam was 71%, [err] was
0.64,[err] and the light absorptive layer 2 was formed thereon,  was 0.32,
and the block error rate BLER was 2.8 x and polybutadiene was spin-coated
on the reflective   5   [err]. Further, the surface of the inter-layer 6 of
the layer to form a binding layer having a thickness of 20  optical disc
after recording was inspected in the same nm.
manner as in Example 9, to confirm the formation of To the optical disc
thus obtained, EFM signals  pits 5. were recorded with a recording power of
7.2 mW in the same manner as in Example 9. Then, this optical  10  EXAMPLE
15 disc was played back by the same CD playeras in Ex- ample 9, whereby the
reflectance of the semiconduc-   An optical disc was prepared in the same
manner tor laser beam was 72%, [err] was 0.66, [err] was  as in Example 9
except that in Example 9, no silicone 0.35, and the block error rate BLER
was 3.5 x [err].  acrylate resin layer was formed, a film of an alloy of
Further, the surface of the inter-layer 6 of the optical  15  iridum and
gold in a ratio of 1:9 was formed by sput- disc after recording was
inspected In the same man-  tering as the reflective layer 3, and
polyisoprene was ner as in Example 9, to confirm the formation of pits
spin-coated on the light reflective layertoforma bind- 5.
ing layer having a thickness of 20 nm and the protec- tive layer 4 of an
ultraviolet curable resin was formed EXAMPLE 13
20  thereon. To the optical disc thus obtained, EFM signals An optical disc
was prepared in the same manner  were recorded with a recording power of
7.4 mW in as in Example 9 except that in Example 9, the thick-  the same
manner as In Example 9. Then, this optical ness of the inter-layer6was
changed to 20 nm, no si-  disc was played back by the same CD player as
used icone acrylate resin layer was provided, and a film of  25  in Example
9, whereby the reflectance of the semi- an alloy of iridium and gold in
aratioof 1:9wasformed  conductorlaser beam was 72%, [err] was 0.64, [err]
by sputtering as the reflective layer 3. The alloy layer  was 0.32, and the
block error rate BLER was 4.1 x had a pencil hardness of 2H.
[err]. Further, the surface of the inter-layer 6 of the To the optical disc
thus obtained, EFM signals  optical discafterrecording was inspected in the
same were recorded with a recording power of 7.0 mW in  30  manner as in
Example 9, to confirm the formation of the same manner as in Example 9.
Then, this optical  pits 5. discwas played back by the same CD playeras
used in Example 9, whereby the reflectance of the semi-  EXAMPLE 16
conductorlaser beam was 71%, [err] was 0.63,[err] was 0.32, and the block
error rate BLER was 3.3 x   35  An optical disc was prepared in the same
manner [err]. Further, the surface of the inter-layer 6 of the  as in
Example 9 except that in Example 9, no silicone optical disc afterrecording
was inspected in the same  acrylate resin layer was formed, a copperfilm
having manner as in Example 9, to confirm the formation of  a thickness of
50 nm was formed as the reflective lay- pits 5. The pits 5 reached to the
surface of the sub-  er 3, and a bisphenol curable type epoxy resin diluted
strate since the thickness of the inter-layer 6 was thin.  40  in a
diglycidyl ether solvent was spin-coated to form The layered structure of
this optical disc is dia-  an epoxy resin layer having a thickness of 10
[err] as grammatically illustrated in Figure 6, and the same  the
protective layer 4. The protective layer had a structure after optical
recording is diagrammatically  Rockwell hardness (ASTM D785) of M110 and
thus illustrated in Figure 7.                          had a function as a
hard layer. 45      To the optical disc thus obtained, EFM signals EXAMPLE
14                                        were recorded with a recording
power of 7.0 mW In the same manner as in Example 9. Then, this optical An
optical disc was prepared in the same manner  disc was played back by the
same CD player as used as in Example 9 except that in Example 9, a silicone
in Example 9, whereby the reflectance of the semi- coating agent was
spin-coated on the inter-layer 6 to  50  conductorlaser beam was 75%, [err]
was 0.64, [err] form a silicate layer having a thickness of 0.01 [err, the
was 0.33, and the block error rate BLER was 2.9 x light absorptive layer 2
was formed thereon, no sill-  [err]. Further, the surface of the
inter-layer 6 of the cone acrylate resin layerwas formed, and a film of an
optical disc afterrecording was inspected in the same alloy of iridium and
gold in a ratio of 1:9 was formed  manner as in Example 9, to confirm the
formation of by sputtering as the reflective layer 3.     55   pits 5. 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 9. Then, this optical 10



19                 EP 0 353 394 B1                 20 1.6 [err] in a region
covered by the diameter offrom 46 An optical disc was prepared in the same
manner  to 117 mm of the disc, formed by injection molding, as in Example 9
except that in Example 9, a silicone  was used as the light transmitting
substrate 1. This coating agent was spin-coated on the inter-ayer 6 to   5
polycarbonate substrate 1 had a Rockwell hardness form a silicate layer
having athickness of 0.01 [err], the  (ASTM D785) of M75 and a heat
distortion tempera- light absorptive layer 2 was formed thereon, no sili-
ture (ASTM D648) of [err] undera load of 4.6 kg/cm2. cone acrylate resin
layer was formed, a copper film  As an organic dye to form the light
absorptive layer 2, having a thickness of 50 nm was formed as the light
0.65 g of 1,1'-dibutyl-3,3,3',3'-tetramethyl-4,5,4',5'-di- reflective layer
3, and a bisphenol curable type epoxy   10  benzoindodicarbocyanine
perchlorate (product number resin diluted with a diglycidyl ether solvent
was spin-  NK3219, manufactured by Nippon Kanko Shikiso coated to form an
epoxy resin layer having a thick-  K.K.) was dissolved in 10 [err] of a
diacetone alcohol ness of 10 [err] as the protective layer 4.
solvent. This solution was coated by spin coating on To the optical disc
thus obtained, EFM signals  the surface of the substrate 1 to form a light
absorp- were recorded with a recording power of 7.0 mW in  15  tive layer 2
having a thickness of 130 nm. the same manner as in Example 9. Then, this
optical   Then, a silver film having a thickness of 50 nm disc was played
back by the same CD player as used  was formed by sputtering over the
entire surface of a in Example 9, whereby the reflectance of the semi-
region covered by the diameter of from 45 to 118 mm conductor laser beam
was 74%, [err] was 0.64, [err]  of this disc, to form a light reflective
layer 3. Further, was 0.33, and the block error rate BLER was 3.5 x   20
on this light reflective layer 3, an ultraviolet curable [err]. Further,
the surface of the inter-layer 6 of the  resin was spin-coated and cured by
irradiation with ul- optical disc after recording was inspected in the same
traviolet rays to form a protective layer 4 having a manner as in Example
9, to confirm the formation of  thickness of 10 [err]. After the curing of
the ultraviolet pits 5.                                           ray
curable resin, this protective layer 4 had a Rock- 25  well hardness (ASTM
D785) of M90 and a heat distor- EXAMPLE 18
tion temperature (ASTM D648) of [err] under a load of 4.6 kg/cm2. An
optical disc was prepared in the same manner   To the optical disc thus
obtained, a semiconduc- as in Example 9 except that In Example 9, no
silicone  tor laser beam having a wavelength of 780 nm was ir- acrylate
layer was formed, a copper film having a   30  radiated at a linear speed
of 1.2 m/sec with a record- thickness of 50 nm was formed by vacuum vapor
de-  ing powerof 6.0 mWto record EFM signals. Then, this position as the
light reflective layer 3, a polyvinyl acet-  optical disc was played back
by a commercially avail- ate resin dissolved with a solvent mixture of
toluene  able CD player (Aurex XR-V73, wavelength of the and methyl ethyl
ketone in a ratio of 6:4, was spin-  reading laser beam [err] = 780 nm),
whereby [err] ob- coated on the light reflective layer to form a binding
35  tained from the eye pattern of the read-out signals layer having a
thickness of 20 nm, the protective layer  was 0.63, and [err] was 0.32. 4
was formed thereon, and a bisphenol curable type    The CD standards
prescribe that [err] is at least epoxy resin diluted with a diglycidyl
ether solventwas  0.6, and [err] is from 0.3 to 0.7. Thus, the optical disc
spin-coated to form an epoxy resin layer having a  of this example meets
the standards. thickness of 10 [err] as the protective layer 4.  40
Further, protective layer 4 and the light reflective To the optical disc
thus obtained, EFM signals  layer 3 of the optical disc were peeled off
after record- were recorded with a recording power of 7.4 mW in  ing, and
the surface of the lightabsorptive layer2was the same manner as in Example
9. Then, this optical  inspected, whereby linear fine irregularities were
ob- discwas played back by the same CD playeras used  served which appeared
to represent the outline pro- in Example 9, whereby the reflectance of the
semi-  45  file of pits. Further, the light absorptive layer 2 was
conductor laser beam was 74%, [err] was 0.64, [err]  washed off with a
solvent, and the surface of the sub- was 0.33, and the block error rate
BLER was 3.6 x  strate 1 was Inspected, whereby optically modified [err].
