PPTI CAL | NFORMATI ON RECORDI NG MEDI UM The present invention rel™d %% an

Hptical |nfornat|on recordi ng medi um of the type wherein recorded data are
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OPTICAL INFORMATION RECORDING MEDIUM
The present iﬁvention relates to an optical
information recording medium of the type wherein recorded
data are reproduced by scanning them by a laser beam.
More particularly, it relates to an optical information
5 recording-medium comprising a ROM region where data are
already recorded and an information recordable region
where data can be recorded.
Conventional so-called writable optical information
recording media capable of recording data by means of
10 laser beams, have a recording layer of e.g. a metal such
as Te, Bi or Mn or a dye such as cyanine, merocyanine or
phthalocyanine, and they are designed to record data in
— such a manner that when irradiated with a laser beam,
such recording layer is deformed, sublimed, evaporated or
is modified to form pits. With optical information
recording media having such recording layer, it®is common
to form a space behind the recording layer to facilitate
the deformation, sublimation, evaporation or modification
of the recording layer for the formation of the pits. A

20 typical example is a laminated structure so-called an air
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| aser beans, have a recording layer of e.g. a metal such %i Te Bi omeh'dr"
2 dye such as cyanine, merocyani ne or phthal ocyanine, and is Sheet

hwd
*desi gned to record data in such a nanner that when irradi atHHIw
beam such recording |ayer is deforned subl i med, evapor at
to formpits. Wth optical |nfornairtw2récord|ng medi a havi ng such a
recording layer, it is comon to forma space behind the recording |ayer to

faci | itat gandwitf wtrhctareswhbiredn en padast adwiest pateadiafiecati on of the
recording layer for the formation of the pits. A
laminated with a space therebetween.
With the optical information recording media of this
type, a writing laser beam is irradiated through a
5 transparent substrate to form optically readable pits in
the recording layer. For reproducing the recorded data,
a readihg laser beam having a less power than the writing
laser beam is irradiated through the substrate, and the
contrast between the light reflected from the pits and
10 the light reflected from non-pitted portion, is read as
~an electrical signal.

On thé other hand, optical information recording
media of so-called ROM (read only memory) type wherein
data are already recorded, and no further data are

1s recordable or the recorded data are no longer erasable or
rewritable, are widely practically employed in the sound
recording and information treating fields. Optical
information recording media of this type have no such a
recording layer as described above. Prepits or
20 - pregrooves corresponding to data to be reproduced are
- already formed on a substrate of e.g. polycarbonate by
e.g. press molding, a reflective layer of a metal such as
Au, Ag, Cu or Al is formed thereon, and a protettive
layer is further provided thereon.
25 The most typical optical information recording medium
of this ROM type is a compact disc so-called CD which is

widely used in the sound recording and information



typical exanple is a lam nated structure so-called an air”" -2'“§andwrch

structure wherein a pair of substrates are lamnated with
*therebetween. Wth the optical information recording nedia
witing | aser beamis irradiated throu%h a transparent subs 'ﬂ lﬂ l

optically readable pits in

treating fields. The specification for recording and

' read-out signals for this CD is standardized, and the
reproducing or play back apparatus for CD in accordance
with this standard is widely available as compact disc

5 players (CD players).

The above-mentioned optical information recording
media‘éll take a disc form having a center hole for
engagement with a rotatory shaft, i.e. a form of an
optical disc.

10 Heretofore, such recordable optical information
recording media and ROM type optical information
recording.media have been available as separate media
independently.

ROM type optical information recording media have a

15 merit in that media having the same data can be produced
in a large quantity, and the fecorded data will not be
erased inadvertently. However, the user can not record
optional data thereon.

. On the other hand, in the case of recordable optical

20- information recording media, the user can record any
optional data thereon. However, such recording media are
not suitable for recording the same data in a large
quantity, and they also have a demerit that the™recorded
data may inadvertently be erased.

25 In view of the respective characteristics, their uses
are naturally different from each other. Thus,

conventional optical information recording media are



the recording layer. For reproducing the recorded data, a reading |aser
beam havi ng | ess power than the witing |laser beamis irradi ated through
*the substrate, and the contrast betveen the light reflected fromthe pits
and the light reflected fromnon-pitted portion is read as an electrica
signal. On the other hand, optlcal I nformati on recording nedia of the
so-call ed ROM (read on]ly nenory) type wherein data are already recorded,
and no fur EREETdGtE G r‘é%@rﬁ@él engr ofhhedoiIdiyRRE C&re no | onger

erasabl e or
applications.

Under the circumstances, it is an object of the

present invention to solve such conventional problems and
5 to provide an optical information recording medium having
' both a recordable region and a ROM region.

Namely, the present invention provides an optical
information recording medium of the type wherein recorded
data are reproduced by scanning them with a laser beam,

10 which comprises a ROM region where optically readable
pits are already formed and an information recordabie
region whére optically readable pits can be formed by
irradiation with a writing laser beam, wherein the
information recordable region comprises a light

15 transmitting substrate having a deformable surface, a
light absorptive layer overlaying the deformable surface,
to absorb the writing laser beam, and a light reflective
layer overlaying the light absorptive layer, said
deformable surface being deformable by energy generated

20- upon absorption of the writing laser beam by the light
absorptive layer, to form optically readable pits.

The optical information recording medium of the
present invention has an information recordable™region
and a ROM region on a single substrate, whereby in the

25 ROM region, the same data can be recorded in a large
quantity by e.g. press molding and there is no danger of

inadvertent erasure of the recorded data, and in the
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rewitable, are widely practically enployed in the sound recordi ng and
I nformation treating fields. Optical information recording nedia of this
“type have no such recording |ayer as descri bed above. Prepits or pregrooves
corresponding to data to be reproduceds axe already fornmed on a substrate of
e.g. polycarbonate by e.g. press nolding, a reflective |layer of a netal
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medi um will by the user. '

Further, in a case where a light ‘absorptive layer is
formed on the substrate by coating, such a light
5 absorptive layer may be formed to £ill up the pregroove

! formed preliminarily on the substrate, so that the
attenuation of light due to interference of the light
reflected from the pregroove and the light reflected from
the land will be suppressed, whereby the reflectance for

10 reproduction at the pregroove portion will be high, and
the degree of mcodulation of pits formed in the
iﬁformatién recordable region can be made high. Thus,
the read-out signals from the pits formed in the
information recordable region and the read-out signals

15 £rom the prepits on the substrate will both have adequate
degrees of modulation.

Now, the preferred embodiments of the present
invention will be described in detail with reference to
the drawings, in which:

20 - Figure 1 is a partially cross-sectional perspective
view diagrammatically illustrating one embodiment of the
structure of the optical information recording medium of
the present inventioen.

Figure 2 is #n enlarged view of portion A of Figure

25 1,

Figure 3 is an enlarged view of portion B of Figure



of this ROMtype is a conpact disc or so-called CD which is widely used in
the sound recording and information -3- treating fields. The
*specifications for recording and readi ng-out signals for this CDis
standardi zed, and the reproducing or play back apparatus for CD, in
accordance with this standard, is witdefy—avail abl e as conpact disc

Figure 4 is a diagrammatical cross—-sectional view of
another embodiment of portion B after recording.
'Figures 5 to 7 are waveform views showing output
waveforms obtained by playing back optical discs prepared
5 in Examples by a commercially available CD player.
Figures 1 to 3 diagrammatically illustrate a
struc%ﬁre of the optical information recording medium
according to the present invention. In these Figures,
reference numeral 1 indicates a light transmitting
19 substrate, and numeral 2 indicates a light absorptive
layer formed thereon, which generates heat upon
absorptioﬁ of an irradiated laser beam and is thereby
- melted, evaporated, sublimed, deformed or modified to
form pits on the surface of the substrate 1 or in the
15 light absorptive layer 2. Reference numeral 3 is a light
reflective layer formed therebn, and numeral 4 indicates
a protective layer provided thereon.
The light transmitting substrate 1 is made of a
material having high transparency to laser beams and is
20 - usually made of a resin having excellent strength such as
a polycarbonate, an acrylate resin or an epoxy resin.
However, the substrate may be made of .any other material
so long as it is transparent to writing and reading laser
beams and at least the surface layer adjacent to the
25 light absorptive layer 2 in the information recordable
region 7 is deformable by energy generated by the light

absorptive layer upon absorption of the writing laser
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pl ayers (CD players). The above-nentioned opti cal ihfaFﬁﬁffbh_keCOrding
nmedia all take a disc formhaving a center hole memmm

rotatory shaft, i.e. a formof an optical disc. recordable”
opti cal |nfornation recordi ng- medi a and RONItype tion
recordi ng nmedi a have been avail able as %eparate ne |a |n tly. ROM

type optical information recordi ng nedia have a
beam, to form optically readable pits. In this respect,