Further, the surface of the inter-layer 6 of the  pits 5 in the form of
protuberances were observed. optical disc after recording was inspected in
the same manner as in Example 9, to confirm the formation of  50   EXAMPLE
20 pits 5. An optical disc was prepared in the same manner EXAMPLE 19
as in Example 19 except that in Example 19, a poly- carbonate disc
(lupilon, tradename, manufactured by A polycarbonate disc (Panlite,
tradename, man-  55   Mitsubishi Gas Kagaku K.K.) having a thickness of
ufactured by Tenjin Kasei K.K.) having a thickness of  1.2 mm, and outer
diameter of 120 mm, an inner di- 1.2 mm, an outer diameter of 120 mm and an
inner di-  ameter of 15 mm, a Rockwell hardness (ASTM D785) ameterof 15 mm
and having aspiral pregroove 8 with  of M75 and a heat distortion
temperature (ASTM 11    21                 EP 0 353 394 B1
22 



D648) of [err] undera load of 4.6 kg/[err] and having  manneras in Example
19, to confirm the formation of a spiral prepit 8 for CD format signals
formed with a  optically modified pits 5 in the form of protuberances.
width of 0.6 pm, a depth of 0.8 [err] and a pitch of 1.6 [err] in a range
of the diameter of from 46 to 80 mm of  EXAMPLE 22 the disc and a spiral
pregroove 9 formed outside   5 thereof with a width of 0.8 [err], a depth
of 0.08 [err][ and  As the light transmitting substrate 1, the same a pitch
of 1.6 [err] in a range of the diameter of from  polycarbonate disc as used
in Example 19 was em- 80 to 117 mm of the disc, which was formed by injec-
ployed. tion molding, was used as the light transmitting sub-  On this
light transmitting substrate 1, an acrylate strate 1, a gold film was used
as the light reflective  10  resin was spin-coated to form an inter-layer
in a thick- layer 3, and an epoxy resin layer having a thickness  ness of
70 nm. Then, as an organic dye to form the of2[err] was formed byspin
coating between this light  light absorptive layer 2, 0.65 g of
1,1'-dipropyl- reflective layer 3 and the protective layer 4 made of
3,3,3',3'-tetramethyl-5,5'-dimethoxyindodicarbocya the ultraviolet curable
resin. The epoxy resin layer  nine iodide was dissolved in 10 [err] of a
diacetone al- had a Rockwell hardness (ASTM D785) of MOO and a   15  cohol
solvent, and the solution was coated by spin heat distortion temperature
(ASTM D648) of [err]  coating on the inter-layer6 on the substrate 1, to
form under a load of 4.6 kg/[err]. The inside range of the di-  a light
absorptive layer 2 having a thickness of 90 nm. ameter offrom 46 to 80 mm
of this optical disc is a so-  The inter-layer 6 had a heat deformation
temperature called ROM (read only memory) region, and the out-  (ASTM D648)
of [err] undera load of 4.6 kg/[err] and side range of the diameter of from
80 to 117 mm is a   20   a Rockwell hardness (ASTM D785) of M85. recordable
region.                                    Then, a silicone acrylate resin
was formed by To the recordable region of the optical disc thus  spin
coating in a thickness of 50 nm on the above light obtained, EFM signals
were recorded in the same   absorptive layer 2. Then, a gold film having a
thick- manner as in Example 19. Then, this optical disc was  ness of 50 nm
was formed by sputtering on the entire played back by the commercially
available CD player,  25  surface of a region of the diameter of from 45 to
118 whereby [err] was 0.62, and [err] was 0.32.      mm of the disc, to
form a light reflective layer 3. Fur- Further, the surface of the substrate
1 of the opt-  ther, an ultraviolet curable resin was spin-coated on ical
disc after recording was inspected in the same  this light reflective layer
3 and cured by irradiation manner as in Example 19, to confirm the
formation of  with ultraviolet rays to form a protective layer 4 having
optically modified pits 5 in the form of protuberances.  30  a thickness of
10pm. To the optical disc thus obtained, a semicondcu- EXAMPLE 21
tor laser beam having a wavelength of 780 nm was ir- radiated at a linear
speed of 1.2 m/sec with a record- An optical disc was prepared in the same
manner  ing power of 6.0 mWto record EFM signals. Then, this as in Example
19 except that in Example 19, a poly-  35  optical disc was played back by
the commercially styrene disc having a Rockwell hardness (ASTM
available CD player (Aurex XR-V73, wavelength of D785) of M80 and a heat
distortion temperature    the reading laser beam [err] = 780 nm), whereby
[err] (ASTM D648) of [err] under a load of 4.6 kg/[err], was  obtained from
the eye pattern of the read-out signals, used as the light transmitting
substrate 1, the pre-  was 0.63, and [err] was 0.32. groove on the disc was
subjected to webling of 22.11   40  The CD standards prescribe that [err]
is at least kHz with an amplitude of 30 nm, a silicone acrylate  0.6, and
[err] is from 0.3 to 0.7. Thus, the optical disc resin layer having a
thickness of 40 nm was formed  of this example satisfies the standards. by
spin coating between the light absorptive layer 2  Further, the protective
layer 4, the light reflective and the light reflective layer 3, and an
epoxy resin lay-  layer 3 and the light absorptive layer 2 of this optical
er having a thickness of 10 nm was formed by spin  45  disc were peeled off
after recording, and the surface coating between this layer and the light
absorptive  of the inter-layer 6 was inspected, whereby formation layer,
and a gold film was formed as the light reflec-  of optically modified pits
5 in the form of protuberanc- tive layer 3. The silicone acrylate resin
layer had a  es was confirmed. Rockwell hardness (ASTM D785) of M100 and a
heat distortion temperature (ASTM D648) of [err] under  50  EXAMPLE 23 a
load of 4.6 kg/[err]. To the optical disc thus obtained, EFM signals    An
optical disc was prepared in the same manner were recorded in the same
manneras in Example 19.  as in Example 22 except that in Example 22, the
inter- Then, this optical disc was played back by the com-  layer 6 was
formed with a vinyl chloride copolymer mercially available CD player,
whereby [err] was  55  having a heat distortion temperature (ASTM D648) of
0.63, and [err] Was 0.33.                        [err] under a load of 4.6
kg/[err] and a Rockwell hard- Further, the surface of the substrate 1 of
the opt-  ness (ASTM D785) of M95, in a thickness of 60 nm. ical disc after
recording was inspected in the same   To the optical disc thus obtained,
EFM signals 12    23                 EP 0 353 394 B1                24 



were recorded in the same manner as in Example 22.  D785) of M70. Then,
this optical disc was played back by the com-  To the optical disc thus
obtained, EFM signals mercially available CD player, whereby [err] was
were recorded in the same manner as in Example 22. 0.66, and [err] Was
0.35.                        Then, this optical disc was played back by the
com- Further, the surface of the inter-layer 6 after re-   5   mercially
available CD player, whereby [err] was cording was inspected in the same
manner as in Ex-  0.65, and[err] was 0.34. ample 22, to confirm the
formation of optically modi-  Further, the surface of the inter-layer 6
after re- fied pits 5 in the form of protuberances.         cording was
inspected in the same manner as in Ex- ample 22, to confirm the formation
of optically modi- EXAMPLE 24                                   10  fied
pits 5 In the form of protuberances. An optical disc was prepared in the
same manner  EXAMPLE 27 as in Example 22 except that in Example 22, the
inter- layer 6 was formed with an acrylate resin having a   An optical disc
was prepared in the same manner heat distortion temperature (ASTM D648) of
[err] un-  15  as in Example 22 except that in Example 22, the inter- der a
load of 4.6 kg/[err] and a Rockwell hardness  layer 6 was formed with a
polyvinyl acetate having a (ASTM D785) of MIOO, the thickness of the light
ab-  heat distortion temperature (ASTM D648) of [err] un- sorptive layer 2
was changed to 130 nm, no silicone  der a load of 4.6 kg/[err] and a
Rockwell hardness acrylate resin layer was formed between the light ab-
(ASTM D785) of M70 in a thickness of 60 nm, and iso- sorptive layer2 and
the light reflective layer 3, and the  20  cyanate was spin-coated on the
silicone acrylate res- light reflective layer 3 was formed with a film of
an al-  in layer in a thickness of 10 nm. loy of gold and iridium in a
ratio of 9:1.           To the optical disc thus obtained, EFM signals To
the optical disc thus obtained, EFM signals  were recorded in the same
manner as in Example 22. were recorded in the same manner as in Example 22.