’ the substrate or at least the surface layer thereof
preferably has a heat distortion temperature within a
range of from 85 to 200°C, more preferably from 90 to

5 150°C, as measured in accordance with ASTM D648 under a
load of 4.6 kg/cm? and/or a Rockwell hardness within a
range'éf from M200 to M75, more preferably from M105 to
M80, as measured in accordance with ASTM D785. When the
heat distortion temperature or the Rockwell hardness of

10 the substrate is within the above-mentioned range, the
energy generated by the light absorptive layer 2 upon
absorptioﬁ of the writing laser beam can effectively be
absorbed by the local deformation of the surface layer of
the substrate 1 so that no substantial strain will remain

15 in the formed pits, whereby the stability of the recorded
data will be secured. If the heat deformation
temperature or the hardness is too low, the formed pits
tend to easily be deformed by heat or external force,
whereby the stability will be poor. On the other hand,

20- if the heat distortion temperature or the hardness is too
high, the energy generated by the light absorptive layer
2 can hardly be absorbed in the form of deformation of
the substrate 1, and it is difficult to form diStinct
pits 5, whereby it will be difficult to obtain read-out

25 signals having a high degree of modulation.

The thickness of the substrate 1 is not critical, but

it is usually within a range of from 1.1 to 1.5 mm.
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merit in that nedia having the sane data can Ee roduced [n._a ] arge
guantity, and the recorded data will not be e ' y. However,

t he user can not record optional data thereon. ﬂ and, in the
case of recordable optical informationgrecordi ) ser can record

any optional data thereon. However, such recording nedia are not suitable

for recording the sane da%a in a large quantity, and they also have a
dr awback in tHEBet hagREcs &QfRiﬁgﬁré%N?ﬁaavéFtéhﬁl}ngéréﬁﬁﬁﬁﬂ

' recordable region 7 is a layer which absorbs a laser beam
entered through the light transmitting substrate 1,
whereupon it generates heat and at the same time

5 undergoes melting, evaporation, sublimation, reaction,
decomposition or modification. It is formed usually by
spin dbéting a dye material such as a cyanine dye on the
substrate 1. The light absorptive layer 2 may be formed
to cover also the ROM region 6.

10 The thickness of .the light absorptive layer 2 is
usually within a range of from 20 to 500 nm, preferably
from 100 éo 300 nm.

The light reflective layer 3 is usually made of a
metal such as gold, silver, copper, aluminum or an alloy

15 thereof. The thickness of the light reflective layer 3
is usually within a range of from 30 to 150 nm,
preferably from 40 to 130 nm.

The protective layer 4 is made of a resin excellent
in the impact resistance like the light transmitting

20 - substrate 1 and is most commonly formed by coating a
ultraviolet.curable resin by spin coating, followed by
irradiation with ultraviolet rays for curing. As other
materials, an epoxy resin, an acrylate resin and a
silicone hard coat resin may usually be used. It is also

5 possible to employ a resilient material such as a
urethane resin to obtain a cushion effect.

The thickness of the protective layer 4 is not
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‘media are -

In view of theﬁggﬁg chracterlstlcs their uses are naturally
di fferent fron1 conventional optical information recording
” n use for one of the two types of

appl i cati ons. mst ances, |t I's an object of the

critical and is usually within a range of from 3 to 30
pm, preferably from 5 to 15 pm.
Now, specific Examples of this structure will be
described.
5 EXAMPLE 1
A polycarbonate substrate 1 of a disc shape having a
thickfess of 1.2 mm, an outer diameter of 120 mm and an
inner diameter of 15 mm and having a spiral prepit 8
capable of reproducing CD format signals formed with a
10 width of 0.6 pm, a depth of 0.08 pm and a pitch of 1.6 um
in a range (ROM region 6) of the diameter of from 46 to
80 mm and.having a spiral pregroove 9 (tracking guide
groove) formed with a width of 0.8 um, a depth of 0.08 pum
and a pitch of 1.6 pm in a range (information recordable
15 <region 7) of the diameter of 80 to 117 mm outside the ROM
region 6, was formed by injection molding.
As an organic dye to form the light absorptive layer,
0.65 g of 1,1'-dibutyl-3,3,3',3'~-tetramethyl-4,5,4',5'~
dibenzoindodicarbocyanine perchlorate (product number
20 NK3219, manufactured by Nippon Kanko Shikiso K.XK.) was
dissolved in 10 m¢ of a diacetone alcohol solvent. The
solution was coated by spin coating on the surface of the
portion corresponding to the outer region of thé
substrate 1 i.e. the information recordable region 7
25 outside the diameter of 80 mm, to form a light absorptive
layer 2 of a light sensitive dye f£ilm having a thickness

of 0.13 pum.



present invention to solve such conventional problens and 5 to provide an
optical information recordi ng nmedi um having both a recordable region and a
*ROM region. Nanely, the present invention provides an optical information
recordi ng nmedi um of the type wherein recorded data are reproduced by
scanning themwith a | aser beam 10~ 3hi<h conprises a ROMregion where
optically readable pits are already formed and an information recordable

regi on where epeinGald kcff&‘dé‘?iﬁ RaibEngal ReilkmEd e iqd@diafhgn with a
MW|t|ng | aser beam wherein t
formed by sputtering over the entire surface of a region
of the diameter of from 45 to 118 mm of this disc, to
form a light reflective layer 3. An ultraviolet curable
5 resin was further spin-coated on this light reflective
layer 3 and cured by irradiation with ultravioclet rays to
form a brotective layer 4 having a thickness of 10 pm.
To the information recordable region 7 of the optical
disc thus obtained, a semiconductor laser beam having a
10 wavelength of 780 nm was irradiated at a linear speed of
1.2 m/sec with a recording power of 6.0 mW to record EFM
signals. .Then, this optical disc was played back by a
commercially available CD player (Aurex XR-V73, '
wavelength of the reading laser beam A=780 nm), whereby
15 the waveform of the read-out signals obtained from the
inside ROM region 6 was as shown in Figure 5, and in this
regioﬁ, the reflectance of the semiconductor laser beam
was 85%, Iu/Itop was 0.7 and Ia/I:op was 0.47. Further,
the waveform of the read-out signals obtained from the
30 outside information recordable region 7 was as shown in
Figqure 6, and in this region, the reflectance of the
semiconductor laser beam was 72%, In/Itop was 0.65 and
I3/I,p was 0.35.
The CD standards prescribe that the reflectance is at
5 least 70%, Ill/Itop is at least 0.6 and 13/1top is from

0.3 to 0.7. The optical disc of this example meets these

standards with both the ROM region and the information



2 },
information recordable region conprises a light 15 transmtting substrate

havi ng a deformabl e surface, a |ight absorptive |ayer ovérlaying the
‘def ormabl e surface, to absorb the witing |aser beam @p

reflective | ayer overlaying the |ight absorptive |ayer,
surface being deformabl e by energy gené-_r%t'éd 20 upon aHWﬁii
witing | aser beam by the |Iight absorptive layer, to fo
readabl e pitecoddabbpt keglionnformati on recordi ng medi um of the present
i nvention has an information recordabl e region
EXAMPLE 2
A polycarbonate substrate 1 of a disc shape having a
thickness of 1.2 mm, an outer diameter of 120 mm and an
5 inner diameter of 15 mm and having a spiral prepit 8
capable of reproducing CD format signals formed with a
width of 0.6 um, a depth of 0.08 pm and a pitch of 1.6 pm
in a range (ROM region 6) of the diameter of from 46 to
100 mm and having a spiral pregroove 9 formed with a
10 width of 0.6 um, a depth of 0.08 pm and a pitch of 1.6 um
in a range (information recordable region 7} of the
diameter éf from 100 to 117 mm outside the ROM region 6,
was formed by injection molding.
The portion inward from the diameter of 100 mm of the
15 substrate i.e. the ROM region 6, was masked, and a Gaas
£ilm having a thickness of 900 A was formed by sputtering
on the outer circumferential portion i.e. the information
recordable region 7, to form a light absorptive layer 2.
A gold film having a thickness of 400 A was formed by
20 sputtering on the entire surface of a region of the
diameter of from 45 to 118 mm of this disc, to form a
light reflective layer 3.
To the information recordable ﬁegion 7 of thHe optical
disc thus obtained, a semiconductor laser beam having a
25 wavelength of 780 nm was irradiated at a linear speed of

1.2 m/sec with a recording power of 6.0 mW to record EFM

signals. Then, this optical disc was played back by the



and a ROM region on a single substrate, whereby in the 25 ROMregion, the
same data can be recorded in a large quantity by e.g. press nolding and
there is no danger of inadvertent erasure of the recorded data, and in the
recordabl e region, any desired data may_be recorded at will by the user.
Further, in a case where a |ight abson@?vE | ayer is

10

15

20

25

same CD player as used in Example 1, whereby the waveform
of the read-out signals obtained from the inside ROM
region 6 was as shown in Figure 5, and in this region,
the reflectance of the semiconductor laser beam was 85%,
In/Itop was 0.7 and I3/Itop was 0.47. PFurther, the
waveform of the read-out signals obtained from the
outsiée information recordable region 7 was as shown in
Figure 7, and in this region, the reflectance of the
semiconductor laser beam was 76%, In/Itop was 0.65 and
I3/Itop was 0.35.