Then, this optical disc was played back by the com- Then, this optical disc
was played back by the com-  25  mercially available CD player, whereby
[err] was mercially available CD player, whereby [err] was  0.66, and [err]
was 0.32. 0.63, and [err] was 0.32.                            Further, the
surface of the Inter-layer 6 after re- Further, the surface of the
Inter-layer 6 after re-  cording was inspected in the same manner as in Ex-
cording was inspected in the same manner as in Ex-  ample 22, to confirm
the formation of optically modi- ample 22, to confirm the formation of
optically modi-  30  fled pits 5 in the form of protuberances. fied pits 5
in the form of protuberances. EXAMPLE 28 EXAMPLE 25 An optical disc was
prepared in the same manner An optical disc was prepared in the same manner
35  as in Example 22 except that in Example 22, the inter- as in Example 22
except that in Example 22, the inter-  layer 6 was formed with a polyester
having a heat dis- layer 6 was formed with a vinylidene chloride copoly-
tortion temperature (ASTM D648) of [err] under a mer having a heat
distortion temperature (ASTM    load of 4.6 kg/[err] and a Rockwell
hardness (ASTM D648) of 66C under a load of 4.6 kg/[err] and a Rock-  D785)
of M70, as the organic dye to form the light ab- well hardness (ASTM D785)
of MOO, in a thickness of  40  sorptive layer 2, 1,1
-dibutyl-3,3,3',3'-tetramethyl- 60 nm.
4,5,4',5'-dibenzolndodicarbocyanine perchlorate was To the optical disc
thus obtained, EFM signals  used, a silicone resin was coated on the light
absorp- were recorded in the same manner as in Example 22.  tive layer 2
instead of the silicone acrylate resin, and Then, this optical disc was
played back by the com  a bisphenol curable type epoxy resin layer was
mercially available CD player, whereby [err] was  45  formed on the light
reflective layer 3 in a thickness of 0.67, and [err] was 0.36.
20 nm. Further, the surface of the inter-layer 6 after re-  To the optical
disc thus obtained, EFM signals cording was inspected in the same manner as
In Ex-  were recorded in the same manner as in Example 22. ample 22, to
confirm the formation of optically modi-  Then, this optical disc was
played back by the com- fied pits 5 in the form of protuberances.    50
mercially available CD player, whereby [err] was 0.61, and [err] was 0.31.
EXAMPLE 26                                           Further, the surface
of the inter-layer 6 after re- cording was inspected in the same manner as
in Ex- An optical disc was prepared In the same manner  ample 22, to
confirm the formation of optically modi- as in Example 22 except that in
Example 22, the inter-  55  fied pits 5 in the form of protuberances. layer
6 was formed with polystyrene having a heat de- formation temperature (ASTM
D648) of [err] under a load of 4.6 kg/cm2 and a Rockwell hardness (ASTM 13
25                 EP 0 353 394 B1                 28 EXAMPLE 29
as in Example 22 except that in Example 22, the inter- 



layer 6 was formed with a cellulose resin having a An optical disc was
prepared in the same manner  heat distortion temperature (ASTM D648) of
[err]un- as in Example 22 except that in Example 22, the Inter-  der a load
of 4.6 kg/[err] and a Rockwell hardness layer 6 was formed with a
polyurethane resin having   5   (ASTM D785) of M100, as an organic dye to
form the a heat distortion temperature (ASTM D848) of[err]  light
absorptive layer 2, 1,1'-dibutyl-3,3,3',3'-tetrame- under a load of 4.6
kg/[err] and a Rockwell hardness  thyl-4,5,4',5'-dibenzoindodicarbocyanine
perchlorate (ASTM D785) of M60 in a thickness of 50 nm, a silicone  was
employed, and a silicone resin was coated on the resin was spin-coated on
this inter-layer 6 in a thickness  light absorptive layer 2 instead of the
silicone acrylate of 15 nm for solvent resistant treatment, then a light
ab-  io  resin. sorptive layer 2 having a thickness of 130 nm was     To
the optical disc thus obtained, EFM signals formed by using
1,1'-dibutyl-3,3,3',3'-tetramethyl-  were recorded in thesame manner as in
Example 22. 4,5,4',5'-dibenzoindodlcarbocyanine perchlorate, no  Then, this
optical disc was played back by the com- silicone acrylate resin was coated
between the light  mercially available CD player, whereby[err] was
absorptive layer 2 and the light reflective layer 3, and   15  0.65,
and[err] was 0.32. the light reflective layer 3 was formed with a film of
Further, the surface of the inter-layer 6 after re- an alloy of gold and
iridium in a ratio of 9:1.   cording was Inspected in the same manner as in
Ex- To the optical disc thus prepared, EFM signals  ample 22, to confirm
the formation of optically modi- were recorded in the same manner as in
Example 22.  fied pits 5 in the form of protuberances. Then, this optical
disc was played back by the com-  20 mercially available CD player, whereby
[err] was  EXAMPLE 32 0.66, and [err]was 0.33. Further, the surface of the
inter-layer 6 after re-  An optical disc was prepared In the same manner
cording was inspected In the same manner as in Ex-  as in Example 22 except
that in Example 22, the inter- ample 22, to confirm the formation of
optically modi-  25  layer 6 was formed with an urethane thermoplastic fled
pits 5 in the form of protuberances.         resin having a heat distortion
temperature (ASTM D648) of 50C under a load of 4.6 kg/cm2 and a Rock-
EXAMPLE 30                                        well hardness (ASTM D785)
of M30 in a thickness of 50 nm, a silicone coating agent was spin-coated on
An optical discwas prepared in the same manner  30  this inter-layer 6 in a
thickness of 15 nmforsolventre- as in Example 22 except that In Example 22,
the inter-  sistant treatment, and then a light absorptive layer 2 layer 6
was formed with a polyurethane resin having  was formed by using
1,1'-dibutyl-3,3,3',3'-tetrame- a heat distortion temperature (ASTM D648)
of [err]  thyl-4,5,4',5'-dibenzoindodicarbocyanine perchlor- under a load
of 4.6 kg/[err] and a Rockwell hardness  ate, and a silicone resin was
coated instead of the sil- (ASTM D785) of M60, a silicone coating agent was
35  icone acrylate resin. spin-coated on this interlayer 6 in a thickness
of 15  To the optical disc thus obtained, EFM signals
nmforsolventresistanttreatment, and then alightab-  were recorded in the
same manner as in Example 22. sorptive layer 2 was formed by using
1,1'-dibutyl-  Then, this optical disc was played back by the com-
3,3,3',3'-tetramethyl-4,5,4',5'-dibenzolndodicarboc  mercially available CD
player, whereby [err] was yanine perchlorate, and a silicone resin was
formed   40  0.67, and [err] was 0.34. on this light absorptive layer 2
instead of the silicone  Further, the surface of the inter-layer 6 after
re- acrylate resin, a polysulfide-incorporated epoxy resin  cording was
inspected in the same manner as in Ex- was coated on the light reflective
layer 3 in a thick-  ample 22, to confirm the formation of optically modi-
ness of 20 nm, and the protective layer 4 was formed  fied pits 5 in the
form of protuberances. thereon.                                     45 To
the optical disc thus obtained, EFM signals  EXAMPLE 33 were recorded in
the same manner as in Example 22. Then, this optical disc was played back
by the com-  An optical disc was prepared In the same manner mercially
available CD player, whereby [err], was  as in Example 22 except that in
Example 22, the inter- 0.66, and [err] was 0.33.                    50
layer 6 was formed with an acrylic resin having a heat Further, the surface
of the inter-layer 6 after re-  distortion temperature (ASTM D648) of [err]
under a cording was inspected in the same manner as in Ex-  load of 4.6
kg/[err] and a Rockwell hardness (ASTM ample 22, to confirm the formation
of optically modi-  D785)ofM9O, alightabsorptive layer2 having a thick-
fied pits 5 in the form of protuberances.         ness of 130 nm was formed
by using 1,1'-dipropyl- 55  5,7,5',7-dimethoxyindodlcarbocyanine
fluoroborate EXAMPLE 31                                        as an
organic dye, the light reflective layer 3 was formed by a copper film, and
the protective layer 4 An optical disc was prepared in the same manner  was
formed with a silicone hard coating agent in a 14    27                 EP
0 353 394 B1                 28 thickness of 5 ltm.
mercially available CD player, whereby 1111tp was 



To the optical disc thus obtained, EFM signals  0.83, and 13/lwlp was 0.32.
were recorded in the same manner as In Example 22.    Further, the surface
of the inter-layer 6 after re- Then, this optical disc was played back by
the corn-  cording was inspected in the same manner as in Ex- mercially
available CD player, whereby liu/i/  was   5   ample 22, to confirm the
formation of optically modi- 0.63, and la/lwp was 0.32.