The CD standards prescribe that the reflectance is at
least 70%; In/Itop is at least 0.6 and I3/Imp is from
0.3 to 0.7. The optical disc of this example meets the
standards with both the ROM region and the information
recordable region.

EXAMPLE 3

A polycarbonate substrate 1 of a disc shape having a
thickness of 1.2 mm, an outer diameter of 120 mm and an
inner diameter of 15 mm and having a spiral prepit 8
capable of reproducing CD format signals formed with a
width of 0.5 um, a depth of 0.08 pm and a pitch of 1.6 um
in ranges (ROM regions 6) of the diameters of from 46 to
70 mm and from 85 to 102 mm and having a spiral’pregroove
9 formed with a width of 0.6 pm, a depth of 0.08 um and a
pitch of 1.6 pm'in ranges (information recordable reg;ons
7) of the diameter of from 70 to 85 mm therebetween and

from 102 to 117 mm outside thereof, was formed by
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formed on the substrate by coating, such a light 5 absorptive |ayer may be
formed to fill up the pregroove formed prelimnarily on the substrate, so
fhat the attenuation of |ight due to interference Thi Skdauaiak BghResiabd eCt ed

fromthe pregroove and the light reflegtzed fromth

suppressed, whereby the reflectance for 10 reprod regr?gve
portion w Il be high, and.the degree of nodulation of pits in the
infornatioﬁqqﬁﬁﬁ%éhnﬁpigbpgn can be made high. Thus, the read-out signals
fromthe pits TR0 0 A€ corresponding to the ranges of the

diameter of from 46 to 70 mm and from 85 to 102 mm, i.e.
the ROM regions 6, were masked, and a GaAs film having a
5 thickness of 900 A was formed on the remaining portion
’ i.e. the information recordable region 7, to form a light
absorptive layer 2.

A gold film having a thickness of 400 A was formed by

sputtering on the entire surface of a region of the
10 diameter of from 45 to 118 mm of this disc, to form a
light reflective layer 3.

To thé information recordable regions 7 of the
optical disc thus obtained, a semiconductor laser beam
having a wavelength of 780 nm was irradiated at a linear

15 speed of 1.2 m/sec with a recording power of 6.0 mW, to
record EFM signals. Then, this optical disc was played
back by the same CD player as used in Example 1, whereby
the waveforms of the read-out signals, the reflectance of
the semiconductor laser beam, In/Itop and I3/Itop in both

20 the inside ROM regions 6 and the information recordable

| regions 7, were substantially the same as in Example 2.

In conventional information recording media, it is
common that a shock absorbing portion such as a'‘space is
formed behind the information recordable layer so that

25 when the recording layer absorbs a laser beam and
generates heat and is thereby melted( evaporated,

sublimed, deformed or modified, such'thermal changes are



i nfofmati on recordabl e region and the read-out signals 15 fromthe prepits
on the substrate will both have adequate degrees of nodul ation. Now, the
preferred enbodi nents of the present invention will be described in detai
with reference to the drawi ngs, in whichy 20- Figure 1 is a partially
cross-sectional perspective view diagranmatically illustrating one

enbodi nent of the sfructure of the optical information recording nedi um of
t he presentapﬁgaaﬁdnhy the above shock absorbing portion, whereby

! pits are formed to the recording layer itself. Whereas,
the optical information recording medium of the present
invention has a light reflective layer 3 behind the light

5 absorptive layer 2 and a protective layer 4 behind the

‘ light reflective layer 3, and by forming the layers

behihd the light absorptive layer 2 with materials more
hardly heat-deformable than the substrate 1, it is
possible to employ a recording system wherein the thermal

10 changes of the light absorptive layer 2 are absorbed by
the substrate 1 so that optically modified pits such as
protuberaﬁces, waved pits or dents will be formed on the
substrate.

For example, in the above Example 1, the

15 polycarbonate substrate 1 had a Rockwell hardness (ASTM
D785) of M75 and a heat distortion temperature (ASTM
D648) of 132°C under a load of 4.6 kg/cm®. Whereas,
after curing the protective layer 4 had a Rockwell
hardness (ASTM D785) of M90 and a heat distortion

20 temperation (ASIM'D648) of 150°C under a load of 4.6
kg/cm?, Namely, in the optical information recording
medium of this Example, the protective layer 4 behind the
light absorptive layer 2 is made of a material more
hardly heat-deformable than the substrate, whereby the

25 thermal changes of the light absorptive layer 2 are
absorbed by the surface of the substrate 1 and pits in

the form of protuberances are formed on the surface of



Figyre 2 is an enlarged view of portion A of Figure 25 1. Figure 3 is an
enl grged view of portion B of Figure 1. -6- Figure 4 is a diagramati cal
‘crogs-sectional view of another enbodi nent of portion B after recording.

10

15

- 15 -
the substrate. Thus, as shown diagrammatically in Figure
4, after the recording, pits 5 in the form of
protuberances are observed on the surface of the
substrate 1 of the optical disc which is in contact with
the light absorﬁtive layer 2.

As described in the foregoing, the optical
infofmation recording medium gf the present invention has
a4 ROM region and an information recordable region on the
same medium, whereby at the ROM region, the same data can
be recorded in a large quantity and the recorded data can
be reproduced without inadvertent erasure, and at the
same time; in the information recordable region, the user
can record any optional data. Thus, the optical .
information recording medium of the present invention is

useful for wide a range of applications.

nliiim‘iiiﬁfi‘ uﬂi
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Figures 5 to 7 are waveform vi ews showi ng out put wavefornms obtai ned by
| ayi ng back optical discs prepared 5 in Exanples by a comrerciall'y
avail able CD player. Figures 1 to 3 di agr ammat i cafhiyShebtlHas Bsea Rep1eHL I UCE UT €
of the optical information recording aeqigum accordllm
i nvention. In these Figures, reference nuneral 1|

transnittingc#% bstrate, and nuneral 2 indicates a |g ptlve
L

| ayer forned whi ch generates heat upon absorption of an irradiated
laser beam apd ignt %5%9@%1 information recording medium of the type

wherein recorded data are reproduced.by scanning them
with a laser beam, which comprises a ROM region where
5 optically readable pits are already formed and an
’ information recordable region where optically readable

pits can be formed by irradiation with a writing laser
beam, wherein the information recordable region comprises
a light transmitting substrate having a deformable

10 surface, a light absorptive layer overlaying the
defqrmable surface, to absorb the writing laser beam, and
a light réflective layer overlaying the light absorptive
layer, said deformable surface being deformable by energy
generated upon absorption of the writing laser beam by

15 the light absorptive layer, to form optically readable
pits.
2, The optical information recording medium according
to Claim 1, wherein the light transmitting substrate has
a heat distortion temperature within a range of from 85

20 to 200°C as measured in accordance with ASTM D648 under a
load of 4.6 kg/cm?.
3. The optical information recording medium according
to Claim 1 or 2, wherein the light ttransmitting*substrate
has a Rockwell hardness within a range of from M200 to

25 M75 as measured in accordance with ASTM D785.
4. The optical information recording medium according

to any one of Claims 1 to 3, wherein the substrate is

-

e

*




mel t ed, evaporated, sublinmed, deforned or nodified to for LIs .on_th
surface of ?he substrate 1 or in the 15 1|ight gpsorptiveq% Been Replaced
Ref erence numeral 3 is a light reflective layer formed ther J It“ al
4 indicates a protective |ayer provid thereon. The |ight

substrate 1 is made of a material havi'hg high transparency to | aser beans
and is 20 wusually nmade of a resin having excellent strength such as a

pol ycar borfBdée @f acpplycarnhonaterresinpoap AESYIate kaskn @ReaBubstrate

may ,be made of any qQther materi al
epoxy resin.