fied pits 5 in the form of protuberances. Further, the surface of the
inter-layer 6 after re- cording was Inspected In the same manner as in Ex-
COMPARATIVE EXAMPLE I ample 22, to confirm the formation of optically modi-
fied pits 5 In the form of protuberances.    10       An optical disc was
prepared in the same manner as in Example 22 except that in Example 22, the
inter- EXAMPLE 34                                        layer 6 was formed
with a silicone resin having a heat distortion temperature (ASTM D648) of
1800C under An optical disc was prepared in the same manner  a load of 4.6
kg/cm2 and a Rockwell hardness (ASTM as in Example 22 except that in
Example 22, the Inter-  15   D785) of MI 00. layer 6 was formed with a
polyurethane resin having   To the optical disc thus obtained, EFM signals
a heat distortion temperature (ASTM D648) of 500C  were recorded in the
same manner as in Example 22. under a load of 4.6 kg/cm2 and a Rockwell
hardness  Then, this optical disc was played back by the com- (ASTM D785)
of M60, 1,1'-dipropyl-5,7,5',7'-dime-  mercially available CD player,
whereby lr/ltp was thoxyindodicarbocyanine fluoroborate was used as  20
0.28, and 131,p was 0.05. an organic dye for the light absorptive layer 2,
a SiO2  Thus, this disc does not satisfy the CD format. film having a
thickness of 30 nm was formed on the light absorptive layer 2 by
sputtering, the light reflec-  EXAMPLE 36 tive layer 3 was formed with a
copper film, an epoxy resin was spin-coated on the light reflective layer 3
In  25  A polycarbonate substrate I of a disc shape hav- a thickness of 20
nm, and the protective layer 4 was  ing a thickness of 1.2 mm, an outer
diameter of 120 formed thereon with a silicone hard coating agent in  mm
and an inner diameter of 15 mm and having a spi- a thickness of 5 pm.
ral pregroove formed with a width of 0.8 pm, a depth To the optical disc
thus obtained, EFM signals  of 0.08 pm and a pitch of 1.6 pm in a range of
the di- were recorded In the same manneras in Example 22.  30  ameter of
from 46 to 117 mm of the disc, was formed Then, this optical disc was
played back by the com-  by injection molding. This polycarbonate substrate
1 mercially available CD player, whereby '11/top was  had a Rockwell
hardness (ASTM D785) of M75 and a 0.66, and 1316p was 0.33.
heat distortion temperature (ASTM D648) of 1320C. Further, the surface of
the inter-layer 6 after re-  As an organic dye to form the light absorptive
lay- cording was inspected in the same manner as in Ex-  as  er, 0.65 g of
1,1'-dibutyl-3,3,3',3'-tetramethyl-4,5,4', ample 22, to confirm the
formation of optically modi-  5-dibenzoindodicarbocyanine perchlorate
(product fled pits 5 in the form of protuberances.         number NK3219,
manufactured by Nippon Kanko Shikiso K.K.) was dissolved in 10 me of a
diacetone EXAMPLE 35                                        alcohol
solvent. The solution was coated on the sur- 40  face of the substrate 1 by
spin coating to form a light An optical disc was prepared In the same
manner  absorptive layer 2 having a thickness of 130 nm. as in Example 22
except that in Example 22, a glass   Then, a gold film having a thickness
of 50 nmwas disc was used as the light transmitting substrate 1,  formed by
sputtering on the entire surface In a region the inter-layer 6 was formed
with an acrylate resin  of the diameter of from 45 to 118 nm of this disc,
to having a heat distortion temperature (ASTM D648) of  45  form a light
reflective layer 3. Further, an ultraviolet 70C under a load of 4.6 kg/cm2
and a Rockwell hard-  curable resin was spin-coated on this light
reflective ness (ASTM D785) of M90 and having a pregroove    layer 3 and
cured by irradiation with ultraviolet rays, formed by a photo
polymerization method, a light ab-  to form a protective layer 4 having a
thickness of 10 sorptive layer 2 having a thickness of 130 nm was  pm.
After curing, this protective layer had a Rockwell formed by using
1,1'-dipropyi 5,7,5',7'-dimethoxyin-  so  hardness (ASTM D785) of M90 and a
heat distortion dodicarbocyanine fluoroborate as an organic dye to
temperature (ASTM D648) of 1500C. form the light absorptive layer 2, the
light reflective  To the recordable region 7 of the optical disc thus layer
3 was formed by a copper film, and the protec-  obtained, a semiconductor
laser beam having a wa- tive layer 4 was formed with a silicone hard
coating  velength of 780 nm was irradiated at a linear speed agent In a
thickness of 5 pm.                5s  of 1.2 misec with a recording power
of 6.0 mW to re- To the optical disc thus obtained, EFM signals  cord EFM
signals. Then, this optical disc was played were recorded in the same
manner as In Example 22.  back by a commercially available CD player (Aurex
Then, this optical disc was played back by the corm-  XR-V73, wavelength of
the reading laser beam ; =    29                 EP 0 353 394 B1
30 780 nm), whereby the reflectance of the semiconduc-  tured by Mitsubishi
Gas Kagaku) having the same tor laser beam was 72%, l1/ltp was 0.65, and
l3op  shape and pregroove as in Example 36, a light ab- 



was 0.35, and the block error rate BLER was 3.4 x  sorptive layer 2 was
formed in the same manner as 10-a.
above, an epoxy resin layer having a thickness of 50 The CD standards
prescribe that the reflectance   5   nm was formed thereon as a hard layer
8, a gold film is at least 70%,111/ p is at least 0.6, lIilp is from 0.3
having a thickness of 50 nm was formed by vacuum to 0.7, and the
blockerrorrate BLER is not higherthan  vapor deposition thereon as a light
reflective layer 3, 3 x 10-2. The optical disc of this reference meets the
and the same protective layer 4 as in Example 36 was standards.
formed thereon. The substrate had a Rockwell hard- Further, the protective
layer4 and the light refleo-  1o  ness (ASTM D785) of M75 and a heat
distortion tem- tive layer4 of the optical discwere peeled off after re-
perature (ASTM D648) of 132@C. Whereas, the above cording, and the light
absorptive layer 2 was washed  hard layer 6 had a Rockwell hardness (ASTM
D785) off with a solvent, and the surface of the light trans-  of M90 and a
heat distortion temperature (ASTM mitting substrate I was observed by STM
(Scanning  D648) of 1400C. Tunneling Microscope) whereby deformation in the
15  To this optical disc, data were recorded in the form of protuberances
was observed at the pitted  same manner as in Example 36 and then
reproduced, portion. Further, the recorded portion and the non-re-  whereby
the reflectance of the semiconductor laser corded portion of the substrate
I were measured by  beam was 72%,111/lp was 0.62, lv1tp was 0.32, and a
spectro photometer, whereby at the recorded por-  the block error rate BLER
was 2.4 x 10-. tion, peaks otherthan the peaks of the resin observed   20
at the non-recorded portion, were observed.      EXAMPLE 39 This example
illustrates the case where the pro- tective layer 4 was utilized as a hard
layer.       On a polystyrene substrate having the same shape and pregroove
as in Example 36, a light ab- EXAMPLE 37
25  sorptive layer 2 was formed in the same manner as above, an acrylate
resin layer having a thickness of On a polycarbonate substrate (Panlite,
manufac-  50 nm was formed thereon as a hard layer 6, an epoxy tured by
Teijin Kagaku) having the same shape and  resin was spin-coated thereon to
improve the bonding pregroove as in Example 36, a light absorptive layer
properties, then a gold film having a thickness of 50 2 was formed in the
same manner as described  30  nm was formed by vacuum vapor deposition as
the above, a silicone acrylate layer having a thickness of  light
reflective layer 3, and the same protective layer 50 nm was formed thereon
as a hard layer 6, a silver  4 as in Example 36 was formed thereon. The
sub- layer having a thickness of 50 nm was formed thereon  strate had a
Rockwell hardness (ASTM D785) of M80 by vacuum vapor deposition asa light
reflective layer  and a heat distortion temperature (ASTM D648) of 3, and
the same protective layer 4 as in Example 36  35  890C. Whereas, the above
hard layer 6 had a Rock- was formed thereon. The above substrate had a
well hardness (ASTM D785) of MIOO and a heat dis- Rockwell hardness (ASTM
D785) of M75 and a heat  tortion temperature (ASTM D648) of 1000C.