5. The optical information recording medium according
to any one of Claims 1 to 4, wherein the light
5 absorptive layer contains a cyanine dye.
6. The optical information recording medium according
tb any one of Claims 1 to 5, wherein the reflective
layer is made of gold, silver, copper, aluminum or an
alloy thereof.
10 7. The optical information recording medium according
~to any one of Claims 1 to-6, wherein the deformable
surface lgyer of the substrate has a tracking guide
groove in which said optically readable pits are to be
formed.
15 8. The optical information recording medium according
to any one of Claims 1 to 7, wherein a protective layer

is provided as a top layer.
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so long as it is transparent to witing and reading | aser beans and at

Jeast the surface |ayer adjacent to the 25 [light absorptive layer 2 in the
i nformati on recordable region 7 is defornmable by energy generated by the
light absorptive |ayer upon absorptianjigf the witing |aser -7- beam to
formoptically readable pits. In this respect,

ABSTRACT

An optical information recording medium of the type
wherein recorded data are reproduced“by scanning them
with a laser beam, which comprises a ROM region where

5 optically readable pits are already formed and an
information recordable region where optically readable
pits ‘can be formed by irradiation with a writing laser
beam, wherein the information recordable region
comprises a light transmitting substrate having a

10 dJeformable surface, a light absorptive layer overlaying
the deformable surface, to absorb the writing laser
bean, and-a light reflective layer overlaying the light
absorptive layer, said deformable surface being
deformable by energy generated upon absorption of the
15 writing laser beam by the light absorptive layer, to

form optically readable pits.

This Sheet Has Been Re
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the substrate or at |east the surfa I'J}I ayer thereof preferably has a heat

‘dl stortion tenperature within a range of from 85 to 26806{er+}C —+ore-

preferably from90 to 150[err]C, as neasured in accor nc W|th ASTM D648
n

under a load of 4.6 kg/cnferr] and/or a Rockwell hard e of
fromM200 to M/5, nore preferably from MLO5 to MBO, as H “l
accordance with ASTM D785. When the heat distortion te

Rockwel | hardness of the substrate is within the above-nentioned range, th
energy generated by the |ight absorptive |ayer 2 upon
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absorption of the witing |aser beanféan effectively be absorbed by the

| ocal deformation of the surface |ayer of the substrate 1 so that no
"substantial strain will remain in the formed pits, whereby the stability of
the recorded data will be secured. If the heat deformation tenperature or
the hardness is too low, the forned pits wil tend to be easily deformed by
heat or external force, whereby the stability will be poor. On the other
hand, if the heat distortion tenperature or the hardness is too high, the
energy generated by the |ight absorptive |ayer
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2 can hardly be absorbed in the for f deformation of the substrate 1, and
it is difficult to formdistinct pits 5, whereby it will be difficult to--
obtain read-out signals having a high degree of nodulation. The thi ckness

of the substrate 1 is not critical, but The |ight absor laged
the information recordabl e re%?bbéélayer whi ch absorb I ‘
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entered through the Iight transnittngfsubstrate 1, whereupon it generates
peat and at the sane tine undergoes t|ng evaporatlon subl i mati on,
reaction, deconposition or nodification. is formed usually by spin
coating a dye material such as a cyanine dye on the substrate 1. The light
absorptive layer 2 nay be forned to cover also the ROMregion 6. The

t hi ckness of the |ight absor ps 2 is=msually within a range of from
20 to 500 nm preferably froﬁ?&gglyg?ggb 7!

v U e .
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. The light reflective layer 3 is usually made of a metal such #§*ol g2
“silver, copper, *aluminumor an alloy thereof. The thickness of the I|ight
refl ective | ayer 3 is usually within a range of from30 to 150 nm
preferably from40 to 130 nm The protective layer 4 is made of a resin
excellent in the inpact resistance like the light transmtting substrate 1
and is nost commonly fornmed by coating a ultraviolet curable resin by spin
coating, followed by irradiation with pygtravi olet rays for curing. O her

materi al s
QPTICAL INFORMATION RECORDING MEDIUM

ABSTRACT

An optical information recording medium of the type
wherein recorded data are reproduced~bj scanning them
with a laser beam, which comprises a ROM region where
optically readable pits are already formed and an
information recordable region where optically feadable
pits ‘can be formed by irradiation with a writing laser’
beam, wherein the information recordable region
comprises a light transmitting substrate having a
deformable surface, a light absorptive layef overlaying
the deformable surface, to absorb the writing laser
bean, and‘a light reflective laye; overlaying the light
absorptive layer, said deformable surface being
deformable by energy generated upon absorption of the
writing laser beam by the light absorptive layer, to

form optically readable pits.

FIGURE 1
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.such as, an expoxy resin, an acrylate resin and a silicone har d™¥dt*¥esin
‘may al so be used. It is also possible to enploy a resilient material such
as a urethane resin to obtain a cushion effect. The thickness of the

protective |layer 4 is not -9- critical and is usually within a range of
from3 UJSE
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OPTICAL INFORMATION RECORDING MEDIUM

The present invention relates to an optical
information recording medium of the type wherein recorded
data are reproduced by scanning them by a laser beam.
More particularly, it relates to an optical information

5 recording-medium comprising a ROM region where data are
already recorded and an inforﬁation recordable region
where data can be recorded.

Conventional so-called writable optical information
recording media capable of recording data by means of

16 laser beams, have a recording layer of e.g. a metal such
as Te, Bi or Mn or a dye such as cyanine, merocyanine or
phthalocyanine, and are designed to record data in

— such a manner that when irradiated with a laser beam,
such recording layer is deformed, sublimed, evaporated or
'.15 modified to form pits. With optical information
recording media having sucﬁf?ecording layer, it"is common
to form a space behind the recording layer to.facilitate
the deformation, sublimation, evaporation or modification
of the recording layer for the formation of the pits. A

20 typical example is a laminated structure so-called an air

Tris is the replacernent sheet
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_[err]m preferably from5 to 15 [err]m Now, specific Exanples of this
*structure wll be described. EXAMPLE 1 A polycarbonate substrate 1 of a

di sc shape having a thickness of 1.2 mm an outer dianmeter of 120 mm and an
i nner. di aneter of 15 mm and havi ng Q_gptgal prepit 8 capabl e of reproducing
CD format signals formed with a widthof 0.6 [err]m a depth of 0.08 [err]m

and a pitch of 1.6 [err]min a range (ROMregion 6) of the dianeter of from
46 to sandwich structure whereiln a pair of substrates are

laminated with a space therebetween.
With the optical information recording media of this
type, a wrifing'laser beam is irradiated through a
5 transparent substrate to form optically readable pits in
the recording layer. For reproducing the recorded data,
a reading laser beam having less power than the writing
laser beam is irradiated through the substrate, and the
contrast between the light reflected from the pits and
10 the light reflected from non-pitted portion 1is read as
~an electrical signal.
on thé other hand, optical information recording
media d%ggglcalled ROM (read only memory) type wherein
data are already recorded, and no further data are
15 recordable or the recorded data are no longer erasable or
rewritable, are widely practically employed in the sound
recording and information treatiné fields. Optical
information recording media of this type have no such
recording layer as described above. Prepits or
20 - pregrooves corresponding to data to be reproduced are
already formed on a substrate of e.g. polycarbonate by
e.g. press molding, a reflective layer of a metal such as
Au, Ag, Cu or Al is formed thereon, and a protective
layer is further provided thereon.
25 The most typical optical information recording medium
of this ROM type is a compact diééf%o—called CD which is

widely used in the sound recording and information

This Sheet Has Been RTlaced This is the 'replaacement shest
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80 nmm and having a spiral pregroove 9 (tracking QU|de groo forng% with a
swidth of 0.8 [err]m a depth of 0.08 [err]mand a p n1|n a
range (information recordable region 7) of the dlane
outside the ROMregion 6, was fornmed by injection nD
dye to formthe |ight absorptive Iaye-r 30:65 g of
1,1'-dibutyl-3,3,3,3 -tetranethyl-4,5,4",5" - di benzoi ndodi car bocyani ne
per chi or at preRRAGHCIE NWTHe! NKGR18pe B BUIA LAY N:eeea;ﬁ@nlafhdsm ki so
K K) was ghasglwed in 10 nl of a diacetone al cohol solvent.
Fead=out signals for this CD is standardized, and the

ganlc

reproducing or play back apparatus fér'CD,in accordance
with this étandard,is widely available as compact disc
5 players (CD players).

The above-mentioned optical information recording
media'éll take a disc form having a center hole for
engagement with a rotatory shaft, i.e. a form of an
optical disc.

i0 Heretofore, such recordable optical information
recording media and ROM type optical information
recording.media have been available as separate media
independently.

ROM type optical information recording media have a

15 merit in that media having the same data can be produced
in a’'large quantity, and the fecorded data will not be
erased inadvertently. However, the user can not record
optional data thereon.

On the other hand, in the case of recordable optical

20- information recording media, the user can record any
optional data thereon. However, such recording media are
not suitable for recording the same data in a large

drawbe ek inv _
quantity, and they alsoc have a demerikt that the™recorded

data may inadvertently be erased.
. thede .. .
25 In view of the respective characteristics, their uses
are naturally different from each other. Thus,
conventional optical information recording media are

Thig is the replacement sheet
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,solution was coated by spin coating on the surface of'fﬁé poftion
‘corresponding to the outer region of the substrames iHagBeet Replaceff or mat i on
recordabl e region 7 outside the dianeter of 80 mmm T ght

absorptive layer 2 of a light- senS|t|ve dye film ness of 0.13
[err]m - 10 - 7 -
beam, to form optically readable pits. 1In this respect,
the substrate or at least the surface layer thereof
preferably has a heat distortion tembefature within a
range of ffom 85 to 200°C, more preferably from 90 to
5 150°C, as measured in accordance with ASTM D648 under a
load of 4.6 kg/cm? and/or a Rockwell hardness within a
range of from M200 to M75, more preferably from M105 to
M80, as measured in accordance with ASTM D785. When the
heat distortion temperature or the Rockwell hardness of
10 the substrate is within the above-mentioned range, the
energy generated by the light absorptive layer 2 upon
absorptioﬁ of the writing laser beam can effectively be
absorbed by the local deformation of the surface layer of
the substrate 1 so that no substantial strain will remain
15 in the formed pits, whereby the stability of the recorded
data will be secured. If the heat deformation
temperature or the hardness is too low, the formed pits wil|
tend tSfEasily deformed by heat or external force,
whereby the stability will be poor. On the other hand,
20- if the heat distortion temperature or the hardness is too
high, the energy generated by the light absorptive layer
2 can hardly be absorbed in the form of deformation of
the substrate 1, and it is difficult to form diStinct
pits 5, whereby it will be difficult to obtain read-ocut
25 signals having a high degree of modulation.
The thickness of the substrate 1 is not critical, but
it is usually within a range of from 1.1 to 1.5 mm.
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Then, a gold fi g SiamiHagBan Rplekness of 400 A was formed by sputtering over

‘the entire surfa of the dianeter of from45 to 118 mmof this
disc, to forma qmmmnmk e layer 3. An ultraviolet curable 5 resin
was further spin- light geflective layer 3 and cured by
irradiation with ultraviolet rays to forma protective |ayer 4 having a

t hi ckness of 10 [err]m To the informati on_recordabl e region 7 of the

optical disc tHe bbEhFnalsorridNe obRiRFof FRsERepdRFHFRATPH 10
BSOX R o ]
vavel ength of 780 nmvas.irradiated at a linear speed of  laser beam

entered through the light transmitting'substrate 1,
whereupon it generates heat and at the same time

undergoes melting, evaporation, sublimation, reaction,

5
decomposition or modification. It is formed usually by
spin dbéting a dye material such as a cyanine dye on the
substrate 1. The light absorptive layer 2 may be formed
to cover also the ROM region 6.
10 The thickness of the light absorptive layer 2 is

_usually within a range of from 20 to 500 nm, preferably
from 100 éo 300 nm.
The light reflective layer 3 is usually made of a
metal such as gold, silver, copper, aluminum or an alloy
15 thereof. The thickness of the light reflective layer 3
is usually within a range of from 30 to 150 nm,
preferably from 40 to 130 nm.
The protective layer 4 is made of a resin excellent
in:thé impact resistance like the light transmitting
20 - substrate 1 and is most commonly formed by coating a
ultraviolet.curable resin by spin coating, followed by
other _meoderials

irradiation with ultraviolet rays for curing. As—ether
Sueh as

r an epoxy resin, an acrylate resin and a
L Qs _
silicone hard coat resin may uswaldy be used. . It is also
35 possible to employ a resilient material such as a
urethane resin to obtain a cushion effect.
The thickness of the protective layer 4 is not
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1. 2 msec with a recording power of 6.0 mMiWto record EFM 5|gnals Then

“this optical disc was played back by a commerci al Mhis $heeti ayer
(Aurex XR-V73, wavel ength of the reading |aser bea | wher eby
15 the waveform of the read-out signals obtained fr RONIreglon

6 was as shown in Figure 5, and in tRi & region, the reflectance of the
sem conduct or | aser beamwas 85% I[err]/I[err] was 0.7 and I[err]/I[err]
was 0.47. cFitibail, atide isaveduall of wibhkineadramgesigfhaf sombBakneddf rom t he
20 outside information recordable region 7 was as shown in
pm, preferably from S to 15 um.
Now, specific Examples of this structure will be
described.
5 EXAMPLE 1
A polycarbonate substrate 1 of a disc shape having a
thickness of 1.2 mm, an outer diameter of 120 mm and an
inner diameter of 15 mm and having a spiral prepit 8
capable of reproducing CD format signals formed with a
10 width of 0.6 pm, a depth of 0.08 um and a pitch of 1.6 pm
in a range (ROM region 6) of the diameter of from 46 to
80 mm and.having a spiral pregroove 9 (tracking guide
groove) formed with a width of 0.8 pym, a depth of 0.08 pm
and a pitch of 1.6 pm in a range (information recordable
15 region 7) of the diameter of 80 to 117 mm outside the ROM
region 6, was formed by injection molding.
As an organic dye to form the light absorptive layer,
0.65 g of 1,1'~-dibuty1-3,3,3',3'-tetramethyl-4,5,4',5'~
dibenzoindodicarbocyanine perchlorate (product number
20 NK3219, manufactured by Nippon Kanko Shikiso K.K.) was
dissolved in 10 m¢ of a diacetone alcohol solvent. The
solution was coated by spin coating on the surface of the
portion corresponding to the outer region of thé
substrate EL}.e. the information recordable region 7
25 outside the diameter of 80 mm, to form a light absorptive

layer 2 of a light sensitive dye £ilm having a thickness

of 0.13 pm.
This is the replacement sheet
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_Figure 6, and in this region, the reflectance of the sem conductor |aser
‘beamwas 72% I[err]/I[err] was 0.65 and I[err]/I[érr]‘ﬁHE'O 35. The CD

standards prescribe that the reflectance is at 5 |faSheef B¥Bebd Ehlded! [€71]
is at least 0.6 and I[err]/I[err] is fr 0.3 to O. I sc of
this exanple meets these standards wit oth the R@/{ﬂﬂﬂﬂmﬂmﬁ
i nformation
recordable region.
EXAMPLE 2
A polycarbonate substrate 1 of a" disc shape having a
thickness.of 1.2 mm, an outer diameter of 120 mm and an
5 inner diameter of 15 mm and having a spiral prepit 8
capable of reproducing CD format signals formed with a
width of 0.6 pm, a depth of 0.08 pm and a pitch of 1.6 um
in a range (ROM region 6) of the diameter of from 46 to
100 mm and having a spiral pregroove 9 formed with a
10 width of 0.6 pm, a depth of 0.08 pm and a pitch of 1.6 pm
in a range (informaticn.reccrdable region 7) of the
diameter éf from 100 to 117 mm outside the ROM region 6,
was formed by injection molding.
The portion inward from the diameter of 100 mm of the
15 substragEL}.e. the ROM region 6, was masked, and a GaAs
£ilm having a thickness of 900 A was formed by sputtering
on the outer circumferential portion,i.e. the information
recordable region 7, to form a light absorptive layer 2.
A gold £ilm having a thickness of 400 A was formed by
20 sputtering on the entire surface of a region of the
diameter of from 45 to 118 mm of this disc,. to form a
light reflective layer 3.
To the information recordable region 7 of tHe optical
disc thus obtained, a semiconductor laser beam having a
25 wavelength of 780 nm was irradiated at a linear speed of
1.2 m/sec with a recording power of 6.0 mW to record EFM

signals. Then, this optical disc was played back by the

This is the replacement sheet
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recordabl e regi on. EXAMPLE 2 A pol ycarbonate substrate 1 of a disc shape
‘having a thickness of 1.2 mm an outer dianeter of IROsHENBOBeARedideier

di aneter of 15 mm and having a spiral prepit 8 capabl ng CD
format signals formed with a width of~- Q6 {err]m adgl errjm
and a pitch of 1.6 pmin a range (ROMregion 6) of t from 46

to 100 nn1and,havjn8 a i i,ral pregroove 9 fornmed with a wwdth of 0.6
[err]m a depi$FLiCD. B8 ?éﬁﬁwnand a pitch of 1.6 [err]m

The portions corresponding to the ranges of the
diameter of from 46 to 70 mm and from 85 to 102 mm, i.e.
the ROM regions 6, were masked, and a GaAs film having a

5 thickness of 900 A was formed on the remaining portion
i.e. the information recordable region 7, to form a light
absorptive layer 2.