distortion temperature (ASTM  D648) of 135C.       To this optical disc,
data were recorded in the Whereas, the above hard layer 6 had a Rockwell
same manner as in Example 36 and then reproduced, hardness (ASTM D785) of
Ml 00 and a heat distortion  40  whereby the reflectance of the
semiconductor laser temperature (ASTM D648) of 2000C.                beam
was 72%, l11/l, was 0.62, lllp was 0.31, and To this optical disc, data
were recorded in the  the block error rate BLER was 7.0 x 10-. same manner
as in Example 36, and then repro- duced, whereby the reflectance of the
semiconductor  EXAMPLE 40 laser beam was 71%, 111/lp was 0.63,13/lto, was
0.33,  45 and the block error rate BLER was 3.5 x 108.        On a
polymethyl methacrylate substrate having Further, the surface of the light
transmitting sub-  the same shape and pregroove as in Example 36, a strate
I of the optical discafterrecordingwas inspect-  light absorptive layer 2
was formed in the same man- ed by STM (Scanning Tunneling Microscope) in
the  nor as described above, then a polyester resin layer same manner as in
Example 36, whereby deforms-  5o  having a thickness of 50 nm was formed
thereon as tion in the form of protuberances was observed at the  a hard
layer 6, a gold layer having a thickness of 50 pitted portion. The center
portion of this deformation  nm was formed thereon as a light reflective
layer 3 by was slightly low, and the deformation 6 was found to  vacuum
vapor deposition, an epoxy resin was further have two peaks, as Illustrated
in Figure 15(b).  spin-coated thereon to improve the bonding proper- s5
ties, and then the same protective layer 4 as in Exam- EXAMPLE 38
pie 36 was formed. The substrate had a Rockwell hardness (ASTM D785) of
Ml00 and a heat distortion On a polycarbonate substrate (lupilon, manufao-
temperature (ASTM D648) of 1100C. Whereas, the 16    31                 EP
0 353 394 B1                32 Q ,.  above hard layer 6 had a Rockwell
hardness (ASTM  EXAMPLE 43 D785) of M110 and a heat distortion temperature 



(ASTM D648) of 115-C.                               On a polycarbonate
substrate (Panlite, manufac- To this optical disc, data were recorded in
the  tured by Teijin Kagaku) having the same shape and same manner as in
Example 36 and then reproduced,   5   pregroove as in Example 36, a light
absorptive layer whereby the reflectance of the semiconductor laser  2 was
formed in the same manner as described beam was 72%, I1/l6p was 0.64,
13ftip was 0.34, and  above, a silver film having a thickness of 50 nm was
the block error rate BLER was 8.0 x 10.        formed thereon as the light
reflective layer 3 by va- cuum vapor deposition, a silicone acrylate layer
hav- EXAMPLE 41                                  0o  Ing a thickness of 50
nm was formed thereon as the hard layer 6, and the same protective layer4
as in Ex- On a polyolefin substrate having the same shape  ample 36 was
formed thereon. The substrate had a and pregroove as in Example 36, a light
absorptive  Rockwell hardness (ASTM D785) of M75 and a heat layer2 was
formed in the same manneras in Example  distortion temperature (ASTM  D648)
of 1350C. 36 by using 1,1'-dibutyl-3,3,3',3'-tetramethyl-5,5'-  15
Whereas, the above hard layer 8 had a Rockwell diethoxyindodicarbocyanine
perchlorate, then a sill-  hardness (ASTM D785) of M100 and a heat
distortion cone acrylate resin layer having a thickness of 50 nm
temperature (ASTM D648) of 2000C. was formed thereon as the hard layer 6,
and a gold  To this optical disc, data were recorded in the film having a
thickness of 50 nm was formed thereon  same manneras In Example 36 and then
reproduced, as the light reflective layer 3 byvacuum vapordepos-  20
whereby the reflectance of the semiconductor laser itlon, an epoxy resin
was spin-coated thereon to Im-  beam was 71 %, lIl/\p was 0.64, 1pIlf was
0.34, and prove the bonding properties, and then the same pro-  the block
error rate BLER was 3.7 x 103. tective layer4 as in Example 36was formed.
The sub- strate had a Rockwell hardness (ASTM D785) of M75  EXAMPLE 44 and
a heat distortion temperature (ASTM D648) of  25 1400C. Whereas, the above
hard layer 6 had a Rock-  On a polycarbonate substrate (lupilon, manufac-
well hardness (ASTM D785) of MIOO and a heat dis-  tured by Mitsubishi Gas
Kagaku) having the same tortion temperature (ASTM D648) of 200C.
shape and pregroove as In Example 36, a light ab- To this optical disc,
data were recorded in the  sorptive layer 2 was formed in the same manner
as same manner as In Example 36 and then reproduced,  30  described above,
a gold film having a thickness of 50 whereby the reflectance of the
semiconductor laser  nm was formed thereon as the light reflective layer 3
beam was 74%, l1Ilp was 0.61,13/l, was 0.33, and  byvacuumvapordeposition,
and an epoxy resin layer the block error rate BLER was 2.3 x 10-.
having a thickness of 50 nm was formed thereon as the hard layer 6 which
also served as a protective lay- EXAMPLE 42
3s  er. The substrate had a Rockwell hardness (ASTM D785) of M75 and a heat
deformation temperature On an epoxy resin substrate having the same   (ASTM
D648) of 1350C. Whereas, the above hard lay- .   shape and pregroove as in
Example 36, a light ab-  er 6 had a Rockwell hardness (ASTM D785) of M90
sorptive layer 2 was formed In the same manner as  and a heat distortion
temperature (ASTM D648) of in Example 38 by using
1,1'-dibutyl-3,3,3',3'-tetrame-  40  140CC.
thyl-5,5'-diethoxyindodicarbocyanine perchlorate, and  To this optical
disc, data were recorded in the a silicone resin layer having a thickness
of 50 nm was  same manneras in Example 36 and then reproduced, formed
thereon as the hard layer 6, an aluminum film  whereby the reflectance of
the semiconductor laser having a thickness of 50 nm was formed thereon as
beam was 72%, lIIi~t, was 0.63,13/lwp was 0.33, and the light reflective
layer 3 by vacuum vapor deposi-  45  the block error rate BLER was 2.7 x
10-3. tion, and the same protective layer 4 as in Example 36 was formed
thereon. The substrate had a Rockwell  EXAMPLE 45 hardness (ASTM D785) of
M90 and a heat distortion temperature (ASTM D648) of 1350C. Whereas, the
On a polystyrene substrate having the same above hard layer 6 had a
Rockwell hardness (ASTM   5o  shape and pregroove as in Example 36, a light
ab- D785) of M100 and a heat distortion temperature  sorptive layer 2 was
formed in the same manner as (ASTM D648) of 1800C.
described above, a gold film having a thickness of 50 To this optical disc,
data were recorded in the  nm was formed thereon as the light reflective
layer 3 same manner as In Example 36 and then reproduced,  by vacuum vapor
deposition, and an acrylate resin whereby the reflectance of the
semiconductor laser  55  layer having a thickness of 50 nm was formed
thereon beam was 73%. 11/ltop was 0.61, 13/wp was 0.30, and  as the hard
layer 6 which served also as a protective the block error rate BLER was 2.0
x 10-4.        layer. The substrate had a Rockwell hardness (ASTM D785) of
M80 and a heat deformation temperature 17    33                  EP 0 353
394 B1                34 (ASTM D648) of 890C. Whereas, the above hard layer
EXAMPLE 48 6 had a Rockwell hardness (ASTM D785) of M100 



and a heat distortion temperature (ASTM D648) of      On an epoxy resin
substrate having the same 100CC.
shape and pregroove as in Example 36, a light absorp- To this optical disc,
data were recorded in the   5   tive layer 2 was formed in the same manner
as in Ex- same manneras in Example 36 and then reproduced,  ample 36 by
using 1,1-dibutyl-3,3,3,31-ttramethyi- whereby the reflectance of the
semiconductor laser  5,5'-diethoxylndodlcarbocyanine perchlorate, then an
beam was 72%,116ilp was 0.63,13ltop was 0.32, and  aluminum film having a
thickness of 50 nm was the block error rate BLER was 7.1 x 103.
formed thereon as the light reflective layer 3 by va- 10 cuum vapor
deposition, and a silicone resin layer hav- EXAMPLE 46
Ing a thickness of 50 nm was formed as the hard layer 6 which served also
as a protective layer. The sub- On a polymethyl methacrylate substrate
having  strate had a Rockwell hardness (ASTM D785) of M90 the same shape
and pregroove as in Example 36, a  and a heat distortion temperature (ASTM
D648) of light absorptive layer 2 was formed In the same man-  1s  135CC.
Whereas, the above hard layer 6 had a Rock- ner as described above, then, a
gold film having a  well hardness (ASTM D785) of MIOO and a heat dis-
thickness of 50 nmwasformedthereon as the light re-  tortion temperature
(ASTM D648) of 1800C. flective layer 3 by vacuum vapor deposition, and an
To this optical disc, data were recorded in the epoxy resin was spin-coated
thereon to Improve the  same manner as in Example 36 and then reproduced,
bonding properties, and a polyester resin layer having   20  whereby the
reflectance of the semiconductor laser a thickness of 50 nm was formed as
the hard layer 6  beam was 72%, o11op was 0.62, 13/ltop was 0.32, and which
served also as a protective layer. The substrate  the block error rate BLER
was 2.1 x 10-8. had a Rockwell hardness (ASTM D785) of M100 and a heat
deformation temperature (ASTM D648) of     COMPARATIVE EXAMPLE 2 1100C.