A gold film having a thickness of 400 & was formed by

sputtering on the entire surface of a region of the |
10 diameter of from 45 to 118 mm of this disc, to form a
light reflective layer 3.

To thé information recordable regions 7 of the
optical disc thus obtained, a semiconductor laser beam
having a wavelength of 780 nm was irradiated at a linear

15 speed of 1.2 m/sec with a recording power of 6.0 mW, to
record EFM signals. Then, this optical disc was played
back by the same CD player as used in Example 1, whereby
the waveforms of the read-out signals, the reflectance of
thg semiconductor laser beam, In/Itop and 13/1top in both

20 the inside ROM regions 6 and the information recordable
regions 7, were substantially the same as in Example 2.

In conventional information recording media, it is
common that a shock absorbing portioELFuch as a“spacsi;g-
formed behind the information recordable layer so that

25 when the recording layer absorbs a laser beam and
generates heat and is thereby melted, evaporated,

sublimed, deformed or modified, such thermal changes are

This is the replacement sheet
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.in a range (information recordable region 7) of the dianeter of from 100 to
117 mm out side the ROMregion 6, was fornmed by injection nolding. The
portion inward fromthe dianeter of 100 nmof the substrate i.e. the ROV
region 6, was nmasked, and a GaAs fiImJﬁagru]a.thickness of 900 A was
formed by sputtering on the outer circunferenti al portion i.e. the

I nformati on cordable region.,7, to forma ||ght abso | gyer_,2. A gold
fil m havi ng Lhe, suPREZatE. 2GS neAS SIOHRY %’ga%bﬁ?% ng Fdguitee

surface of a regfgnromh% tecording, pits 5 in the form of

protuberances are observed on the surface of the
substrate 1 of the optical disc which is in contact with
s the light absorptive layer 2.
As described in the foregoing, the optical
infofmation recording medium 9f the present invention has
a ROM region and an igformation recordable region on the
same medium, whereby”ﬁﬁ-the ROM region, data can
10 Dbe recorded in a large quantity and the recorded data can
be reproduced without inadvertent erasure, and at the
same time; in the information recordable region, the user
can record any optional data. Thus, the optical
information recording medium of the present invention is

15 useful for wide a range of applications.
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.dianeter of from45 to 118 mmof this disc,.to form-a—1irght Teflective
layer 3. To the information recordable region 7_0o

f .t oBtiﬁ_ acli SC thus

obt ai ned, a semi conductor |aser beam having a WA nm was

irradiated at a linear speed of 1.2 mksgg with aJ H r of 6.0 nW

to record EFM signals. Then, this optical disc by the
CLAIMS:

L3

1. An optical information recording medium of the type
wherein recorded data are reproduced:bf scanning them
with a laser beam, which comprises a ROM region where
5 optically readable pits are already formed and an

information recordable region where optically readable
pits can be formed by irradiation with a writing laser
beam, wherein the information recordable region comprises
a light transmitting substrate having a deformable

10 surface, a light absorptive layer overlaying the
deformable surface, to absorb the writing laser beam, and
a light réflective layer overlaying the light absorptive
layer, said deformable surface being deformable by energy
generated upon absorption of the writing laser beam by

15 the light absorptive layer, to form optically readable
pits.
2. The optical information recording medium according
to Claim 1, wherein the light transmitting substrate has
a heat distortion temperature within a range of from 85

20 'to 200°C as measured in accordance with ASTM D648 under a
load of 4.6 kg/cm2. |
3. The optical information recording medium according
to Claim 1 or 2, wherein the light transmitting®substrate
has a Rockwell hardness within a range of from M200 to

25 M75 as measured in accordance with ASTM D785.
4. The optical information recording medium according

Imhfhvmgwﬁ&ﬂ
to any one of Claims 1 to 3, wherein tthsubstrate is
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.- 12 - same CD player as used in Exanple 1, whereby the waveform of the
read-out signals obtained fromthe inside ROM region 6 was as shown in
Figure 5, and in this region, the reflectance of the seniconductor |aser
beamwas 85% 5 I[err]/I[err] was (L?l.)an,d [[err]/1[err] was O.47.
Further, the waveform of the read-out Signals obtained fromthe outside
|nfornat|on ecordabl e reglgﬁgz was as,shown in Figure 7, and in this

regi on, tHBAER:PECRaROLYSRIRANALS: Eemaeet B8R BEEFrafafeainyey, an
I[err]/l[err$ was 0.65 and
€poXy resin.

5. The optical information recording -medium according
to any one of Claims 1 to 4, wherein the light

5 absorptive layer contains a cyanine dye.
6. The optical information recordihg medium according
to any one of Claims 1 to 5, wherein the reflective
layer is made of gold, silver, copper, aluminum or an
alloy thereof.

10 7. The optical information recording medium according
| to any one of Claims 1 to:6, wherein the deformable

light fransmiting
surface layer of the substrdte has a tracking guide

groove in which said optically readable pits are to be
formed. |

15 8. The optical information recording medium according
to any one of Claims 1 to 7, wherein a protective layer

is provided as a top layer.
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., 10 Iferr]/I[err] was 0.35. The CD standards prescribe that the reflectance
Is at least 70% I[err]/I[err] is at least 0.6 and I[err]/I[err] is from
0.3 to 0.7. The optical disc of this exanple neets the standards with both
the ROMregion and the information 15 recordable region. EXAMPLE 3 A

pol ycarbonate substrate 1 of a disc shape having a thickness of 1.2 mm an
outer dianeter of 120 mm and an inner dianeter of 15 mm and having a spiral
prepit GPTICAL INFORMATION RECORDING MEDIUM

ABSTRACT

An optical information recording medium of the type wherein
recorded data signals are reproduced by scanning them with a
laser beam. The medium comprises a ROM region where optically
readable pits are already formed and an information recordable
region where optically readable pits can be formed by irradiation
with a writing laser beam. The information recordable region
comprises a light transmitting substrate having a deformable
surface, a light absorptive 1layer overlaying the deformable
surface, which absorbs the writing laser beam, and a light
reflective layer overlaying the 1light absorptive layer. The
deformable  surface _ig_  deformable by energy generated upon
absorption of the writing laser beam by the light absorptive
layer, to thereby form optically readable pits.

FIGURE 1
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20 capable of reproducing CD format signals formed with a w dt h #fte s/
[err]m a depth of 0.08 [err]mand a pitch of 1.6 [err]min ranges (ROM
regions 6) of the dianmeters of from46 to 70 mmand from85 to 102 mm and
having a spiral pregroove 9 forned with a width of 0.6 [err]m a depth of
0.08 [err]mand a 25 pitch of 1.6 [err]min ranges (information recordable
regions 7) of the dianeter of from70 to 85 mmtherebetween and from 102 to
117 mm out si de thereof, was forned by- 1 -

QOPTICAL INFORMATION RECORDING MEDIUM

The present invention relates to an optical
information recording medium of the type wherein recoréed
data are reproduced by scanning them by a laser bean.
More particularly, it relates to an optical information
recording‘medium comprising a ROM region where data are
already recorded and an information recordable region
where cdata can be recorded.

Conventional so~called writable optical information
recording media capable of recording data by means of
laser beams, have a recording laﬁer of e.g. a metal such
as Te, Bi or Mn or a dye such as cyanine, merocyanine o
phthalocyanine, and aré designed to record data in
such a manner that when irradiated with a laser beam,
such recording layer is deformed, sublimed, evaporated or
modified to form pits. With optical information
recording media having such a recording layer, it is common
to form a space behind the recording layer to facilitate
the deformation, sublimation, evaporation or modification
of the recording layer for the formation of the pits. A

typical example is a laminated structure so-called an air
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- 13 - injection nolding. The portions corresponding to the ranges of the
* diameter of from46 to 70 nmand from85 to 102 mm i.e. the ROMregions 6,
were masked, and a GaAs filmhaving a thickness of 900 A was forned on the
remai ning portion i.e. the information recordable region 7, to forma |ight
absorptive layer 2. A gold filmhaving a thickness of 400 A was forned by
—2.. .

sandwich structure wherein a pair of substrates are
laminated with a space therebetween.