Whereas, the above hard layerS had a Rock-  25 well hardness (ASTM D785) of
M10 and a heat dis-      An optical disc was prepared in the same manner
tortion temperature (ASTM D648) of 1150C.         as In Example 36 except
that in Example 36, the pro- To this optical disc, data were recorded in
the  tective layer 4 made of the ultraviolet curable resin same manner as
in Example 36 and then reproduced,  was formed to have a Rockwell hardness
(ASTM whereby the reflectance of the semiconductor laser  3o   D785) of M60
and a heat distortion temperature beam was 72%,111top was 0.65,13/lp was
0.34, and  (ASTM D648) of 900C under a load of 4.6 kglcm2 after the block
error rate BLER was 8.3 x 103.          curing. To this optical disc, a
semiconductor laser beam EXAMPLE 47
having a wavelength of 780 nm was irradiated at a lin- 35  ear speed of 1.2
m/sec to record EFM signals in the On a polyolefin substrate having the
same shape  same manner as in Example 38, whereby no adequate- and
pregroove as In Example 36, a light absorptive  ly distinct pits were
observed on the substrate 1. Then, layer2 wasformed In the same manner as
In Example  this optical discwas played back by the same CD player 36 by
using 1,1 -dibutyl-3,3,3',3'-tetramethyl-5,5'-  as used in Example 36,
whereby the reflectance of the diethoxyindodicarbocyanine perchlorate, then
a gold  4o  optical discwas 71%,l11/l,Dpwas0.7,113/l,6was 0.37, but film
having a thickness of 50 nm was formed thereon  the block error rate BLER
was 1.5 x 10-1 and thus as the light reflective layer 3 by vacuum vapor
depos-  failed to meet the CD standards. ition, an epoxy resin was spin
coated thereon to im- prove the bonding properties, and a silicone acrylate
EXAMPLE 49 resin layer having a thickness of 50 nm was formed   45 thereon
as the hard layer 6 which served also as a    An optical disc was prepared
in the same manner protective layer. The substrate had a Rockwell hard-  as
in Example I except that In Example 1, an ultra- ness (ASTM D785) of M75
and a heat distortion tem-  violet curable hard coating resin was
spin-coated on perature (ASTM D648) of 1400C. Whereas, the above  the
Incident light side of the polycarbonate substrate hard layer 6 had a
Rockwell hardness (ASTM D785)  5o   I to form a substrate protective layer
having a thick- of M100 and a heat distortion temperature (ASTM   ness of 1
gm. D648) of 2000C.                                       To the optical
disc thus obtained, EFM signals To this optical disc, data were recorded in
the  were recorded in the same manner as in Example 1. same manner as in
Example 36 and then reproduced,  Then, this optical disc was played back by
the same whereby the reflectance of the semiconductor laser  55   CD player
as In Example 1, whereby the reflectance beam was 71%, lIL/6 was 0.62,
I8/tlp was 0.34, and  of the semiconductor laser beam was 70%,111/6 was the
block error rate BLER was 2.4 x 10-3.         0.62,13/lwp was 0.37, and the
block error rate BLER was 1.3 x 10-. 18    35                 EP 0 363 394
B1                 36 The surface of the light transmitting substrate 1
0.68, 1l3SIp was 0.36, and the block error rate BLER of the optical disc
after recording was inspected by  was 3.5 x 10-3. 



STM in the same manner as in Example 1, to confirm    Further, the surface
of the light transmitting sub- the formation of pits 5 as in Example 1.
strate I oftheoptical discafterrecording was inspect- s   ed by STM in the
same manner as in Example 1 to EXAMPLE 50
confirm the formation of pits 5 as in Example 2. An optical disc was
prepared In the same manner  EXAMPLE 52 as in Example 1 except that in
Example 1 a polybuta- diene resin dissolved in cyclohexane was spin-coated
io  An optical disc was prepared in the same manner to form a polybutadlene
resin layer having a thickness  as in Example 51 except that In Example 51,
the Sb02 of 10 nm between the light absorptive layer 2 and the  film was
formed by LPD method, and a dioxane sol- light reflective layer 3.
vent was used as the solvent for the coating agent for To the optical disc
thus obtained, EFM signals  forming the light absorptive layer 2. were
recorded in the same manner as in Example 1.  is  To the optical disc thus
obtained, EFM signals Then, this optical disc was played back by the same
were recorded with a power of 7.2 mW in the same CD player as In Example 1,
whereby the reflectance  manner as in Example 51. Then, this optical
discwas of the semiconductor laser beamrwas 72%, l,1/ltpwas  played back by
the same CD player as in Example 51, 0.65, l/ltp was 0.35, and the block
error rate BLER  whereby the reflectance of the semiconductor laser was 8.6
x 10-3.                              20  beam was 77%,111/plp was 0.68,
lIltp was 0.35, and Further, the surface of the light transmitting sub-
the block error rate BLER was 4.0 x 10-3. strate I ofthe optical disc
afterrecording was inspect-  Further, the surface of the light transmitting
sub- ed by STM in the same manner as In Example 1, to  strate I ofthe
optical disc afterrecording was inspect- confirm the formation of pits 5 as
in Example 1.  ed by STM in the same manner as in Example I to 25  confirm
the formation of pits 5 as in Example 1. EXAMPLE 51 EXAMPLE 53 A
polycarbonate substrate 1 having a thickness of 1.2 mm, an outer diameter
of 120 mm and an inner   An optical disc was prepared in the same manner
diameter of 15 mm and having a spiral pregroove 8   3o  as in Example 51
except that in Example 51, instead formed on Its surface with a width of
0.8 pm, depth of  of the Si02 film, an epoxy resin dissolved in diglycicyl
0.08 pm and a pitch of 1.6 pm, was injection-molded.  ether was spin-coated
to form an epoxy resin layer As an organic dye to form the light absorptive
layer 2,  having a thickness of 40 nm, a thin layer of an alloy 0.5 g of
1,1'-dipropyl-3,3,3',3'-tetramethyl-5,5'-die-  of gold and titanium in a
ratloof 9:1 was formed asthe thoxyindodicarbocyanine perchlorate was
dissovled  3S  light reflective layer 3, and a polybutadiene resin dis- in
10 mf of an Isopropyl alcohol solvent The solution  solved in cyclohexane
was spin-coated to form a poly- was spin-coated on the surface of this
substrate 1, to  butadiene resin layer having a thickness of 10 nm be- form
a light absorptive layer 2 having a thickness of  tween the light
absorptive layer 2 and the light reflec- 100 nm. Further, a SiO2 film was
formed thereon by  tive layer 3. sputtering In a thickness of 40 nm.
40       To the optical disc thus obtained, EFM signals Then, a gold film
having a thickness of 50 nm was  were recorded with a recording power of
7.0 mW in formed by sputtering on the entire surface of a region  the same
manneras in Example 51. Then, this optical of the diameter of from 45 to
118 nm of this disc, to  discwas played back by the same CD playeras in Ex-
form a light reflective layer 3. Further, on this light re-  ample 51,
whereby the reflectance of the semicon- flective layer 3, a urethane resin
dissolved in methyl  45  ductor laser beam was 74%, 1li/kwp was 0.64,1l31"
ethyl ketone was spin-coated in a thickness of 100 nm  was 0.33, and the
block error rate BLER was 2.5 x to form a shock absorbing layer, and an
ultraviolet  I 0-3. curable resin was spin-coated thereon and cured by
Further, the surface of the light transmitting sub- irradiation of
ultraviolet rays to form a protective layer  strate I of the optical disc
afterrecording was inspect- 4 having a thickness of 10 pm.
so  ed by STM In the same manner as In Example 1 to To the optical disc
thus obtained, a semiconduc-  conf irm the formation of pits 5 as in
Example 1. tor laser beam having a wavelength of 780 nm was ir- radiated at
a linear speed of 1.2 misec with a record-  EXAMPLE 54 ing power of 6.8 mW
to record EFM signals. Then, this optical disc was played back by a
commercially avail-  us  An optical disc was prepared In the same manner
able CD player (Aurex XR-V73, wavelength of the read-  as in Example 51
except that in Example 51, instead ing laser beam X = 780 nm), whereby the
reflectance of  of the SiO2 film, an epoxy resin dissolved in diglycicyl
the semiconductor laser beam was 77%, 1k/l6p was  ether was spin-coated to
form an epoxy resin layer 19    37                  EP 0 353 394 B1
38 having a thickness of 40 nm, a thin layer of an alloy  layer and the
protective layer 4 to improve the adhe- of gold and titanium in a ratio of
9:1 was formed as the  sion therebetween, and the thickness of the protec-
light reflective layer 3, and a polybutadiene resin dis-  tive layer was
changed to 5 gm. 