With the optical information recording media of this
type, a writing laser beam is irradiated through a
transparent supstrate to form optically readable pits in
the recording layer. For reproducing the recorded data,
a reading laser beam having less power than the writing
laser beam is irradiated through the substrate, and the
contrast between the lignt reflected from the pits and.
the light reflected from non-pitted portion is read as

an electrical signal.

on thé other hand, optical information recording
media of the so-called ROM (read 6nly memory) type wherein
data are already recorded, and no further data are
recordable or the recorded data are no longer erasable or
rewritable, are widely practically employed in the sound |
recording and information'treatiné fields. Optical
information recording media of this type have no such
recordin§ layer as described above. Prepits or
pregrooves corresponding to data to be reproduced are
already formed on a substrate of e.g. polycarbonate by
e.g. press molding, a reflective layer of a metal such as
Au, Ag, Cu or Al is formed thereon, and a proteétive
layer is further provided thereon.

The most typical optical information recording medium
of this ROM type is a compact disc or so-called CD which is

widely used in the sound recording and information
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sﬁuttering on the entire surface of a region of the diameter of from45 to
+ 118 mmof this disc, to forma light reflective layer 3. To the information
recordabl e regions 7 of the optical disc thus obtained, a sem conduct or
| aser beam having a wavel ength of 780 nmwas irradiated at a |inear speed
of 1.2 msec with a recording power of 6.0 nW to record EFM si gnals. Then,
this optical disc was played back by the sanme CD player as used in Exanple
1, whereby the waveforns of the read-out3stgnals, the reflectance of
treating fields. The specificationsfor recording and
readingfout!signals for this CD is standardized, and the
reproducing or play back appa:aéus £or CD, in accordance
with this étandard,is widely available as compact disc
players (CD players).

The above-mentioned optical information recording
media all take a diéc form having a center hole for
engagement with a rotatory shaft, i.e. a form of an
optical disc.

Eeretofore, such recordable optical information
recording media and ROM type optical information
recording.media have been available as separate media
independently.

ROM type optical information recording media have a
merit in that media.having the same data can be produced
in a’'large quantity, and the recorded data will not be
erased inadvertently. However, the user can not record
optional data thereon.

On the other hand, in the case of recordable optical
information reéording media, the user can record any
optional data thereon. However, such recording media are
not suitable for recording the same data in a large
quantity, and they also have a drawback in that the recorded
data may inadvertently be erased.

In view of these respective characteristics, their uses
are naturally different from each other. Thus,

conventional optical information recording media are
This is the reptacement sheet
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t he sem conductor | aser beam I[err]/I[err] and I[err]/I[err] in both the
inside ROMregions 6 and the information recordable regions 7, were
substantially the same as in Exanple 2. In conventional information
recording nmedia, it is comon that a shock absorbing portionsuch as a
space, be forned behind the information recordable |ayer so that when the
recordi ng | ayer absorbs a | aser beam and generates heat and is thereby
nel ted, evaporated, sublinmed, deforned or nodified, such thermal changes
are

-7 -
beam, to form optically readable pits. In this respect,
the substrate or at least the surface layer thereof
preferably has a heat distortion temferature within a
range of ffom 85 to 200°C, more preferably from 90 to
150°C, as measured in accordance with ASTM D648 under a
load of 4.6 kg/cm? and/or a Rockwell hardness within a
range of from M200 to M75, more preferably from M105 to
M80, as measured in accordance with ASTM D785. When tke
heat distortion temperature or the Rockwell hardness of
the substrate is within the above-mentioned range, the
energy generated by the light absorptive layer 2 upon
absorptioﬁ of the writing laser beam can effectively be
absorbed by the local deformation of the surface layer of
thé substrate 1 so that no substantial strain will remain
in the formed pits, whereby the stability of the recorded
data will be‘secured. If the heat deformation
temperature or the hardness is too low, the formed pits wil
tend to be easily deformed by heaE or external force,
whereby the stability will be poor. On the other hand,
if the heat distortion temperature or the hardness is too
high, the energy generated by the light absorptive layer
2 can hardly be absorbed in the form of deformaticn of
the substrate 1, and it is difficult to form diStinct
pits 5, whereby it will be difficult to obtain read-out
signals having a high degree of modulation.

The thickness of the substrate 1 is not critical., but
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- 14 - absorbed by the above shock absorbing portion, whereby pits are
‘formed to the recording layer itself. Wereas, the optical information
recordi ng medi um of the present invention has a light reflective |layer 3
behind the Iight 5 absorptive layer 2 and a protective |ayer 4 behind the
light reflective layer 3, and by formng the |ayers behind the Iight
absorptive layer 2 with materials nore=- 8 =

The light absorptive layer 2 in the informatioa
recordable region 7 is a layer which absorbs a laser beam
entered through the light transmitting'substrate 1,
whereupon it generates heat and at the same time
undergoes melting, evaporation, sublimation, reaction,
decomposition or modification. It is formed usually by
spin dbéting a dye material such as a cyanine dye on the
substrate 1. The light absorptive layer 2 may be formed
to cover also the ROM region §.

The thickness of the light absorptive layer 2 is
‘usually within a range of from 20 to 500 nm, preferably
from 100 éo 300 nm.

The light reflective layér 3 is usually made of a
metal such as gold, silver, copper, aluminum or an alloy
thereof. The thickness of the light reflective layer 3
is.usually wiéhin a range of from 3¢ to 150 om,
preferably from 40 to 130 nm.

The grctective layer 4 is.madé of a resin excellent
:in,the impact resistance like the light transmitting
substrate 1 and is most éommonly formed by coating a
ultraviolet.curable resin by spin coating, followed by
?rgadiation with ultraviolet rays for curing. 0ther materials
such as, an expoXxy resin, an acrylate resin ana a
Silicone hard coat resin may also be used. It is also
pPossible to employ a resilient material such as a
urethane resin to obtain a cushion effect.

The thickness of the protective layer 4 is not '
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b eme—

hardly heat - deformabl e than the substrate 1, it is possible to enploy a
recordi ng systemwherein the thermal 10 changes of the |ight absorptive

| ayer 2 are absorbed by the substrate 1 so that optically nodified pits
such as protuberances, waved pits or dents will be forned on the substrate.
For exanple, in the above Exanple 1, the 15 polycarbonate substrate 1 had
a Rockwel I hardness (ASTM D785) of M/5 agd-a heat distortion tenperature
(ASTM D648) of 132[err]C under a | oad of 4.6 kg/cnR. \Wereas,

critical and is usually within a range of from 3 to 30
pm, preferably from 5 to 15 um.

Now, specific Examples of this structure will be
described.

EXAMPLE 1

A polycarbogate substrate 1 of a disc shape having a
thickiess of 1.2 mm, an outer diameter of 120 mm and an
inner diameter of 15 mm and haviang a spiral prepit 8
capable of reproducing CD format signals formed with a
width of 0.6 um, a depth of 0.08 pm and a pitch of 1.6 pgm
in a range (ROM region 6) of the diameter of from 46 to
80 mm and‘having a spiral pregroove 9 (tracking guide
groove) formed with a width of 0.8 pm, a depth of 0.08'pm
and a pitch of 1.6 pm in a range (information recordable
region 7) of the diameter of 80 to 117 mm outside the ROM
region 6, was.formed by injection molding.

As an orgaﬁig dye to form the light absorptive layer,
0.65 g of l,l'-dibutyl-3,3,3',3'-£§tramethy1-4,5,4',5'—
dibenzoindodicarbocyanine perchlorate (product number
NK3219, manufactured by Nippon Kanko Shikiso K.K.) was
dissolved in 10 m¢ of a diacetone alcohol solvent., The
solution was coated by spin coating on the surface of the
portion corresponding to the outer region of thé
substrate 1,i.e. the information recordable region 7
outside the diameter of 80 mm, to form a light absorptive
layer 2 of a light sensitive dye £ilm having a thickness

of 0.13 ;
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after curing the protective layer 4 had a Rockwel | hardness (ASTM D785) of
"MBO0 and a heat distortion 20 tenperation (ASTM D648) of 150[err] C under a
| oad of 4.6 kg/cn2. Nanely, in the optical information recording medi um of
this Exanple, the protective |layer 4 behind the |ight absorptive layer 2 is
made of a material nore hardly heat-deformabl e than the substrate, whereby
the 25 thermal changes of the Iight“ab%orptive | ayer 2 are absorbed by the
surface of the substrate 1 and pits in the form of protuberances are forned

on the suri&c@nﬂhble region.
EXAMPLE 2

A polycarbonate substrate 1 of a disc shape having a
thickness.of 1.2 mm, an outer diameter of 120 mm and an
inner diameter of 15 mm and having a spiral prepit 8
capable of reproducing CD format signals formed with a
width of 0.6 pm, a depth of 0.08 pm and a pitch of 1.6 pm
in a range (ROM region 6) of the diameter of from 46 to
100 mm and having a spiral pregroove 9 formed with a
width of 0.6 pm, a depth of 0.08 pm and a pitch of 1.6 um
in a range (information recordable region 7) of the
diameter éf from 100 to 117 mm ocutside the ROM region §,
was formed by injection molding. |

The portion inward from the éiameter of 100 mm of the
substrate)i.e. the ROM region 6, was masked, and a GaAs
film having % thickness of 900 A was formed by sputtering
on the outer circumferential portion, i.e. the information
recordable region 7, to form a light absorptive layer 2.

A gold film having a thickness of 400 A was formed by
.sputtering on the entire surface of a region of the
diameter of from 45 to 118 mm of this disc,. to form a
light reflective layer 3.

To the information recordable region 7 of the optical
disc thus obtained, a semiconductor laser beam having a
wavelength of 780 nm was irradizted at a linear speed of
1.2 m/sec with a recording power of 6.0 mW to record EFM
signals. Then, this optical disc was played back by the
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-~ 15 - the substrate. Thus, as shown diagrammatically in Figure 4, after
the recording, pits 5 in the formof protuberances are observed on the
surface of the substrate 1 of the optical disc which is in contact with the
| i ght absorptive layer 2. As described in the foregoing, the optical

- 13 -
injection molding.

The portions correspoading to the ranges of the
diameter of from 46 to 70 mm and from 85 to 102 mm, i.e.
the ROM regions 6, were masked, and a GaAs film having a
thickness of 900 A was formed on the remaining portion
i.e. the information réccrdable region 7, to form a light
absorptive layer 2.

A gold film having a thickness of 400 A was formed by
sputtering on the entire surface of a region of the |

. diameter of from 45 to 118 mm of this disc, to form a
light reflective layer 3.

To thé information recordable regions 7 of the
optical disc thus obtained, a semiconductor laser beam
having a wavelength of 780 nm was irradiated at a linear
speed of 1.2 m/sec with a recording power of 6.0 mW, to
record EFM signals. Then, this optical disc was played
back by the same CD player as used in Example 1, whereby
the waveforms of the read-ocut signals, the reflectance of
the semiﬁonductor laser beam, In/Itcg and I3/Imp in both
the inside ROM regions 6 and the information recordable
regions f, were substantially the same as in Example 2.

In conventional information recording media, it is
common that a shock absorbing portion, such as a space, be
formed benind the information recordable layer so that
when the recording layer absorbs a laser beam and
generates heat and is thereby melted, evaporated,

sublimed, deformed or modified, such thermal changes are
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I nformation recording nedium of the present invention has a ROV regi on and
.an information recordable region on the sane nedium whereby in the ROM
region, data can be recorded in a.large quantity and the recorded data can
be reproduced wi thout inadvertent erasure, and at the sanme time, in the

i nformati on recordabl e region, the user can record any optical data. Thus,
the optical information recording nmediumof the of the present invention is
useful for wide a range of applicationsg -

the substrate. Thus, as shown diagrammatically in Pigure
4, after the recording, pits S in the form of
protuberances are observed on the surface of the
substrate 1 of the optical disc which is in coatact with

the light absorptive layer 2.

As described in the foregoing, the optical
information reco;ding medium of the present invention has
a ROM region and an information recordable region on the
same medium, whereby in the ROM region,'data can be recorded
in a.large quantity and the recorded_data can be reproduced
without inadvertent erasure, and at the same time, in the
information recordable region, the user can record any
optical data. Thus, the optical information recording medium
of the of the present iﬁvention is useful for wide a range of

applications.
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CLAIMS: 1. An optical information recording nedium of the type wherein
recorded data are reproduced by scanning themwi th a | aser beam which
conprises a ROMregi on where optically readable pits are already formed and
an information recordabl e region where optically readable pits can be
formed by irradiation with a witing | aser beam wherein the information

recordabl e regi on conprises - 16 -

CLAIMS: _

1. An optical information recording medium of the type
whearein recorded data are reproduced,bf scanning them
with a laser beam, which comprises a ROM region where
optically readable pits are already formed and an
information recordable region where optically readable
pits can be formed by irradiation with a writing laser
beam, wherein the information recordable region comprises
a light transmitting substrate having a deformable
surface, a light absorptive layer overlaying the
deformable surface, to absorb the writing laser beam, and
a light réflective layer overlaying the light absorptive
layer, said deformable surface being deformable by enerzgy
génezated upon absorption of the writing laser beam by
the light absorptive layer, to form optically readable
pits.

2. The optical information recording medium according

to Claim 1, wherein the light transmitting substrate has
a heat distortion temperature within a range of from 85
to 200°C as measured in accordance with ASTM D648 under a
load of 4.6 kg/cm?.

3. The optical information recording medium according

to Claim 1 or 2, wherein the light ttansmitting*substrate
has a Rockwell hardness within a range of from M200 to
M75 as measured in accordance with ASTM D78S.

4. The optical information recording medium according

to any one of Claims 1 to 3, wherein the light transmitting

A
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a light transmtting substrate having a deformable surface, a |ight

. absorptive | ayer overlaying the defornmable surface, to absorb the witing

| aser beam and a light reflective |ayer overlaying the |ight absorptive

| ayer, said deformabl e surface being defornmable by energy generated upon
absorption of the witing |laser beam by the Iight absorptive layer, to form
optically readable pits. 2. The optical information recordi ng nedi um
according to daim1, wherein the |ightlffransnitting substrate has

substrate is made of polycarbonate resin, an acrylate resin or
an epoxy resin.

5. The optical information recording medium according to

any one Claims 1 to 4, wherein the light absorptive layer
contains a cyanine dye.

6. The optical information recording medium according to

any one of Claims 1 to 5, wherein thé reflective layer is made
of gold, silver, copper, aluminium or an alloy thereof.

7. The optical information recording medium according to

any one of Claims 1 to 6, wherein the deformable surface layer
of the light transmitting substrate has a tracking guide groove
in which said optically readable pits are to be formed.

8. The optical information recording medium according to

any one of Claims 1 to 7, wherein a protective layer

is provided as a top layer.

L
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a heat distortion tenperature within a range of from85 to 200[err]C as
“measured in accordance with ASTM D648 under a load of 4.6 kg/cnferr]. 3.
The optical information recording nmediumaccording to Claim1l or 2, wherein
the light transmtting substrate has a Rockwell hardness within a range of
from M200 to M/5 as neasured in accordance with ASTM D785. 4. The opti cal

I nformati on recordi ng nmedi um according to any one of Clains 1 to 3, wherein
the light transmtting - 18 -

OPTICAL INFORMATION RECORDING MEDIUM
ABSTRACT

An optical information recording medium of the type
wherein recorded 'data signalsare reproduced by scan-
ning them with & laser beam. The medium comprises a
ROM region where optically readable pits are already
formed and an information recordable region where
optically readable pits can be formed by irradiation with
a writing laser beam. The infomation recordable region
comprises a light transmitting substrate having a de-
formable surface, a light absorptive layer oyerlaying the
deformable surface, which absorbs .the writing laser
beam, and a light reflective layer overlaying the light
absorptive layer. The deformable surface is deformable
by energy gemerated upon absorption of the writing
laser beam by the light absorptive layer, to thereby form
optically readable. pits.
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-17- substrate is nmade of polycarbonate resin, an acrylate resin or an

epoxy resin. 5. The optical information recording nmedi umaccording to any
one Clains 1 to 4, wherein the |ight absorptive |ayer contains a cyanine
dye. 6. The optical information recording medium according to any one of

Claims 1 to 5 wherein the reflective |ayer is nmade

FIGURE |
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FIGURE 2
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of gold, silver, copper, alumniumor an alloy thereof. 7. The opti cal

I nformati on recordi ng nmedi um according to any one of Clains 1 to 6, wherein
the deformabl e surface |ayer of the light transmtting substrate has a
tracki ng guide groove in which said optically readable pits are to be

formed. 8. The optical information recording mediumaccording to any one
of Clains 1 to 7, wherein a protective layer is provided as a top |ayer.
2
FIGURE 3

FIGURE 4
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