solved in cyclohexane was spin-coated to form a poly-  To the optical disc
thus obtained, EFM signals butadiene resin layer having a thickness of 10
nm be-   5   were recorded with a recording power of 7.2 mW in tween the
light absorptive layer 2 and the light reflec-  the same manner as in
Example 51. Then, this optical tive layer 3, and a bisphenol curable type
epoxy resin  disc was played back by the same CD playeras in Ex- was
spin-coated in a thickness of 20 nm between the  ample 51, whereby the
reflectance of the semicon- light reflective layer and the protective layer
4 to im-  ductor laser beam was 74%, '111/iOp was 0.63,13/ltp prove the
adhesion therebetween.              io  was 0.32, and the block error rate
BLER was 2.8 x To the optical disc thus obtained, EFM signals  10 3. were
recorded with a recording power of 7.2 mW in      Further, the surface of
the light transmitting sub- the same manner as in Example 51. Then, this
optical  strate I of the optical disc afterrecording was inspect- discwas
played back bythesame CD playeras in Ex-   ed by STM in the same manner as
in Example 1 to ample 51, whereby the reflectance of the semicon-  15
confirm the formation of pits 5 as in Example 1. ductor laser beam was 74%,
IIr/itp was 0.64, 1316p was 0.33, and the block error rate BLER was 3.0 x
EXAMPLE 57 10-3. Further, the surface of the light transmitting sub-  An
optical discwas prepared in the same manner strate 1 of the optical disc
after recording was inspect-  20  as in Example 51 except that in Example
51, no SiO2 ed by STM in the same manner as in Example 1 to    film was
formed. confirm the formation of pits 5 as in Example 1.      To the
optical disc thus obtained, EFM signals were recorded with a recording
power of 7.2 mW in EXAMPLE 55                                         the
same manneras in Example 51. Then, this optical 25  disewas played back by
the same CD playeras in Ex- An optical disc was prepared in the same manner
ample 51, whereby the reflectance of the semicon- as in Example 51 except
that in Example 51, instead  ductor laser beam was 77%, IIIA6p was 0.66,
13/iltp of the SiO2 film, an epoxy resin dissolved in diglycicyl  was 0.35,
and the block error rate BLER was 1.0 x ether was spin-coated to form an
epoxy resin layer  10-2. having a thickness of 40 nm, a polybutadiene resin
30  Further, the surface of the light transmitting sub- dissolved In
cyclohexane was spin-coated to form a  strate I of the optical disc after
recording was inspect- polybutadlene resin layer having a thickness of 10
nm  ed by STM in the same manner as in Example I to between this epoxy
resin layer and the light reflective  confirm the formation of pits 5 as in
Example 1. layer 3, and the thickness of the protective layer was  As
described in the foregoing, according to the changed to 5 um.
35  optical information recording medium of the present To the optical disc
thus obtained, EFM signals  invention, it is possible to form pits
optically similar to were recorded with a recording power of 7.2 mW in  CD
by Irradiation with a laser beam, and at the same the same manner as in
Example 51. Then, this optical  time, the reflective layer is provided
behind the light disc was played back by the same CD playeras In Ex-
absorptive layer in close contact therewith, whereby ample 51, whereby the
reflectance of the semicon-  40  it Is possible to take a layered structure
similar to CD. ductor laser beam was 74%, I,,/itp was 0.64, 131tp  Thus,
according to the present invention, a record- was 0.32, and the block error
rate BLER was 3.3 x  able optical information recording medium which 10-3.
meets the CD format, can readily be obtained. Further, the surface of the
light transmitting sub- strate I of the optical disc afterrecording was
inspect-  45 ed by STM in the same manner as in Example 1 to    Claims
confirm the formation of pits 5 as in Example 1. 1. A method for optically
recording information on EXAMPLE 56
an optical information recording medium, the me- 50      dium comprising a
light transmitting substrate, a An optical disc was prepared in the same
manner    light absorptive layer overlaying the substrate to as in Example
51 except that in Example 51, no SiO2    absorb a laser beam, and a light
reflective layer film was formed, a polybutadiene resin dissolved in
overlaying the light absorptive layer, the method cyclohexane was
spin-coated to form a polybutadiene    comprising energizing the light
absorptive layer resin layer having a thickness of 10 nm between the  s6
by the energy of a laser beam entered through the light absorptive layer 2
and the light reflective layer 3,  light transmitting substrate, to form
optically a bisphenol curable type epoxy resin was spin-coated   readable
pits characterised in that said optically in a thickness of 20 nm between
the light reflective  readable pits are formed either in the surface of 20
37                  EP 0 353 394 B1                 38 having a thickness
of 40 nm, a thin layer of an alloy  layer and the protective layer 4 to
Improve the adhe- of gold and titanium in a ratio of 9:1 WaM formed as the
sion therebetween, and the thickness of the protec- light reflective layer
3, and a polybutadiene resin dis-  tive layer was changed to 5 gim. 



solved in cyclohexanewas spin-coated toform a poly-   To the optical disc
thus obtained, EFM signals butadiene resin layer having a thickness of 10
nm be-   5   were recorded with a recording power of 7.2 mW in tween the
light absorptive layer 2 and the light refleo-  the same manner as In
Example 51. Then, this optical tive layer 3, and a bisphenol curable type
epoxy resin  disc was played back by the same CD playeras in Ex- was
spin-coated in a thickness of 20 nm between the  ample 51, whereby the
reflectance of the semicon- light reflective layer and the protective layer
4 to im-  ductor laser beam was 74%, I/Ilwp was 0.63, la/lop prove the
adhesion therebetween.              to   was 0.32, and the block error rate
BLER was 2.8 x To the optical disc thus obtained, EFM signals  1 0-3. were
recorded with a recording power of 7.2 mW In     Further, the surface of
the light transmitting sub- the same manneras In Example 51. Then, this
optical  strate 1 of the optical disc afterrecording was inspect- disc was
played back by the same CD player as in Ex-  ed by STM in the same manner
as In Example 1 to ample 51, whereby the reflectance of the semicon-  15
confirm the formation of pits 5 as in Example 1. ductor laser beam was 74%,
I11'ltOp was 0.64, 13/lp was 0.33, and the block error rate BLER was 3.0 x
EXAMPLE 57 10-8. Further, the surface of the light transmitting sub-  An
optical disc was prepared in the same manner strate i of the optical disc
afterrecording was inspect-  20  as in Example 51 except that In Example
51, no SiO2 ed by STM In the same manner as In Example I to   film was
formed. confirm the formation of pits 5 as in Example 1.      To the
optical disc thus obtained, EFM signals were recorded with a recording
power of 7.2 mW in EXAMPLE 55                                        the
same manner as in Example 51. Then, this optical 25  disc was played back
by the same CD player as in Ex- An optical disc was prepared in the same
manner  ample 51, whereby the reflectance of the semicon- as in Example 51
except that In Example 51, instead  ductor laser beam was 77%, '111itOp was
0.66, 13,1p of the SiO2 film, an epoxy resin dissolved in diglycicyl  was
0.35, and the block error rate BLER was 1.0 x ether was spin-coated to form
an epoxy resin layer  10-2. having a thickness of 40 nm, a polybutadiene
resin  30  Further, the surface of the light transmitting sub- dissolved In
cyclohexane was spin-coated to form a  strate I of the optical disc
afterrecording was inspect- polybutadiene resin layer having a thickness of
10 nm  ed by STM In the same manner as In Example I to between this epoxy
resin layerand the light reflective  confirm the formation of pits 5 as in
Example 1. layer 3, and the thickness of the protective layer was  As
described in the foregoing, according to the changed to 5 gm.
35  optical information recording medium of the present To the optical disc
thus obtained, EFM signals  invention, it is possible to form pits
optically similar to were recorded with a recording power of 7.2 mW in  CD
by irradiation with a laser beam, and at the same the same manner as in
Example 51. Then, this optical  time, the reflective layer Is provided
behind the light disc was played back by the same CD playeras In Ex-
absorptive layer in close contact therewith, whereby ample 51, whereby the
reflectance of the semicon-  40  it Is possible to take a layered structure
similar to CD. ductor laser beam was 74%, 'l/itop was 0.64, 131/p  Thus,
according to the present invention, a record- was 0.32, and the block error
rate BLER was 3.3 x  able optical information recording medium which 10-3.
meets the CD format, can readily be obtained. Further, the surface of the
light transmitting sub- strate I of the optical disc afterrecording was
Inspect-  45 ed by STM in the same manner as in Example I to    Claims
confirm the formation of pits 5 as in Example 1. 1. A method for optically
recording information on EXAMPLE 56
an optical information recording medium, the me- 60      dlum comprising a
light transmitting substrate, a An optical disc was prepared In the same
manner   light absorptive layer overlaying the substrate to as In Example
51 except that In Example 51, no S102   absorb a laser beam, and a light
reflective layer film was formed, a polybutadiene resin dissolved In
overlaying the light absorptive layer, the method cyclohexanewas
spin-coated toform a polybutadiene     comprising energizing the light
absorptive layer resin layer having a thickness of 10 nm between the  55
by the energy of a laser beam entered through the light absorptive layer 2
and the light reflective layer 3,  light transmitting substrate, to form
optically a bisphenol curable type epoxy resin was spin-coated  readable
pits characterised In that said optically In a thickness of 20 nm between
the light reflective  readable pits are formed either In the surface of 20
1 liii 1111111111111111111111l111 * C   L   M   S*    39
EP 0 353 394 B1                 40 the substrate adjacent to the absorption
layer     wie eine Ober der Lichtabsorptlonsschicht liegen- 



and in the absorption layer oradditionally in a lay-  de
Lichtreflexionsschicht aufweist, wobei das er adjacent to the absorption
layer or in the ab-  Verfahren das Versorgen der Lichtabsorptions- sorption
layer and in said additional layer, all said  schlcht mit der Energie eines
Laserstrahis, der layers having a suitable heat distortion and/or a   5
durch das lichtdurchlfssige Substrat eingetreten suitable hardness.
ist, umfalit, um optisch lesbare GrObohen auszu- bilden, dadureh
gekennzrelhnot, daf diese op- 2. The method according to Claim 1, wherein
the       tisch lesbaren GrObehen entweder In der an die light absorptive
layer is melted and decomposed    Absorptionsschicht angrenzenden
Oberflache upon absorption of the laser beam, and said lay-  to  des
Substrats und der Absorptionsschicht odor ers are locally deformed by the
melting and the    zusatzlich in einer an die Absorptionsschicht an-
decomposition of the light absorptive layer, to    grenzenden Schicht oder
in der Absorptions- form optically readable pits In said layers.
schicht und dieserzusatzlichen Schichtausgebil- det sind, wobel asle
Schichten geeignete Warme- 3. An optical information recording medium com-
15  verformung und/oder geeignete Hirte aufwei- prising a light
transmitting substrate, a light ab-  sen. sorptive layer overlaying the
substrate to absorb a laser beam to form optically readable pits and  2.
Verfahren nach Anspruch 1, bei dem die Lichtab- a light reflective layer
overlaying the light absorp-  sorptionsschicht bei der Absorption des
Laser- tive layer, characterised in that said optically  20  strahIs
geschmolzen und zersetzt wird und die readable pits are formed either in
the surface of  Schichten durch das Schmeizen und die Zerset- the substrate
adjacent to the absorption layer     zung der Llchtabsorptionsschicht
8rtlich verformt and in the absorption layeror additionally in a lay-
worden, um in diesen Schichten optisch lesbare er adjacent to the
absorption layer or in the ab-  GrObchen auszubilden. sorption layer and In
said additional layer, all said  25 layers having a suitable heat
distortion and/or a  3. Optisches Informationsaufzeichnungsmedium suitable
hardness.                                 mit elnem  lichtdurchlassigen
Substrat, einer Llchtabsorptlonsschicht auf dem Substrat zum 4. The optical
information recording medium ac-       Absorbieren elnes Laserstrahls sowie
elner Ober cording to Claim 3, wherein the deformation of  30  der
Uchtabsorptionsschicht ilegenden Lichtrefle- the surface layer consists in
protuberances to-    xionsschicht, wobei des Verfahren das Versor- wards
the light absorptive layer.                  gen der
Llchtabsorptionsschicht mit der Energie eines Laserstrahls, der durch des
lichtdurchllssi- 5. The optical Information recording medium ao-       go
Substrat eingetreten ist, umfal~t, um optisch cording to Claim 3 or 4,
wherein the deformed   35  lesbare Grfibchen auszubiden, dadurch go-
portions of said layers have optical properties dif-  kennzelchnet, daf
dlese optisch lesbaren GrOb- ferent from the rest of said layers.
chen entweder in der an die Absorptionsschicht angrenzenden Oberflache des
Substrata und 6. The optical information recording medium ac-
derAbsorptionsschichtoderzusltzlich in elner an cording to Claim 3, 4 or 5,
wherein the deformed   4o  die Absorptionsschicht angrenzenden Schicht odor
portions of layers adjacent to the absorption layer  In der
Absorptlonsschicht und dieser zusitzlichen contain decomposed components of
the light ab-     Schicht ausgebildet sind, wobel alle Schichten ge-
sorptive layer diffused therein.                   eignete Warmeverformung
undloder geeignete Harte aufweisen. 7. The optical information recording
medium as-  45 cording to any one of Claims 3 to 6, wherein the  4.
Optieches lnformationsaufzeichnungsmedium surface of the substrate or the
additional layer   nach Anspruch 3, bei dem die Verformung der have a
tracking guide groove, and the optically    Oberflichenschicht aus
Ausbeulungen zur Licht- readable pits are formed in the guide groove.
absorptionssehicht hin besteht. 50 5. Optisches
lnformationsaufzeichnungsmedium PatentansprOche
nach einem der Anspruche 3 oder 4, bei dem die verformten Bereiche der
Schichten optische El- 1. Verfahren zum optischen Aufzeichnen von Infor-
genschaften aufweisen, die sich von denen des mation auf einem optlsechen
Informationsauf-  S5   Rests der Schchten untersecheiden. zeichnungsmedium,
das en lichtdurchlassiges Substrat, eine Lichtabsorptlonsschicht auf dem
6. Optliches  Informatlonsaufzeichnungsmedium Substrat zum Absorbieren
eines Laserstrahis so-    nach elnem der Ansprflche 3, 4 odor 5, bel dem 21
I 1111111 11111 Illli 11111 1111S *   C   1   M1  S   *    



41                  EP 0 353 394 B1                 42 die verformten
Bereiche der an die Absorptions-    bante ou dans la couche absorbents et
dans la- schicht angrenzenden Schichten Zersetzungs-        dite couche
additionnelle, toutes lesdites cou- komponenten der Lichtabsorptionsschicht
ent-       ches ayant des valeurs appropriees de la tempe- halten, die
eindiffundiert sind.                  rature de r6sistance a la chaleur
et/ou de la du- 5      rete. 7. Optisches Informationsaufzeichnungsmedium
nach einem der Ansprflche 3 bis 6, be! dem die  4. Support d'enregistrement
optique d'informatlons Oberfiache des Substrats odor der zusltzlichen
selon la revendication 3, dans lequel la d6forma- Schicht Ober eine
Spurfihrungsnut verfOgt und      tion de la couche superficielle est
constituee de die optisch lesbaren GrObohen In der Filhrungs-  io
protuberances dirigees vers la couche absorbent nut ausgebildet sind.
Ia lumiere. 5. Support d'enregistrement optique d'informations
Revendicatlons                                        selon la
revendication 3 ou 4, dans lequel les por- 15     tions d6form6es desdites
couches possedent 1. ProcWd4 pour 'enregistrementoptique d'informa-     des
proprietes optiques differentes du reste des- tions sur un support
d'enregistrement optique      dites couches. d'informations, le support
compronant un subs- trat transmettant Ia lumibre, une couche absor-  6.
Support d'enregistrement optique d'informations bant la lumiere dispos6e
sur le substrat pour ab-  20  selon lee revendicatlons 3,4 ou 5, dans
lequel les sorber un faisceau laser, etune couche rdfl6chis-  portions
deformees des couches adjacentes A la sant la lumiere disposee sur la
couche absorbant   couche absorbentb contiennent des constituents la
lumiere, le procede comprenant l'excitation de  d6composes de la couche
absorbent la lumiere la couche absorbent la lumlire par l'6nergle d'un  qul
y ant diffuse. faisceau laser traversant le substrat transmet-  25 tant la
lumiere, pour former des piqOres pouvant  7. Support d'enregistrement
optique d'infommations etre lues par lecture optique, caracteris6 en ci
selon l'une quelconque des revendications 3 A 6, que lesdites piqfres
pouvantetre lues parlecture   dans lequel la surface du substrat ou de la
cou- optique sontformees A la surface du substratad-    che additionnelle
possede un sillon guide de pis- jacente a la couche absorbants et dans la
couch.  30  to, et les piqflres pouvant etre lues par lecture op-
absorbente, ou additionnellement dans une cou-    tique sont form6es dans
le sillon guide. che adjacente a la couche absorbantb ou dans la couche
absorbente et dans laditb couche addl- tionnelle, toutes lesdites couches
ayant des va- leurs appropri6ees de la temperature de resistan-  35 ce a la
chaleur et/ou de la durete. 2. Procede selon la revendication 1, dens
lequel la couche absorbent la lumlere est fondue et de- composee par
absorption du faisceau laser, et  40 lesdites couches sont localement
deform6ees par la fusion et la decomposition de la couche absor- bant la
lumiere, pour former dans lesdites cou- ches des piqflres pouvant etre lues
par lecture optique.                                   45 3. Support
d'enregistrement optique d'informations comprenant un substrat transmettant
la lumlere, une couche absorbent la lumlbre situ6e sur le substrat, pour
absorber un faisceau laser et for-  5o mer des piqOres pouvant etre lues
par lecture op- tique, et une couche reflechissant la lumiere, die- posse
sur la couche absorbent la lumiere, carac- terise on ce quo lesdites
piqOres pouvant etre lues par lecture optique sontformees A la surface  55
du substrat adjacentb A la couche absorbanto et dans la couche absorbent.,
ou additionnellement dens une couche adjacent. A la couche absor- 22 -I
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